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Abstract

Background: Parents of adolescents with internet addiction are confronted with their children’'s internet problems on a daily
basis. Parents may noticethat adol escents with addiction may al so have emotional and behavioral problems, including impulsivity
and violence. Parenting styles have been found to be related to internet addiction.

Objective: The purpose of this study isto investigate parents’ perspectives on their parenting style, relationship with their child,
and the degree of internet addiction and emotional and behavioral problems of their child.

Methods: A web survey was conducted with 600 parents of children between the ages of 12 and 17 years, from October 14 to
18, 2021, across Japan. Respondents were recruited by an internet research company and were asked to compl ete an anonymous
online questionnaire. The survey was divided into two groups: 300 parents who answered “yes’ to the question “Do you think
your child is dependent on the internet?’ and 300 parents who answered “no” to that question. Questionnaires were collected
until each group had 300 participants. The questionnaire included (1) the Parent-Child Internet Addiction Test (PCIAT), (2) the
daily time spent using the internet, (3) the Strengths and Difficulties Questionnaire (SDQ), (4) the Parenting Style and Dimensions
Questionnaire (PSDQ), and (5) the Relationship Questionnaire (RQ) measuring self-report attachment style prototypes.

Results: Mean scores of the PCIAT and the daily time spent using the internet for the group with probable internet addiction
were significantly higher than those of the group without probable internet addiction (50%; P<.001). The total difficulties score
fromthe SDQ for the group with probabl e internet addiction (mean 10.87, SD 5.9) was significantly higher than that for the group
without probable internet addiction (mean 8.23, SD 5.64; P<.001). The mean score for authoritarian parenting from the PSDQ
for the group with probableinternet addiction (mean 2.1, SD 0.58) was significantly higher than that for the group without probable
internet addiction (mean 2.1, SD 0.58; P<.001). Regarding the RQ, there were no significant differences between the two groups.

Conclusions: Our findings suggest that parents who think their child is addicted to the internet may recognize emotional and
behavioral problems of the child and have an authoritarian parenting style.

(JMIR Pediatr Parent 2022;5(4):€35466) doi:10.2196/35466
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Introduction

The internet is a highly convenient tool for the instantaneous
and comprehensive exchange of large amounts of information
with the world. It is no exaggeration to say that our lives are
directly or indirectly supported by the internet, and it has
enriched our lives through information accessibility,
entertainment, communication, and trading. Over the past
decade, internet use hasincreased dramatically and hasbecome
anintegral part of everyday life. It has become especially central
among adol escents and emerging adults, for whom technol ogical
literacy isimportant for both work and play. Recently, however,
the negative aspects of the internet have been attracting
attention, and in addition to fraud, crime, bullying, and wastage
of timeviatheinternet, the problem of internet dependence, the
subject of this study, has been highlighted [1-4].

It was not until 1990 that reports of internet dependence began
to appear sporadically. Overuse of the internet causes serious
problems, such as poor grades, withdrawal to one€'s room,
disordered eating habits, and lack of sleep. On the mental side,
it causes depression, aggression, worsening of general mental
symptoms, and a decline in self-esteem, which is undesirable
for an individual’s career path and social support [5]. The line
between internet use and problematic internet use has been
significantly overstepped. The concept of “addiction” hasraised
interest in the study of the internet. Problematic internet use
comprises an important area of research as its negative effects
have been found to affect daily functioning, interpersonal
relationships, and emotional well-being [6-8]. In addition, its
symptoms resemble those of substance-related addictions,
including unpredictable behaviors and moods [9,10].

Due to this trend, the diagnostic criteria for internet gaming
disorder (IGD) were included in the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) in 2013
[11]. In addition, the International Classification of Diseases,
11th Revision, published by the World Health Organization in
June 2018, a so included diagnostic criteriafor gaming disorder
[12]. Pan et a [13] conducted a systematic review and
meta-analysis of 113 studies that included 693,306 subjects.
The 133 effect sizes included 53,184 subjects, and the authors
reported that the weighted average prevalence for generalized
internet addiction and IGD were 7.02 % and 2.47 %,
respectively. A review of psychological intervention studiesfor
internet addiction found the following interventions: cognitive
behavior therapy, family therapy, reality training, cognitive bias
modification, craving behavioral intervention, and integration
of psychological treatments[14].

In recent years, various studies have been conducted on
adolescentswith internet addiction. It has been found that among
junior high school students both attention-deficit/hyperactivity
disorder (ADHD) and autism spectrum disorder (ASD), caused
by developmental disabilities, are related to the risk of internet
dependence.

We believe that parents perspectives on their child’s internet
addiction are important because parenting a child with internet
addiction aswell as ASD, ADHD, or both can be achallenging
and difficult experience. Simply scolding or punishing their

https://pediatrics.,jmir.org/2022/4/e35466
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children’s internet addiction is a bad form of communication
by parents and might exacerbate the internet addiction, leading
toaviciouscycle. In such cases, we believe that helping parents
with their children suffering from internet addiction through
cognitive behavioral therapy [15,16], especially Community
Reinforcement Approach and Family Training (CRAFT)
[17,18], will be useful. Psychotherapy for the parent may
improve the rel ationship between parent and child and stop the
vicious cycle of internet addiction.

Based on thishypothesis, we are conducting apilot randomized
controlled trial of videoconference-based cognitive behavioral
therapy for parents with children suffering from internet
addiction between the ages of 12 and 20 years, separately from
this study, which was approved by the Ethics Review Committee
of Chiba University Hospital in 2018 (UMIN 000032483).

Direct parental factors, such as lack of affection from parents,
increase children’s online dependence. While a good
parent-child relationship is negatively associated with online
dependence, particularly among adolescents, there are reports
that parents discord is associated with increased online
dependence among children [19,20].

The purpose of this quantitative study was to compare parents
perspectives on the degree of their child’s internet addiction
and emotional and behavioral problems, their parenting style,
and the parent-child rel ationship between parentswith children
afflicted with internet addiction and those without, using an
anonymous web-based survey across Japan.

Methods

Participants

We used an online research agency (Cross Marketing Inc,
Tokyo) to oversee the web-based survey from October 14 to
18, 2021, across Japan. After understanding the purpose of the
study and voluntarily agreeing to participate, 600 participants
from Japan were recruited through the online research provider.

The participants were parents with children between the ages
of 12 and 17 years, and they were asked tofill out an anonymous
online questionnaire. Parents were instructed to complete the
survey about only 1 child with internet addiction, no matter how
many children they had.

We asked the parents, “Please think of your child who is
addicted to the internet” and “Please tell us the birth order of
that child.”

The survey was divided into two groups: 300 parents who
answered “yes’ to the question “Do you think your child is
dependent ontheinternet?’ and 300 parentswho answered “no”
to that question. Questionnaireswere collected until the number
of parentsin each group reached 300.

Itemsfor Observation, Examination, Survey, and
Reporting
Overview

Candidate respondents received brief text-based information
about the study, including the purpose of the study, and informed
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consent was obtained. The survey consisted of 2 parts. Thefirst
part asked for general information about the respondents (ie,
age, gender, area of residence, and employment status of the
parents, aswell as age, gender, birth order, and hours of internet
use per day of their children).

The second part of the survey asked respondents to selectively
answer the 4 questionnaire items described in the following
sections.

Parent-Child I nternet Addiction Test

Theitems of the questionnaire pertaining to children’s internet
addiction from the parents’ points of view were adapted from
the Parent-Child Internet Addiction Test (PCIAT) [21-23], a
20-item inventory adapted from the Internet Addiction Test
(IAT) developed by Young [24]. Items were rated on a 5-point
Likert scale, ranging from 1 (not at al) to 5 (frequently), to
indicate the degree to which internet use affected daily life,
family relationships, socia life, persona hedlth, and state of
mind. The minimum score was 20 and the maximum score was
100, with higher scores indicating greater problems caused by
internet use. Young defines a score of 20 to 49 as an average
user who has control over their use of the internet, a score of
50 to 79 as a dependent user who has occasional or frequent
problemswith their use of theinternet, and ascore of 80to 100
as a dependent user who has major problems with their use of
theinternet.

Strengths and Difficulties Questionnaire

The Strengths and Difficulties Questionnaire (SDQ), developed
by Goodman [25,26], isacomprehensive measure of children’s
adjustment and mental health status. It is a highly reliable
screening method for assessing positive and negative aspects
of children’s behavior [27].

The SDQ consists of 25 items, with 5 subscales (ie, emotional
symptoms, conduct problems, hyperactivity-inattention, peer
problems, and prosocial behavior) and 5 items within each
subscale. Each question was answered by selecting from 3
options: “yes’ (2 points), “fairly true” (1 point), and “no” (0
points). The total score for each subscale was calculated, and
the total difficulties score (TDS) was calculated from the total
score of 4 of the 5 subscales: the prosocial behavior subscale
was excluded.

In addition, by setting a cutoff point, the need for support in
that area was classified into 3 categories: normal range,
borderline range, and clinical range.

Parenting Style and Dimensions Questionnaire

The Parenting Style and Dimensions Questionnaire (PSDQ) by
Robinson et al [28], which consists of subscales based on
Baumrind's [29] classification of authoritative, authoritarian,
and permissive parents, was used. It measures various
characteristics of parentsand children[30,31] and isan excellent
scale for measuring parents’ nurturing attitudes.

Self-Report Attachment Style Prototypes. Relationship
Questionnaire

The Relationship Questionnaire (RQ), which measures 4
categories of attachment style, was used to measure the
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attachment styles of parents and children. Bartholomew et al’s
[32-34] RQ consists of astatement describing the characteristics
of 4 attachment stylesinrelation to the“ general other.” Subjects
were first asked to rate the degree to which each of the 4
sentences introduced as “types of feelings toward people”
matched their own on a 7-point scale, ranging from 1 (not at
all) to 7 (very much). Next, they were asked to choose 1 of the
4 styles that they thought was the most applicable to them. In
the analysis, the attachment style chosen at the end was
considered the subject’s attachment style.

Statistical Analysis

A descriptive analysis (ie, numbers, frequencies, percentages,
means, and SDs) of the 600 respondents was conducted. The
responses of the 300 respondents in the “yes’ group and the
300 respondents in the “no” group were compared for
differencesinitemsusing at test. Frequencies of gender, marital
status, and birth order were analyzed using the chi-square test
or the Fisher exact test. For the characteristics of the participants,
P values were considered by applying a 2-tailed significance
level of lessthan .05. For the SDQ, the PSDQ, and the RQ, we
used the Bonferroni correction and set the P value threshold of
.05/19=.0026 in order to avoid increasing the risk of atype |
error by multiple comparisons. All data were analyzed with
SPSS (version 22.0; IBM Corp).

Ethics Approval

This study was approved by the Ethical Review Committee of
the Graduate School of Medicine, Chiba University, in
September 2021 (M 10095).

Results

Overview

The characteristics of the participantsare shownin Table 1. The
mean age of the parentswas 49.24 (SD 5.67) yearsin the“yes”
group and 49.07 (SD 5.06) years in the “no” group, with no
significant difference between the two groups. Regarding marital
status, about 95.1% (571/600) of the respondentsin both groups
were married; there was no significant difference between
groups. There were significant differences in gender between
the two groups. Female participants in the “yes’ group
constituted 45.0% (135/300) of the sample, whereasinthe“no”
group they constituted 36.0% (108/300) of the sample.

The average age of the participants children was 15.01 (SD
1.59) yearsin the“yes’ group and 14.95 (SD 1.58) yearsin the
“no” group, with no significant difference between the groups.
Intermsof birth order, 58.7% (352/600) of the adolescentswere
the first child, 31.5% (189/600) were the second child, 8.0%
(48/600) were the third child, and 1.8% (11/600) were in a
different birth order position, with no significant difference
(Table 1).

Thetotal PCIAT scorefor the group that answered “yes’ (mean
55.41, SD 15.78) was significantly higher than that for the group
that answered “no” (mean 35.55, SD 11.64). As for the daily
time spent on the internet, the children in the group that
answered “yes’ spent a mean of 4.0 (SD 2.06) hours on the
internet, and thosein the group that answered “no” spent amean
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of 1.7 (SD 1.06) hours on the internet, and there was a (P<.001).

statistically significant difference between the two groups
Table 1. Characteristics of the participants.

Characteristics Parents who thought their child wasaddicted Parents who did not think their child wasad- P value
to the internet (n=300) dicted to the internet (n=300)
Parent
Age (years)
Mean (SD) 49.24 (5.67) 49.07 (5.06) .69
Range 35-65 33-64 N/A2
Gender, n (%) 03°
Male 165 (55.0) 192 (64.0)
Female 135 (45.0) 108 (36.0)
Marital status, n (%) >.99
Married 284 (94.7) 287 (95.7)
Single 16 (5.3) 13(4.3)
Adolescent
Age (years)
Mean (SD) 15.01 (1.59) 14.95 (1.58) 61
Range 12-17 12-17 N/A
Gender, n (%) >.99
Male 165 (55.0) 165 (55.0)
Female 134 (44.7) 134 (44.7)
No answer 1(0.3) 1(0.3)
Birth order, n (%) >.99
1st child 180 (60.0) 172 (57.3)
2nd child 93 (31.0) 96 (32.0)
3rd child 23(7.7) 25(8.3)
Other 4(1.3) 7(2.3)
PCIAT® total score
Mean (SD) 55.41 (15.78) 35.55 (11.64) <.001
Range 21-98 21-74 N/A
Daily time spent using theinternet (hours)
Mean (SD) 4.0 (2.06) 1.7 (1.06) <.001
Range 0-17 0-7 N/A

3P values were not calculated for range values.
bp values for a group are reported in the main row of the group.

CPCIAT: Parent-Child Internet Addiction Test; scores ranged from 20 to 100, with higher scores indicating greater problems caused by internet use.

Comparison of SDQ, PSDQ, and RQ Values From
Both Groups

The results of the SDQ, the PSDQ, and the RQ are shown in
Table 2. In the SDQ, the mean TDS score for the group that
answered “yes’ was significantly higher than for the group that
answered “no” (P<.001). Regarding the subscale items, mean
scores for emotional symptoms, conduct problems, and
hyperactivity-inattention for the“yes’ group were significantly

https://pediatrics.,jmir.org/2022/4/e35466

higher than those for the “no” group (P<.001). There were no
significant differences between groups regarding peer problems
(P<.049) and prosocial behavior (P<.13).

Regarding the PSDQ, the mean scorefor authoritarian parenting
of the“yes” group was significantly higher than that of the“no”
group (P<.001). There were no significant differences between
authoritative parenting and permissive parenting. Regarding
the RQ, there was no statistically significant difference between
the“yes’ and “no” groups of parentsand children onthewhole,
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relationships.

Table 2. Comparison of Strengths and Difficulties Questionnaire (SDQ), Parenting Style and Dimensions Questionnaire (PSDQ), and Relationship

Questionnaire (RQ) results between groups.

Scales and subscales Parents who thought their child wasad- Parents who did not think their childwas P value
dicted totheinternet (n=300), mean (SD) addicted to theinternet (n=300), mean (SD)
SDQ? score (25 items, including all 5 subscales)
Total difficulties score (20 items, excluding 10.87 (5.91) 8.23 (5.64) <.001
prosocia behavior subscale)
Subscales (5 items each)
Emotional symptoms 2.04(2.18) 1.41 (1.83) <.001
Conduct problems 2.26 (1.75) 1.51 (1.46) <.001
Hyperactivity-inattention 3.70(2.17) 2.73(2.12) <.001
Peer problem 2.87(1.84) 2.58 (1.76) .049
Prosocial behavior 4.81 (2.44) 5.11(2.32) A3
PSDQ? score (62 items)
Authoritative subscale (27 items) 3.11(0.61) 3.14 (0.67) .65
Authoritarian subscale (20 items) 2.27 (0.61) 2.10(0.58) .001
Permissive subscale (15 items) 2.37 (0.44) 2.28(0.46) .02
RQ?score
Parent
Secure 3.83 (1.46) 3.85(1.29) .88
Dismissing 3.70 (1.38) 3.90 (1.36) .07
Preoccupied 3.85 (1.31) 3.76 (1.35) 41
Fearful 3.73(1.47) 3.78 (1.41) 71
Adolescent
Secure 4.20 (1.32) 4.24(1.22) .70
Dismissing 3.70 (1.26) 3.60(1.13) 29
Preoccupied 3.97 (1.15) 3.87(11) 31
Fearful 3.52(1.31) 3.27(1.19) 01

8For the SDQ, the PSDQ, and the RQ, we used the Bonferroni correction and set the P value threshold of .05/19=.0026 in order to avoid increasing the

risk of atype | error by multiple comparisons.

Comparison of High Internet UsersVersusLow
Internet Users

From the 300 parents who answered “yes,” we extracted those
who scored 50 or higher on the PCIAT (190/300, 63.3%) to
examine userswho experienced occasional or frequent problems
due to internet use. From the 300 parents who answered “no,”
86.0% (258/300) had a PCIAT score of less than 50. The 2 sets
were compared to each other. Theresults of the SDQ, the PSDQ,
and the RQ are shown in Table 3.

The SDQ showed statistically significant differencesinthe TDS
and in the subscal es of emotional symptoms, conduct problems,
hyperactivity-inattention, peer problems, and prosocial behavior
(al Ps<.001). The PSDQ showed a significant difference
between authoritarian and permissive parents (P<.001) but not
authoritative parents (authoritative subscale: P=.24; authoritarian
subscale: P<.001; permissive subscale: P<.001).

https://pediatrics.,jmir.org/2022/4/e35466

Regarding the RQ, no statistically significant differences were
found for parents under any of the items. Conversely, the
children showed asignificant difference only in thefearful type
(P<.001).

We regrouped participants with a PCIAT cutoff value of 50,
ignoring whether parents thought their child was addicted to
theinternet or not, conducted the analysis, and made anew table
(Table 4).

The results showed that the group with a PCIAT score of 50 or
higher (n=232) had a PCIAT mean score of 63.58 (SD 10.49).
The group with a PCIAT score lower than 50 (n=368) had a
PCIAT mean score of 34.07 (SD 8.19). Theresults of the SDQ,
the PSDQ, and the RQ were compared between the two groups
and were similar to thosein Table 3.
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Table 3. Comparison of parents who thought their child was addicted to the internet (Parent-Child Internet Addiction Test [PCIAT] score =50) and
those who did not (PCIAT score <50).

Scales and subscales Parents who thought their child Parents who did not think their P value
was addicted to the internet child was addicted to theinternet
(n=190), mean (SD) (n=258), mean (SD)

PCIAT total score 64.91 (10.91) 31.96 (7.8) <.001

SDQE"'b score (25 items, including all 5 subscales)

Total difficulties score (20 items, excluding prosocial be-  12.55 (5.65) 7.41 (4.96) <.001
havior subscale)

Subscales (5 items each)

Emotional symptoms 2.44 (2.25) 1.17 (1.6) <.001
Conduct problems 2.61(1.81) 1.3(1.25) <.001
Hyperactivity-inattention 4.33(2.09) 2.52(2.02) <.001
Peer problem 3.17(1.88) 2.42 (1.68) <.001
Prosocial behavior 4.36 (2.33) 5.15(2.35) <.001

PSDQP score (62 items)

Authoritative subscale (27 items) 3.09 (0.58) 3.16 (0.68) .24
Authoritarian subscale (20 items) 2.39 (0.58) 2.04 (0.56) <.001
Permissive subscale (15 items) 243 (0.4) 2.22 (0.45) <.001
RQPY score
Parent
Secure 3.75(1.43) 3.86 (1.33) 38
Dismissing 3.59 (1.35) 3.88(1.4) .03
Preoccupied 3.95(1.28) 3.73(1.38) .09
Fearful 3.79 (1.48) 3.74 (1.47) 71
Adolescent
Secure 4.08 (1.32) 4.26 (1.23) 14
Dismissing 3.74(1.27) 3.56 (1.14) 12
Preoccupied 4.06 (1.21) 3.84(1.13) 046
Fearful 3.66 (1.34) 32(1.22) <.001

83DQ: Strengths and Difficulties Questionnaire.

bFor the SDQ, the PSDQ, and the RQ, we used the Bonferroni correction and set the P value threshold of .05/19=.0026 in order to avoid increasing the
risk of atype | error by multiple comparisons.

®PSDQ: Parenting Style and Dimensions Questionnaire.
dRQ: Relationship Questionnaire.
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Table 4. Comparison of 600 subjects classified according to Parent-Child Internet Addiction Test (PCIAT) cutoff values.

Scales and subscales PCIAT score =50, (n=232) PCIAT score <50 (n=368) P value
PCIAT total score, mean (SD) 63.58 (10.49) 34.07 (8.19) <.001
Parents who thought their child was addicted to theinternet, n (%) 190 (81.9) 110 (29.9) N/A2
Parents who did not think their child was addicted to theinternet, n 42 (18.1) 258 (70.1) N/A
(%)
SDQb’C score (25 items, including all 5 subscales), mean (SD)
Total difficulties score (20 items, excluding prosocial behavior 12.67 (5.88) 7.58 (5.03) <.001
subscale)
Subscales (5 items each)
Emotional symptoms 2.51(2.28) 1.23(1.68) <.001
Conduct problems 2.64 (1.82) 1.4 (1.33) <.001
Hyperactivity-inattention 4.27(2.1) 2.55(1.97) <.001
Peer problem 3.24 (1.88) 2.39(1.67) <.001
Prosocial behavior 4.45 (2.29) 5.29 (2.38) <.001
PSDQ%Y score (62 items), mean (SD)
Authoritative subscale (27 items) 3.08 (0.58) 3.16 (0.67) 12
Authoritarian subscale (20 items) 2.41(0.57) 2.05 (0.58) <.001
Permissive subscale (15 items) 2.47(0.41) 2.23 (0.46) <.001
RQC®€ score, mean (SD)
Parent
Secure 3.75 (1.36) 3.9(1.38) 19
Dismissing 3.68 (1.32) 3.88(1.4) .07
Preoccupied 3.95(1.25) 3.72 (1.37) .04
Fearful 3.83(1.41) 3.71 (1.46) 30
Adolescent
Secure 4.09 (1.29) 4.31(1.25) 04
Dismissing 3.76 (1.23) 358 (1.17) .09
Preoccupied 4.07 (1.15) 3.83(L1) 01

3N/A: not applicable; a P value was not calculated for this item.
bSDQ: Strengths and Difficulties Questionnaire.

CFor the SDQ, the PSDQ, and the RQ, we used the Bonferroni correction and set the P value threshold of .05/19=.0026 in order to avoid increasing the

risk of atype| error by multiple comparisons.
dPSDQ: Parenting Style and Dimensions Questionnaire.
®RQ: Relationship Questionnaire.

Discussion

Principal Findings

In this study, we administered a questionnaire to investigate the
relationship between parenting styles and adolescents’ internet
addiction and mental health problems. In recent years, various
studies on adol escents have suggested that internet dependence
is associated with developmental disorders; in addition, both
ADHD and ASD have been found to be associated with the risk
of internet dependence. Cakmak and Gul [35] reported that
weekly internet usage among children with ADHD aged 12 to
16 years was higher than among children in the control group.

https://pediatrics.,jmir.org/2022/4/e35466

RenderX

Kawabe et al [36] reported that 25 out of 55 participants with
ASD were classified as having internet addiction based on
results from the |AT.

In this study, we did not take into account the diagnosis of
ADHD, ASD, or both, but we did measure SDQ scores and
found that the TDS of the SDQ in the group with internet
addiction was significantly higher than that in the group without
addiction. Baer e a [37] reported that the
Computer/Gaming-station Addiction Scale score significantly
correlated with thetotal SDQ score. Akdeniz et al [38] reported
that the TDS of the SDQ was higher in the group with internet
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addition compared to that of the group without internet
addiction. Our findings were consistent with previous studies.

Previous research on the parent-child relationship between
internet-dependent adolescents and their parents has largely
been conducted from the perspective of the adolescents[39-41].
In this study, the perspective of the parents was the focus, and
we investigated the parenting styles of those parents with
internet-dependent adolescents. In a previous study from the
parents perspective, Dogan et a [42] investigated the
perceptions of internet addiction and parenting styles among
adol escents studying in secondary schools between the ages of
14 and 19 years. They used the Parental Attitude Scale by
Kuzgun and Eldeleklioglu [43] to measure parental attitude,
and the results showed a negative rel ationship between internet
addiction and ademocratic parenting style. Results of that study
aso showed a negative relationship between a
protective-demanding parenting style and an authoritarian
parenting style, which was found to have a significant positive
relationship with internet addiction. This study used the PSDQ,
aparenting style scale created by Robinson et a [28]; theresults
from Robinson et al’s study were consistent with the findings
from our study, showing that parents in the group with
internet-dependent children were found to have significantly
higher authoritarian parenting tendencies than parents in the
group with children who were not dependent on the internet.

Dogan et a [42] also found that a protective-demanding
parenting style was a strong predictor of internet dependence,
followed by an authoritarian parenting style. Although the 3
subscales of the PSDQ in this study and the 3 subscales of
Kuzgun and Eldeleklioglu’s Parental Attitude Scalein the study
by Dogan et a [42] are not comparable, the findingswith regard
to the relationship of authoritarian parenting style with internet
addiction may be common.

Using structural equation modeling analyses of the data from
266 adolescents, Trumello et al [44] suggested that adolescents
mental health problems measured by the SDQ are an important
mediator between parental care and youths' internet addiction.
Our findings were in accordance with their report.

The research implications of this study are that parents who
have children with internet addiction may be more aware of
their children’s emotional and behavioral problems, and their
parenting style is more authoritarian.

Horita et al

Clinicians may encourage parents to stop their authoritarian
parenting style, to learn good communication skills, and to
reward their children when they choose desirable behaviors.
They may also encourage parentsto engage children in treatment
for internet abuse and emotional and behavioral problemsusing
cognitive behavioral therapy, especially the CRAFT
intervention, a the end of their discussion as their
recommendation.

Limitations

As we suggested, although the online survey conducted in this
study provided valuable information, it has several limitations.
Thefirst limitation wasthat we did not use the random sampling
method. Originally, it would have been ideal to conduct random
sampling, in which the probability of being selected for the
sample would be equal for al individuas. In the future, an
online survey using the random sampling method should be
conducted.

The second limitation was that the children in this study were
not diagnosed according to the DSM-5 diagnostic criteria for
IGD. A structured diagnostic interview based on the online
survey about internet addiction will be needed.

The third limitation was that no data were collected from the
childreninthissurvey. The parents’ evaluations of their children
were based on their assumptions. Considering that there are
differences in the understanding of internet addiction between
parentsand children, future research should focus on collecting
data from both parents and children.

Conclusions

ADHD and ASD are known to be related to the risk of internet
addiction. Our findings suggest that parents who think their
child is addicted to the internet may recognize emotional and
behavioral problems in the child measured by the SDQ. In
addition, parents with children who suffer from internet
addiction may have an authoritarian parenting style. Clinicians
may encourage parents to learn good communication skills
instead of an authoritarian parenting style.

In the future, studies should conduct additional research on
internet addiction in children and their families. Cross-sectional
and longitudinal research on families, especially parents, isalso
needed.
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Abstract

Background: While a variety of health apps abound, less than half of adults in the United States report using a health app,
despite the ubiquity of smartphones among users aged 18 to 49 years. Several studies have examined the use of breastfeeding
apps; however, lessis known about the types of features found on these apps and what factors might influence app ratings.

Objective: This paper seeks to characterize breastfeeding apps, assess whether apps with higher user ratings differ from apps
with lower user ratings in their tracking and nontracking features, and analyze whether the type and number of features predict
user star ratings and whether an app is higher- or lower-rated.

Methods: Using a cross-sectional design, a convenience sample of breastfeeding apps was culled from the Apple App Store
(i0S) and Google Play Store (Android). Content analysis of the apps (N=82) was conducted using a schema of 87 items, which
was then compiled into 9 topical indices for breastfeeding, bottle feeding, solid foods, infant health, infant care, technical
characteristics, informatics, informational characteristics, and interactivity. Analysis consisted of descriptive statistics, the
Mann-Whitney U test, and Spearman rank correlations. Linear regression and binary logistic regression analyses were conducted
to determine which features predicted user star ratings.

Results: On average, users rated breastfeeding apps 4.4 of 5 stars. Two-thirds of apps (n=54) were higher rated (4.5 stars),
and one-third (n=28) were lower rated (<4.5 stars). Higher-rated apps offered more tracking features for breastfeeding, bottle
feeding, solid foods, infant health, and infant care than lower-rated apps. The breastfeeding, solid-food, and technical indices
explained 17% of user star ratings. For each additional breastfeeding and solid-food feature, we can expect to see a 27% and 35%
increase, respectively, in user star ratings. Additionally, as the number of solid-food features increased, the odds that the app is
higher rated increased 1.58 times.

Conclusions: Our findings suggest user ratings are driven in part by tracking features, specifically those related to breastfeeding
and solid foods. The proliferation of mobile health apps offers opportunitiesfor parents and caregiversto track behaviors associated
with infant feeding and other health metrics in a dynamic, detailed, and comprehensive manner. Hence, breastfeeding apps have
the potential to promote and support breastfeeding among users.

(JMIR Pediatr Parent 2022;5(4):€37581) doi:10.2196/37581

KEYWORDS

breastfeeding; breastmilk expression; bottle feeding; infant food; infant health; infant care; consumer health informatics; mobile
apps; smartphone; cross-sectional study
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Introduction

Human milk is the gold standard for infant nutrition, and it is
associated with improved maternal and infant health outcomes
[1]. Many national and international health authorities
recommend that infants be fed only human milk during thefirst
6 months of life, with continued breastfeeding aongside
appropriate complementary foods for 1 year or longer [2-4].
Yet in the United States, only 1 in 4 infants born in 2018 were
exclusively breastfed through 6 months, and about 1 in 3 were
still breastfed at 12 months [5]. The reasons for early
supplementation and breastfeeding cessation include inadequate
knowledge; perceived inconvenience or embarrassment; medical
conditions or lactation issues; lack of professional, family, and
socia support; early return to work; marketing of human milk
substitutes; and societal norms and policies [6-8].

Mobile health (mHealth) technol ogies can address some barriers
to breastfeeding by offering tracking features, data on user
behavior, and information. The use of e-technologies has been
associated with higher rates of breastfeeding initiation, exclusive
breastfeeding at 4 weeks and 6 months, breastfeeding attitudes,
and breastfeeding knowledge [9]. mHealth—the “medical and
public health practice supported by mobile devices including
mobile phones, patient monitoring devices, personal digital
assistants...and other wireless devices’ [10]—ison therise due
to the growth in smartphone ownership. In 2021, 85% of
Americans owned a smartphone, up from just 35% in 2011.
Rates are even higher among adults aged 18 to 29 years (96%)
and 30 to 49 years (95%) [11].

Given the ubiquity of smartphone ownership, mHealth apps
have become increasingly popular. By 2019, more than 45,000
[12] and 43,000 [13] mHealth apps were availablein the Apple
App Store and Google Play Store, respectively. An mHealth
study by Krebs and Duncan [14] suggested individuals with
more education, higher income, younger age, and Latino
ethnicity were more likely to have downloaded a health app to
track physical activity or dietary intake, help with weight loss,
or learn exercises. Recent consumer data, however, show less
than half of US adults have used or purchased health apps, and
among individuals who report using a health app, more than
half are upper or middle income[15].

The average childbearing age in the US is 26 years[16], which
corresponds to a high rate of smartphone ownership. With
limited formal structures for parental leave in the US, half of
infants bornin 2018 were breastfed for between 6 and 7 months.
However, half of infants bornin 2018 were exclusively breastfed
for only 2to 3 months[17]. Approximately one-third of infants
receive human milk substitutes before 3 months of age [5].
Breastfeeding tends to be more heavily concentrated among
certain racial and ethnic groups (ie, non-Hispanic Asian,
non-Hispanic white, and Hispanic) and among college educated,
higher income, and married women. Within the US, infants
living in rural areas are less likely to have ever been breastfed
than those living in urban areas, and infants living in the
Southeast are less likely to be breastfed at 6 months than those
living in other areas of the country [5].
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In this nascent area of research, several studies have focused
on one or more characteristics of infant-feeding smartphone
apps. Mieso et al [18] performed ascoping review that addressed
app development, user experience, and app effectiveness on
breastfeeding outcomes. Studies of app development have
reported the feasibility and need for smartphone appsto provide
education, peer and professional support, and tracking features.
User experience appears more positive than negative; appswere
mostly helpful and reassuring, though some study participants
noted apps were time-consuming, anxiety-provoking,
burdensome, technically difficult, or provided questionable
information. Only 3 studies examined app effectiveness,
suggesting that apps are useful for capturing data and may help
support  exclusive breastfeeding and continuation of
breastfeeding for 6 months [18].

Other studies have characterized the quality and content of
infant-feeding smartphone apps available from the Apple App
Store and Google Play Store. Cheng et a [19] evaluated 47
infant-feeding and activity apps in Australia, concluding the
overall quality of information was poor, though apps were
generaly of moderate quality with regard to engagement,
functionality, and aesthetics. Schindler-Ruwisch et a [20]
similarly identified 50 breastfeeding apps in the US. The main
interactive app features varied, and most apps only provided
informational support (versus emotional, instrumental, or
appraisal support). A plurality of appsincluded troubleshooting
information rel ated to breastfeeding and related issues, followed
by information about breastfeeding in public [20]. Likewise,
Sidhu et al [21] scored 41 US iPhone apps based on their
features and content. Most apps (85%) offered features that
assisted with promoting, tracking, or interpreting milk
production. Among these, apps ranked in the top 200 in their
respective categories within the Apple App Store received a
significantly higher feature score compared to unranked apps.
Finally, about one-third of apps in the sample contained
educational content related to milk production; however, their
content and diversity scores were low [21].

While previous scholarship has examined breastfeeding apps,
little is known about the avail ability and comprehensiveness of
features offered and their influence on user ratings. Because
user ratings tend to drive downloads, these ratings potentially
influence app adoption [22]. The aims of this study are to (1)
provide descriptive statistics characterizing commercial
breastfeeding apps in terms of their ratings, development, and
other app details; (2) assesswhether appswith higher and lower
user star ratingsdiffer in their tracking and nontracking features;
and (3) determine whether the type and number of features
predict user star ratings and whether an app is higher or lower
rated.

Methods

Research Design

To best address the study aims, we chose a cross-sectional
research design using content analysis. Given that apps are
updated with new features over time, alongitudinal design was
not appropriate. Our methods wereinformed by previous studies
of infant-feeding apps [20,23] and other health apps [24-26].
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This study was exempt from Institutiona Review Board
approval.

Sample

To compile a convenience sample of breastfeeding apps, a
graduate student in the US conducted a keyword search in the
Apple App Store (i0S) and Google Play Store (Android) infall
2018. A combination of keywords was used to search for
English-language breastfeeding apps, including “ breastfeeding”
and “breastfeeding applications.” In January 2019, another
graduate student created a sample in the same manner and

Figure 1. Smartphone breastfeeding app selection process.

App sources:
Google Play Store (n=59)
Apple App Store (n=44)
Total (N=103)

=
=
=
S
=
-

=

@
=

Apps screened and assessed
for eligibility:
Google Play Store (n=48)
Apple App Store (n=41)
Total (n=89)

Screening

Apps included in review:
Google Play Store (n=42)
Apple App Store (n=40)
Total (n=82)

Included

M easur ement

To analyze the apps, acoding schemawas created apriori based
on existing studies of apps [20,24,27] and 2 breastfeeding
textbooks [28,29]. The schema contained 87 distinct app
characteristics and features. We defined features according to
Sidhu et al [21] as any “opportunity for user interaction with
the app (e.g., a button).”

Descriptive characteristics were derived from the app’s
download page and included the name of the app, website link,
download date, version number, date of last update, devel oper
or seller name and &ffiliation (ie, commercial, government,
nongovernment organization, university, unknown, or other),
whether and which experts or end users were involved in the
app development process, user rating (ie, number of stars out
of 5), number of user reviews, app category (ie, medical,
lifestyle, health and fitness, parenting, or other), language
options, cost of basic and premium app versions, and agerating
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cross-referenced it with the fall 2018 sample, increasing the
sample size while also removing duplicates and dead links; the
sample was finalized in February 2019. All relevant apps were
included regardless of their cost. All apps were free except for
9; these 9 paid apps were downloaded for a combined cost of
US $31.92 ($18.95 for 5 iPhone apps and $12.97 for 4 Android
apps). A total of 40 iPhone and 42 Android apps wereincluded
in the final sample (N=82) of which 80 werefreeto users; only
2 paid iPhone appsremained in thefinal sample (Figure 1). The
final sample is comparable to those of previous infant-feeding
app studies, which included 41 to 77 apps [18,20,21].

Apps removed before screening
due to duplicate apps or broken
links:
Google Play Store (n=11)
Apple App Store (n=3)
Total (n=14)

Y

Apps excluded due to not being

available for 2 or more coders:
Google Play Store (n=6)
Apple App Store (n=1)
Total (n=7)

(not unlike a movie rating, each platform recommends the
minimum maturity level of app content for end users by age,
ie, >0, >4, >12, or >17).

Features were observed by navigating the downloaded app.
Tracking features monitored breastfeeding, bottle feeding, solid
foods, pumping and human milk expression, diapering, bathing,
sleeping, infant growth and development, medication and
vitamin use, vaccinations, temperature, illnesses, and well-child
visits. Nontracking features included the ability to add notes,
information, pictures, or videos; connect to abreast pump; print
or export data; sync data with another program or device; use
the app for more than one child or for multiple caregivers to
use the app; customize features; receive static information (ie,
articles, guidance, tips, checklists, product recommendations,
frequently asked questions, pregnancy information, maps,
graphs, or charts); share data with others (ie, other caregivers,
health care providers, or social media); and interact with peers,
lactation professionals, or others (Table 1).
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Table 1. App features grouped by tracking and nontracking indices. Each variable was coded 0 (no), 1 (yes), or 2 (do not know). These summative
indices only indicate the presence of afeature.

Indices Features

Tracking indices (range)

Breastfeeding index (0-8)

Bottle-feeding index (0-3)

Solid-food index (0-4)

Infant-health index (0-10)

Infant-careindex (0-7)

Nontracking indices (range)

Technical index (0-15)

Informatics index (0-3)

Tracks start and stop times of a breastfeeding session

Tracks time nursing per breast (left vsright)

Trackstotal time of afull breastfeeding session

Tracks which breast (left vsright) was last nursed from

Tracks number of pumping or milk-expression sessions
Tracks amount of time per pumping or milk-expression session
Tracks volume of milk per pumping or milk-expression session
Tracks which breast (Ieft vs right) was last pumped

Tracks number of bottle feeds
Trackstime of bottle feeds
Tracks volume of bottle feeds

Tracks number of solid-food meals
Tracks time of solid-food meals
Tracks types of solid foods given
Tracks amount of solid foods given

Tracksinfant’s weight over time

Tracks infant’s length over time

Tracks infant’s head circumference over time

Compares infant’s growth to standards and averages

Tracks milestones in physical development (eg, first tooth and first step)
Tracks medication and vitamin use

Tracks vaccines

Tracks infant’s temperature

Tracksinfant’sillnesses

Tracks infant’s well-child visits

Tracks number of diaper changes

Tracks time of diaper changes

Tracks type of dirty diaper (urine vs feces)
Tracks color of feces

Tracks number of baths

Tracks bath schedule

Tracks nap and sleep schedule

Ability to add notes to tracked data

Ability to connect to breast pump

Ability to add pictures or videos

Ability to set notifications, alarms, or reminders

Ability to print directly from app

Ability to export data as email, text, pdf, spreadsheet, or eBook
Ability to sync with cloud-based programs (eg, iCloud or Dropbox)
Ability to copy data or sync to another device

Ability to personalize app with infant’s picture, name, or date of birth
Ability to use the app for more than one child at atime

Ability for multiple caregivers to use the app and enter data
Different themes for day and night

Customizable features (eg, sound and content notifications)

Audio content

Video content

Provides maps or locations for where to feed or change an infant
Provides graphs and charts
Reports that support graphs and charts

https://pediatrics,jmir.org/2022/4/e37581
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Indices Features

Informational index (0-5)
Provides checklists

Interactivity index (0-5)

Peer support

Provides articles, guidance, or tips

Provides recommendations for products
Provides frequently asked questions
Provides pregnancy information

Ability to share data with other caregivers or health care providers
Ability to share with social media (eg, Facebook or Twitter)

Ability to contact alactation consultant or counsel or
Question and answer interface

Data Collection

All appswere downloaded to adonated iPhone (iPhone 5S, i0S
version 12.1.4; Apple Inc) or Android smartphone (Samsung
Galaxy Note 2, Android version 4.4.2, or Samsung Galaxy S8,
Android version 7.0; Samsung Electronics Co Ltd). Coders
primarily used the shared iPhone and Android phones, aside
from 1 student who used a personal iPhone to expedite coding.
Coding of the apps began in March 2019 and was completed
in December 2019. Two graduate students and 1 undergraduate
honors student (with no prior involvement in the study) from
different academic departments (including food and nutrition,
law and governance, and political science and law) coded the

apps.

Interrater reliability (IRR) was measured among the 3 coders
with 3 possible outcomes. Agreement between all 3 coderswas
labeled as “ complete agreement.” Agreement between 2 of 3
was considered “partial agreement.” When all 3 coders
disagreed, we deemed this “no agreement.” In 7 apps, only 2
coders completed the coding; thus, the IRR was determined as
“complete agreement” or “no agreement.” This might have
occurred because one of the students used their personal phone
or used a phone that was incompatible with a particular app
version. The authors reviewed coder agreement on variables
with partial or no agreement to determine the final coding
decision. For continuous variables (eg, the number of languages,
user ratings out of 5 stars, and number of user ratings) we used
the most recent version of the app.

Data Analysis

To address am 1—characteristics of breastfeeding
apps—descriptive statistics were used to characterize the sample
and are reported as frequencies and percentages. Apps rated
4.5 stars were defined as higher-rated apps, while those rated
<4.5 starswere considered lower-rated apps. Prior studies have

https://pediatrics,jmir.org/2022/4/e37581

used a cutoff of 24 stars [18,20]; however, the present sample
had a skewed rating distribution, whereby only 16% (13 of 82)
of apps were rated under 4 stars. Therefore, the 4.5-star cutoff
was chosen to maximize variability in both groups. Nine
summative indices were created by grouping like features by
topic (Table 1). For am 2—comparison of higher- and
lower-rated apps—we used the Shapiro-Wilk test to assess the
normality of the data and found that the indices were not
normally distributed. We conducted Mann-Whitney U tests,
which are appropriate for nonnormally distributed independent
groups, to assess whether higher- and lower-rated apps differed
by index.

To address aim 3—predictive rel ationships between user ratings
and indices—we determined the Spearman rank correlation
between the indices, user star ratings, and whether the app was
higher rated or lower rated. All indices that were significantly
correlated with the user star ratings were included in the linear
regression model, except for bottle feeding, which was highly
correlated (r=0.693) with the breastfeeding index. The same
indices were entered into a binary logistic regression model to
examine their ability to predict whether an app was higher or
lower rated. Logistic regression results are reported as odds
ratios (ORs) with 95% Cls. For all statistical tests, significance
was defined at P<.05.

Results

Aim 1: Characteristics of Breastfeeding Apps

The sample was composed of 82 breastfeeding apps, including
40 iPhone and 42 Android apps (Table 2). On average, users
rated breastfeeding apps4.4 of 5 stars. Of the 82 appsreviewed,
two-thirds (54) were higher rated and one-third (28) were lower
rated. The number of user ratings per app ranged from 4 to
81,800.
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Table 2. Descriptive characteristics of breastfeeding apps, overall and for apps with higher user star ratings and lower user star ratings.

Higher user star ratings®  Lower user star ratingsb

Characteristics Total (N=82), n (%) (N=54), n (%) (N=28), n (%)
Platform
iPhone 40 (49) 31 (57) 9(32)
Android 42 (51) 23 (43) 19 (68)
Affiliations
Commercial 61 (74) 37(69) 24 (86)
Nongovernmental organization 1(1) 1(2) 0(0)
Unknown 16 (20) 13 (24) 3(11)
Expertsor end usersinvolved in the development process
Yes 21(26) 16 (30) 5(18)
No 37 (45) 20 (37) 17 (61)
Do not know 24 (29) 18(33) 6 (21)

Expertsor end usersinvolved

Mothers 8(10) 6 (11) 2(7)
Parents 6 (7) 5(9) 1(4)
Neonatal intensive care unit staff 2(2) 24 0(0)
Fathers 1(1) 1(2) 0(0)
Breast pump manufacturers 2(2) 1(2 1(4)
Other 2(2) 1(2) 1(4)
Category
Medical 36 (44) 27 (50) 9(32)
Lifestyle 3(4) 1(2) 2(7)
Health/fitness 15 (18) 4(7) 11 (39)
Parenting 26 (32) 21(39) 5(18)
Productivity 1(1) 1(2) 0(0)
Tools 1(1) 0(9) 14
Available languages
English 82 (100) 54 (100) 28 (100)
Spanish 18 (22) 17 (32) 1(4)
Chinese 13 (16) 13 (24) 0(0)
Cost of basic version
US$0 80 (98) 53 (98) 27 (96)
US $3.99 1(1) 1(2) 0(0)
US $4.99 1(1) 0(0) 1(4)

Agerating® (minimum maturity level of end users)

>0 years 41 (50) 23 (43) 18 (64)
>4 years 31(38) 24 (44) 7(25)
>12 years 8 (10) 6 (12) 2(7)
>17 years 29 1(2) 1(4)

8Apps with higher user star ratings are those with 24.5 stars.
bA pps with lower user star ratings are those with <4.5 stars.
CAge ratings differed by platform.
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Aim 2: Comparison of Higher- and L ower-Rated Apps

Mann-Whitney U tests were performed (Table 3) to determine
differences between higher- and lower-rated apps. All indices
were significant, and the mean ranks for all indices except the

Dinour & Pole

informatics, informational, and interactivity indiceswere greater
among higher-rated apps than lower-rated apps. The
breastfeeding and solid-food indices yielded the most notable
differences in median scores between higher- and lower-rated

apps.

Table 3. Mann-Whitney U test comparing apps with higher and lower user star ratings by index (N=82).

Higher user star ratings® (n=54), Lower user star ratingsb (n=28),

Indices median (range) median (range) U statistic  z score P value
Tracking indices
Breastfeeding index 7.0 (0-8) 4.0(0-8) 483500 -2.724 006
Bottle-feeding index 3.0(0-3) 3.0(0-3) 502.000 -1.768  .001
Solid-food index 3.0 (0-4) 0.0 (0-3) 402000 -3.699  .004
Infant-health index 3.5(0-10) 4.0(0-7) 579500 -1765  .004
Infant-care index 4.0(0-7) 4.0(0-7) 586500 -1.712  .004
Nontracking indices
Technical index 6.0 (0-12) 4.0 (1-10) 510000 -2418  .004
Informatics index 1.0(0-1) 1.0(0-2) 727.000 -0.326 .004
Informational index 0.0 (0-4) 0.5 (0-4) 611.000 -1626  .004
Interactivity index 0.0 (0-4) 0.0 (0-2) 722.000 -0.494 .004

8Apps with higher user star ratings are those with 4.5 stars.
ba pps with lower user star ratings are those with <4.5 stars.

Aim 3: Predictive Relationships Between User Ratings
and Indices

Table 4 illustrates the Spearman rank correl ations between user
star ratings, whether an app was higher versus lower rated, and
the indices. The correlation between user star ratings and the
solid-food index was positive and strong, whilethe correlations
for breastfeeding, bottle-feeding, and technical indices were
positive and moderate. The correlation between an app being
higher rated and the solid-food index was positive and strong,
whilethe correlations with the breastfeeding index were positive
and moderate. Finally, the correlations between an app being
higher rated and the bottle-feeding and technical indices were
positive and weak.

A linear regression analysiswas performed to determine whether
breastfeeding, solid-food, and technical features predicted user
star ratings (Table 5). Theindependent variables explained 17%

of user star ratings (adjusted R>=0.172). The breastfeeding and
solid-food indices were significant. For each additional

https://pediatrics,jmir.org/2022/4/e37581

breastfeeding feature, we can expect to see a 27% ([3=.265,
P=.047) increase in the user star rating, while each additional
solid-food featureincreasesthe user star rating by 35% (3=.354,
P=.009).

A binary logistic regression analysiswas performed to determine
whether tracking features or nontracking features predicted
higher user star ratings (Table 6). In the unadjusted bivariate
analysis, there was a significant association between the
breastfeeding, bottle-feeding, solid-food, and technical indices
and the dependent variable. In addition, the odds of an app
receiving ahigher rating increased by 28% (OR 1.284, 95% Cl
1.064-1.550) for each additional breastfeeding feature. Similarly,
the unadjusted odds of an app receiving ahigher rating increased
by 68% for each additional bottle feeding (OR 1.683, 95% ClI
1.112-2.548) and solid-food (OR 1.685, 95% Cl 1.236-2.297)
feature. Thetechnical index also increased the oddsthat an app
was higher rated. In the adjusted model, only the solid-food
index remained significant. The odds of an app receiving a
higher user star rating increased by 58% (OR 1.579, 95% ClI
1.074-2.321) for each additional solid-food feature.
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Table 4. Spearman rank correlations between user star ratings, higher versus lower user star ratings, and indices for the apps (N=82).

Indices User star ratings (1-5), p P vaue Higher versus lower user star ratings®, p P value
Tracking indices
Breastfeeding index 0.391 <.001 0.303 .006
Bottle-feeding index 0.334 .002 0.242 .03
Solid-food index 0.422 <.001 0.411 <.001
Infant-health index 0.255 .02 0.196 .08
Infant-care index 0.252 .02 0.190 .09
Nontracking indices
Technical index 0.343 .002 0.269 .02
Informatics index 0.104 .35 -0.036 75
Informational index -0.186 .09 -0.181 .10
Interactivity index -0.077 49 —0.055 .62
8Apps with higher user star ratings are those with >4.5 stars; apps with lower user star ratings are those with <4.5 stars.
Table5. Indicesinfluencing user star ratings for the apps (N=82). Note: R=.451, RP=.203, adjusted RP=.172, and F3=6.625 (P<.001).
Variables SE B t test? (dff) P value 95% Cl
Constant 4.025 0.136 N/A2 29.603 (78) .001 3.754 10 4.295
Breastfeeding index 0.056 0.028 .265 2.023 (78) .047 0.001t0 0.112
Solid-food index 0.109 0.041 .354 2.662 (78) .009 0.027 t0 0.190
Technical index -0.025 0.027 —-.136 —0.934 (78) .35 -0.078t0 0.028

3N/A: not applicable.
PThet test was 2-tailed.

Table 6. Odds of indices predicting higher user star ratings for the apps (N=82). Note: Cox and Snell R?=.159, Nagelkerke R?=.219, and )(23:14.168
(P=.003). The dependent variable was higher user star ratings (=4.5 stars) set at 1, lower user star ratings (<4.5 stars) set at 0, and 1 set asthe reference

category.
Indices Higher user star ratings
Unadjusted odds ratio (95% Cl) P value Adjusted odds ratio (95% Cl) P value
Breastfeeding index 1.284 (1.064-1.550) .009 1.142 (0.890-1.466) 30
Bottle-feeding index 1.683 (1.112-2.548) 01 N/AZ
Solid-food index 1.685 (1.236-2.297) <.001 1.579 (1.074-2.321) .02
Infant-health index 1.163 (0.997-1.357) .06 N/A
Infant-care index 1.218 (0.980-1.514) .08 N/A
Technical index 1.234 (1.041-1.463) .02 0.977 (0.762-1.253) .85
Informatics index 0.788 (0.337-1.846) .58 N/A
Informational index 0.724 (0.482-1.088) A2 N/A
Interactivity index 0.984 (0.516-1.877) .96 N/A
Constant N/A 0.549 .30

3N/A: not applicable.
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Discussion

Principal Findings

Our study builds on previous research of breastfeeding apps
while expanding our understanding of what these apps offer by
evaluating their features. Our sampleis dightly larger than that
of Mieso et a [18] and includes a greater percentage of free
apps than earlier studies [18,20,21]. Similar to
Schindler-Ruwisch et a [20], the sample draws upon a range
of app categories, including medical, health and fitness, and
parenting. Our cross-sectional review of apps occurred within
a specified timeframe, akin to earlier studies[20,21].

Many characteristics of our sample reflect earlier studies of
breastfeeding apps. For example, breastfeeding appstend to be
highly rated. Both Mieso et al [18] and Schindler-Ruwisch et
al [20] found that nearly 70% of apps received user ratings >4
stars, and Mieso et a [18] showed that the average rating for
breastfeeding apps was 4.3 of 5 stars. This is consistent with
our findings. Similar to Mieso et a [18], the number of user
reviews in our sample displayed awide range.

Unsurprisingly, higher-rated apps offered moretracking features
ondl indices. Intheir qualitative analysis of maternal and infant
health app user reviews, Biviji et a [30] found that across
positive reviews, many users mentioned tracking features,
including feeding, pumping, diapering, and sleep—akin to
one-stop shopping. Conversely, there were complaints about
apps with limited data-tracking abilities [30]. According to
Mendiolaet al [31], factorsthat predicted user ratings of health
apps include usability, data export, and tracking. While the
tracking component was negatively associated with user ratings,
it was positively correlated with export and usability, both of
which were positively associated with user ratings [31]. An
aternative explanation as to why more features might appear
in higher-rated apps is the release of new app versions that
include new or updated features. Future studies should consider
how tracking features correspond to other usability featuresand
critically analyze the tracking features to determine their
appropriateness to support infant-feeding goas. While
informatics, informational, and interactivity features were not
correlated with user star ratings, lower-rated apps had higher
scores for these indices. Though few apps appeared to have
these features, future studies might consider investigating their
utility, since the study by Biviji et a [30] suggests that users
desire these features.

In the regression models, the breastfeeding index predicted user
star ratings, however, it did not predict whether an app was
higher or lower rated. The former finding is to be expected,
since breastfeeding tracking isthe primary purpose of the apps.
Thisissupported by Sidhu et al [21], who found that apps often
had features that assisted with human milk tracking. However,
we are unable to explain the latter finding, though it may be
related to how we defined higher-rated apps.

https://pediatrics,jmir.org/2022/4/e37581
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Across both regression models, the solid-food index was
significant. Solid food—tracking features allow usersto continue
with a familiar app that contains other tracking data (such as
human milk or human milk—substitute consumption, diaper
changing, or vaccinations) by carefully monitoring the
introduction of new foods, which typically occurs on aweekly
basis. This prolongs the usefulness of an app beyond a limited
timeframe, again tapping into one-stop shopping [30]. Biviji et
al [30] reported that positive app reviews emphasized tracking,
highlighting feeding in particular. The authors demonstrated
how users provided additional feedback on exporting data,
additional tracking options, and data visualization, which might
be incorporated into updated app versions [30]. Alternatively,
the solid-food index might be aproxy for afeature not included
in our study. Since our model only explains a small portion of
the variance, we recommend an overall assessment of an app’s
interface. For example, how seamless are the features? What
are the advantages offered by one app over another? We also
recommend a qualitative study of breastfeeding app users to
gain greater insight into the reasons behind app adoption and
features utilized.

Limitations

While this study provides an overview of breastfeeding apps,
there are several limitations. First, this was a convenience
sampl e gathered between November 2018 and December 2019.
We conducted amanual search with keywords, which may have
resulted in missing some apps. Second, since new apps are
frequently introduced to the market, thisresearch only provides
asnapshot intime; however, with atotal of 82 apps, it still offers
a comprehensive overview. Third, this research is limited to
English-language appsin the US. Future studies should consider
apps in other languages and in countries with higher rates of
breastfeeding. Fourth, this study does not examine the apps
clinical or scientific merits, but instead assesses features.
Breastfeeding apps might contain content that is contrary to
medical advice, and apps might not conform to national
guidelines on infant feeding [19,23]; nevertheless, this was
beyond the scope of this study.

Conclusions

This study of breastfeeding apps demonstrates that user ratings
are partialy driven by tracking features, specifically those
related to breastfeeding and solid foods. Nontracking features
appear to be less important with regard to how users rate apps,
though why thisisthe case remains unclear. Researchers should
consider investigating this in the future. More importantly, the
proliferation of mHealth offers opportunities for parents and
caregiversto track behaviors associated with infant feeding and
other health metricsin adynamic, detailed, and comprehensive
manner. In this way, breastfeeding apps have the potential to
promote and support breastfeeding among users.
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Abstract

Background: The FeverApp registry uses ecological momentary assessment (EMA) to collect parental data on pediatric fever
for scientific research. The mobile app FeverApp educates parents on safe fever management and serves as afever diary.

Objective: The focus of this study was to evaluate the completeness and concordance of the EMA-based FeverApp registry
with regard to its data quality from amultilevel perspective.

Methods: Structured descriptions of fever episodes by health care professionals from an office were used as reference. The
number of children, their sociodemographic data, and agreement of fever episodes, with maximum temperature, intake of
antipyretics and antibiotics, and physician visits, were compared with the entries in the corresponding physician’s reference
records. The data quality indicators for completeness, meaning the extent to which the necessary datafor the registry has actually
been submitted, and concordance, which isthe correspondence of the value of adataelement with areference source, were chosen
to analyze whether EMA may be a suitable method for this kind of registry.

Results: In both data sources, 1012 children were available for comparison over 16 months. The completeness of gender
(1012/1012, 100%) and date of birth (1004/1012, 99.2%) information was high, and the mismatches were 0.69% (7/1012) and
1.19% (12/1012), respectively, between the sources. Of these 1012 children, 668 (66%) registered fever episodes in FeverApp.
They relate to 534 families with 953 fever episodes in the reference records and 1452 episodes in the FeverApp registry. Of the
534 families, 183 (34.3%) refrained from visiting the office during fever episodes but neverthel ess documented them in FeverApp.
Largest part (766/1452, 52.75%) episodes were recorded exclusively in the FeverApp registry by 371 (371/534, 69.5%) families.
The remaining 686 (47.2%) episodes of 391 (58.5%) children from 351 (65.7%) families were comparable with the reference
datasourcein terms of physician visits, medication, and temperature. The completeness ranged, depending on the kind of variable,
from 11.5% to 65% in the registry and from 7.6% to 42.6% in the office. The 953 fever episodes reported by the reference office
consisted of 681 (71.5%) acute and 272 (28.5%) past episodes. In FeverApp, most past (262/272, 96.3%) but less acute (424/681,
62.3%) episodes have been entered. The concordance rates were varied: 90.2% for antibiotic use, 66.6% for antipyretic use,
61.7% for physician visits, and 16% for the highest temperature during the fever episode.

Conclusions: Both sources delivered only partial data, and the rates of completeness and concordance depended on the kind of
variable. However, the FeverApp registry showed higher documentation and precision rates than professional records for all
considered variables. Therefore, EMA may play a unique supplement for research in ambulatory care. FeverApp could support
pediatric offices, especially during the pandemic.
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Introduction

Background

Modern technol ogies enable registry studies via mobile phone
apps through ecological momentary assessment (EMA) [1,2].
On the one hand, this is beneficial because of straightforward
data collection: the study participants enter the datathemselves,
saving time and costsfor study personnel. In sudden symptoms,
for example, fever, ecological observation during long periods
is more applicable in contrast to paper-based protocols [3] in
other study situations. On the other hand, the quality of the
entered data is not controlled separately. Transfer errors in
paper-based documentation are reduced, and immediate
plausibility checks are possible. It has yet to be proven to what
extent they are comparable with the data from medical
personnel, a common standard in registries. Especialy, if the
real-time data of nonprofessionalsare used asregistry data, their
comparability and difference should be monitored specifically,
at least in samples.

On-site monitoring and source data verification are important
methodsto improve dataquality not only in clinical studies, but
also in other medical research contexts. In an app-based,
real-time registry, there are usually no further sources. Medical
registries often rely on medical professionals. Thisisuseful for
diseases, but symptoms such as fever are often acknowledged
or recorded by nonprofessionals. A further challenge is that
health care routine data are often not appropriately structured.
Comparable structured data from health care professionals are
needed to verify the quality of app-based registry data generated
by parents. An example of such aregistry that relies on parental
real-time EMA isthe FeverApp registry.

Fever App Registry

The Federal Ministry of Education and Research in Germany
has funded 6 model registriesin 2019 [4]. They should provide
exemplary features of registries, such as the consideration of
observing (parent using an app) and observed (children) units
at suddenly occurring events (fever episodes) [5]. The registry
protocol was published [1] and registered in the German Clinical
Trials Register with the registration number DRK S00016591.

In general, FeverApp could be used completely anonymously
if no identifying entries are made. There are currently no
mandatory fields that force identification. The app is freely
accessible, but users need an access code from apediatric office
that generates arandom family code. This random pseudonym
could nevertheless identify if it is made public. Hence, the
family code gives the opportunity to share access to further
family members. This procedure ensures the acknowledgment
of thetreating physician, evenif no reference recordswith direct
recording of the family code were made by the participating
offices.

https://pediatrics.,jmir.org/2022/4/€35510

The FeverApp registry collects data via parental EMA of the
child’sfebrile episodes since September 2019. Recruitment was
started in a large pediatric reference office. Since July 2020,
FeverApp has spread on a larger scale to multiple pediatric
offices. Until now, pediatric offices have solely granted access
to parents.

FeverApp is amobile app in which parents and caregivers can
record, track, and manage children’s fever episodes and
symptoms. By providing scientific information based on current
guidelines[6], FeverApp helps parentsto understand fever better
and manage it safely and comfortably. The goal of FeverApp
isto establish amodel registry through the self-documentation
of fever management by families, thereby drawing conclusions
about the implementation of the guidelines. It aims to inform
parents that fever is not a disease but rather a symptom of the
immune defense system fighting the underlying causes [7-9].
To strengthen the immune system, the intake of antipyretics
and antibiotics should be restrained. It also educates parents
that the use of health care resources depends on the child’'s age,
emphasizing that these are not mandatory unless specific
warning signs are observed. In this case, a physician’s visit
should be considered. Therefore, in case of solely high
temperature, an immediate visit to a physician or medication is
not recommended.

The submitted entries and interactions between different pages
of the app are stored locally in the app within an open-source
JavaScript database, PouchDB 7.3.0, which synchronizesit with
Apache CouchDB 2.3.1 when connected to the internet. The
latter database is centrally located on the University of
Witten/Herdecke servers, and the documents of CouchDB are
transformed and transferred daily to MongoDB. Severa
relational datatables are exported in CSV format, extracted on
demand through SQL scripts, and processed in SPSS (version
27; IBM Corp). These datarepresent the FeverApp registry [5].

There are specific access codes for test purposes to ensure that,

routinely, only real observation data are collected. To consider
a high standard of data correctness and security, all decentral

data deleted from the app are also deleted from the central

registry. If aparent deletes any data on their mobile phone, this
deletion is synchronized with the central CoachDB, and the data
areno longer availablefor export. Therefore, wrong entries can
be reduced.

The aforementioned 6 registries agreed to compare their data
quality but could not agree on a common understanding of
completeness because of the different scope of each registry.
Furthermore, the funding reviewer questioned whether reliable
data could be collected via a parental app.

Aim of the Study

Therefore, this study aimed to evaluate 2 important indicators
for trueness. compl eteness and concordance. It especially takes
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into account the multilevel or clustered structure of the collected
EMA-based data.

Methods

Conception of Data Quality

There are different approaches to conceptualize data quality.
Weiskopf and Weng [10] categorized 5 dimensions of data
quality in their review of the clinical research literature
discussing data quality assessment methodology for electronic
health record (EHR) data. These are completeness, correctness,
concordance, plausibility, and currency. The approaches used
for data quality assessment are summarized as follows:
comparison with gold standards, data element agreement, data
source agreement, distribution comparison, validity checks, log
review, and element presence. The authors conclude that there
islittle consistency or potential generalizability in the methods
used to assess data quality in EHRs, and they demand for
systematic methods of EHR data quality assessment.

Kahn et a [11] proposed a conceptual model for data quality
assessment in EHR datathat can improve data utility over time.
The framework was created especially for clinical research.
This concept is followed by the approaches of Weiskopf et a
[12] and Lee et d [13]. All authors underline that quality
assessment should be customized for every single study. This
statement raises the question of how the data quality of
EMA-based registry studies should be realized.

This gap is closed by the concept of adaptive management of
data quality: The Technology and Methodology Platform for
Networ ked Methodol ogical Medical Research (TMF) published
an approach for the independent assessment of data quality and
its improvement in 2006. The manua Guidelines for the
Adaptive Management of Data Quality for Cohort Studies and
Registers (GAMOQ) [14] enables the evaluation of the quality
of data concerning different aspects. The novel approach of
these guidelinesisthe distinction of the dataquality conception
into 3 dimensions. It allows assessing dataquality in astructured
manner and has become a standard approach in Germany
[15-18]. It is crucid to ensure that the collected data in an
app-based registry are of high quality intermsof their structures,
processes, and outcomes (to aspects of health data quality).

According to the recommendations of the GAMOQ, dataquality
assessment can be divided into 3 dimensions: data integrity,
data organization, and data trueness. These correspond to the
approaches developed by Donabedian [19] for the assessment
of the quality of medical data: structure (ie, integrity of data),
process (ie, organization of data), and outcome quality (ie,
trueness of data). Each of these data quality aspects can be
described with specific data quality indicators (DQIs). The
GAMOQ includes a total of 51 DQIs. The choice of suitable
DQIsfor the quality assessment of data integrity, organization,
and correctness depends on the specific study situation. Thus,
the GAMOQ offersaflexibletool for the systematic evaluation
of the quality of registry data. Defined threshold valuesfor DQIs
are a prerequisite for calculating the overall score for data
quality from the individual indicator values.

https://pediatrics.,jmir.org/2022/4/€35510
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An important quality indicator for external validity or
representativeness is the completeness (confer in the GAMOQ
as TMF-1042) of the collected data elements. This quality
indicator describes the trueness of data. Concordance (confer
in the GAMOQ as TMF-1002) is one of the DQIs that is used
for the description of the integrity of data[14].

Completeness

The DQI completeness is defined as the extent to which the
necessary data that could be included in the registry have been
submitted. Other registries or patient recordsin medical offices
are possible data sources for determining the necessary data,
which could beincluded in theregistry. Nonnemacher et al [14]
underlined that an examination of the data quality in registries
is mostly done by comparison with other data sources.

Inthisinnovative parent-based and app-based registry, technical
and informative mandatory fields have to be distinguished.
FeverApp keeps nearly all fields as technical voluntary fields,
although they are informative mandatory. Therefore, if a
technical voluntary field would not be understood as being
incompl ete, then no field could becomeinformativeincomplete.
AsFeverAppisamodel registry, we apply DQIsasinformative
mandatory fields, athough they are technical voluntary. This
is a special feature of this model registry. Completeness is
analyzed as informative mandatory.

Concordance

Concordance is defined as the correspondence of the value of
adata element with areference source. Concordanceis usually
used asaDQI for datastructure[14], but it can also be regarded
as a DQI for the completeness of data [20]. As an dternative
for completeness, it would be possible to use the DQI
concordance under awareness that the physician’sregistry could
be seen as the gold standard for the data quality of EMA. It is
common that fever events are recorded in pediatrician offices.
However, it isusually not done in a structured way, as we have
doneit. Inthis pediatric office, each patient was asked regarding
fever. In the app-based registry, this was a voluntary
commitment. Hence, these structured office records may be
seen as the gold standard.

Usually, the threshold value for the concordance rate and
completeness rate is defined as 95% for registries by medical
professionals [14]. Thresholds are not scientifically validated
and can be changed with justification [16].

Multilevel Perspective

FeverApp isatool for parentsto observe the fever episodes of
their children. A fever episode isdefined by aseries of multiple
entries without cessation for >48 hours. It always relates to a
child profile, which belongs to a family, so this can be
considered a cluster. If several usersinstall FeverApp with the
same family code, they will share the same profiles of their
children. Hence, a family is the major observation unit of the
registry. This contrasts with the reference records of apediatric
office, where a child and an adolescent is the observation unit
and not the total family. However, the main point of interest is
the fever rather than the family or children. For children, who
we label as profiles, we can consider some sociodemographic
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data (date of birth and gender) for comparison. Because each
child within a family can have several fever episodes, each
consisting of multiple entries and different variables during a
period, these could be considered as a further level. Owing to
these circumstances, any reporting of quality indicators, such
as completeness or concordance, depends on the considered
observation object. We have illustrated this structure in Figure
1

The collected EMA data rely on event-based sampling at the
family level and on time-based sampling at the fever-episode
level: children have fever occasionally, but researchers intend
to monitor how body temperature and other indicators, such as
parental confidence and children’s well-being, vary over time
during a fever episode. The EMA design was combined [21]
owing to the multidimensionality of the data.

Figure 1. Multilevel observation units of the FeverApp registry.
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We are aware that with additional offices, further levels such
as physicians offices and regions or countries could be
integrated abovethe family level, and pointing downward, single
entries and the aspects of fever episodes may be considered
separately. The schematic figure (Figure 1) depicts the data
structure of the central FeverApp registry where*i” denotesan
arbitrary number of the family (the possible app user valuesare
from 1to n, profile valuesfrom 1 to m, and fever episodes from
1 to k, wherein n, m, and k are any natural numbers).
Participating pediatric offices in the country (currently only
German-speaking countries) distribute an access code for the
app to several familieswith children that are interested in using
FeverApp. The access code of the pediatric office generates a
random family code, which can be shared with other family
membersto accessthe same profiles of the children. Therandom
family code is an 8-character lowercase combination and
uniquely defines the participating family.

Level 1: Fami]y i / . .
,‘ Investigated variables:
User 1 User n
(eg, mother) (eg, grandmother)
Parents
observe their >< ‘
children
- Profil Age and gender of
Level 2: Profile | rofrie m the children
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/1N .“_, VRN /N .mt}p:\ retic and
£y VN antibiotic use and
| J | | AXi
1 : - — maxi m.um - )
temperature during
Level 3:
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Hence, participating families (level 1) arethe observation units,
defined by a family code and related to a pediatric office. In
each family, there can be several users, that is, app installations
with the same family code, who observe the same children
(profiles). Therefore, >1 users of afamily document >1 profiles
(level 2) with >1 entriesin FeverApp. These entries document
>1 fever episodes (level 3), which are currently defined until a
child is marked as healthy. Some long fever episodes may have
been recorded erroneously when the users forgot to click the
child healthy button, which naturally defines the end of an
episode. Therefore, episodes were redefined using the definition
of fever duration. If no entry was made for at least 2 days (>48
h), the next entry is regarded as a new fever episode. The time
of the entries is recorded, but if the entries are made
retrospectively, for example, after the end of a night, the user
is called to enter the time of real occurrence to be used for
calculations. As fever occurs especially at an early age, the
project primarily intendsto collect data about children who are
yet to reach adulthood. Since October 2020 (app version 1.7),
it is possible to enter a separate physician’s office for each
profile. In this case, the pediatric office can differ between
profiles and from the distribution office for each family [5,22].

As part of this model registry, we established structured
reference records regarding fever in a pediatric physician’'s

https://pediatrics.,jmir.org/2022/4/€35510

Fever episode k  fever episodes
office, which may be considered as true to assess the quality
indicator completeness.

Physician’s Reference Records

Onelarge pediatric officein Bochum (North Rhine-Westphalia,
Germany) has participated in the FeverApp registry study since
it was established in September 2019. Thisreference office very
accurately documents severa fever-related questions
[Multimedia Appendix 1] for each child in the physician’s
reference records with separate fields in the EHR system
Medistar from the CompuGroup. Each family participated with
awritten informed consent for the comparison of registry data
with the reference records of their children. The main purpose
of this effort was to validate the parental FeverApp registry
data. From the EHR system, these data were extracted using an
SQL export. These reference record data from the physician’'s
office could be considered a second registry to validate the
parental FeverApp registry.

The records in the pediatric office contain the following
information about a patient’s fever episodes: date of the visit,
past and acute fever episodes, fever duration, maximum
temperaturelevel, and medication. A past fever episodeisfever
that isonly reported to the physician when they asked regarding
any fever episode since the last visit. An acute fever episodeis
defined as any visit to the physician with a child having acute
fever. It was noted whether children received any antipyretics
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and antibiotics including their names. The FeverApp access
code that families have received is registered in the EHR and
servesasan identifier. These parents should al so answer whether
they actually used FeverApp during the reported fever episodes.
As sociodemographic information, only the date of birth and
gender were considered for each patient.

Statistics

Data analysis was performed using the statistical software R
3.6.3 [23], and data visuaization was performed with the
R-package ggplot2 [24]. The ratios for concordance are
calculated with the number of matchesin relation to the number
of possible matches. Whereas Nonnemacher et a [14] defined
concordance as nonmatching in relation to al the evaluated
variables. The exact 95% Cl s for the ratios were derived using
quantiles of the F distribution (Clopper-Pearson intervals) [25].

We analyzed the quality of the information concerning the
number of children in the family, number of episodes and
agreement of episodesat thefamily level, and sociodemographic
data (gender and date of birth) at the profile level as well as
provided information about physician visits, antipyretics,
antibi otics, and maximum temperature during the fever episode

Figure 2. Duration of FeverApp use by 676 participating families.
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in the FeverApp registry in comparison with the entries in the
physician’s reference records at the level of fever episodes.

Ethics Approval

The study was conducted in accordance with the guidelines of
the Declaration of Helsinki, approved by the Ethics Committee
of the University of Witten/Herdecke (protocol code 139/2018
on December 13, 2018) on pseudonymized data collection using
an app, and received a positive vote by the data protection
service.

Results

Overview

The results are considered level by level. Naturally, the focus
of the analysis is on the level of the fever episodes, which
already aggregates several variables over a period. This study
considered consecutive enrollment in the 16-month period
between September 2019 and December 2020. For each
participating family, the duration of FeverApp use varied
depending on both the registration date and the need because
of fever phases. The median (IQR) time of use of FeverApp by
families was 302 (105-423) days, as shown in the histogram
(Figure 2).
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Family and Children’sNumber sin Reference Records
and in the Fever App Registry

Consideration of thefamily level showsthat 1273 familieswith
2009 children signed the participation agreement and received
an access code to use the app. In total, there were 3579 patients
in the pediatric office during the observation period of 16
months. Therefore, the physician’s office invited 56.13%
(2009/3579) of their patients to the FeverApp registry during
this time. In comparison, the app-based registry showed that
684 (684/1273, 53.73%) families, with a total of 1047
(1047/2009, 52.12%) profiles, compl eted the registration process
for the app registry during the same period. However, 5 of these

https://pediatrics.,jmir.org/2022/4/€35510

families with atotal of 6 children could not be identified in the
physician’s reference records, probably because of errors in
processing the exported EHR comparison data. In addition, 3
registered families did not register any profilesfor their children
but installed the app. Their profilesin the office records cannot
be compared with those in the app-based registry.

Only 24 (24/676, 3.6%) of the remaining 676 (676/684, 98.8%),
respectively 679 (679/684, 99.3%) registered familiesregistered
more profiles in the app-based registry than in the pediatric
office. Of the 676 families, 50 (50/676, 7.4%) did not register
al their children in the FeverApp registry. Of the registered
families, 602 (89%) registered all their children in FeverApp.
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A close look shows that 24 (2.31%) of the remaining 1041
profilesfrom 676 families belong to personswho are not patients
in the office (22 siblings and 2 mothers). Moreover, 5 children
have double (synonymous) profiles (confer in the GAMOQ as
TMF-1029): this can occur if 2 parents register their children
on 2 mabile phones simultaneously due to the time lag of
synchronization with the server. Therefore, a comparison of
1012 registry profiles with the records in the pediatric office
was possible for atotal of 676 families. The word “profiles’ in
this analysis refers to the profiles of children because all adult
profiles (parents) were excluded. There were 3 (3/684, 0.4%)
families who installed the app without any profile. Thus, there
were 679 families, of which only 676 had a profile.

Figure 3. Units of observation at all 3 levelsin both data sources.

Rathjens et al

The 679 families that installed the app reported 1171 fever
episodes in the pediatric office. Not all have used FeverApp as
afever diary during the observation period: only 537 (537/684,
78.5%) participating families with 683 children documented
1481 fever episodes in the FeverApp registry. They reported
1038 fever episodes at the same time in the pediatric office. If
we exclude 29 episodes of siblings that have no registration in
the office’ s registry, then 534 families (3 families make entries
only for nonregistered children) and 668 children remain with
1452 episodes. In contrast, there were 953 reported episodes
for these children in the pediatric office. The flowchart (Figure
3) depictsthe process of participation in the FeverApp registry
study at all 3 levels and reports the fever episodes that could be
used for comparison.

Physician’s reference
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Recorded Number of Fever Episodes at Family and
Child Levels

In the following part of this study, we will look closer at the
number of finally comparable episodes, which depends on the
observation unit definition. As mentioned, each child in each
family can have multiple fever episodes. In Figure 4, the
numbers and percentages of registered families (cornflower
blue) and registered profiles of children (yellow) with
differences in the number of fever episodes between the
app-based registry and reference records can be seen onthe axis
of abscissae. In the axis of ordinates, the absolute and relative
frequency of the 1012 children’s profiles from the app,
corresponding to 679 registered families, could be seen.

Positive differences indicate that the number of episodesin the
app-based registry is greater than the number of episodesin the
reference records. Zero indicates that the number of episodes
in both sources is equal. It is worth mentioning that 30.2%
(205/679) of the familiesand 31.02% (314/1012) of the children
had an equal number of episodes in the app’s and physician’s
registries or even had morefever episodesin the app (546/1012,
53.95% children and 289/679, 42.6% families). Therefore, most
users do not always contact the physician during the fever
episodes of their children.

https://pediatrics.,jmir.org/2022/4/€35510
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Comparison of Children’s Sociodemographic Data

First, completeness and concordance at the second level (Figure
1) were analyzed. In contrast to the app-based parental registry,
the EHRs of physicians’ offices consider only patients (profiles)
and not complete families. The assignment of persons for
comparison is difficult because the identification numbers are
different for each data source (sequential number inthereference
records in the pediatric office and randomly generated
combinations of numbers and lettersin the FeverApp registry).
Therefore, the family code of FeverApp and children’s gender
and date of birth were used to identify comparable profiles. In
the following sections, al comparisons are made at the profile
level (level 2 according to Figure 1) and not at the family level.

A comparison of entries for gender and date of birth
demonstrated that the FeverApp data includes 22 siblings
without registration in the office registry and 2 parents. We
compared the remaining 1012 (1012/1036, 97.68%) profiles of
676 families (without the 5 synonymous profiles mentioned
earlier) based on demographic information. They include 8
nonstatements of the date of birth, 18 errorsin the date of birth
(n=11, 1.09%), gender (n=6, 0.59%), or both (n=1, 0.10%). The
presence of different optionsfor answersfor the variable gender
(3 in the FeverApp registry and 2 in the physician’s registry) is
also apotential cause for disagreements. Most errorsin gender
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(5/6, 83%) occurred inthe physician’sregistry, and al 19 errors
in date of birth occurred in FeverApp, where only month and
year of birth are recorded. According to the names in the
registered profiles, it can be decided which registry includes
incorrect values for gender. There were only 0.69% (7/1012,
gender) and 1.19% (12/1012, date of birth) of mismatches
between the sources. Therefore, the concordance rates were
99.31% and 98.81%, respectively.

Completenessfor gender and date of birth, as expected, reached
100% in the reference records but only 99.2% in the app-based
registry for date of birth. This could be because the submission

Rathjens et al

of the month and year of birth was not mandatory in earlier
versions of FeverApp.

Comparison of Fever Episodes

Because of differencesin the number of recorded fever episodes
at the family and child levels (Figure 4), the analyses of
concordance and completeness at the episode level (level 3
according to Figure 1) was more challenging. Asstated in Figure
3, there were only 953 reported fever episodes of finaly
participating families in the FeverApp registry being recorded
in physician’s office reference records, whereas approximately
50% (1452/953) more fever episodes were entered by parents
in the EMA-based FeverApp registry.

Figure 4. Difference in episode numbers between the app-based registry and reference records.
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Compar able Data

To depict comparable fever episodes (on level 2 according to
Figure 1) from these 2 sources, a Venn diagram (Figure 5)
illustrates the sets of fever episodesin both the reference records
in the physician’s office and the central FeverApp registry.

In Figure 5, the 3 green ovals on the left side represent the
episodes from the physician’s records as reference. In total,
1171 fever episodes were reported by familieswith registration
in the app; that is, they not only signed the informed consent
but also installed the app. Of the 1171 episodes in the office,
133 (11.362%) originated from families without any episode
entry in the app. Families with app entries reported the
remaining 1038 (88.64%) episodes in the office. As mentioned
earlier, 50 (50/537, 9.3%) families did not register al their
children, such that 85 (85/1038, 8.19%) fever episodesrecorded
at the office were from children without profilesin FeverApp.
The remaining 953 episodes in the reference records originated
from children with profilesin the app. They can be distinguished
as 681 (71.5%) acute and 272 (28.5%) past episodes.

https://pediatrics.,jmir.org/2022/4/€35510

The 2 orange ovalson theright side represent the fever episodes
from the app-based registry. In total, these were 1481 episodes,
with 29 episodes from children who could not be identified in
the physician’s records. The remaining 1452 fever episodes
from the app registry were from children who could beidentified
in the physician’s records.

Only 686 episodes in the olive intersection were comparable,
where children with profiles and fever episodes in FeverApp
also visited the physician’s office after the parents signed the
consent to participate. These are 71.9% (686/953) fever episodes
from the physician’s records, which originate from children
with profilesin the app and 47.25% (686/1452) of fever episodes
in the app registry from children who could be identified in the
physician’s records. In total, 424 fever episodes in FeverApp
were reported as acute and 262 as past in the physician’s
reference records. Therefore, 96.3% (262/272) of the past
episodes and 62.3% (424/681) of the acute episodes noted in
the medical office were also recorded in FeverApp.
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Figure 5. The Venn diagram of fever episodesin the reference records and app-based registry.

1171
1038

Reference Records:

* 1171 fever episodes reported by the
registered families (- 133 episodes of
families without any app entry)

» 1038 fever episodes reported by families
with app entries (- 85 episodes reported
for siblings not registered)

* 953 fever episodes (-267 episodes
reported only in the medical office)

+ 686 fever episodes identified also in
FeverApp

953

Of the 351 families that visited the office owing to an acute
fever episode, 37.7% (257/681) of acute episodes were not
documented additionally in the registry. Of the 534 families
with entries in the app, a similar percentage (183/534, 34.3%)
of families refrained from visiting the office during fever
episodes but neverthel ess documented 338 (338/1452, 23.28%)
episodes in FeverApp. These families seem to feel safe using
solely FeverApp assupport. Additionally, 188 (188/351, 54.4%)
families visited the office, but partially refrained to report their
episodes (428/1452, 29.48%) in physician’s office.

To calculate the concordancerrates, it is sensibleto use only the
information that can be found in both data sources. Therefore,

Fever App:

+ 1481 fever episodes in FeverApp registry
reported by the registered families (-29
episodes of siblings not registered in the
medical office)

* 1452 fever episodes in FeverApp reported
for children registered in the physician’s
reference records (-766 episodes reported
only in FeverApp)

+ 686 fever episodes reported also in the
reference records in the medical office

1452

we compared 686 episodes of 351 familiesin termsof physician
visits, medication, and maximum temperature during the fever
episodes.

Completeness of Fever Episodes

The completeness of data concerning maximum temperature,
physician visits, and medication during fever episodes was
analyzed at the level of fever episodes (level 3 according to
Figure 1).

Table 1 presents the median, IQR, and total range for the
maximum temperature (in °C) during afever episodefor records
from the app registry and for past and acute episodes from the
reference records separately.

Table 1. Characteristics of the maximum temperature of afever episodein °C.

Value, median (IQR) Total range
FeverApp registry 38.9 (38.3-39.5) 36.2-41.6
Past episodes in the reference records 39.2(38.9-39.7) 38.0-41.0
Acute episodes in the reference records 39.4 (39.0-39.9) 38.0-42.4

Table 2 summarizes the agreement in FeverApp and reference
records. In the analysis, it was assumed that missing answers
concerning physician visits and medicaments were equal to
negation. In medication, we considered antipyretics and
antibiotics separately and no other drugs. The results for
FeverApp are presented in the first row: only in 27.55%
(400/1452) of the records, parents admitted visiting the
physician's office, and in 30.99% (450/1452) and 3.17%
(46/1452) of the episodes, they gave antipyretics and antibiotics,
respectively, to their feverish child. In 97.45% (1415/1452) of
the episodes, the question about body temperature was answered.
The second row presents the answers concerning physician

https://pediatrics.,jmir.org/2022/4/€35510
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visits, medication, and maximum temperature per fever episode
provided in the reference records of the physicians' office.

The third row presents the subset of all the 1452 episodes
entered in FeverApp: 686 fever episodesin the app, which can
also be identified in reference records (Figure 5). The fourth
row presents 686 fever episodes of the 953 office-registered
episodes that can aso be identified in the app registry (Figure
5). The comparison of the third and fourths rows shows that the
answers concerning medication, physician visits, and maximum
temperature per fever episode given in the app and office often
differ.
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The number of agreements for each of the 4 data elementsis
shown in thefifth row. The agreement was the lowest regarding
the reported maximum temperature and differed between acute
(90/424, 21.2% of possible agreements) and past (20/262, 7.6%
of possible agreements) reported episodes in the reference

records (x%,=21.225; P<.001).

Rathjens et al

Table 3 summarizes completeness rates with corresponding
95% Clsfor both data sources: the rates are much lower asthe
usually used DQI benchmark of 95% in both sources, although
they are higher in the app-based registry.

Completeness ranges from 11.5% to 65% for the app registry
and from 7.6% to 42.6% for the reference source, as shown in
the 2 rowsin Table 3.

Table 2. Response and agreement for submitted physician visits, antipyretics, antibiotics, and temperature in both sources.

Physician visits Antipyretics Antibiotics Maximum temperature per
episode
Yes No Yes No Yes No Answered Not answered
Episodesin Fever App (N=1452) and reference records (N=953)
I(:e\;erA pp episodes, n 400(27.55) 1052(72.45) 450(30.99) 1002(69.01) 46(3.17) 1406(96.83) 1415(97.45) 37 (2.55)
%
Referencerecords, n (%) 744 (78.1) 209(21.9) 552(57.9) 402(42.1) 90(9.4) 863(90.6) 931(97.7) 22(23)
Corresponding episodes (n=686)
FeverApp, n (%) 279 (40.7) 407 (59.3) 274(39.9) 412(60.1) 32(4.7) 654 (95.3) 675(98.4) 11(1.6)
Referencerecords, n (%) 474(69.1) 212(30.9) 418(60.9) 268(30.1) 61(8.9) 625(91.1) 576 (84.0) 110 (16.0)
Agreementsbetweenthe 245(35.7) 178(25.9) 234(34.1) 223(32.5) 13(1.9) 606 (88.3) 110 (16.0) N/A2

FeverApp and reference
source, n (%)

3N/A: not applicable; it is not possible to compare not submitted answers.

Table 3. Completeness rates for submitted physician visits, antipyretics, antibiotics, and temperature with corresponding 95% CI.

Physician visits Antipyretics Antibiotics Maximum temperature in
0.1°C resolution
Completenessrate of app ~ 423/953 (44.4; 41.2-47.6)  457/953 (48; 44.7-51.2) 619/953 (65; 61.8-68.0) 110/953 (11.5; 9.6-13.7)

registry in relation to 953
reference records, n/N (%;
95% ClI)

Completeness rate of refer-
encerecordsin relation to
N=1452 in app registry, n/N
(%; 95% ClI)

423/1452 (29.13; 26.8-31.5) 457/1452(31.47;29.1-33.9) 619/1452 (42.63; 40.1-45.2) 110/1452 (7.58; 6.3-9.1)

Concordance of Fever Episodes

Table 4 summarizesall concordance values with corresponding
95% CI and frequencies of agreement at the episode level (level
3 according to Figure 1). The concordance rates were varied:
90.2% in terms of antibiotics, 66.6% in terms of antipyretics,
61.7% in terms of physician visits, and 16% in terms of
maximum temperature. The lowest rate of agreement was
observed for the maximum temperature per episode. This
depends on the resol ution of the metric measure at atemperature
of 0.1 °C. With less subtle resolution, higher agreement rates
are possible. Therefore, in Figure 6, we present the histograms

https://pediatrics.,jmir.org/2022/4/€35510

of the temperature differences between acute and past fever
episodes. Differences between the values from the FeverApp
records and those from the reference office records were in the
range of -2 °C to 3 °C. Positive differences indicated that the
submitted maximum temperature per fever episode in the app
records was higher than that in the reference records. The IQR
for acute fever episodes lies within the range of -0.3 °C to 0.4
°C. The IQR iswider for past fever episodes. from —0.1 °C to
0.9 °C (Figure 6). The Mann-Whitney test showed a significant
difference between acute and past fever episodes (W=38,854;
P<.001).
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Table 4. Concordance rates of comparable data el ements.

Rathjens et al

Physician visits (N=686) Antipyretics (N=686)

Antibiotics (N=686) Maximum temperature in

0.1 °C resolution (N=686)

Agreement, n 423 457 619 1102
Concordance rate (%) 61.7 66.6 90.2 16.0
95% Cl 57.9-65.3 63.0-70.0 85.7-90.6 13.4-19.0

3Expecting exact agreement, see Figure 6.

Figure 6. Differencesin the maximum temperature between reference records and the app-based registry for 424 acute and 262 past fever episodes.
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Discussion

Principal Findings

As part of a publicly funded model registry initiative [4], 6
registries aim to implement severa DQIs for drawing
comparison between very different registries. The 2 presented
DQIs, completeness and concordance, cover 2 of the 5
dimensions according to Weiskopf and Weng [10]. In contrast,
according to the GAMOQ [14], these 2 DQI s (concordance and
completeness) belong to the dimension of trueness. These
dimensions seem to be diversely understood in the comparison
of different registries, resulting in interpretation difficulties[26].
Therefore, becauseit is especially important for an EMA-based
registry, we herewith contribute to shedding light on an example
with amultiple clustered observation unit.

This study has provided several new insights into research on
the possibilitiesin ambulatory pediatric care and demonstrates
the use of DQIs. First, it demonstrates that in all analyses of
clustered observation units, the cluster level must be mentioned
and considered in separate analyses. Second, although the
cooperating pediatricians purposefully and systematically
collected data to create a reference for the FeverApp registry,
with ahigh motivation to assure high quality of gathered office
data, the records in the pediatric office were less complete than

https://pediatrics.,jmir.org/2022/4/€35510
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the parental recordingsin FeverApp. Thisfinding was surprising
to the authors and reversed their perspective: in many situations,
such as the present example of comparing FeverApp to office
records or even to extra office-based febrile history records,
app-based EMA isof higher quality. Therefore, medical practice
records should not be seen as the gold standard in comparison
with the app-based approach.

The data element gender was the most complete, with only few
disagreements due to mistakes. The question about date of birth
was not mandatory until the release of version 1.7.2 of the app
in October 2020. The data on gender and date of birth in the
FeverApp profiles, together with the physician’srecords, shows
high concordance (>98%) and even perfect completeness
because of the obligation to fill the selection fields of gender
and date of birth.

A comparison of the number of children and the number of
episodes at the family level (679 families) between both data
sourcesgivesonly alimited view on complete values. Although
families are seen as observation unitsin the FeverApp registry,
it is essential to analyze data quality at lower levels. To avoid
biases, result profiles and even single fever episodes must be
considered. A comparison of these levels seems to be much
more informative concerning the real quality of data. For
example, registered families can use the app for siblings who
are not patients of the pediatrician’s office. Hence, a smple
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comparison of the number of fever episodes per family seems
to differ strongly, without clarity as to whether they belong to
the same patient. The number of episodes per family may be
higher than the number of fever episodesin thereference records
for children registered without their siblings. Alternatively, the
information does not differ at all; for example, the number of
fever episodes seemsto be equal between both sources because
it is not guaranteed that parents submit information about the
same child or the same episode. Therefore, it is essential to
compare the fever episodes of each registered child based on
the information available in both sources: the date of physician
visit, medication with antipyretics and antibiotics, and maximum
temperature.

We observed adescent of concordance valuesfor nonmandatory
elements: parents often do not submit information concerning
physician visits in the app during an acute fever episode. The
relatively high grade of agreement for antibiotics could be
caused by the rare prescription of antibiotics in this pediatric
office during the observation period. In addition, information
about typical antipyretic medications may not be submitted to
the app-based registry or to the physician’s office. Without
mandatory entries, high completeness rates of 95% are quite
illusory. Hence, threshol ds depend on the circumstances of data
collection and cannot be generalized. High DQI values may be
easily produced through the analysis of accumulated datalevel.
A low level could occur because of familiesthat do not consider
the documentation of medication as important and, hence,
mandatory. Therefore, neither complete nor concordant data
capture should be expected. On the other hand, temperature is
very often only roughly recorded in physicians’ offices.

In contrast to clinical research, there are fewer mandatory fields
in public health research, and the kinds and levels of these
variables are much more diverse. To overcome this issue other
view in public health or even EMA as a possible solution. If
research circumstances allow, we suggest that each person
collecting data define their own mandatory fields according to
their needs.

In app research, a short duration of use is often expected and
may produce some kind of proinnovation bias; that is, in the
beginning, the app may be used more often. Figure 2 depicts
clearly that the duration of use was not skewed, and a
remarkable period of app use was confirmed.

Limitations

The approach of using reference records for comparison,
regarding compl eteness and concordance, has limitations. This
comparison isonly possiblefor the observation period between
informed consent and last attendance at the pediatric office.
Thismay be areason for the approximately 50% higher number
of episodes in the FeverApp registry than that in the reference
records. The extent may be even greater because of the pandemic
[5]. However, children have mandatory office consultations
because of vaccinations and examinations, therefore, we
assumed no influence on the total number of fever events.
Nevertheless, the number of acute and past fever events may
differ and may shift the numbersin Figure 5. However, without
a nonpandemic observation period, further conclusions were
impossible.

https://pediatrics.,jmir.org/2022/4/€35510
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Nevertheless, the achieved EMA quality in direct comparison
with that of professionally acquired data is extraordinary. For
some discrepancies, it was not possible to verify which of the
data sources was correct. Theoretically, it is possible that both
data sources may contain errors in the same direction, which
would render such errors unnoticeable during comparison.

We validated the data for 1 office with the highest number of
participants and very accurate documentation by the medical
personnel in the office, and it is possible that the pediatrician
in the office has a positive motivational influence on the users
of the app. The extension of the study to other participating
offices is desirable and would increase the significance of the
study but is difficult to implement because of the high effort
required from the medical personnel in the offices.

Of course, data quality analyses can be extended in various
directions; for example, extension to further dimensions in
structure and integrity according to Donabedian [19]. Data
quality statements and investigations are still a stepchild in
research, and the well-known FAIR (Findable, Accessible,
Interoperable, Reusable) principles on data could be extended
by their quality, as could FAIR-Q (Findable, Accessible,
Interoperable, Reusable and Quality) [26].

Comparison With Other Studies

According to other studies, users show a common behavior:
participating parents kept fever diaries on paper [3] or used a
mobile app [2] during acertain period, and many parents stopped
filling out the diaries after their child recovered [3] or forgot to
answer the questions because of different external factors (eg,
stress) [2].

The data quality of mandatory data elements in FeverApp is
comparable with a study from 1993 [27], where entries were
done by medical personnel. Theresults of Kenny et al [28] show
that the input of date of birth has a high potential for mistakes;
therefore, the quality of this data element should be assured.

Data quality in clinical registersis reported as generally high
[29,30]. There are many possihilitiesto assess the compl eteness
of datain clinical registries. source dataverification, comparison
of established epidemiological measures such asincidencerates,
cumulative incidence curves, and incidence mortality ratios
with external databases [15]. However, these methods are not
appropriate for the app-based registry FeverApp because of the
lack of a data source owing to momentary assessment. In
addition, epidemiological measures for fever are not available
because it is only a symptom of heterogeneous diseases.
Therefore, lower thresholds for existing DQIs are required in
this case.

Recently, Schmidt et al [18] presented a set of DQI's devel oped
specifically for the assessment of dataquality in health research.
A possible step forward could be a complete evaluation of the
data sets from the FeverA pp with this extension of the GAMOQ
framework. Furthermore, Kapsner et al [31] developed a tool
for EHR dataquality assessment in clinical research, which can
be used for multidimensional dataand may be also used for the
data from the FeverApp registry.
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Kenny et a [28] suggested a possihility to avoid comparison
with other sources. Thistechnique suggests validation relaxation
for data collected via mobile devices: this is the intentional
omission of electronic data validation features for selected
guestions to allow for data recording errors to be committed,
detected, and monitored.

Doherty et a [32] mentioned the data quality issue of EMA
dataintheir work. Review studies[33,34] show intheir analyses
that compliance and completeness rates of EMA studies are
under a desirable level of 80%, but they provide no uniform
conclusion regarding the reason for this. Ono et a [34]
concluded that the duration of the study influences the
completeness rates of the EMA data, whereas Jones et a [33]
and Wen et a [35] did not find any significant influence of
duration. Nevertheless, Yang et a [36] showed that
completeness rates in the daily EMA study decreased after 5
days of use.

Concordance is seldom a major focus in EMA studies with
mobile phones. Our values of concordance are comparable with
that of Olson et a [2] but lower than those in the study by
Hopper et a [37] from 2006, where the investigation of the
completeness and concordance of the ActiWatch device data
was a part of an EMA study concerning drug intake.

Nowadays, public health researchers must deal more and more
with not only EMA data but also EHRs in general, which are
initself limited in completeness, as shown recently by Wei skopf
et a [38]. This study explains this issue in detail for 2 very
important DQIs as part of an elaborate framework.

Rathjens et al

Conclusions

Despite purposeful and systematic data collection by
pediatricians, the parental real-timerecordingsin the FeverApp
registry were more complete. Public health data, especially
parental EMA data, cannot be easily compared with the same
thresholds of clinical registries. Especialy data completeness
depends on the obligation to answer. For the comparison of
quality, the indicator’s obligation, source, level, and kind of
variable have to be considered carefully.

Data completeness in registries based on optiona
self-documentation is not comparable with that in clinical
registries by medical professionals (eg, for cancer), where all
data elements are mandatory. A further conclusion is that
although families are the main observation units, it is necessary
to analyze more specific levels (profiles and fever episodes) to
avoid incorrect conclusions concerning data quality aspects
such as completeness. Test entries or omissions of datain this
app-based registry were not seen as shortcomings because of
its educational approach. Educated parents may use the app less
frequently over timeand visit the pediatrician only if necessary.
This behavior must be taken into account during ng and
improving the data quality of app-based registries.

In direct comparison with ahighly motivated professiona office,
the EMA-based registry shows how much data, and hence the
quality indicators, depend on the acquisition method. It hasbeen
shown that EMA by parents can supplement ambulatory care,
especialy during the pandemic. This study is particularly
interesting in light of the fact that mobile appswill have amuch
greater presence in patient care in the future.
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Abstract

Background: Following increasesin smartphone access, more parents seek parenting advice through internet sources, including
blogs, web-based forums, or maobile apps. However, identifying quality apps (ones that respond to the diverse experiences of
families) for guidance on child development can be challenging.

Objective: Thisreview of mobile health apps aimed to document the landscape, design, and content of appsin the United States
available to parents as they promote their child’'s developmental health.

Methods: To understand the availability and quality of apps for early childhood health promotion, we completed a content
analysis of appsin 2 major app stores (Google Play and Apple App stores).

Results: We found that most apps do not provide tailored experiences to parents, including cultural considerations, and instead
promote generic guidance that may be useful to parents in some contexts. We discuss the need for an evaluative framework to
assess apps aimed to support parents on child devel opment topics.

Conclusions: Future work is needed on how to support designersin this area, specifically related to avoiding potential burdens
on users and providing culturally informed and equity-driven experiences.

(JMIR Pediatr Parent 2022;5(4):€38793) doi:10.2196/38793

KEYWORDS
mobile health technologies; early childhood health promotion; child development; parent support technologies; pediatrics;

parenting; mobile app; mobile health; mHealth; mobile phone

Introduction

Background

Intervening early (for children aged 0-5 years) in childhood
health has been demonstrated to improve child outcomes [1].
For children bornin environmentsthat poserisksto their healthy
development (eg, food or housing insecurity), intervening early
can offset the degree of impact those risks have on their health
outcomes. By enabling parents and caregivers to engage in
consistent and evidence-based behaviors that promote their
child’s healthy development, more at-risk children will have
opportunities to overcome environmental challenges in their
development. Children in at-risk environments are less likely
to have access to regular pediatric visits [2]. As such, parents

https://pediatrics.,jmir.org/2022/4/e38793

and caregivers may need different types of support in being
educated about their child's developmental milestones and
engaging their child in activities that support them in meeting
those milestones. Parents can find information about
developmental milestones through internet searches, from
pediatric clinics, at community centers, and other accessible
locations[3]. However, trandating that information to parenting
practices can be difficult and is often exacerbated by ambiguity
in how to apply information in limited contexts (eg, in
food-insecure environments).

Fortunately, >97% of adults (aged >18 years) in the United
States own cell phones with texting capabilities, and 85% of
the population in the United States owns smartphones that can
download and access apps, with these numbers growing rapidly,
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particularly for people aged <49 years, who are the most likely
the generation to include parents of young children [4].
Researchers have studied the efficacy of phone-based
interventions for early childhood health promotion through
texting-based programs and mobile apps [5-7]. These apps
support parenting practices, including tracking feeding, sleep,
and diapers;, tracking if a child is meeting essential
developmental milestones; facilitating communication with
health professionals; finding and implementing health-promoting
activities; and collaborating with relevant caregivers. These
interventions were designed and tested following guidelines
from health and computing fields, with content informed by
evidence in the pediatric literature. These apps are also often
tested in diverse populationsto identify opportunitiesto promote
health equity through design choices[7]. Unfortunately, beyond
testing in research contexts, many of these apps are not
maintained or deployed to the public because of funding and
organizational constraints[8].

Most appsto which parents have access exist in the Apple App
and Google Play stores, where app developer experience or
qualifications vary widely. These app stores do not have
comprehensive guidelines or regulatory oversight for the
development of child health apps aside from legal restrictions
on clams promising specific health outcomes [9]. App
developers may not have access to or knowledge of how to
apply design guidelines set by pediatric and human-centered
computing researchers. The apps that parents have access to
also may not be developed and tested with the same rigor as
apps devel oped in research settings. Although most mobile apps
provide a disclaimer that they are not meant to be used to
diagnose and thus not directly responsible for health outcomes,
they are particularly influential in parenting practice [10,11].
For example, mobile apps can support parents to identify and
document patternsin their child’s health that would otherwise
go unnoticed and prompt parents to communicate concerning
health information to health providers. At the same time, these
apps can risk pathol ogizing health behaviors, raising unfounded
concerns, performing self-diagnosis, and causing additional
stressin familiesto micromanagetheir health. For these reasons,
thereisaneed to critically examine apps aimed to support child
development.

In pediatric visit settings, pediatricians sometimes work with
parents and caregivers to identify their current resources for
child health promotion. These resources can include local
community organizations, parent support groups, or access to
more immediate communication with health professionals.
Pediatricians might al so suggest mobile appsto parentsto help
them organize observations of their child’s development and
facilitate collaboration among caregivers. Mobile appsfor child
development are uniquely positioned to impact multiple areas
of parenting experience and child development. By documenting
the existing apps available to parents, pediatricians can learn
what types of apps parents might be accessing, leading to
informed clinical practice when identifying gaps in parenting
support. To our knowledge, there has not been any assessment
of the quality of these apps to identify how many developers
follow evidence-based guidelinesin the creation of these mobile

apps.
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Related Work

Mobile Apps for Child Health I ntervention Delivery

Prior work has explored the efficacy of early childhood health
interventions administered through mobile systems. Evans et
al [6] contributed a pilot evaluation of a texting system that
communicated health-rel ated parenting messagesto new mothers
and measured significant changesin parenting confidencelevels.
Humphrey et a [12] conducted a feasibility assessment of a
mobile app that offered parents feedback on their child’'s
nutrition and physical activity levels. In this evaluation, they
focused on the feasibility of the mobile app specifically for
underserved parents and reported both parents’ perceptions of
cultura irrelevancein the content and recommendations of the
app and dissatisfaction with the quality of the user interface.
Wong et al [13] evaluated a mobile app for parent-child
collaborative physical activity, reported increased psychosocial
wellness for parents and their children, and found the gamified
approach for content delivery more effective in improving
wellness than the nongamified approach. The content of these
mobile health technologies can focus on just 1 aspect of early
childhood health (eg, nutrition) or address and support multiple
areasof child health (eg, nutrition and sleep). Asthese arefairly
novel technologies, most of these evaluations are limited to
documenting if people adhere to these interventions in testing
conditions and contribute recommendations for future testing
(at larger scales) or design improvements that would improve
adherence. Unfortunately, owing to funding constraints,
difficulty in coordinating publishing apps, and a lack of
incentive for scientists to commercialize their work [8], few of
these apps evaluated in academic spaces are published for use
in the general public [14,15].

Mobile App Design and Regulation in the App Store

Mobile apps present in the public app stores can be devel oped
by both companies and individual developers. Developers are
sometimes affiliated with larger companies that partner with
health care providers who oversee content and health
recommendations. Other developers use their personal
experiencesto inform the content of their apps[16] or reference
published guidelinesfor health experiences. In the United States,
the Food and Drug Administration oversees the devel opment
of mobile apps aimed to diagnose and treat any medical
conditions [9]. However, oversight into minimal-risk maobile
apps, such as those aimed to help patients self-manage their
conditions without treatment suggestions or supporting health
care providers complete noncomplex tasks, is at the discretion
of the Food and Drug Administration.

Both the Apple App and Google Play stores require reviews of
mobile apps before reaching the app store. These companies
determine the criteria for review, including proof of review
processes from external regulatory groups. However, there are
several gaps between these processes in assessing the quality
and content of the apps. For example, neither of these regulatory
processes has requirements for devel opersto report the sources
of the content of their apps, although developers sometimes
optionally include their content sources to gain credibility for
their app [16]. Developers are also not required to document
their design and testing strategies for mobile health apps. For
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health promotion interventions, researchers recommend
extensive engagement with the target population and their
environment to inform the content of the intervention [17].
Generally, it is the discretion of the developer to decide when
and how the app is modified and when to engage the target
population in the design process. Often, developers have
multiple feedback mechanismsfor futureiterations of their apps,
including prompts that they build into their app and the app
store to engage with user experiences with the mobile app and
create plans for updating the app. However, it is important to
recognize that many app developers are unable to engage
meaningfully with their target populations during the app
devel opment process. Instead, devel opers can refer to guidelines
for design and content set by researchers acrossfields. Thereis
an opportunity to further support developers in generating app
content that is responsive to diverse user needs.

User Burden in Experiences With Mobile Apps

Mobile apps are uniquely positioned as highly accessible
resources with many potential benefits. However, people still
sometimes fail to adopt mobile apps with potential benefits or
stop using them after ashort period, despite having experienced
benefits [18]. Often, people may continue to use mobile apps
out of necessity while enduring the negative experiences
associated with the apps. Suh et al [18] defined this phenomenon
asuser burden, where computing systems have negative impacts
on users. User burden encompasses issues with usability and
user experience, aswell as burdens defined by Suh et a [18] in
their User Burden Scale: difficulty of use, physical, time and
social, mental and emotional, privacy, and financial. Suh et al
[18] posit that each of these burdens can make it difficult for
people to adopt atechnology or continue its use. Within health
apps, thisis particularly important, asthe adoption and continued
use of mobile apps informs larger scale health outcomes [19].
User Burden Scale has been trandlated into tangible guidelines
for mobile app designers to use [20]. Researchers have also
used User Burden Scaleto evaluate mobile appsin clinicd trials
[21] and case studies [22]. In these evaluations, User Burden
Scale is posited as particularly useful to address the potential
for user burden during the design cycle. User Burden Scale
provides aguiding framework to evaluate potential user burdens
in mobile app designs.

Cultural Competence asan Approach to Health Practice

Cultural competence is commonly defined as an approach to
deliver health services that focus on the relevance of culturein
health experiences [23]. Cross et a [24] defined cultural
competence as supporting changes in health practitioners
attitudes, health care policies, and practices within the health
system. Cultural competence promotes the recognition of how
health is affected by diverse cultural experiences and how care
practices are more effective when a patient’s health beliefs,
values, behaviors, and preferences are emphasized in their
interactions with health providers and health systems. Some
examples of adaptations to health systems derived from the
inclusion of cultural competenceinclude providing interpretation
services, partnering with community health workers and
traditional healers, and representing diverse populations and
experiences using tangible health promotion tool s[25]. Cultural
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competence has been used as aframework to addressracial and
ethnic disparities in health care [26], highlighting the
organizational, structural, and clinical levelsas areas of impact.
Researchers have al so used the cultural competence framework
to evaluate the quality of health care delivery in clinical and
hospital settings[27].

Researchers in the fields of computing, medicine, and health
informatics haveidentified that health disparities are sometimes
worsened by health technologies [28]. Veinot et a [29]
identified that technology-generated disparities are pervasive
through the adoption, retention, and effectiveness of health
technologies. Researchers have used cultural frameworks to
improve the design of their mobile apps. For example, the
Centersfor Disease Control and Prevention (CDC) redesigned
their child development app CDC'’s Milestone Tracker App, to
extend the cultural responsiveness of their app to
Spanish-speaking families[7]. After evaluating the old version
of their mobile app, the CDC found that while the mobile app
did offer Spanish trandation, the trandl ations were not culturally
relevant and thus ineffective for Spanish-speaking families.
Their redesign focused on the cultural relevance of translations
of contents in the mobile app. Therefore, there is a need for
guidance that can support health technology devel opers as they
design and test their systems to respond directly to health
disparities and prevent widening them. Thereis an opportunity
to explore the apps of cultural competence as a framework for
the evaluation of existing health technologies or as a guide for
design and research on health technologies in devel opment.

Content Analyses of Mobile Apps

The content analysis method has been used to identify and
evaluate mobile apps aimed to address specific hedth
experiences. Thismethod has been used in computing, medical,
and health informatics literature to assess mobile health apps
in multiple areas. Lukoff et a [30] completed an exploratory
review of mindfulness apps and used their findings to engage
mindfulness practitioners in conversations about the utility of
those apps. Content analysisis also frequently used to evaluate
apps related to pregnancy support and postnatal care and in the
realm of child development support. Bry et al [31] documented
the quality and scope of apps for child and adolescent anxiety
and identified the need for apps that use advanced smartphone
features and are of higher quality. Mangone et a [32]
documented the features and content of apps aimed to support
people in pregnancy prevention, highlighting missed
opportunities to inform users of helpful information. Yu et al
[33] documented the quality of pregnancy and postpartum apps
available in both China and the United States by using the
content analysis method, finding that many of these appslacked
evidence-based information and functionsthat supported mental
health care. Garland et a [34] designed Psyberguide as another
user-friendly resource that supports reviewing and
recommending mental health apps. Researchers have aso
developed and applied evaluation frameworks in their analysis
of consumer apps. Meyer et a [35] used the “Four Pillars of
Learning” framework to identify opportunities to improve
educational apps supported by developmental science. Henson
et a [36] developed a framework for evaluating mental health
apps, specifically aimed to support patients and clinicians in
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deciding which apps best support treatment needs. Along that
aim, Gordon et al [15] developed an evaluation framework to
support the implementation of appsin clinical practice.

To assess the current state of mobile apps for early childhood
development and health promotion, we have the following
research objectives:

1 What is the landscape of apps that support parents
promoting their child’s developmental health, for children
aged 0to 5 years?

2. What aspects of child development support do specific
features or design choices address?

3. What burdens are these apps potentially placing on parents
or caregivers as they use them?

4. What isthe cultural competency of these apps?

Methods

App Search and Selection Strategy

We used a content analysis approach based on methodol ogical
guidance from Downe-Wamboldt [37] and Mendiola et al [38]
to guide the collection and coding of early childhood wellness
apps. In January 2022, we searched across Apple (iTunes or
App Store) and Android (Google Play) app stores, asidentified
by Statista [39] as the top 2 most popular app stores in the
United States. Our search strings included terms describing
child development in simple words (eg, baby health and baby
app). We developed our search terms by combining different
strings of terms that are synonymous with child development
app. Thefull search strings used in each app store are presented
in Multimedia Appendix 1. We limited our search to apps that
were available in English and were free to download, as it is
recommended that mobile apps for lower-income or
disadvantaged communities should be freely accessible [40].

We compl eted a unique search for each search string in the app
stores. We searched for Android apps using the mobile version
of the Google Play store, accessed through a web-based
smartphoneinterface. We accessed the Apple apps by searching
in the mobile version of the Apple App store. For each of the
search result lists, we recorded app titles, respective app stores,
and search terms used for all apps yielded from the search. We
downloaded al Apple appsto an Apple device running iOS 14
and Android appsto an Android emulator running Android 7.2
on a desktop computer. To mitigate potential biases based on
tailored search results, we completed all searcheswithout being
logged in to an account on the app stores.

Selection Criteria

The 3 members of the research team collaborated to develop
the inclusion and exclusion criteria for the mobile apps. We
included apps if they (1) supported screening or tracking of
developmental milestones up to at least the age of 5 years, (2)
supported tracking of health promotion behaviors for children
up to the age of 5 years (eg, feeding or sleeping), (3) supported
English (asthe primary language or trand ations), and (4) were
free to download. We excluded apps from the analysis that (1)
did not involve baby or child information tracking in some
capacity (eg, pregnancy tracking, fertility tracking, or period
tracking); (2) only allowed tracking of sentimental mementos;
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(3) did not offer English trandlations; (4) were paid apps; or (5)
were not downloadable or had restrictions (eg, requiring an
early access password).

Selection Process

We documented the search results on a spreadsheet and flagged
duplicatesfor follow-up across stores. Several appswere present
in both app stores but used different names in each app store.
A researcher screened the search results in 2 phases by using
the inclusion and exclusion criteria. The first phase involved
screening the titles of the apps for duplicates between Android
and Apple stores and marking apps as potentially relevant. For
duplicate apps, we downloaded each and first compared for
differences in functionality before excluding a version of the
app. Inthe second phase, we applied theinclusion and exclusion
criteriato the app’s descriptionsin the app store and confirmed
the availability for download. A flow diagram detailing the
number of apps present in and after each phase is presented in
Section B in Multimedia Appendix 2.

Data Extraction

A researcher downloaded and reviewed the included apps,
documented content into aweb-based survey form, and reviewed
the data generated on a spreadsheet. This content included (1)
the name of the app, app store downloaded from, category in
the app store, size in megabytes, highest operating system
supported, and latest date of update; (2) the devel oper name or
company, devel oper’sclassification (eg, individual or company),
and developer's self-reported credentials related to early
childhood health (if provided in the app posting); (3) privacy
permissions that the app requests; (4) in-app purchase content
and prices (if offered) and if advertisements are present in the
app; (5) other languages offered by apps where English was set
asthe primary language; and (6) content and delivery structures
of the apps, meaning what features each app used (eg, tracking
functions or reminders) and what topics were addressed in the
apps. We also documented other barriers to accessing mobile
apps guided by the literature in health informatics related to
mobile health app efficacy for diverse populations, including
technical requirements such as internet access, size and data
demands of the app, 1-time or subscription costs, and language
availability [17].

Data Analysis

The authors devel oped codes for the app’s features and content
by referencing the national Bright Futures Guidelines for early
childhood health promotion [1] and User Burden Scale [20].
With guidance from an author, who is an academic researcher
in developmental screening and pediatric health promotion, we
reviewed Bright Futures Guidelines and categorized contents
by topics covered in well-child visits with pediatricians. From
User Burden Scale, we included topics present in the user
experience of mobile apps. We have categorized our coding
scheme and the peer-reviewed content that informed the coding
scheme in Table S1 in Multimedia Appendix 1. We aso
completed a search of al included apps in January 2022 on
Google Scholar toidentify if the apps had eval uations published
in peer-reviewed venues. An overview of the app characteristics
isavailablein Table S2 in Multimedia Appendix 1.
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Results

Selection and Inclusion of M obile Apps

Our initial searches yielded 1348 apps between the Apple App
store (574 apps) and Google Play store (774 apps). We excluded
1199 apps during the screening process. We removed 324
(24.1%) duplicates that appeared in both the Apple App and
Google Play stores' search results after comparing functionalities
among appsand prioritized including Google Play storeversions
over the Apple App store versions for the convenience of app
review in aweb-based emulator. Of the remaining 1024 apps,
we excluded 560 (54.7%) apps by title, 400 (39.1%) apps by
relevance, and 64 (6.3%) by cost or password-protected
download, leaving 149 (39.1%) apps that met the inclusion
criteria and were coded. Section B in Multimedia Appendix 2
illustrates the number of apps excluded from the search at each
stage of the screening process.

App Store Characteristics

Table S2 in Multimedia Appendix 1 summarizes the coded app
characteristics. In the sample of coded apps, 52 (34.8%) came
fromthe Apple App store and 97 (65.1%) came from the Google
Pay store. In the Apple App store, 52 apps were distributed
across the following categories developed by the Apple App
store: Medical (n=28, 54%), Health & Fitness (n=16, 31%),
Education (n=5, 10%), Utilities (n=2, 4%), and Lifestyle (n=1,
2%). In the Google Play store, 97 apps were distributed across
the following categories developed by the Google Play store:
Parenting (n=68, 45%), Medical (n=10, 6%), Health & Fitness

Figure 1. Features present in mobile apps.

M Present in app

Articles with parenting advice

Developmental milestone guidance

Sleep, feeding, and diaper tracking

Data-driven insights (feedback)

10% 20%

Appsthat provided feedback supported parentsin tracking their
child’s health data and analyzed the data to recommend that
parents pursue specific actions. For example, a parent might
use an app to track their child’s milestones, and the app
consolidates information (eg, in a summary for parents to
review), determines if there is a delay, and recommends the
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(n=8, 5%), Education (n=7, 4%), Books & Reference (n=2,
1%), Lifestyle (n=1, 0.7%), and Tools (n=1, 0.7%).

The earliest operating systems supported ranged from 2010 to
2016 (Google Play store) and from 2014 to 2017 (Apple App
store). On average, apps supporting operating systems have
been released in the last 7 years. The oldest operating systems
were supported by apps from the Google Play store: an app
supported phones running operating systems released in 2010.
Approximately 38% (37/97) of the apps from the Google Play
store supported phones running operating systems released in
2013 or older.

Across both the Google Play and Apple App stores, the dates
of the app’slast update ranged from 2014 to 2022. In the Google
Play store, the oldest date of the last update was 2015. On
average, apps have had at least one update in the last 2 years.
Approximately 45.6% (68/149) of the apps were updated in
2022. An app from the Apple App store had not been updated
since July 11, 2014, but at the time of writing, it was till
available for download from the app store. Unless specified
otherwise, the remaining findings are generalized across both
the Apple App and Google Play stores.

App Features

We also categorized apps based on those that provided feedback
to guide parent action and those that did not provide feedback.
This categorization was based on the functionalities related to
the user experience for data entry that emerged from the apps
during the data-gathering stage. Figure 1 depicts the features
present or absent in the mobile apps used in this study.

W Not present in app

30% 40%

Percentage of apps

50% 60% 0% B80% S0% 100%

parent contact a pediatrician for a more detailed assessment of
their child’'s milestone progress. Apps that did not provide
feedback allowed parents to track data such as milestones but
did not generate personalized feedback on milestones or
recommend that parents seek consultation from a pediatrician
if their child was delayed in certain milestones. We classified
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the apps as providing feedback based on their primary and
secondary functions offered in the app. Of the 149 appsincluded
in this study, 54 (36.2%) provided feedback to parents. The
remaining 63.7% (95/149) of the apps included in this study
were classified into the nonfeedback category, as neither their

Textbox 1. List of featuresin included apps.

DeWitt et al

primary nor secondary functions provided feedback informed
by personalized information entered by the parent. Textbox 1
highlights some of the main features present across apps that
provided feedback to parents and those that did not.

Featuresthat provide feedback to parents (in no specific order)

« Datavisualizations or summaries of user-generated data

«  Dynamic checklist of developmental milestones by age (highlighting on track or off track)

«  List of development-promoting activities that parents can try

«  Screening checklist for specific child health conditions

«  Triviaor quiz questions about child health and parenting topics
«  Weight, head, and height centile calculator

. Dataentry (eg, diapers, feeding or sleep times, words, vaccines, or new teeth) paired with insights and analysis of data

«  Growth chart for weight, height, and head circumference that maps and provides guidance about the child’s measurements

Featuresthat do not provide feedback to parents (in no specific order)

« In-app articles with parenting guidance

«  Sentence-long parenting tips

«  Sentimental milestone diary

«  Socia mediaforum to connect with other parents
«  Videos demonstrating activities

«  In-app shopping for baby and parents

. Dataentry (eg, diapers, feeding or sleep times, words, vaccines, or new teeth) without insights or analysis of data

«  Growth chart for weight, height, and head circumference that does not map or provide guidance about the child’s measurements

Content and Delivery Methods of Apps

We classified the apps into 2 primary categories. The first
category included apps that tracked feeding, sleep, and diaper
tracking similar to the tracking recommended for parents
immediately following birth. The second category of apps
included those that proctored developmenta milestone
screenings through dynamic questionnaires. In al, 6.7%
(10/149) of the appsreviewed in thisanalysis supported feeding,
sleep, diaper tracking, and devel opmental milestone tracking.

Half (76/149, 51%) of the apps reviewed in this study had a
primary function related to feeding, sleep, and diaper tracking.
In these apps, parents create adata entry of (1) when their infants
fall asleep and for how long; (2) how many diaper changesthey
have in aday and the quality of the infant’s excretion; and (3)
when theinfant wasfed, for how long, what they were fed with
(eg, breastfeeding or bottle), and which breast the breastfeeding
parent used during their feeding session. Some apps include
advanced features, such as generating charts detailing average
sleep duration, feeding duration, or feeding patterns, if multiple
methods are used. However, none of the apps in this category
offered feedback based on the data entered by parents. For
example, to test the functionalities, aresearcher made multiple
entriesin the apps, demonstrating that the infant had not excreted
in over 3 days, as national guidelines for infant health
recommend contacting a pediatrician if the infant does not
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excretefor >3 days. None of the apps flagged this pattern as an
issue or recommended the parent contact a health professional .

Of these 149 apps, 66 (44.3%) provided secondary functions,
such as access to articles with generic information, which were
not personalized to the parent or infant’s unique characteristics.
These articles included nonspecific parenting advice,
information about child devel opmental milestones, activitiesto
promote children meeting milestones, or photos and video
trackers for sentimental child milestones.

Of the 149 appsintotal, 23 (15.4%) in thisanaysis had primary
functions related to developmental health promotion and
developmental milestone screening. In these apps, parents
complete question sets to check their child's progress toward
milestonesin the 5 key skills outlined by Bright Futures: gross
motor, fine motor, speech and language, cognitive, and social
and emotional skills. After completing question sets, the apps
generated asummary of milestone progress, sharing if the child
was on track to meet milestones, required extra support to meet
amilestone, was ahead in their milestones, or was behind on a
milestone. On average, these apps supported milestone tracking
from birth to the age of 5 years, and apps ranged in support
across health promotion themesfrom birth to the age of 8 years.
All apps in this category recommended that parents connect
with a pediatrician to follow up on their child’s developmental
progress. In all, 4% (2/53) of the apps in this category shared
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milestone-dependent activities that parents could follow to
promote their child's progress toward milestones; however,
these activities were not tailored to unique constraints that
families had (eg, safe environment or resources).

Of the 149 apps, 50 (33.6%) offered content related to early
childhood health through articles, web-based forums, or growth
charts. Appsinthiscategory typically provideinformation about
child health in a noninteractive way, either through lengthy
articles or sentence-long trivia facts. An app in this category
allowed users to engage with content in a semitailored way,
using a chatbot with predetermined chat options, enabling the
user to filter information through interactive means.

User Burden

We coded apps for their perceived user burden based on 6 user
burden constructs [20], including the difficulty of use burden,
privacy burden, and financial burden. Using these constructs,
we coded for user burdens that might deter users from
continuing to use the app in a meaningful way. To address
time-based burdens, defined by Suh et al [18] as “requires
frequent use or a significant amount of time to use” we
documented the time that it took the researchers to complete
onboarding tutorials and develop an understanding of how to
use the app. We identified that of the 149 apps, 62 (41.6%)
required less than a minute to complete onboarding tutorials.
In total, 80 (53.6%) apps required <5 minutes to complete
onboarding tutorials, whereas 7 (4.7%) appsrequired >5 minutes
to completethetutorias. Intotal, 24 (16.1%) appsrequired >10
minutes for researchers to understand how to use them.
However, it is important to note that the research team is not
representative of the target population, and as such, these
estimates cannot be extended beyond this context.

To address the difficulty of use burdens, we coded for the
amount of information presented all at once and whether that
information was overwhelming (ie, identifying learning curves).
Suh et al [18] define difficulty of use burdens as “The system
does not fit with the abilities of the user and is difficult to use.
Example systems: i) A photo editing soft-ware package with a
steep learning curve; ii) A website that is not compatible with
ablind user’'s preferred screen reader.” Following thisguideline,
we documented the presentation of information in the app, and
important information about the app’s user experience (eg, key
functions or menus) were readily surfaced to the user. A total
of 23 (15.4%) apps presented high amounts of information to
the user right away, such as long, text-heavy articles about
parenting that required long durations of scrolling in the app,
highly detailed charts without clear labels, or cluttered home
screen or menu items that required the user to click through all
of them to understand what they werefor. We coded 78 (52.3%)
appsthat presented large amounts of text without audio or video
alternatives, which could present accessibility issues for users
with low literacy or vision challenges. We did not directly try
out the smartphone’s system accessibility tools in these apps.

Morethan half of the apps did not require the user to remember
extensive information on their own, including the cadence for
data entry in apps that require data tracking, key takeaways
from guidance on child behaviors and related parenting actions,
and returnability for content that may be relevant for the parent
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later. A total of 136 (91.3%) apps offered functionality within
the app that remembered and surfaced information for the user,
such asincluding reminders to track a child’s health metrics or
allowing the user to pin relevant pages to access later. We aso
tracked potential usability concerns related to the mobile app’s
system responsiveness, within reliability and user experience.
A total of 33 (22.1%) apps posed usability and reliability
concerns, including delays in functioning or frequent crashes.
These apps also posed additional concerns within the user
experience, including requiring repetitive actions to track
information (not providing a seamless data-entry experience)
or not labeling icons with text descriptions that would require
the user to interpret imagery on their own to discern
functionality. A total of 6 (4%) apps had color schemes with
low contrast between the text and backgrounds. Furthermore,
32 (21.5%) apps had text sizes smaller than 16- to 17-point font,
which is not recommended by Google in its Material Design
guidelines for developers and Apple's Human Interface
Guidelines.

Financial Burdens

We also tracked potential financial burdens on the user. Almost
half of the mobile apps required in-app purchases to accessthe
full extent of the app’s capabilities or to remove advertisements
from the app. Liu et a [41] described the business strategy of
these apps as Freemium, where apps are free to download but
have highly limited functionality without the user paying for
premium content. A total of 45 (30.2%) appsrequired an average
1-time payment of US $8 (SD 11.89), ranging from US $1 to
US $60. Furthermore, 25 (16.8%) apps required subscription
feesto accessthefull functionality of the mobile app or remove
in-app advertisements. Of those apps, subscriptions averaged
to US $57 (SD 48.75) per year, ranging from US $3 to US $225
per year, with an average subscription price of US $23.99 per
month. A total of 6 (4%) apps in this analysis included
companion tools to supplement app features, which parents
would need to purchase to take advantage of the full
functionality of the app.

We identified that advertisements were another potentialy
burdensome feature of some apps. Some advertisements could
be bypassed by paying for premium featuresin the app; as such,
advertisements frequently interrupted the user’s experience with
the functions of the mobile apps. In total, 3 (2%) apps had
advertisement pop-ups that blocked features in the app for at
least 20 seconds. Furthermore, 4 (2.7%) apps had advertisements
that presented adult content, such as weapons, drugstores, or
adult games.

Privacy and Permissions

The Google Play and Apple App stores have unique systems
for tracking the privacy policies of apps, although each store
includesinformation about data-use permissions. Between Apple
and Android apps, 30.9% (46/149) of apps listed that data
collected from the app would not be linked to the primary user.
Among those, 13% (6/46) of apps requested accessto potentially
sensitive data, such as location, contacts, photos, camera,
network connection information (access to internet connection
information or Bluetooth devices connected), or existing data
on the device. A total of 75 (50.3%) apps requested access to
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potentially sensitive data such as those outlined earlier but did
not provide information on how the data would be used on the
download page. For these apps, data-use policies were located
directly in the app. Furthermore, of the 149 apps, 40 (26.9%)
appsdid not provide any information related to privacy policies
or data-use permissions and only 12 (8%) apps alowed users
to delete their profiles or data collected in the app. All apps
requested potentially identifying information, such as the
parent’s name and age, child’s name and age, and zip code or
approximate location.

Developersand Credentials

Using information from individual app pages in the app store
and external web-based resources (linked from app pages or
within the app), broadly, apps were developed by companies,
125 (83.9%) apps were developed by individual associations.
Of these apps, 2 (1.6%) were developed by companies in
partnership with researchers at a university. We reviewed the
company websites posted on app store pages where the app
development teams and credentials were listed. Of these
associations, only 12 (9.6%) listed subject-matter experts on
their app development teams. A total of 7 (5.6%) apps were
developed by parents or people who had parented previously.
In total, 106 associations did not mention that they included
subject-matter experts or parents or caregivers in their
development teams. In al, 3 (2.4%) apps were developed by
teams from hospitals or medical centers, 2 (1.6%) apps were
developed by government agencies, and 1 (0.8%) app was
developed by anonprofit organization. In total, 14 (9.4%) apps
were developed by individuals who did not specify their
subject-matter expertise or lived parenting experience. An app
was developed by 2 parents with an education in sports science.
Among the 149 apps, only 13 (8.7%) apps referenced building
content in the app following guidelines from government
standards (eg, CDC or World Health Organization guidelines)
or by citing relevant literature on early childhood health
milestones.

Technical Requirements

We coded technical requirements that may prevent users from
continuing to use the mobile app after download. Of the 149
apps, 60 (40.3%) required Wi-Fi or paid cellular data plans to
function. In total, 11 (7.4%) apps required more space than
specified on the app download page for the downl oaded content.
Furthermore, 48 (32.2%) appsrequired an email addressto use
the full functionality of the app, and 2 (1.3%) apps required a
Google account. Of these apps, 4 (8.3%) required a phone
number that could receive text messagesto sign up for the app.

On average, smartphones made since 2016 hold between 64
and 128 GB of memory storage [42]. On average, operating
systems released in 2016 and later require 20 GB of memory
to run, leaving between 44 and 108 GB for the smartphone
owner’s personal data, including app downloads. For the apps
included in this analysis, the average size of the apps across
both the Apple App and Google Play stores was 0.0314 GB or
approximately 0.07% of the space for a smartphone with only
44 GB of space available. The sizes of the apps ranged from
0.0016 GB (approximately 0.004% of space) to 0.3455 GB
(approximately 0.8% of space). For the Apple App store
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specifically, the average app size was 0.06 GB, while the apps
from the Google Play store had a lower average size of 0.02
GB.

Health Literacy Requirements

We tracked the health and reading literacy [43] levels required
by the apps. The content of an app had substantial grammatical
problemsthat hindered the reader’s understanding of the content.
We also documented the reading level s required for the content
in the apps by selecting samples of reading required for all
featuresin the app. Using the Flesch Reading Ease method, we
entered text samples from the apps into a web-based resource
that calculated the reading level. In sum, 42.9% (64/149) of the
appsinthisreview presented content bel ow the 7th or 8th grade
reading level [44]. Of the 149 apps, 3 (2%) used languages
categorized at the college reading level. Of the 113 apps that
offered explanations of health topics, 108 (95.8%) apps used
simple language (below the 7th or 8th grade reading level) to
explain health terms.

Cultural Competence and Per sonalization

We also included a dimension of evaluation that focused on
cultural competency and tailoring of the appsfor diverse groups.
A limitation of this work is that we did not include apps
developed and presented in primary language aside from
English. Mobile apps published in app stores require additional
steps to optimize them for globalization or availability across
>1 language version of the app store [45]. To access apps with
primary languages other than English, a user is required to
complete additional steps, including modifying their country
or region for their settings acrosstheir device, obtaining avirtual
private network, or having accessto a payment card authorized
for use in another country [46]. To represent the search
experience of people with limited technology literacy, we
retained the default search experience for users operating their
devicesin the United States.

In this study, only 20.1% (30/149) of the apps included offered
languages other than English, including Spanish, Mandarin
(Chinese), and German. Although we did not include mobile
apps developed in a primary language other than English, we
did intend to document other aspects of cultural competency
that could be present in the design of mobile apps. In this area,
we examined the perceived support of multiple cultura
experiences following guidance from the theories of cultural
competence, an approach to patient care [47]. We documented
the diversity of visual aids in apps that included pictures and
videos. Only 12.1% (18/149) of the apps in this study offered
images, videos, or icons that depicted people of color. In
addition, 24.2% (36/149) of the apps did not offer any
personalization features. Of the 75.8% (113/149) of apps that
did offer personalization features, those features included
changing the name of the child or parent profiles in the app,
adding images of a child or family, and changing the colors or
themes of the user interface. It is also important to note that
several of the appsin this study used gendered language when
referring to family configurations (eg, referencing mom and
dad, offering only male or female choice for child and parent).
An app included in the study, Baby Sparks—Devel opment App,
offers personalization features that address diverse
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configurations of families. When getting started in the app, users
have the option to self-identify with a broad set of titles,
including grandparents, aunt or uncle, devel opment professional,
or babysitter. However, similar to the other 12.1% (18/149) of
the apps in this study that included diverse imagery, this only
includes pictures of familiesfrom different racesand ethnicities.
None of the apps in this study included imagery that presented
gueer families; caregivers of different ages; or family members
with disabilities, different weight ranges, or different religions.

Discussion

This content analysis found that early childhood health apps
support 3 categoriesof child health monitoring: tracking feeding,
development tracking, and learning new information about
parenting behaviors. By classifying apps, we documented some
of the available appsthat can support parentsin promoting their
child’s healthy growth.

Searching for Quality Apps

Assessing the quality of mobile apps is an extremely difficult
processif the end user isnot informed about what qualitiesthey
should examine. Parents sometimes seek guidance from trusted
sourcesto navigate the breadth of parenting knowledge available
to them, relying on friends and family, curated content from
web-based sources, and discussions with web-based
communities. Conversations with health providers also inform
the decisions that parents make about their parenting practice.
Currently, other parents and medical professionals contribute
their reviews of mobile apps for child devel opment support on
the web. However, reviewing these resources and making an
informed decision requires more time and effort from the
parents. For this reason, parents generally rely on the content
present in the app store to make decisions about which appsare
most appropriate for their family’s needs [48].

There is an ongoing discussion on the role of the regulation of
mobile apps for health promotion, particularly among apps
promoting weight loss and dieting, mental health support, and
chronic disease management [9]. Within these areas, it isunclear
which groups are responsible for the regulation of content and
format for mobile apps [49] and at what level in the app
devel opment and publishing process. M obile apps are positioned
to spread information widely and directly impact family actions.
For thisreason, it isimportant that mobile apps do not promote
inaccurate and potentially harmful information. As mentioned
earlier, there are some regulations of mobile apps offered by
federal organizations, but the provisions of those regulations
can be difficult to interpret for people who are not app
developers. However, because the question of regulation in
mobile appsis ongoing across busi ness, economics, government,
medicine, and design, there is a need to support parents who
are actively seeking support from mobile apps and prevent the
spread of inaccurate and potentially harmful information to
families. As mentioned, mobile app users look toward reviews
in the app store for more information about the quality of apps
before downloading, but these can sometimes be untrustworthy
[50]. As parents seek guidance from trusted sources, thereisan
opportunity to both develop aframework for the evaluation of
mobile apps that parents and pediatricians might rely on when
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comparing apps in the app store and for designers as they
develop child health promotion apps. For example, in both the
Google Play and Apple App stores, there are categories (eg,
device compatibility, languages offered, and images) that
communicate high-level information to users before downl oad.
Thereisan opportunity to leverage how information about apps
is presented in the app store (eg, screenshots of app content and
descriptions of functionality availablein the app), with potential
to support end users and people who recommend apps (ie, health
providers) as they navigate the available apps in the app store.

Finally, for designers, an evaluation framework can act both as
a guide for ethical design outcomes and as a method for
evaluating the ethics of apps. In this study, some of the content
of our coding framework isdirectly related to digital ethics (ie,
user burden). There is ongoing discussion in computing that
references digital ethics and opportunities for digital ethics to
act as a guide for design decisions, especially among maobile
apps [51]. The Associated Computing Machinery provides a
code of ethics[52,53] that designers have previously referenced
intheir work, to devel op useful systemswithout harming users.
Although areview of ethical and unethical practicesin mobile
app design is beyond the scope of this paper, futurework in this
areamight extend the criteriafor the evaluation of maobile apps
explored in this paper, supporting designers asthey make ethical
decisions. For example, the criteriafor evaluation might include
user burden ratings, technical requirements, areas of child
development addressed, cultural competency, health literacy
required, and content supported by scientific guidelines. The
findings of this study can be used as afoundation for researchers
to devel op an evaluation framework. Designers and researchers
might collaborate in this area to develop a set of criteria that
represents both the research and design perspectives and
requirements for useful and practical guidelines.

In Table 1 we share a few examples of evaluation criteria that
researchers and designers might develop for the evaluation of
mobile health apps for child health promotion.

There is also an opportunity to improve the search experience
in the app store. For example, compatibility with accessibility
features in smartphones can be listed directly in the app store
such that the user knows what to expect when downloading an
app. The search experience can also be improved by providing
search filters; for example, which apps are free and which have
advertisements. Thisinformation isalready availablein the app
store but cannot be reviewed across multiple apps simplistically
(eg, when comparing multiple apps). Another potential barrier
inthe app store search experienceisthe prevalence of promoted
apps, which are prioritized in the search before other apps,
regardless of their quality. Thisis potentially harmful, asit may
mislead usersto believing that these apps are of higher quality.
Radesky and Hiniker [54] broadly promote platforms (which
include app stores) being redesigned to be more child-friendly
and suggest that through these design changes, systems will
widely belesspredatory. Finaly, thereisaneed for future work
to examinethe readability of privacy statements present in both
app stores and mobile apps themselves. Currently, the Google
Play and Apple App stores offer high-level summaries of privacy
and data-use information, and future work might examine the

JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 |e38793 | p.48
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING

potential for these summaries to support communicating
information related to health data and privacy specifically.

Another adjacent finding worth mentioning is the volume of
apps in this study that used a freemium business model. App
managers have referenced using the freemiummodel to improve
the likelihood of users purchasing a premium app after a free
trial [41,55], despite lower reviews in the app store. Other
researchers haveidentified that usersarewilling to pay for apps
if they offer more advanced features and improved quality
compared with free apps [50]. In this study, the costs of apps
ranged significantly, and some app subscriptions were
expensive. It isworth considering how lower-income users may
be excluded from benefiting from higher-quality apps because
of the price burden [20]. Although the use of this businessmodel
is at the discretion of companies developing apps and their
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priorities for app use, there is a need for future work that
examines the broad impacts of the freemium model for
low-income communities and further discussion in industry
spaces of the ethics of using freemium models for
health-promoting mobile apps.

Although beyond the scope of this paper, it isworth noting that
several apps included in this analysis were rated as
family-friendly but included adult-only content in their
advertisements. Other studies have mentioned advertisements
in apps that are inappropriate; for example, showing
inappropriate advertisement content to children [56]. Although
parents are the primary users of the apps examined in this study,
future work might address the effectiveness and accuracy of
current rating systems for familyfriendliness among mobile

apps.

Table 1. Examples of criteriafor the evaluation of mobile apps for child health promotion.

Criteria Definition

Professionalsinvolved in refining the criteria

Scientific evidence foundation

Areas of child development covered

Information communication format

Technical requirements

User burdens of the interface

User burden of access

Cultural competence

What are the sources used for health information in the mo-
bile app? Are these sources based on well-founded scientific
clams?

Does the mobile app address all the areas of child develop-
ment based on guidance from health authorities?

Does the app offer multiple modes of communication (eg,
video, audio, text, or pictures)?

Doesthe app require Wi-Fi or dataservices? Isthe app inclu-
sive of devicesthat are older or have fewer functionalities?

Doesthe app prevent user burdens on the user asthey interact
with the app?

Does the app prevent cost, health literacy, reading literacy,
or security burdensfor the user?

Does the app support a diversity of family experiences by
including languages other than English, using nongendered
language, presenting diverse family imagery, and offering

Child health researchers, pediatricians, and
public health organizations

Child health researchers, pediatricians, and
public health organizations

M obile app designers, human-centered comput-
ing researchers, and accessibility and inclusion
researchers and practitioners

Mobile app designers and human-centered
computing researchers

Mobile app designers, human-centered comput-
ing researchers, and mobile app designers

Families, public health professionals, health
providers, community health workers, and
community organizations

Community health workers, community organi-
zations, health providers following culturally
informed practices, and diverse families

inclusive health guidance?

Relevancy of Appsfor Underserved Groups

Considering the experience of underserved and marginalized
peoplein this spaceis crucial. Smartphones are widely owned
and have the potential to provide new accessto information for
people without access to care providers or health resourcesin
health networks. We reported space requirements for mobile
apps and found that, on average, the size of appsin this category
isfeasible for the average space available on smartphones. We
want to highlight the potential financial burden of these apps.
Of the apps reviewed, subscriptions averaged US $57 per year,
ranging from US $3 per year to US $225 per year, with an
average subscription price of US $23.99 per month. Thereisa
need to further examine therole of financial burdensfrom apps
as a barrier to use by people from lower-income backgrounds
in space, as researchers have done for other health apps [57].
Another key finding in this review was related to the lack of
culturally diverse visua aids in apps and personalization
features. Apps are demonstrated to be more effective when
highly tailored to the user's unique experience [58], and
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culturally informed approachesto health care discourage using
one-size-fits-all approaches to patient care and communication
[47]. Finally, the appsincluded in this review have <3 primary
features at a time. There is potential for more features in a
singular app to burden the user and reduce the likelihood that
they will learn all the features present in the app or continue to
use the app over a longer period. As such, there is a need for
future work that documents the use patterns of parents in this
area. To specify, what apps do parents use at different stages
of their child’sgrowth?What istheir experience with managing
information across multiple apps at a time? Answering these
guestions may illuminate opportunities for growth in the field
when designing new apps for parent support.

Limitations of ThisWork

There are several limitationsto thiswork. First, the app market
is constantly changing. Since we began thisreview, it islikely
that nearly all of the apps in the study have been updated and
improved on. As such, the findings of this study may become
obsolete for this domain as appsimprovein the future. Another
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limitation is that we did not assess the compatibility of the
built-in accessibility features of these apps. Thereis aneed for
future work that examines how these apps respond when features
such as screen readers or text magnification are enabled to
capture the diversity of experiences for people using
smartphones.

Future work may also address the personalization and cultural
relevance of experiences in these apps. Tailoring and
personalization of care approaches are extremely important in
clinical practice, and for apps to be compatible with care
happening in clinical contexts, apps should address this need
aswell. Finally, unlike other content analyses in this field, we
did not include app reviews from the app store in the analysis
process. This leaves out a key component of information that
isusually relevant as users decide what apps to use and engage
with other usersin the community [59]. Overall, thereisaneed
for more assessments of mobile appsin this areato continue to
capture how mobile health apps for child health promotion are
changing over time and how they continue to support families.
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Conclusions

We conclude this review by sharing that a plethora of apps are
available to parents seeking guidance and support related to
their child’'s developmental progress. Many of these apps are
evidence based, provide tailored feedback, and connect parents
with supportive resources outside of their immediate networks.
However, these apps are difficult to find within the app store
because of the high volume of apps that do not support parents
inameaningful way. In addition, for parentsworking with their
providersto seek mobile appsthat work intandem with clinical
care, identifying apps that are high quality and have objectives
that meet parent needs can be difficult. Thereisaneed for app
stores to promote more apps with evidence-based and inclusive
content, accessibility features, and high-quality features. In
addition, medical, computing, and health informaticsresearchers
might collaborate to develop an evaluation framework
specifically aimed at parents seeking child development support
through mobile apps. To respond to systemic changesin health
care, researchers and developers may also consider the role of
health equity in future evaluations and development of new

apps.

Multimedia Appendix 2
Search strings and screening process.
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Abstract

Background: Pediatric hospitals in the United States are increasingly leveraging patient-facing mobile apps as their digital
front doors for patients, families, and caretakers. These mobile health apps are sanctioned by pediatric hospitals to inform the
public or populations about pediatric care to provide individualized information, to enhance communication, and to improve
patient experience. Yet the functionalities and user feedback of these hospital mobile apps have not been systematically investigated.

Objective: Our aim was to understand the current state of hospital-owned mobile apps provided by large pediatric hospitals,
comparatively analyze and report the services provided, and identify potential gaps to inform developers and providers. The
American Hospital Association defines large hospitals as those having a bed count of more than 400.

Methods: We conducted a systematic search on Google Play and Apple App Store to identify all hospital-owned mobile apps
fromthelarge pediatric hospitalsincluded in our review. Our inclusion criteriawere (1) apps provided by large pediatric hospitals;
(2) hospital-owned apps available in Apple App Store and Google Play; and (3) apps that are provided for general populations.
Specialty appsthat serve specific user groups or populations focusing on education, telehealth, specific conditions or procedures,
or appsintended for research or clinician use were excluded. The features and functionality of the included apps were examined.

Results: Of the 16 pediatric hospitalsincluded in our review, 4 (25%) had no general patient-facing apps, 4 (25%) had one app,
and 8 (50%) had more than one app available on Google Play or Apple App Store. The 12 hospitals with at |east one maobile app
had a combined total of 72 apps. Of these 72 apps, 61 (85%) were considered specialty and were excluded from our review,
leaving atotal of 11 (15%) appsto analyze. Among the 11 apps analyzed, the most common feature was appointment scheduling
or reminder (n=9, 82%). Doctor search (n=8, 73%) and patient resources (n=8, 73%) were the second most common, followed
by payment, billing, or claims (n=7, 64%), patient portal integration (=6, 55%), personal health management (n=6, 55%), hospital
way finding (n=5, 45%), message a provider (n=4, 36%), urgent care wait times (n=4, 36%), video chat (n=4, 36%), and health
information access (n=4, 36%). Parking information (n=3, 27%) was the least common.

Conclusions; Out of the 16 pediatric hospitals identified for our review, 75% (n=12) offer mobile apps. Based on the most
common features, these apps were intended to help improve accessibility for patients and families in terms of finding providers,
scheduling appointments, and accessing patient resources. We believe the findings will inform pediatric hospital administrators,
developers, and other stakehol dersto improve app feature offerings and increase their impact on service accessibility and patient
experience.

(JMIR Pediatr Parent 2022;5(4):€38940) doi:10.2196/38940
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Introduction

Ownership of smartphones has continued to increase sincetheir
introduction in the mid-2000s. According to Pew Research,
85% of Americans own a smartphone, and over half (53%) of
US adults own atablet computer [1]. The way we interact and
engage with the world has become increasingly mobile.
Currently, there are over 4.8 million apps available on the Apple
App Store and Google Play [2] with over 350,000 of those in
the health care domain [3], which shows a more than 3-fold
increase since 2014 [4]. This rapid adoption of health care
mobile apps shows that more people are using their mobile
devices for their health and health care needs. Consumer’s
expectations of how they interact with health care organizations
are shifting toward a mobile-first mindset.

Similarly, recognizing this trend, hospitals have been offering
their own appsto meet thisdemand. An earlier Accenture report
presented that two-thirds of the largest US hospitals offer
patient-facing maobile health apps [5]. Yet a number of these
apps have been poorly implemented, failing to improve patient
engagement or provide services. Out of those hospital-owned
apps, few offered expected services or functionalities, and it
resulted in 2% of patients using these apps[5]. Similar adoption
problems have been observed with mobile patient portals as
well [6]. Working with younger patients and parents who are
more likely to be digital savvy and have stronger desire to be
mobile first, pediatric hospitals have more urgency to adapt to
this shifting mindset and needs. Pediatric hospitals need to
develop their own mabile appsto improve accessibility to better
servetheir patients and families. There have been mobile health
apps to inform the public or populations about pediatric care
[7], yet mobile apps provided by pediatric hospitals have not
been widely investigated.

The goal of this study isto investigate the hospital-owned apps
by large pediatric hospitalsin the United States. L arge pediatric
hospitals serve a high number of patients with a variety of
conditionsand different popul ations. Their web-based presence
and supporting tools, built to address the patient’s needs with
hospital services and resources, are essential to serve the large
patient population and potentially have a larger impact. Large
hospitals usually have the financia resources to
comprehensively develop their apps, and most of the time, they
are the first in the market to provide new health care
technologies and solutions. Therefore, this study focuseson the
large pediatric hospitals with our aims being (1) to understand
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the current state of hospital-owned mobile apps provided by
large pediatric hospitals, (2) to comparatively analyze and report
the services provided, and (3) to identify potential gapstoinform
hospital administration as they plan and improve their digital
health strategies.

Methods

Mobile App Inclusion Criteria

Our inclusion criteria for the health care mobile apps for this
study were as follows: (1) they are provided by large pediatric
hospitals; (2) they are availablein Apple App Store and Google
Play; and (3) they are provided for general populations. The
American Hospital Association defineslarge hospitalsashaving
abed count of more than 400 [8]. Figure 1 showsthe PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flow diagram [9], reporting the review
procedure.

To identify large pediatric hospitals to include in this review,
we leveraged Pediatric Health Information System (PHIS), a
comprehensive database with clinical and resource utilization
data for inpatient, ambulatory surgery, emergency department,
and observation unit encounters for more than 49 children’s
hospitals. It is frequently used to study pediatric inpatient care
[10]. We queried PHIS, last updated in 2020, to identify
pediatric hospital s that had a bed count of 390 or greater, to be
inclusive of the hospitals that have a small margin to be rated
as large hospitals in the following years.

We used the name of each identified hospital to conduct a
systematic search on Google Play and Apple App Store
platforms to identify all hospital-owned mobile apps. First,
authorsidentified the keywords. Then, the search was conducted
by thefirst author (TL) between November 2, 2021, and January
14, 2022. Specialty apps centered around education, tel ehealth,
specific conditions or procedures, or appsintended for research
or clinician use were excluded, as they are intended to serve a
subset of the general population (see Multimedia Appendix 1
for the list of excluded apps). The selected apps were
downloaded and reviewed by the authors (TL and ES). We
downloaded each app from Google Play on a Google Pixel 4a
smartphoneto review available features. We used an iPhone 11
to download 1 app that only offered an iOS version (myChop).
Out of 16 hospitals, apps were provided by 12 (75%), with a
total of 72 hospital-owned and specialty apps. A total of 11 apps
met our criteriaand wereincluded in this review.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram.

Mobile App Data Extraction and Analysis

Data available on Google Play and Apple App Store were
collected for each app including app name, developer, last
update, number of downloads, rating, size, requirements,
permissions, as well as app content rating. We used summary
statisticsto compare features among these hospital mobile apps.
To compare features among hospitals, we created a chart and
listed the features of each app (Multimedia Appendix 2).

We used appbot.co to conduct sentiment analysis on app
reviews. appbot.com was claimed to be trained with 400+
million records and have 93% accuracy [11]. The algorithm
analyzes and sortsthe reviews into four categories: (1) positive
sentiment (accounting in positive comments, eg, “Thanks for
this app, it makeslife alittle more easier”), negative sentiment
(accounting in negative comments, eg, “Does not accept same
log in as online account...”), neutral sentiment (accounting in
comments not having strong sentiment, eg, “1 am not sure if |
like the new design”), and mixed sentiment (accounting in
comments with conflicting sentiment, eg, “ Excellent app, with
great information, but regrettably haveto uninstall dueitssize”)
[12].

Results

Overall

A large pediatric hospital identification query to PHIS resulted
in 16 pediatric hospitals being included in our review. Of these
16 hospitals, 4 (25%) had no health care mobile apps, 4 (25%)
had 1 app, and 8 (50%) had more than one app available on
Google Play or Apple App Store. The 12 hospitalswith at least
one mobile app had acombined total of 72 apps. Of these apps,

https://pediatrics.,jmir.org/2022/4/€38940
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61 (85%) were considered specialty and were excluded from
our review, leaving atotal of 11 (15%) apps for our analysis.

App Features

A total of 12 features were included in our comparison table
(Table 1). The most common feature among apps was
appointment scheduling or reminder (n=9, 82%). Doctor search
(n=8, 73%) and patient resources (n=8, 73%) were the second
most common, followed by payment, billing, or claims (n=7,
64%), patient portal integration (n=6, 55%), personal health
management (n=6, 55%), hospital way finding (n=5, 45%),
message a provider (n=4, 36%), urgent care wait times (n=4,
36%), video chat (n=4, 36%), and health information access
(n=4, 36%). Parking information (n=3, 27%) was the least
common.

Appointment scheduling and reminders, the most frequently
included feature, allows users to schedule appointments with
providers directly within the app. Users will aso receive a
reminder notification of an approaching appointment. Doctor
search gives usersthe ability to search for providers and review
their contact information. Patient resources include features
such as FAQs, games, blogs, information about nearby hotels,
food, and entertainment. Payment, billing, or claims enable
users to see statement balances or claims and make a payment
within the app. Patient portal integration allows usersto log in
to Electronic Health Record patient portal, such as EPIC
MyChart, directly from the app. Personal health management
features allow usersto actively manage their health with features
such as requesting prescription refills, listing of medications,
dosage and immunizations, as well as the ability to enter and
track symptoms and medications. Hospital way finding helps
direct users to various locations in the hospital using photos or
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active navigation. Messaging providers and video chat let users
directly message providers and allow them to meet via video.
Urgent carewait times allow usersto review and receive updates
on current wait times at urgent care. Health information access

Table 1. Categorized features of the apps.

Lieser et a

is the feature for the patients and caregivers to access detailed
medical information. Finally, parking information lets users see
available parking prior to arriving at the hospital.

Features Texas  Cincin- Nation- Chil- Chil- Akron Chil- Phoenix  Boston St. Louis  Cook Apps
or pedi-  Chil- nati wide dren's  dren's Chil- dren's Chil- Chil- Chil- Chil- with the
arichos- dren's  Chil- Chil- Hospita Health-  dren's Health, dren's dren's dren's dren's listed fea
pitals Hospital dren's  dren's  of care of Hospital  Dallas Hospital Hospitdl Medica ture, n
Hospital Hospital Philadd-  Atlanta Center (%)
Medical phia
Center
Appoint-  ya X X X X X X X X 9(82)
ment
schedul-
ing and
reminder
Doctor X X X X X X X X 8(73)
search
Patientre- X X X X X X X X 8(73)
sources
Payment, X X X X X X X 7 (64)
billing, or
claims
Patient X X X X X X 6 (55)
portal in-
tegration
Personal X X X X X X 6 (55)
health
manage-
ment
Hospital X X X X X 5 (45)
way find-
ing
Message X X X X 4 (36)
provider
Urgent X X X X 4(36)
care wait
times
Video X X X X 4 (36)
chat
Hedlthin- X X X X 4(36)
formation
access
Parking X X X 3(27)
informa-
tion

@X: indicates whether or not a hospital's mobile app offers that feature.

App Data

All apps in this comparison have been updated within the last
2 years, with 82% (9/11) having been updated in 2021. Interms
of number of downloads, 55% (6/11) have >10,000 downloads,
27% (3/11) have >5000 downloads, and 1 app has been
downloaded >100 times. The number of downloads is only
availablefor Android versionson Google Play store. Therefore,
we were unable to find the number of downloads for 1 app, as

https://pediatrics.,jmir.org/2022/4/€38940

it is only offered in the iOS version. App size ranged from 16
MB to 152.2 MB with an average size of 68 MB. All appswere
availablein English with 90% (10/11) a so offering one or more
additional languages. Texas Children’s, Children’s Healthcare
of Atlanta, Akron Children’s, Children's Health, Phoenix
Children’s, St. Louis Children’s, and Cook Children’s Medical
Center al offer their app in Spanish, in addition to English.
Nationwide Children’s, Children’s Hospital of Philadelphia,
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Boston Children’s, and Cook Children's Medical Center offer
Spanish and other languages.

App Ratings and Sentiment Analysis

We combined app ratings and number of reviews from both
Google Play and Apple App Stores for each app (MyChop was
only available iniOS) to determine the average rating and total
number of reviews. Ratingsfor the selected apps, with minimum
and maximum allowed as 1 and 5, respectively, ranged from
3.1 to 5, with an average rating of 4.4. Only 265 people left

Table 2. App ratings and comments.

Lieser et al

written reviews, and their ratings averaged at 3.4 (Table 2).
Texas Children's Anywhere Care app and Nationwide
Children’smyChildren’s app had the highest number of reviews
among others (n=50). The total number of app reviews was
1433. We conducted sentiment analysis (Figure 2) of app
reviewsusing AppBot, athird-party review and ratings analysis
tool, to determine positive, neutral, mixed, and negative
sentiment of user reviews. Phoenix Children’s was excluded
because the app had no reviews.

Pediatric hospitals Number of ratings given Averagerating (out  Number of app comments  Average rating with com-
(n=1433), n (%) of 5) (n=265), n (%) ments (out of 5)

Texas Children's Anywhere Care 488 (34) 4.8 53 (20) 4.15

MyCookChildren's 320 (22) 4.7 39 (15) 4.1

NCH? myChildren's 218 (15) 4.2 54 (20) 3.15

Kid Care-St. Louis Children's 105 (7) 4.7 36 (14) 455

Children's Hedthcare of Atlanta 74 (5) 4.25 26 (10) 3.65

Cincinnati Children's Caren 62 (4) 45 12 (5) 4.6

Children's Health Mobile App 61 (4) 4.7 15(6) 4.05

Boston Children's MyChildren's 40 (3) 37 15 (6) 3

MyCHOP 39(3) 31 10 (4) 15

Akron Children's Anywhere 20(1) 4.45 5(19) 5

Phoenix Children's Hospital 6 (0.04) 5 0(0) 0

8NCH: Nationwide Children's Hospital.

Figure 2. Sentiment analysis distribution (Phoenix Children’s excluded due to O reviews). NCH: Nationwide Children's Hospital.
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M aobile Operating System Requirements and Privacy

Software requirements for each app differed, for both Android
andiOS platforms. Apps downloaded from Google Play required
Android versionsranging from 4.4 (originally released in 2013)
to 7 (originally released in 2016). iOS versions of apps were
available on iPhone, iPad, iPod Touch, and Mac devices, and
required iOS versions 9 (originally released in 2015) to 13.2
(originaly released in 2019). In terms of privacy, Texas
Children’s Anywhere Care app required the highest number of
permissions (24) including access requests to device location,
photos, camera, microphone, etc. MyCHORP required the least
with no permissions or data being collected from the app.

Discussion

Principal Findings

This review provides an overview of current state features and
functionalities of large pediatric hospital-owned mobile apps
in 2022. Out of 16 large pediatric hospitalsin the United States,
most of them (n=11, 85%) owned at |east one app. Thissuggests
the significance and investments on mobile apps by large
pediatric hospitalsto support communications with patients and
caregivers via smartphones. This finding could be essential for
decision makers for pediatric hospital investment strategiesin
mobile health apps [13]. The 7 hospitals in our review that do
not offer any mobile apps may be at risk of seeing adeclinein
patient satisfaction, as hospital mobile app use has been shown
to increase overall patient experience [14]. Hospitals without
mobile apps should consider how features made available by
other hospital apps could benefit their own patientsand families.

Most of the apps offered similar functionalities. We identified
personal health management and patient resources, appoi ntment
scheduling and reminders, and doctor search asthe top features
among included apps, followed by payment, billing, or claims,
patient portal integration, hospital way finding, message a
provider, urgent carewait times, and parking information. These
categories suggest that hospitals aim to facilitate primarily
remote care and in-hospital navigation and care management
over their apps. Such practices can reduce hospitals' operation
costs, improve efficiency [15], and enhance patient engagement
[16]. Doctor search as well as appointment scheduling and
reminders were top features in asimilar app review conducted
in Taiwan [17].

Accessibility

Accessihility isreported in terms of app size, cost, maintenance,
and language availability in this section. All the apps have been
actively maintained, given the fact that they have been updated
within a year period (in 2021 or later). They are al free to
download. App sizesranged from 16 MB to 152.2 MB with an
average size of 68 MB. With the minimum storage of modern
smartphones at or above 32 GB [18], these free hedlth care
mobile apps offer great accessibility in terms of users being
able to download and store an app on their phone without
sacrificing storage capacity. Nonetheless, there may still be a
digital divide such aslack of accessto asmartphone, insufficient
data plans or internet access, or low digital literacy, which may
limit the access of these mobile services for underserved

https://pediatrics.,jmir.org/2022/4/€38940
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populations (eg, low-income patients, senior citizens, and rural
patients). Practitioners should consider the digital divide and
barriers in owning and using technologies by the populations,
1in 5 low-income adults and approximately 30% of senior
citizens do not own a smartphone but have a cell phone. In
addition, rural residents, racial and ethnic minorities, people
living on tribal lands, low-income families, and senior citizens
arelesslikely to have broadband at home [19].

Language could be another potential barrier to patients accessing
these apps. Language barriers in health care lead to
miscommunication between the medical professional and
patient, reducing both parties' satisfaction and decreasing the
quality of health care delivery and patient safety [17,20]. All
apps were offered in English, with 90% also offering the app
in Spanish. Only 36% (n=11) of hospitals offered their app in
more than English and Spanish. Pediatric hospitals serve diverse
populations and must account for a broader spectrum of
languages.

App Rating

The total number of ratings among all 11 apps was 1433 with
an average rating of 4.4 out of 5. There was atotal of 265 app
comments among all 11 apps with an average comment rating
of 3.4. Overal, the sentiment of comments left by usersin the
app stores was positive. There was a 1-point rating difference
between average ratingsamong all raters (4.4) and among raters
who provided user comments (3.4). Thisdifference may indicate
that a higher volume of less satisfied app users are leaving
reviews and comments on the app stores versus satisfied users.
However, it ishard to quantitatively interpret correlation among
user review sentiments and app ratings and review quantity
[21].

Thereisabroad range for the number of ratings per app—Texas
Children’shas 488 ratingswhile Phoenix Children’shas6. This
range may be impacted by factors such as patient volume,
location, app functionalities, and more. The apps with high
number of ratings and average rating scores and sentiment
analysis results could be considered as a benchmark by other
hospitalsto identify the featuresto include. For instance, Texas
Children’s received the highest average rating and positive
sentiment comments (4.8/5). The volume of raters and high
ratings may indicate that the features from these apps may offer
insight when developing hospital apps (considering potential
reviewer biases). Devel opers should consider user feedback to
improve pediatric hospital-owned apps to be more aware of
user needs and proactively address app issues and fill the
identified gaps[22].

Privacy

Privacy and security concerns of user data remain one of the
top barriers to adoption of mobile health apps. Users could be
concerned about what data are being collected and stored, who
can access the data, and what purposes the data are being used
for [23]. We found that the number of access permissions for
pediatric hospital—owned apps goes up to 24 access points,
which consist of collecting data from phone sensors and
controlling phones (see Multimedia Appendix 1 for permission
reguests by each app). The MyCHOP app does not collect any
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datafrom the user, while Texas Children’s Anywhere Care app
requested 24 permissions for data collection. Most of the data
collected from appsincluded location, access to photos, videos
and camera, microphone, Wi-Fi connections, and more. Several
apps collected data that would not be linked to the user’ sidentity
but may be used for the developer’s advertising or marketing
purposes.

Even though privacy is one of the user's concerns, literature
shows that most mobile apps do not prioritize privacy of user
data. For example, of the 79 mobile health apps certified as
being clinically safe and trustworthy by the United Kingdom
National Heslth Service, 89% werefound to transfer information
online, 66% of which was not encrypted [24]. Developers of
pediatric hospital—owned apps must follow privacy policies of
hospitals and health institutions to ensure the apps are compliant
and collect only necessary data and explain how those datawill
be used and protected to the end users.

Limitations

One limitation was the study being limited to large pediatric
hospitalsin the United States. This limited the study to opt out
smaller sized pediatric hospital s or adult hospitalsin the United
States or abroad. Second, hospitalsincludedinthisreview were
based on bed count. Thislimitation excludes hospitalsthat may
havelower bed count, but higher number of annua visits. Third,
features outlined in this review are subject to change, as these
apps are continually being updated on a regular basis. Fourth,
we were not able to assess the quality of the mobile apps due
to limited access to the apps (without being a hospital patient
or having an account). Fifth, due to time and resource
constraints, we were not able to analyze user comments to
identify which features users felt needed to be improved or
which featureswere lacking from each app. Sixth, the comments
and ratings could be impacted from behavioral biases; based
on the experience of the reviewer, there could be polarized
reviews that we were not able to analyze and identify [25]. In
addition, negativity bias or confirmation bias could be
considered while reviewing the results [26,27]. Lastly, we did
not focus on the impact of these apps to improve patient care

Lieser et a

or health outcomes. In that regard, future works are suggested
to investigate how hospital-owned mobile apps impact patient
experience, health outcomes, as well as comparing app quality
across hospitals (eg, using mobile app rating scales [28,29]).

Speciaty apps (n=61) were excluded from our study, which
were provided by specific clinical departments, or focused on
research studies, education, tel ehealth, procedures, or conditions.
The number of specialty apps may indicate that app development
within some pediatric hospitals is conducted in silos within
clinical departments or research groups, which raises questions
about their governance, cross-integration, and contributions to
the hospital operations. Further studies are suggested toward
the specialty apps.

Conclusions

In this study, we reviewed hospital-owned mobile apps provided
by large pediatric hospitals in the United States. Out of 16
hospitals identified, 75% of pediatric hospitals in our review
offer mobile apps. Based on the most common features, these
apps were intended to help improve accessibility for patients
and families in terms of finding providers, scheduling
appointments, and accessing patient resources. I nferring actual
usage of the health care apps from the number of downloads
and user ratings, the adoption of mobile apps is till a major
issue. Future works should study the processes that hospitals
use when developing mobile apps to ensure user feedback is
considered, aswell asaccessibility and privacy considerations,
when determining the features to be implemented. Gathering
user feedback will help devel opers determine the most desired
features and may help increase adoption. Devel oping appsusing
user-centric, iterative approaches, soliciting inputs from
representative user bases, and incorporating feedback from
active users will be key to continuously improving health care
mobile apps to reach the goas of having them serve as the
digita front door, enhancing patient communication and
improving patient experience, among others. We believe our
findings will inform hospital administrators, developers,
practitioners, and other stakeholders to identify and improve
app features and services in pediatric hospitals.
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Thisfileisalist of appsthat met our exclusion criteria and were not included our review.
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Abstract

Background: Problematic internet use (PIU) is prevalent among Chinese adolescents. There is a need to better understand how
the quality of parent-adolescent relationship is associated with adolescent PIU to guide the devel opment of effective prevention
and early intervention programs.

Objective: This study aims to evaluate parent-adolescent conflict and parenting styles as potential risk factors associated with
adolescent PIU.

Methods: A sample of 6552 students (aged 10-19 years) from 22 schools in Guangdong, China, was recruited. The participants
completed self-report questionnaires measuring their perceptions of conflict with their parents (involving verbal conflict, emotional
abuse, and physical abuse) as well as their perceptions of their parents’ parenting styles (including parental care and parental
control as measured by the Parental Bonding Inventory), and PIU using the Adolescent Pathological Internet Use Scale. Grade
level and gender were examined as moderators of these associations.

Results: Using multiple regression analyses, we found that greater mother-adolescent conflict, father-adolescent conflict, and
parental control, and lower levelsof parental care, were associated with higher levels of adolescent PIU (P<.001). The association
between mother-adolescent conflict and PIU was stronger in older students than in younger students (P=.04), whereas the
association between father-adolescent conflict and PIU was stronger in mal e students than in femal e students (P=.02). Compared
with those who reported no mother-adolescent conflict, participants who experienced verbal conflict and emotional abuse, but
not physical abuse from their mothers, reported higher levels of PIU (P<.001). Compared with those who reported no
father-adolescent conflict, participants who experienced verbal conflict, emotional abuse, and physical abuse from their fathers
had significantly higher levels of PIU (P<.001, P<.001, and P=.02, respectively).

Conclusions: These findings point to the value of interventionsto reduce parental verbal conflict, emotional abuse, and physical
abuse, and to increase positive parenting styles, to lower the risk of PIU in Chinese adol escents.

(JMIR Pediatr Parent 2022;5(4):€35240) doi:10.2196/35240
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Introduction

Problematic internet use (PIU) involves astrong compulsion to
usetheinternet to the extent that it creates significant problems
for the user, including social isolation, mental health concerns,
and academic performance problems [1-3]. While internet use
is beneficial in many aspects, for a proportion of adolescents,
internet use dominates daily life and is associated with negative
psychological, social, and physical impacts, resulting in PIU.
Given that adol escence has been shown to be avulnerable period
for a range of mental health problems [4], it is important to
identify the risk/protective factors of PIU for early prevention.
PIU is reported by around 9% of Chinese adolescents [5]. A
systematic review found that the main risk and protective factors
for adolescent PIU that have been investigated appear to be
individual factors (eg, psychopathol ogy, academic disposition,
or personal attributes), with the authors calling for moreresearch
exploring contextual risk/protective factors (eg, family, peer,
and school relationships) and internet activity—related factors
(ie, internet application used) [6]. Given the emerging evidence
that family relationships are likely to be an important contextual
risk/protective factor for adolescent PIU [7], this study aimsto
contribute to the literature by further investigating potential
family relationships that may be risk and protective factors of
adolescent PIU in China.

Based on Attachment Theory [8,9], adolescent’s emotional
security is largely influenced by the quality of the parent-child
relationship, with less care from parents and feeling more
controlled by parents linked to higher emotional insecurity,
which in turn can increase the risk of adolescent problematic
behaviors[10]. Thisisbecause adol escents may develop internal
working models of themselves as unworthy of love, and of
others as unreliable in providing emotional security, based on
their interactions with attachment figures (eg, parents) [11].
From this perspective, adolescent PIU can be seen as a
mal adaptive coping strategy to manage an adolescent’s distress,
or unmet emotional needs, arising from parent-child
relationships [12]. For example, Yu et al [13] investigated the
prospective relations between parental control and
mal adjustment in Chinese adolescents. Their results found that
high levels of paterna control were predictive of depressed
mood, anxiety, and aggression among Chinese adolescents.
Similarly, Siomos et a [14] found that parental control is a
parenting style that is prospectively and positively associated
with PIU after taking into account parental online safety
practices. In addition, adolescentswith PIU report experiencing
a greater lack of emotional warmth and feelings of rejection
from parents than adolescents without PIU [15]. Moreover,
Faltynkova et a [16] found that a parenting style that exhibited
more warmth was a protective factor, while parental control
was a risk factor, for adolescent PIU after considering other
family factors such as parental monitoring. Such research
highlights the importance of examining the relationships
between the 2 main dimensions of parenting style that have
been shown to be associated with adol escents bonding to their
parents (parental control and parental care) and the presence of
adolescent PIU. However, previous studies have not examined
the unique contribution of multiple aspects of parenting styles
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to Chinese adolescents’ PIU. Therefore, moreresearch is needed
to investigate the independent effects of parenting styles, such
as parental warmth/care and control, on PIU among Chinese
adolescents.

In addition to parental bonding, there is evidence that other
specific parent-adolescent interactions may be important risk
factors for adolescent maladaptive coping and mental health
problems. For instance, longitudinal studies have demonstrated
that family conflict is consistently associated with poor
adolescent mental health [17,18]. More specifically, emerging
evidence shows that parent-adolescent conflict is likely to
predict PIU. For example, Lo et a [19] reported that more harsh
parenting (defined by physical abuse and verbal aggression)
was related to higher PIU in a sample of 1204 Chinese
adolescents from 7th to 9th grade [19]. However, thereislittle
research exploring whether conflict with parentsis an additional
risk factor for PIU after controlling for parental bonding. Only
a recent study has found that both higher levels of parental
control and physical/verbal abuse by parents (forms of
parent-adolescent conflict) were associated with higher levels
of internet gaming disorder (arelated construct to PIU) among
2666 Chinese students aged 11-13 years[20]. Assuch, thereis
emerging empirical evidence indicating that there may be
multiple parent-adolescent interactions that are independent
risk and protective factors for adolescent PIU. Gaining a more
comprehensive understanding of the range and relative strength
of these independent risk and protective factors will help guide
the development of more targeted family-based intervention
programs for adolescent PIU.

Furthermore, given that the prevalence of PIU varies by gender
and grade [21], it is possible that association between risk and
protective factors and PIU may be moderated by gender and
age. In terms of gender as a potential moderator, there is
evidence that adolescent girls tend to be more reactive to
interpersonal conflict, leading to a greater use of maladaptive
coping in response to interpersona conflict, compared with
adolescent boys[9]. Similarly, previousresearch hasfound that
the positive associations of mother-adolescent conflict and
teacher-adolescent conflict with adolescent depressive symptoms
were stronger in female students than in male students [22].
We, therefore, anticipate that the associations between
family-based relationships (ie, parent-adolescent conflict and
parenting styles) and PIU will be stronger in femal e adol escents
than in male students. In terms of grade level as a potential
moderator, previous research has reported that older adolescents
arelikely to have higher PIU [23]. Older adolescents are more
inclined to anxiety and depressed mood than younger
adolescents, and previous research hasfound that the association
of peer-adolescent conflict with PIU is stronger in older
adolescents than in younger adolescents [24]. Therefore, we
expect that the effects of family-based relationships on PIU will
be stronger in older adolescents than in younger adolescents.

In addition, this study aims to explore the relations between
specific forms of parent-adolescent conflict such as verbal
conflict, emotional and physical abuse, and adolescent PlIU.
Parent-adolescent conflict has been considered as arisk factor
for adolescent maladjustment [25], including adolescent PIU
[26], but it has al so been considered as developmentally normal
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and may be an important social developmental experience for
acquiring expressive and problem-solving skills[27]. Moreover,
thereis some evidencethat different forms of adolescent conflict
with parents have varying effects on adolescent mental health
[28,29]. It is therefore possible that different forms of
parent-adol escent conflict may produce different levels of risk
for adolescent PIU. Associated with this, there is evidence that
father-adolescent rel ationships may have different associations
with adolescent PIU than mother-adolescent relationships. For
example, Liu et a [30] found that lower levels of
father-adolescent rel ationships (defined by dimensions such as
perceived emotional closeness and communication), but not
mother-adolescent relationships, were associated with higher
levelsof PIU [30]. Hsieh et al [31] also discovered that paternal
but not maternal physical abuse predicted PIU among Chinese
fourth-grade students. Assuch, wewill compare the associations
between different forms of adolescent-parent conflict and PIU
separately for mothers and fathers.

In summary, the key hypotheses and exploration aims for this
study are asfollows:

Mother-adolescent conflict and father-adolescent conflict
will be positively associated with PIU after controlling for
gender, grade level, maternal and paternal education level,
family structure, and academic rank.

After accounting for the aforesaid variables, higher levels
of parental carewill be associated with lower levelsof PIU,
whereas higher levels of parental control will be associated
with higher levels of PIU.

These associations will be moderated by gender and grade
inthat the effects for parenting styles and parent-adol escent
conflict will be stronger for females than for males, and
stronger for older students than for younger students.
Compared with  adolescents  experiencing  no
mother-/father-adolescent conflict, those experiencing
verbal conflict, emotional abuse, or physical abuse from
their mothers/fathers will experience varying effects on
PIU.

Methods

Participants

The sample was recruited from schools in Longhua District,
Shenzhen, Guangdong, China. In phase 1, 22 out of 59 schools
from 4 administrative districts were randomly selected. In phase
2, 3 classes were selected from each grade out of grades 5, 6,
7, 8, 10, and 11 among the selected schools. Students from
grades 9 and 12 were not included as they were in tight study
schedules. A total of 6638 students were invited in the study
with aresponse rate of 98.70% (6552/6638). According to the
World Health Organization’s recommended age for adol escent
[32], weonly included participants aged 10-19 years, resulting
in 6552 adolescentsincluded in the final analysis.

M easures

Demographics

The demographic variables in our study were age; gender;
academic ranking; gradelevel (primary school including grades
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5 and 6, secondary school including grades 7, 8, 10, and 11);
family structure (ie, the first category, including those living as
nuclear families, and others category, including but not limited
to single-parent families or reconstituted families); maternal
and paternal education level (Sth grade or less, 10-12th grade,
and undergraduate degree or above).

Problematic I nternet Use

Adolescents reported on the degree of PIU using the 5-item
Adolescent Pathological Internet Use Scale [2]. This scale
includes 38 items, with each item rated on a Likert scale (from
1="not true at al” to 5="true all the time”). Higher scores
indicate higher PIU. The scale has good convergent validity
compared with other commonly used scales (eg, Young's
Internet Addiction Test, Chen Internet Addiction Scale). Its
test-retest reliability and internal consistency were also high
(0.86 and 0.97, respectively), as reported in a previous study
[33]. In our study, the Cronbach a for the scale was .97.

Mother-/Father-Adolescent Conflict

Thiswas assessed using the following 3 questionsin Mandarin:
verbal conflict “In the past 12 months, have you ever had a
serious quarrel with your mother/father?’; emotional abuse“In
the past 12 months, have you been emotionally punished (eg,
being scold, threatened) by your mother/father?’; physical abuse
“In the past 12 months, have you ever been physically punished
(eg, being forced to stand for some time) by your
mother/father?’. Conflict measurement was rated using the
5-point Likert scale (from O="never” to 4="always’), with
higher scores indicating higher levels of
mother-/father-adolescent conflict. These items have been
applied in previous studies on Chinese adolescents[22,34]. The
Cronbach a in this study was .64 for mother-adol escent conflict
and .74 for father-adolescent conflict.

Parenting Styles

Parenting styles are commonly measured using the Parental
Bonding Instrument (PBI), which defines optimal parental
bonding in terms of a combination of high parental care (eg,
warmth, empathy) and low parental control (eg, overprotection,
intrusion) [35]. The PBI consists of 20 items and uses a 5-point
Likert scale ranging from “strongly agree” to “strongly
disagree.” The PBI has 2 subscales (parental care and parental
control), for mothers and fathers separately, each with 10items.
Items 1, 4, 5, 6, and 8 score from O (strongly agree) to 4
(strongly disagree). Items 2, 3, 7, 9, and 10 score from 4
(strongly agree) to O (strongly disagree). Higher scoresindicate
higher levels of parental care and lower levelsof parental control
that adolescents perceive. The PBI has 2 subscales (care and
control), for mother and father separately, each with 10 items.
Examples include “My mother/father appeared to understand
my problems and worries’ and “My mother/father tried to
control everything | did.” A compositea valuefor each subscale
(eg, mother care and father care combined) was reported in
previous research [35]. The Cronbach a values for this study
(.61 for parental control and .81 for parental care) were
comparablewith previousresearch [16] (.65 for parental control
and .88 for parental care).
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Procedure

Students completed this survey during classtime. All itemson
the survey were written in Mandarin. Research assistants
supervised the survey compl etion in the absence of the teachers.
Participation in the survey was voluntary without any
information that can be identified.

Statistical Analyses

All statistical analyseswere performed using SPSSversion 25.0
(IBM Corp.). Of thetotal samplesize (N=6552), the percentage
of missing data for all variables was less than 6% (386/6552,
5.89%). Missing values were imputed 20 times using multiple
imputations in SPSS and the pooled value was used for the
results. Pearson correlation was used to examine the bivariate
associations between the variables. To examine whether there
was a dignificant difference between schools, a 2-level
(individuals nested within schools) linear regression was
performed, which indicated that only around 4% of variance
was explained at the school level, suggesting that there was|ow
clustering of observations (intraclass correlation <0.05). Hence,
multiple linear regression was used to examine the associations
between the quality of family relationships and PIU after
controlling for the covariates (see hypotheses). The independent
variables were transformed into centered values to avoid
multicollinearity before building into the regression models. In
addition, moderation effects of gender and grade on PIU were
tested by adding interaction terms to the modd (ie,
mother-/father-adol escent conflict X gender,
mother-/father-adol escent conflict x grade, parental care/control
x gender, parental care/control x grade). Furthermore, planned
comparison analyses were used to test the difference between

Table 1. Demographic characteristics of study participants (N=6552)2,

Hayixibayi et al

participants reporting no mother-/father-adol escent conflict and
those reporting any verbal conflict, emotional abuse, and
physical abuse from their mothers/fathers, with “0"=no score
of conflict on all 3 questionsregarding conflict; “1”=only score
verbal conflict, no emotional or physical abuse; “2"=only score
emotional abuse, no verbal conflict or physical abuse; “ 3" =only
score physical abuse, no verbal conflict or emotional abuse;
“4"=score all verbal conflicts, emotional abuse, and physical
abuse.

Ethics Approval

This project was approved by the Ethics Committee of the
School of Public Health at Sun Yat-sen University, Guangzhou,
China (number 2015-016). Written informed consent was
provided by parents and assent was collected from all adolescent
participants. This project al so obtained administrative approval
from the Queendand University of Technology Human Research
Ethics Committee (Reference number: 108117).

Results

Preliminary Analyses

Table 1 shows the demographics of all the participants in this
study. The mean age of participants (N=6552) was 13.51 (SD
2.93) years. In summary, 57.94% (3573/6166) of total
participantswere male; 43.71% (1734/3967) werefrom primary
schools, with the remaining attending secondary school.
Furthermore, 91.33% (5984/6552) were from nuclear families,
and 10.82% (709/6552) of participants mothers and 15.55%
(617/3697) of participant’s fathers had undergraduate degrees
or above.

Demographic variables Boys (n=3967), n (%) Girls (n=2585), n (%) Total sample, n (%)
Grade
Primary school 1734 (43.71) 1121 (43.37) 2855 (43.57)
Secondary school 2233 (56.29) 1464 (56.63) 3697 (56.43)
Family structure
Nuclear families 3593 (90.57) 2391 (92.50) 5984 (91.33)
Others? 374 (9.43) 194 (7.50) 568 (8.67)
Maternal education level
oth grade or less 2585 (65.16) 1637 (63.33) 4222 (64.44)
10-12th grade 950 (23.95) 671 (25.96) 1621 (24.74)
Undergraduate or above 432 (10.89) 277 (10.72) 709 (10.82)
Paternal education level
oth grade or less 2164 (54.55) 1320 (51.06) 3484 (53.17)
10-12th grade 1186 (29.90) 835 (32.30) 2021 (30.85)
Undergraduate or above 617 (15.55) 430 (16.63) 1047 (15.98)

3 ncludes but limited to, for example, single-parent families or separated families.
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Bivariate Correlation Analyses

Tables 2 and 3 show the means and SDs of the key variables
categorized by sex. In addition, independent correlations
between mother/father conflict, parental care/control, and PIU

Hayixibayi et al

mother-adolescent conflict and father-adol escent conflict were
positively correlated with adolescent PIU. Moreover, parental
care was negatively correlated with PIU, whereas parental
control was positively correlated with PIU. These correlations
were small in absolute magnitude (0.1<r<0.3).

are presented in Table 3. The results show that

Table 2. The mean and SD of variables.
Variables Boys Girls Total
M other-adol escent conflict 1.88 (1.79) 1.90 (1.93) 1.46 (1.96)
Father-adol escent conflict 1.56 (2.00) 1.29 (1.86) 1.91 (1.87)
Parental care 20.71 (5.26) 20.90 (5.29) 20.74 (5.28)
Parental control 12.61 (4.40) 12.11 (4.14) 12.48 (4.30)
Problematic internet use 73.32 (30.42) 64.32 (26.30) 69.47 (29.23)

Table 3. Correlation analysis (r).

Variables Mother-adolescent conflict  Father-adolescent conflict Parental care  Parental control  Problematic internet use
Mother-adolescent conflict __a 0.49P 0420 0.14° 0.26°

Father-adolescent conflict — — —038° 0.17° 0.21°

Parental care — — — —0.21° —0.25

Parental control — — - - 0.12°

Problematic internetuse  — —

3ot applicable.
bp< 01.

Multiple Linear Regression Analyses

Hypotheses 1 and 2 were tested using step 1 of a stepwise
regression, with mother-adolescent conflict, father-adol escent
conflict, parental care, and parental control as the independent
variables and PIU as the dependent variable (Table 4). After
the covariates were entered, higher mother-adol escent conflict,
higher father-adolescent conflict, and higher parental control
wereindependently associated with higher PIU (B=.145, P<.001;
[3=.077, P<.001; 3=.055, P<.001, respectively), whereas higher
parental care was independently associated with lower PIU
(B=—141, P<.001).

Hypothesis 3 was tested by adding interaction terms (see the
“Statistical Analyses’ section) to the aforesaid stepwise
regression (also see Table 4). This analysis identified 2
moderating rel ationships only between parent-adol escent conflict
and PIU. It shows that there was a significant association of
adolescent-mother conflict and grade with the PIU reported by
the adolescents (3=.045, P=.04), with the relationship being

https://pediatrics.,jmir.org/2022/4/€35240

stronger in older students than in younger students. Another
significant  interaction effect was found between
father-adolescent conflict and gender with the PIU reported
(B=—054, P=.02), with the relationship being stronger in male
students than in female students.

Hypothesis 4 was tested using planned comparison analyses to
compare adolescents reporting no mother-/father-adol escent
conflict and those reporting any mother-/father-adolescent
conflict (Table 5). For mother-adolescent conflict, the findings
indicated that there was a significant difference between
adolescentswho reported no conflict and those reporting at least
some level of verbal conflict, and emotional abuse (P<.001,
respectively). However, no significant difference was found
between those experiencing no conflict and those experiencing
some level of physical abuse (P=.23). For father-adolescent
conflict, there was a significant difference between those who
reported no conflict and those reporting some verbal conflict
(P<.001), emotiona abuse (P<.001), and physical abuse (P=.02).
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Table4. Multiple linear regression analysis of the association of family-based relationships on adolescent’s levels of problematic internet use®

Variables Step 1 Step 2
B t10,6542b B t18,6534b
Gender -139 -9.231¢ —143 -9.349°
Grade 143 9.484° 149 9.671°
Family structure .036 20759 .036 2.069¢
Maternal education level .005 0.380 .005 -0.601
Paternal education level .008 0.324 .008 0.377
Academic rank .026 1.650 .028 0.307
M other-adolescent conflict (C) 145 8.134¢ 136 4.586°
C x gender _f — —-029 -0.797
C x grade — — .045 2.0184
Father-adolescent conflict (C) 077 4.376° 102 3.402¢
C x gender — — —054 —2.3149
C x grade — — .012 0.534
Parental care -141 _8.315° -154 —5.964°
Parental care x gender — — —-.003 0.094
Parental care x grade — — .022 0.979
Parental control .055 3.500¢ .060 23609
Parental control x gender .004 0.311
Parental control x grade -.013 -0.598

3R%=0.150 in step 2 and adjusted R?=0.145 (P<.05).
b2-tail ed.

®P<.001.

dp<.05.

€p<.01.

Not applicable.
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Table 5. Descriptive statistics and planned comparison outcome of forms of mother-/father-adolescent conflict levels.

Group (R) Mean (SD) 95% ClI Mean difference (R-C); SD
No conflict (reference) 59.61 (0.69) 58.24-60.98
M other-adolescent conflict (C)
Only verbal conflict 68.97 (0.72) 67.55-70.40 -9.36; 1.00%
Only emotional abuse 66.85 (1.24) 64.40-69.30 —7.22:1.432
Only physical abuse 65.03 (2.26) 60.62-69.48 -5.42; 2.36
With all forms above 79.52 (0.89) 77.76-81.28 -19.91; 1.13%
No conflict (reference) 63.28 (0.52) 62.26-64.30
Father-adolescent conflict (C)
Only verbal conflict 72.17 (1.03) 70.14-74.20 -8.89; 1.16%
Only emotional abuse 70.45 (1.19) 68.11-72.70 —7.17: 1.30%
Only physical abuse 68.67 (1.68) 65.39-71.95 -5.39; 1.76"
With al forms above 79.95 (0.96) 78.07-81.80 —16.67: 1.09%
8P<.001.
bp< 05.
Discussion i mportgnt as the results highlight that therg are multi ple forms
or qualities of the parent-adolescent relationship that need to
Principal Findings be considered whgn iQentifying _family ri_sk factorsfor PIU, as
) ) o well aswhen considering family interventionsfor PIU. A recent
This  siudy — examined the associalions —DetWeeNn  \nep anaysis suggested that in addition to parental care and

mother-/father-adolescent conflict (including verbal conflict,
emotional abuse, and physical abuse), parenting styles (ie,
parental care and parental control), and PIU in alarge sample
of Chinese adol escents after accounting for key demographics.
Our findings were consistent with hypothesis 1, that is, greater
mother-adolescent conflict and father-adol escent conflict were
independently associated with higher PIU. The data were also
consistent with hypothesis 2, that is, higher parental care was
independently associated with lower PIU, whereas higher
parental control wasindependently associated with higher PIU.
The results were partially consistent with hypothesis 3, in that
the association between father-adolescent conflict and PIU was
stronger in male adolescents than in female adolescents, and
the association of mother-adolescent conflict with PIU was
stronger in older adolescents than in younger adolescents. The
results for the last exploration found that, compared with
adol escents reporting no conflict, adol escents experiencing more
father-adol escent verbal conflict, emotional abuse, and physical
abuse reported higher levels of PIU. When compared with those
who reported no conflict with their mother, adolescents with
more mother-adolescent verbal conflict and emotional abuse,
but not physical abuse, reported higher levels of PIU.

Thefinding of an association between parenting styles of lower
care/warmth or higher control and adolescent PIU is consistent
with previous research studies [14-16], as are the findings of
an association between adolescent-parent conflict and PIU
[19,20]. Our findings add to the literature by identifying the
unique effects of mother-/father-adol escent conflict and parental
bonding (ie, parental care and parental control) on adolescent
PIU after controlling for a range of demographics. This is

https://pediatrics.,jmir.org/2022/4/€35240

control, an authoritarian parental style was associated with
adolescent PIU, whereas media-specific parenting styles and
active mediation by parentswere not associated with adol escent
PIU [36]. As such, our findings add to the emerging body of
evidence on the importance of identifying specific forms of
parent-adolescent interactions that are toxic or protective for
adolescent PIU.

Our study also found that gender moderated the association
between father-adolescent conflict and PIU, with thisassociation
being stronger in male students than in female students. Given
the gender stereotypesin traditional culture, boys are expected
to be primary providers for their own family in adulthood and
responsible for taking care of aged parents. Thus, there is a
strong tendency for Chinese fathers to discipline their sons
misbehaviors [37], which in turn may trigger more
father-adolescent conflict among boys compared with girls.
Similarly, a father's overprotection/control may be more
damaging to male adolescents than females [38]. In addition,
grade moderated the association between mother-adolescent
conflict and PIU, with this association being stronger in older
students than in younger students. As adolescents grow older,
they are exposed to the internet more, as well as subjected to
higher academic expectations compared with younger
adolescents[34]. In addition, older adolescentsare moreinclined
to anxiety and depressed mood than younger adolescents [39].
This might be concerning for mothers as primary caregivers
spending more time with adol escents[40,41]. Our findings point
to the complexity in associations between the parent-adol escent
relationship and PIU as moderated by the gender of the parent,
as well as by the gender and age of the adolescent. These
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complexities are starting to be highlighted in other research.
For example, thereis meta-analytic evidence that the association
between physical abuse and externalizing behaviorsis stronger
in female than in male Chinese children and adolescents,
whereas the association between emotional abuse and
externalizing behaviorsis stronger in male and female Chinese
children and adolescents[42]. In addition, thereismeta-analytic
evidence that a parenting style termed “restrictive mediation”
is associated with PIU in older adolescents but not in younger
adolescents[36]. Therefore, thereisaneed for further research
to explore the impact of moderators such as the gender of the
parent and adolescent, as well as the age of the adolescent on
the associations between parent-adolescent relationships and
PIU.

Interestingly, this study found that PIU was only related to
paternal physical abuse and not maternal physical abuse. As
paternal physical aggression is commonly associated with
greater fear and intimidation than maternal physical aggression
[43], it is possible that increases in adolescent anxiety add to
the likelihood of adolescent problematic behaviors (including
PIU) to escape, avoid, or seek support for family relationship
distress [29,43-46]. In Chinese culture, fathers as disciplinary
figures tend to harshly punish their children when behavioral
expectations are not met and show lesswarmth toward children
[47]. Although replication of these findings is needed, there is
also a need for qualitative research to explore adolescents
perceptions of why physical abuse from father but not mothers
may be associated with adolescent PlU.

Implications of Our Findings

Our findings have theoretical and practical implicationsfor the
prevention of and early intervention for adolescent PIU. Interms
of theoretical implication, consistent with the Attachment
Theory, this study demonstrated that the sense of connectedness
or closeness adol escents have with their parentsisimportant in
understanding their maladaptive behaviors such as PIU. If this
sense of connectedness or closeness is threatened by either a
range of forms of interpersonal conflict or overcontrolling
parenting style, then an adolescent is more likely to engage in
PIU. Conversely, if this sense of connectedness or closenessto
parents is enhanced by a parenting style exhibiting care and
warmth, then an adolescent islesslikely to engage in PIU. As
such, our findings support a model of adolescent
psychopathology based on Attachment Theory.

In terms of practical implications, the results support the
expansion of current prevention strategiesto include afocuson
improving parenting styles (ie, increase parental care and
decrease parental control) and managing parent-adolescent
conflict and strengthening support for adol escents experiencing
significant family conflict [18,48,49]. Thereis some preliminary
evidence from a small study of 57 Chinese adolescents that a
14-session family-based group therapy can reduce PlU compared
with an active control group [50]. This family-based therapy
involved a range of therapeutic components (ie, promoting a
supportive environment, studying how to correctly perceiveand
use the internet, changing cognition of themselves and
establishing self-confidence, improving family functioning, and
fostering hope for future recovery), and therefore, the extent to
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which the intervention addressed and improved the
parent-adolescent relationship factors identified in this study
remainsunclear. A moredirect application of thefindingsfrom
our study to therapy would be the implementation of
attachment-based family therapy for PIU. To date, no study has
applied this therapy; however, there is strong evidence of its
effectivenessfor the treatment of adolescent depression, suicidal
behavior, and anxiety [51]. Attachment-based family therapy
is grounded in Attachment Theory and aims to reduce
parent-adolescent conflict, repair interpersona ruptures, and
strengthen secure attachments between adol escents and parents
[52]. As such, it has a strong theoretical alignment with the
constructs identified in our study asrisk and protective factors
for PIU and we recommend that it be trialed in future research
as an intervention for adolescent PIU.

Strengths

The strengths of this study are the large sample size and a high
response rate (6552/6638, 98.70%), which result in limited
selection bias[53]. Another strength isthat the proposed model
controlled for several covariates that have previously been
suggested to be strong predictors of adolescent PIU [54,55].
However, given the cross-sectional design, conclusions about
causal relationships are not possible. Evidence suggests that
adolescent’s behaviors (eg, having deviant peers) may aso
shape parenting style [13], and that parents may become
frustrated, anxious/hostile, or rejecting in response to adol escent
PIU, which then triggers parent-adol escent conflict and further
escape/avoidance through internet use [56]. Further prospective
research is therefore required to examine the possible
bidirectional causality of the associations found in this study.
In addition, as the focus of this study was on the relationship
between adol escents and each parent individual ly, we combined
nuclear families with single-parent families in the analyses.
However, it will be useful for future studies to examine the
associations identified in our study separately for nuclear
families and single-parent families. It is also worth noting that
the findings of this study were limited to general PIU rather
than to specific PIU, for example, internet gaming addiction
[57]. Moreover, the self-reported data are purely reflective of
the adolescents’ perspective of their experiences with their
parents and with PIU, leading to possible reporting biases.
Previous research investigated whether there is consistency
between mothers’ and children’s’ perceptions of parenting [58].
In addition, there is evidence that self-report measures of PIU
may not be strongly congruent with both client log data [59]
and clinical diagnostic interviews of adolescents [60]. Future
research is therefore needed to confirm the findings from this
study using multiple measures of adolescent-parent conflict,
parental bonding, and PIU. We were unable to control for
parental supervision and monitoring, and interparental conflict
was not included as a covariate or as a possible risk factor.
Future research should also consider including these variables
in models of PIU given that they have been shown to be
predictors of other adolescent risky behaviors [61-63].
Furthermore, it seemsthat maternal and paternal psychological
and behavioral control have different effects on adolescent PIU
[7]; therefore, future studies could subgroup parental care and
control for a better understanding of how specific dimensions
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of parental bonding impact on adolescent PIU. Finaly, given
the relatively high comorbidity between adolescent PIU and
externalizing behaviors such as conduct problems, hyperactivity,
physical health problems, and depression [64-66], there is a
need for future research building upon the findings of this study
to compare the risk and protective factors for adolescent PIU
and adolescent externalizing behaviors to identify unique and
common risk/protective factors.

Conclusions

In conclusion, higher levels of mother-adolescent conflict and
father-adolescent conflict, higher levels of parental control, and
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lower levels of parental care were associated with higher PIU
among Chinese adolescents. Furthermore, the effect for
mother-adolescent conflict on PIU was stronger in older
adolescents than in younger adol escents, whereas the effect for
father-adolescent conflict on PIU was stronger in male
adol escents than in femal e adol escents. These findings point to
the potential utility of family-oriented education and early
intervention for adolescent PIU by reducing verbal conflict as
well as emotional and physical abuse, and strengthening
parent-adolescent relationships through more affection from
parents and less psychological control at home.
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Abstract

Background: Despite increasing prevalence of phone ownership in early adolescence, there is a deficit of evidence-based
guidance on the appropriate time to provide youth their first phone.

Objective: This survey study explored age recommendations for phone ownership among a diverse panel of youths, as their
experiences are an important contribution to the development of ownership guidelines.

Methods: Participants were recruited from MyVoice, a national panel of over 765 youth (14 to 24 years old) who respond to
weekly SM S text message—based surveys. Questions were distributed between January 24 2018, and March 20, 2018. Inductive
qualitative analysis was used to identify major themes among youths' open-ended responses.

Results: Inall, 469 youth (mean age 18.8 years, female: 299/469, 63.8%; White race: 332/468, 70.8%) responded. On average,
respondents obtained their first phone at 12.2 years of age. Most participants (325/459, 71.1%) stated they received their first
phone out of necessity rather than for entertainment or social reasons. Youth recommended that early adolescents receive their
first phone between 12 and 13 years of age primarily for reasons of necessity (146/448, 32.6%).

Conclusions: According to the participants, phones supported saf ety and independence by all owing communication with parents
and participation in activities. Youth-serving professionals and parents can incorporate these youth perspectives into shared
decision-making about phone ownership among families. This can include discussions about essential features, safety, or phone
use, as well as maturity and responsibility milestones, which were all key considerations reported by participantsin the survey.

(IMIR Pediatr Parent 2022;5(4):e40704) doi:10.2196/40704

KEYWORDS

adolescent; youth; child; mobile phone; technology; media; phone use; phone ownership; parental guidance; parenting; cell phone;
smartphone

and socia development. Between the ages of 10 and 25 years,
youthsarein atransitory state between childhood and adulthood.
According to Erikson’s theory of psychosocia development,
adolescents are primarily concerned with the task of identity

Introduction

Mobile phone adoption in the United States is starting in late
childhood and early adolescence; currently, 53% of children

have a smartphone by age 11 [1]. Later in adolescence, mobile
phone use remains high, with over 95% of teens ages 13 to 17
years having access to a cell phone [2]. In addition, over 90%
of teensreport using their phonesto passthetime, connect with
others (84%), and learn new things (83%) [3,4].

The introduction and frequent use of mobile technology during
adolescence comes at a critical stage of cognitive, emotional,

https://pediatrics,jmir.org/2022/4/e40704

formation [5]. More specifically, they are learning about their
values, desires, and futureroles[5]. In addition, adolescentsare
confronted with other milestones, including learning how to
navigate intimate relationships and gain social connectivity
[5,6]. During this stage, adol escents spend moretime with peers
and gain independence from their caregivers[7]. Thisperiod is
sometimes referred to as separation-individuation, a
developmental term that has been used to define the
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phenomenon of adolescents needing less support and approval
from their caregivers while seeking approval from peers and
finding new social networksto help develop individual concepts
of self-esteem and identity [8,9].

Asadolescents’ exposureto new digital technologiesincreases,
they are progressively experiencing these milestones online,
with online communication being used asatool offering access
to friendships and other relationships, as well as increasing
cohesion and connectedness between peers and school [10].
M obile phone adoption poses as amajor concern for parents or
caregivers and youth-serving professionals [11]. However,
sources that explore mobile phone adoption, such as the
American Academy of Pediatrics, only offer general suggestions,
like encouraging family discussions about the type and quantity
of media consumed and monitoring impacts of phone use on
sleep, homework, and family time [12,13]. Official guidelines
on the appropriate age to get aphone have yet to be established.

Evidence-based recommendations for mobile phone ownership
are needed to establish best practices for parents and
youth-serving professionalsand alleviate apprehension towards
mobile phone adoption. Despite the ubiquity of mobile phone
use among adolescents and the personal stake that adolescents
have in guidelines about mobile phone adoption, the youth voice
regarding thistopicisunderstudied. Exploring youth experiences
with mobile phone ownership may benefit parent involvement
and guidance, as well as aid in the development of rules and
expectations that promote safe use, are developmentally
appropriate, and account for social and cultural pressures.
Therefore, the purpose of this study is to explore age
recommendationsfor mobile phone ownership among adiverse
text message—based panel of youths.

Methods

Participants

Participants were members of MyVoice, a nationa panel of
over 765 adolescents and young adults (14 to 24 years old) who
respond to weekly surveys delivered through text messages
[14]. MyVoice recruits participants through advertisements on
social media platforms (Facebook, Instagram) and in person at
community events. Youth consented to receive surveys (parental
permission waswaived), and youth could indicate if they wanted
to skip or stop participation at any time through atext message.
Participants received a US $5 gift card for completing a
demographic survey after enrollment and US $1 for each survey
completed afterward [14]. Demographic data, including age,
gender, race, ethnicity, and education, were self-reported during
enrollment using validated questions from the Youth Risk
Behavior Survey [15].

Ethics Approval

This study was approved by the University of Michigan
Institutional Review Board (#HUM00119982).
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Survey

Our survey consisted of 4 questions which were delivered via
SMSS text message to participants between January 24, 2018,
and March 20, 2018. The questions were authored by several
youth medicine providers and researchers with speciaty
knowledge in this research area. Participants had 1 week to
answer the survey questions, all questions were open ended,
and participants had the option to skip questions they did not
want to answer. We asked the following four questions: (1)
“How old were you when you got your first cell phone?’ (2)
“Did you ask for your first cell phone or did you get it without
asking?’ (3) “Why did you get your first cell phone?’ (4) “What
do you think is the right age for someone to get their first cell
phone and why?’

Analysis

Two study team members (LR and VA) reviewed the answers
to the questions of the first 100 participants and used inductive
qualitative analysisto independently devel op acodebook based
on their responses. The final codebook was formed by merging
the independently developed codebooks and by arriving at a
mutual agreement on final definitions. Each question had its
own set of codesthat could be applied, and multiple codes could
be assigned to each participant response. The responsesto each
guestion were coded in rounds of 100; sincetherewerealimited
number of responses, the first 100 were recoded as well. After
each round, the team met to discuss discrepancies. Interrater
reliability over all rounds of coding was between 77% and 95%
for each question. A third study team member (ES) broke atotal
of 5 discrepancies that could not be agreed on. Descriptive
statistics for code frequencies were cal culated using Microsoft
Excel. This coding and analysis scheme has been used in
previous MyVoice studies[16-19].

Results

Overview

From a total of 765 MyVoice participants, 469 respondents
completed at least 1 text message—based survey question about
mobile phone ownership (61.3% response rate). Specifically,
465 respondents provided the age at which they got their first
cell phone (60.8%), 465 respondents discussed if they asked
for aphone or received it without asking (60.8% responserate),
459 respondents described why they got their first cell phone
(60% response rate), and 448 respondents shared their
recommendationsfor mobile phone ownership (58.6% response
rate). Respondents had an average age of 18.8 (SD 3.01) years,
and 63.8% (299/469) identified as being female and 70.8%
(332/469) as being White, non-Hispanic. Demographic
characteristics of these 469 respondents are described in Table
1.
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Table 1. Demographic characteristics of the study sample.

Characteristic Respondents (n=469) Nonrespondents (n=80)

Age, mean (SD) 18.79 (3.0) 17.73 (2.7)
14-17 years, n (%) 174 (37.1) 45 (56.2)
18-21 years, n (%) 184 (39.2) 27(33.7)
22-24 years, n (%) 109 (23.2) 8(10)

Gender, n (%)
Femae 299 (63.8) 35 (43.7)
Male 139 (29.6) 41 (51.2)
Other gender 12 (2.5) 0(0)
Nonbinary 10(2.1) 0(0)
Transgender FTM? 8(L7) 337
Transgender MTF? 0(0) 1(1.2)

Race, n (%)

White 332(70.8) 66 (82.5)
Asian 51(10.8) 3(3.7)
African American 45 (9.5) 12 (15)
Multiracial 29(6.1) 0(0)
Other race 7(1.4) 4(5)
American Indian 3(0.6) 5(6.2)
Pacific Islander 1(0.2) 1(12)

Ethnicity, n (%)

Non-Hispanic 430 (91.6) 67 (83.7)
Hispanic 38(8.1) 13(16.2)
Education level, n (%)
Some college 155 (33.0) 27 (33.7)
Some high school 149 (31.7) 40 (50)
Bachelor's degree 66 (14.0) 337
High school graduate 44 (9.3 337
Associate degree 17 (3.6) 1(1.2)
8th grade or less 15(3.2) 337
Some graduate school 14 (2.9) 1(1.2)
Master's degree 4(0.8) 1(1.2)
Some graduate training beyond amaster'sdegree 2 (0.4) 0(0)
Some vocational/technical training 1(0.2) 0(0)
Completed vocational/technical training 1(0.2 1(1.2)
Doctoral degree 0(0) 0(0)
School free or reduced lunch, n (%)
No 339(72.2) 57 (71.2)
Yes 124 (26.4) 22 (27.5)

3TM: femaleto male.
PMTF: maleto female.
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Question 1: How Old Were You When You Got Your
First Cell Phone?
The average reported age at which respondents obtained their

first phone was 12.2 (SD 2.01) years, with answers ranging
from 4 to 18 yearsold.

Question 2: Did You Ask for Your First Cell Phone or
Did You Get It Without Asking?

When asked how they obtained their phone, 59.1% (275/465)
of participants reported asking for it while 34.2% (159/465)

Richter et al

received their phone without asking. These dataare summarized
in Table 2. The remainder of participants did not answer if they
asked for their phone or got it without asking; instead, they
provided other answers such as making a mutual decision with
their parents to get their first phone or buying it on their own.
Some participants (57/465, 12.2%) qualified their responses by
describing the circumstances of their phone ownership, including
that they received their phone from anonparental source—such
as an extended family member (5/465, 1.1%), their phone was
inherited (7/465, 1.5%), they received their phone as a gift
(6/465, 1.3%), or they got it out of convenience (6/465, 1.3%).

Table 2. Youth responses to Q1 and Q2 about when they got their first phone and if they asked for it.

Question

Value (N=465)

Q®1: How old were you when you got your first cell phone?
Age (years), mean (SD)

Age (years), response range (min-max)

12.2 (2.01)
4-18

Q2: Did you ask for your first cell phone or did you get it without asking?, n (%)

Asked 275 (59.1)
Did not ask 159 (34.2)
8Q: question.

Question 3. Why Did You Get Your First Cell Phone?

Note on Overlapping Themes

Two distinct categories emerged from participant responsesin
answers to both question 3 and question 4: (1) phone function,
which refers to identifying the purpose of their phone usage;
and (2) environmental context, which refers to providing
perceptions about phone ownership within their current social
environments. The following themes were identified across
these categories in which participants described their mobile
device use: necessity, maturity as a requirement, socialization,
environmental context, and maturity asaresult. Although these
categories generally corresponded to the survey questions, there
was overlap in the participants responses that applied to
multiple questions. Participant responses, themes, and
representative quotes are described in Table 3.

Phone Function

The first category of responses focused on the functionality of
phones; that is, the intended purpose(s) of phone use for each
individual.

Necessity

Necessity for communication was cited by 71.1% (325/459) of
respondents as their primary reason for getting a phone.
Respondents obtained their phone to contact their parents
(162/459, 35.4%), haveit in case of emergency (83/459, 18.2%),

and to participate in afterschool activities (68/459, 14.9%). One
participant explained they got their first phone “To call my

https://pediatrics,jmir.org/2022/4/e40704

parents after school because | stayed late for sports and other
thingsalot.”

Maturity as a Requirement

Respondents (59/459, 12.9%) al so associated phone ownership
with specific life experiences or as a part of growing up and
becoming more mature. For example, respondents described
reaching a certain point in their education (33/459, 7.2%) or
having greater independence and going out more on their own
without parental supervision (16/459, 3.5%) as contexts for
obtaining their first phone. One respondent said they got their
first phone because of the following:

..d [sic] wasgoing to middle school, and getting more
independent, soi [sic] needed communication. It was
also normal for most middle schoolersto have phones.

Socialization

Wanting to stay in touch with friends and family members was
the primary reason why 12.9% (59/459) of participants got their
first cell phone. A respondent reasoned, “1 wanted to be able to
talk to my friends without having to use my dad’s phone.”

Environmental Context

The second category of responses focused on environmental
context or, more specificaly, observations about phone
ownership within surrounding social climates. Respondents
(3L/459, 6.8%) attributed their desire for phone ownership to
the phone ownership of others; that is, via social comparison
or just agenera feeling of needing to fit in. These participants
typically had responses like “ Because everyone else had one.”
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Table 3. Youth responses to question 3 about reasons for getting their first phone (N=459).

Subtheme by theme Respondents, n (%) Representative quote
Overall theme: functionality
Subtheme: necessity 325(71.1) N/A
Contacting parents 162 (35.4) “So my parents could communicate with me” (F; age 14y, got phone at 12 y)
Safety 83(18.2) “becausei got lost once, and my parents wanted me to have one for security purposes’
(F; age 16y, got phone at 8.5y)
Afterschool activities 68 (14.9) “Because | had activities after school and needed a phoneto call my parentsto pick me
up afterwards’ (F; age 24y, got phone at 13 y)
Subtheme: maturity asare- 59 (12.9) N/A
quirement
Education 33(7.2) “At that point | was going into middle school and | had more need to be able to contact
my parents’ (M®; age 18y, got phone at 13 y)
Independence 16 (3.5) “...1 [sic] was going to middle school, and getting more independent, so i needed com-
munication. It was aso normal for most middle schoolers to have phones.” (F; age 16
y, got phone at 11)
Socialization 59 (12.9) “1 wanted to more easily communicate with my friends...” (M; age 24y, got phone at

Overall theme: environmental context 31 (6.8)

14y)
“Because everyone else had one” (No gender indicated; age 16 y, got phone at 9.5y)

3N/A: not applicable.
bE: female.
‘™M: male.

Question 4. What Do You Think Isthe Right Age for
Someone To Get Their First Cell Phone and Why?

Overall, 79.9% (354/448) of respondents suggested a specific
age or age range in their phone ownership recommendations.
The average recommended age was 12.7 (SD 1.66) years.
Participant responses, themes, and representative quotes are
described in Table 4.

Necessity
Respondents (146/448, 32.6%) discussed the condition of
necessity in their recommendationsfor phone ownership. When
asked for their age recommendations, one respondent replied
asfollows:

Around 13 or when entering middle schooal, children
become moreindependent and do thingswithout their
parentsthere. It'simportant to be ableto stay in touch
with your parents.

Another respondent commented as follows:

As soon as they need it honestly. If a child is
frequently out and about (eg community centers/clubs,
friends, paper routes), hasa situation where they need
to contact their parent, has to wait after class, etc,
then the actual age doesn't matter much...

Maturity as a Requirement

In their recommendations, 10.8% (48/448) of respondents felt
individualstend to experience maturity at the specific agesthey
suggested and incorporated this reasoning into their
recommendations. One respondent recommended, “[age] 14.
Then they are mature enough for it” Conversely, 13.6%

https://pediatrics,jmir.org/2022/4/e40704

(60/448) of respondentsfelt anindividual’sreadinessfor phone
ownership was contingent on individual internal factors such
asachieved independence (38/448, 8.6%) and maturity (22/448,
4.9%). These respondents felt individuals experience
independence and responsibility at different ages, so they did
not offer specific age recommendations for phone ownership.
Rather, they cited proxy indicators of maturity. For instance,
one participant put it as follows:

| think it depends on the person. If someoneisliving
a more independent life going out with friends alone
or traveling on their own they should get a phone to
communicate.

Socialization

Additionally, 5.4% (24/448) of respondents recommended
getting a phone to socialize with friends and manage
relationships. One participant posited that the right time to get
aphone was “maybe 8th grade? it’s an important thing to have
for social connection and most of their peers will have a phone
in middle school.”

Environmental Context

Reflection on changing trends regarding theinitial age of phone
ownership was included in 3.6% (16/448) of respondents
recommendations. For example, one respondent commented,
“1 think the age [to get afirst phone] keeps getting younger and
younger. Maybe 12 yearsold.” Other age recommendationsthat
expanded on this observation included the following:

| think now it's more necessary for kids to have them
earlier. | think they shouldn’t have a smart phone
until their [sic] at least 14 though...
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15. Celphones are a vital part of today's
communication.

Respondents (3/448, 0.7%) even felt adolescents would be at a
disadvantage if they did not own a phone while their peers did:

| think that it's younger than when | received one,
because the technol ogy has advanced and withholding
one would make the child stand out fromtheir peers.

Maturity as a Result

Further reflections described abidirectional association between
phone ownership and maturity. Although participants’ responses
showed that mobile phone ownership may be dependent on
“maturity-indicating” milestones, such as reaching a certain
grade level or spending more time away from home, they also
presented phone ownership as its own significant adolescent
milestonethat could foster maturity. Specifically, 2.5% (11/448)

Richter et al

of respondents felt phone ownership could provide adol escents
the opportunity to learn about responsibility, and subsequently,
become more mature. When asked for their recommended age
for phone ownership, one participant replied as follows:

| would say late middle school to the start of high
school. This is the time when young people need to
learn more about freedom and responsibility as well
as when they may need it to communicate with their
parents.

Similar responses included the following:
2-13. Kids start to become more independent at that

age, and a cell phone helps establish that
independence.

The best age would be 12-14, because thisis the best
time to teach them the value of responsibility.

Table 4. Youth responses to Q4 about mobile phone ownership recommendations (N=448).

Subtheme by theme and question Value

Representative quote

Q4% What do you think istheright age for someoneto get their first cell phone and why?

Suggested a specific age or age range 354 (79.9)
Recommended age (years), mean (SD) 12.7 (1.6)
Recommended age (years), response range (min- ~ 7-20
max)
Qualitative responses, n (%)
Subtheme: necessity 146 (33)
Subtheme: maturity asa requirement 60 (13.6)
Conditional independence 38(8.6)
Conditional responsibility 22 (5)
Responsibility 48 (10.8)
Subtheme: socialization 24 (5.4)
Subtheme: environmental context
Observation 16 (3.6)
Social disadvantage 3(0.7)
Subtheme: maturity asa result
Learning opportunity 11 (2.5)

N/AP
N/A
N/A

“If achildisfrequently out and about (eg community centers/clubs, friends,
paper routes), has a situation where they need to contact their parent, has

to wait after class, etc, then the actual age doesn't matter much...” (MS;
age 20y, got phone at 12 y)

“1 think it depends on the person. If someoneisliving amore independent
life going out with friends alone or traveling on their own they should get
aphone to communicate.” (M; age 14y, got phone at 12 y)

“when they are mature enough to use it responsibly, so i think it depends
per person.” (Fd; age 20y, got phone at 12 y)

“[age] 14. Then they are mature enough for it.” (No gender indicated; age
17y, got phone at 14 y)

“maybe 8th grade? it's an important thing to have for social connection
and most of their peerswill have aphonein middle school.” (F; age 23y,
got phone at 11 )

“1 think the age [to get afirst phone] keeps getting younger and younger.
Maybe 12 yearsold.” (F; age 24y, got phone at 14 y)

“1 think that it'syounger than when | received one, because the technol ogy
has advanced and withholding one would make the child stand out from
their peers” (Nonbinary; age 18 y, got phone at 11 y)

“The best age would be 12-14, because thisis the best time to teach them
the value of responsibility.” (M; age 14y, got phone at 12 y)

8Q4: question 4.
BN/A: not applicable.
°M: male.

9r: female.
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Additional Findings

Although the survey questions did not explicitly ask about
possible negative aspects of early mobile phone ownership, a
small proportion of youth (34/448, 7.7%) brought up concerns
in their phone ownership recommendations. Participant
responses, themes, and representative quotes are described in
Table 5. The highest cited concern was that of distraction
(13/448, 2.9%), where participants voiced concerns about
phones producing interference with daily activities and even
overrdliance. One participant commented in their age
recommendation: “14. Kids are inundated in a life reliant on
their phonesif they're introduced any earlier.” Another concern
included unrestricted internet access (4/448, 0.9%), where a
respondent recommended the following:

12, but it'simportant that they don’t start with a smart
phone. Being safe on the internet requires maturity -
kids shouldn’t have accessto theweb on their phones
until they're ~15.

Table 5. Concerns of mobile phone use as an additional theme (N=448).

Richter et al

Addiction (4/448, 0.9%) was another concern found in phone
ownership recommendations. One recommendation mentioned
that “...appsare addictive, unregulated substances, and shouldn't
be given freely to young children.”

Participants a so discussed concerns regarding illicit activities
such as sexting (4/448, 0.9%). In their age recommendation, a
participant explained as follows:

The problemisthat, nowadays, the phonesdo so much
more than my Nokia did - | don’t think 11 would be
okay for an iPhone, for example. There have to be
more conversations with kids nowadays with what is
and is not okay to do online - look at the amount of
kids who get in trouble with nudes. It's troubling
because you want to teach them to safely use the
internet, but | think we all know we can’t just give
them full access, so whereistheline?

Theme or subtheme Respondentsn (%)  Representative quote
Theme: concerns 34(7.7) N/A2
Distraction 13(2.9) “14. Kids areinundated in alife reliant on their phones if they're introduced any earlier.”

M b. age 19y, got phone at 11y)

Unrestricted internet access 4 (0.9)

“12, but it's important that they don’t start with a smart phone. Being safe on the internet

requires maturity - kids shouldn’t have access to the web on their phones until they’re
~15" (M; age 17y, got phone at 12.5y)

Addiction 4(0.9)

“...apps are addictive, unregulated substances, and shouldn't be given freely to young

children.” (nonbinary; age 18y, got phone at 11y)

8N/A: not applicable.
M: male.

Discussion

Principal Results

For this study, youth participants responded to text
message—based survey questions about mobile phone ownership
through MyVoice. With exception of a few studies examining
early adol escent smartphone ownership, adolescent perspectives
remain largely unexplored in research [20,21]. Thisisthe first
study of youths experiences with phone ownership using a
large national sample.

For the maority of our respondents, receiving their first
cellphone coincided with starting middle school, a significant
milestone where many youths are using public transportation
on their own, staying after school for activities, and hanging
out with friends. It is not surprising that the main reason for
getting aphonewasfor necessity and specifically for contacting
parents. Participants’ recommendations for phone ownership
also involved these adolescent milestones.

It is important to note that some participants believed phone
ownership stands as its own milestone, specificaly as a
mechanism to learn about responsibility. Thisis an intriguing
concept that parents and youth-serving professionals should
explore. During adolescence, youth are experiencing the process

https://pediatrics,jmir.org/2022/4/e40704

of separation-individuation, where they are learning how to
navigate social situationswith less support from caregivers and
establishing their own identity and self-esteem; they are also
seeking out peer approval as opposed to parental approval [9].
However, studies have shown that while youth may have less
need for parental support, parental involvement isstill important
[8,9]. Prior research shows that youth who feel they can tell
their caregiver of their activities and friendships and feel they
can negotiate setting limitsaremorelikely to tell their caregiver
when there is a safety concern and are less likely to engage in
risky behaviors[22-25]. More research is needed on the impact
of phones in the parent-child relationship, but there is a
possibility that phones could serve astools that allow youthsto
maintain their autonomy while remaining connected to their
parents.

Thedesirefor socialization was cited by participants asareason
for getting their first phone, and their recommendationsreflected
theimportance of staying intouch with friendsand family. This
isan indication that phones can serve astoolsfor managing and
strengthening the quality of peer and parent-youth rel ationships.
The nurturing of these relationships is a crucial task of
adolescence, as peer connections hel p establish separation from
parents and encourage independence while simultaneously
maintaining aline of communication with caregivers[7].

IMIR Pediatr Parent 2022 | vol. 5 | iss. 4 [e40704 | p.81
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING

Although this was not a focus of the study, some participants
voiced concerns about mobile phone ownership in their age
recommendations, including distraction and overreliance,
unrestricted internet access, addiction, andillicit activities. Our
report showed a small proportion of youths shared concerns
about phone ownership. In other studies, more youths have
raised concerns, such as worrying about how much time they
spend on their phone [4]. However, since our respondents were
not explicitly asked about negative aspects or concerns of phone
ownership, our report may not be reflective of our entire
sample's concerns. Based on previous research, parents or
caregivers share similar concerns about their children spending
too much time on their phones and how phones impact their
ability to focus and allow accessto inappropriate online content
[4,11,26].

Other major concernsthat were brought up in previousresearch
are primarily shared by parents or caregivers but were not found
in our youth respondents recommendations; they include
stranger interaction, impact on reputation, and advertisers’ use
of data[27]. These parent or caregiver and youth concerns can
be included in conversations about mobile phone ownership
and shared decision-making. Additionally, asyouthsand parents
are entering the phone market, technology companies producing
phones and associated apps can further adjust the experienceto
maximize safety and provide appropriate features depending
on the need and maturity level of the child.

Comparison With Prior Work

Our findings are concordant with other studies that suggest
positive outcomes associated with digital technology use, such
as strengthened rel ationships, promotion of safety, preservation
of youth freedom, and greater self-esteem [28-32], as well as
with research that presents negative outcomes associated with
mobile phone usage, including problematic mobile phone and
internet usage, online harassment, and cyberbullying
involvement [33-39]. Our study complements other studies
findings and adds the unique perspective that phones could
foster maturity and feelings of responsibility among youths.

Limitations

MyVoice served as a useful online platform for the recruitment
and engagement of youth participants. However, the scope of
our survey questions was not as broad as that of traditional
qualitative survey questions since respondents had limited space
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to discuss their experiences (given the character limitations
placed on text messages from some phone carriers). Our ability
to seek additional context and clarification was also inhibited
dueto the automated nature of our survey questions. No research
was available to guide the formation of our survey questions.
Although we posed questions about “maobile phone” ownership,
the lack of specification for certain types of phones and,
subsequently, consideration of different features, such asinternet
access on smart phones, could have skewed participants age
recommendations. Although the MyVoice sample spans the
entirety of the United States, the generalizability of our findings
may also be limited since MyVoiceis not specifically designed
to be nationally representative in terms of race, ethnicity, or
other demographics. However, the sample is till racially and
ethnically diverse and inclusive of multiple sexual and gender
minorities. The average age of respondents at thetime of survey
completion (18.8 years) was older than the reported age at which
they received their first phone (12.2 years), which introduces
the potential issue of recall bias. Future studies could further
explore perspectives from youths at the actual age of phone
acquisition. In addition, since our study was conducted prior to
the COVID-19 pandemic, youth perspectives on mobile phone
ownership might have changed in the context of the pandemic.
Further research is needed to characterize any new youth
perspectives.

Conclusions

Our study presents valuable implications about youth mobile
phone ownership. Parents report a desire for guidance to
navigate their children’s phone ownership and experience, but
there remains a lack of evidence-based recommendations
[12,21]. In addition, youth viewpoints about their own
technology use are understudied in research despite the fact that
mobile phone ownership often occurs during adolescence. Our
study’s examination of youth perspectives provides insights to
the motivations for mobile phone ownership, informs parent
decisions about when to introduce a phone, and may promote
safe use and behavior. Families and youth-serving professionals
can use our findingsto facilitate shared decision-making about
mobile phone ownership with youths. Shared decision-making
allows parents and youths to mutually negotiate rules and
expectations about their phone ownership that promote their
health and well-being, independence, and safety.
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Abstract

Background: Given that today’s adolescents are digital front-runners, technology-based obesity prevention strategies are
age-appropriate for this population. The use of remote and wireless technologies may be suitable for extending the reach and
engagement of obesity prevention efforts among high-risk Hispanic youths, as this subgroup is disproportionately affected by
barriers that limit participation in traditional, in-person interventions.

Objective: The purpose of this scoping review was to examine the intervention and sample characteristics of technol ogy-based
obesity prevention interventions among Hispanic adolescents. We also examined feasibility criteria to assess the acceptability
and appropriateness of technol ogy-based strategies among Hispanic youths.

Methods: A comprehensive search of Embase and PubMed identified 7 studiesthat met theinclusion criteria. Datawere extracted
by 2 independent reviewers.

Results. Of the 7 included studies, half (n=4, 57%) used arandomized control trial design, with equal implementation in school
(n=3, 43%) and clinic (n=4, 57%) settings. Studies commonly targeted improvements in diet (n=4, 57%) and physical activity
(n=7, 100%), with only 1 (14%) study focused on sedentary behaviors. Just 2 (29%) studiesreported the use of behavioral theories
or models. Studies focused primarily on youths in early (n=5, 71%) or middle (n=6, 86%) adolescence, and there was limited
information reported on socioeconomic status. Only 3 (43%) study conducted formative work, and few (n=3, 43%) reported on
acceptability. Only 1 (14%) study reported that materials were available in Spanish and English, and only 1 (14%) study used
culturally tailored content. Additionally, 3 (43%) studies used strategies that considered social determinants of health.

Conclusions: Toincrease our understanding of the feasibility and effectiveness of technol ogy-based obesity prevention strategies
among Hispanic adolescents, there is a need for more feasibility studies that are theoretically grounded and comprehensively
report on feasibility-related outcomes. Future studies should also |everage technology to simultaneously address multiple health
behaviors beyond diet and physical activity. The result of this review can be used to guide the development of future
technology-based obesity prevention strategies among Hispanic adol escents.

Trial Registration: CliniclaTrials.gov NCT04953442; https://clinicaltrials.gov/ct2/show/NCT04953442

(IMIR Pediatr Parent 2022;5(4):€39261) doi:10.2196/39261

KEYWORDS

obesity; technology; adolescents; health disparities; prevention interventions; prevention; intervention; feasibility; effectiveness;
Hispanic; engagement
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Introduction

Lifestyle interventions that promote healthy diet and physical
activity habits are the cornerstone for obesity prevention among
adults and youths [1]. However, current lifestyle interventions
have had a modest impact on reducing obesity and
obesity-related behaviors among Hispanic youths [2-4]. For
some Hispanic youths, the time-intensive nature of in-person
interventions and the lack of studiesthat address negative social
determinants of health (SDoH) can limit program participation
and one’s ahility to make healthy behavior changes[1,5]. SDoH
that impact Hispanic youthsinclude limitationsin transportation,
parent-work schedules, childcare needs, and access to health
insurance, which can impact access to disease prevention
opportunities in clinical settings [5,6]. Hispanic youths are
disproportionately affected by obesity and obesity-related
diseases and are the largest pediatric subgroup in the United
States[7,8]. To address growing disparities, thereisasubstantial
need to reach and engage this key population with obesity
prevention strategies that are tailored to meet their needs and
context [9].

Technology-based interventions use digital devices, such as
computers, tablets, smartphones, and wearable devices, to
deliver personalized and real -time health promotion and disease
prevention interventions [10-13]. Given that Hispanic youths
and families are disproportionately impacted by SDoH, the use
of digital devices as behavior change tools has been suggested
as a potentia strategy for overcoming some of the negative
SDoH that limit participation in traditional, in-person lifestyle
interventions [14,15]. For example, web-based interventions
are not confined by location and can be delivered across
geographic regions directly to participants in their home
environment, aleviating the burden of transportation [14].
Technology-based interventions can aso offer flexible
scheduling options or be continuously delivered using SM Stext
messaging, prerecorded video content, or eHealth apps,
impacting the dose and timing in which an intervention can be
delivered [14]. This flexibility may be helpful for engaging
some Hispanic youths and families, given that many Hispanic
parents have nontraditional working hours (eg, night shifts) or
work more than 1 job, which can make attendance to in-person
interventions challenging [16]. Technology-based strategies
may also be cost-effective given that they leverage devices (ie,
smartphones and tablets) and services (ie, SM S text messaging
and social media) aready owned and used by participants[17].
About 95% of Hispanic teens in the United States report that
they have daily access to a smartphone, which is comparable
to non-Hispanic White youths (94%), indicating that
smartphones can be leveraged to reach this population [18].
However, despite their potential for overcoming barriers to
in-person interventions, most technology-based interventions
have been conducted among high-income populations [15,19].
Thus, there is a need for studies that are developed and tested
among high-risk, vulnerable populations that are
disproportionately impacted by these barriers[15,19].

Technology-based health promotion and disease prevention
strategies are al'so recommended as being age-appropriate for
adolescents [20]. Adolescentstoday are exposed to technology
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at ayounger age and aredigital front-runners[21]. Furthermore,
nearly two-thirds of adolescents and young adultsin the United
States have reported using an app to support changesin diet or
physical activity behaviors, suggesting a desire for
technology-based behavioral strategies among this population
[22]. Among adults, technology-based lifestyle interventions
have led to significant improvements in weight-loss and the
management of chronic diseases including type 2 diabetes and
cardiovascular diseases [23-26]. However, the evidence base
for the feasibility and efficacy of technology-based lifestyle
interventions among adolescentsis limited [10,27,28], and few
studies have been tested among minority youths [19].

The purpose of this scoping review was to systematically
examine the current state of the science on technol ogy-based
obesity prevention interventions among Hispanic adolescents.
This review will provide descriptive information regarding the
intervention and sample characteristics with a focus on
feasibility criteria including formative work, measures of
acceptability, and adaptations made for SDoH and cultural
considerations. The focus on feasibility criteria will provide
meaningful information on the appropriateness of
technology-based intervention components and targets among
Hispanic youths with obesity. Following an extensive review
of theliterature, we will summarizefindings, identify knowledge
gaps, and highlight next steps for future research among this
popul ation.

Methods

This scoping review was conducted using the 5-stage
methodological framework for scoping studies developed by
Arksey and O’ Malley [29]. In accordance with this framework,
the steps used to complete the scoping review included (1)
identifying the research question, (2) identifying relevant studies,
(3) selecting studies, (4) charting the data, and (5) synthesizing
and summarizing the results. The detailed methodology used
to complete these steps are outlined below.

I dentifying the Research Questions

The following research questions guided this review: (1) What
approaches were used to develop technology-based obesity
prevention interventions among Hispanic adolescents? (2) What
are the intervention and sample characteristics of
technol ogy-based prevention interventionsimplemented among
Hispanic adolescents? and (3) Were outcomes regarding the
feasibility of technol ogy-based obesity prevention interventions
among Hispanic youths reported in a feasibility or pilot study
or earlier in the development of a fully powered trial? Given
that few technology-based interventions have been devel oped
for Hispanic youths, studiesthat have applied technol ogy-based
strategies among this population are primarily still in the
pre-efficacy phase, and the feasibility of intervention
components has yet to be confirmed [30]. To address this gap
in the literature, we reviewed the current studies or previously
published studies by the research team to evaluate outcomes
related to the acceptability of the intervention, formative work
conducted in the devel opment phase, technical issuesor barriers
experienced, and any other factors that impacted the
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development or implementation of the intervention among this
population [31].

Identifying Relevant Studies

Studiesidentified asrelevant to this scoping review were defined
as empirical, peer-reviewed articles that described a
technology-based obesity prevention intervention among
Hispanic adolescents with obesity. A literature search of
PubMed was conducted using a combination of the following
Medical Subject Headingsterms: obesity, adolescent, Hispanic,
and intervention. The search strategy and combination of terms
that were used are provided in Multimedia Appendix 1. This
same search strategy was then applied to the Embase database.
We reviewed the references for eligible articles; however, no
other sources or search strategies were used to identify articles.
Selecting Studies

Studies were selected using the following eligibility criteria:
(1) included adolescents aged 13-18 years; (2) focused on
obesity prevention or included a lifestyle intervention focused
on reducing obesity outcomes (eg, weight, body mass index,
and body fat) and cardiometabolic disease risk factors (eg,
insulin, glucose, and cortisol); (3) written in English, (4) used
atechnol ogy-based component; (5) conducted within the United
States, given that Hispanic adolescents in this country have a
unique sociocultural and environmental context; and (6) included
a sample of at least 50% of participants who self-identify as
Hispanic/Latino. This criterion has been used in previous
reviews to ensure that studies are focused on Hispanic
adolescents and that study findings are applicable to this
population [32-34]. We did not have any criteria or limitations
on publication date. Relevant studieswereidentified during the
search and were screened first by the study title and then by the
abstract using Endnote (Clarivate) referencing software. For
thearticlesthat met eligibility criteriabased ontitle and abstract,
the full article was assessed by 2 independent reviewers to
confirm eligibility. Disagreements about study eligibility were
discussed between the 2 reviewers and brought to athird party,
when necessary, until a consensus was reached. There were no
requirementsfor sample size, adolescent weight status, or study
location. Articles were excluded if they (1) did not involve a
technology-based component; (2) were protocol studies or
nonintervention studies (eg, cross-sectional studies, qualitative
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studies, and review articles); or (3) were duplicates or had
overlap with another study.

Charting the Data

Oncerelevant articleswere selected, information from all studies
was extracted using a narrative review approach [35]. We
developed an extraction framework that included 32 categories
focused on information from the PRISMA-ScR (Preferred
Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews) checklist and our research
questions. In all, 2 reviewers independently extracted
information from each article across each data extraction
category and met to compare the extracted information.
Discrepancies were discussed between the 2 reviewers and a
third party, when necessary, until aconsensuswas reached. The
presence of available information across extraction categories
is presented in Multimedia Appendix 2 [36-42].

Synthesizing and Summarizing the Results

Descriptive statistics (ie, frequencies) were calculated for
intervention and sample characteristics as well as
feasibility-related components. A content analysis approach
was used to summarize patterns found in the information
extracted across data extraction categories [29]. Data synthesis
and summation was focused on answering the research
guestions.

Results

Database Search and Screening

The search yielded a total of 20,160 results, with 10,512
remaining after duplicates were removed. The Consolidated
Standards of Reporting Trials (CONSORT) diagram in Figure
1 summarizesthereview process. A total of 10,382 paperswere
eliminated by the blind screening of titles and abstracts. After
reading the full article, 123 papers were eliminated for the
following reasons: being a conference abstract, not being an
adolescent obesity prevention intervention, adolescents were
out of the age range, conducted outside of the United States,
included fewer than 50% Hispanic/Latino participants, no use
of technology in prevention intervention, and not being a
peer-reviewed paper. The search yielded a total of 7 papers
published between 2010-2021 that wereincluded in this scoping
review.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram.
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e Conference abstract
s Not a child obesity
prevention intervention

Studies included in review and
synthesis
(n=7)

e Children out of age range
* Fewer than 50%
Hispanic/Latino participants

Intervention Characteristics

Table 1 provides a summary of intervention characteristics. Of
the 7 included papers, half (n=4, 57%) of all studies were
randomized control trials, with the other half (n=3, 43%)
representing quasi-experimental study designsincluding pre-post
feasibility and pilot studies. There were about equal numbers
of interventionsthat were implemented in the school (n=3, 43%)
and clinic (n=4, 57%) settings. Additionally, 2 interventions
implemented in the school setting and 2 interventions
implemented in the clinic setting also had a home-based
component. Most (n=5, 71%) interventions were fewer than or
equal to 12 weeks in duration, with a few (n=2, 29%) lasting
from 11-52 weeks, and no study lasting longer than 1 year.
Regarding obesity-related health behaviors, al (n=7, 100%)
interventions targeted physical activity and most (n=4, 57%)
focused on dietary habits. Most (n=5, 71%) studies did not
report the use of atheoretical framework. For the studies that
did, they reported the use of multiple theories including the

https://pediatrics,jmir.org/2022/4/€39261
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* No use of technology in
prevention intervention

e Not peer-reviewed

* Conducted outside of the
United States

following: Transtheoretical Model of Change, Mindset Theory,
Achievement Motivation Theory, and Behavioral Determinants
Model. Web-based sessions were the most (n=4, 57%)
commonly used technol ogy-based approach sessions, typically
lasted 30-45 minutes. All (n=7, 100%) the studies reviewed
described the use of at least one behavior change techniques,
with many studies using more than one. Enhancing social
support (n=5, 71%) and self-efficacy (n=6, 86%) were the most
commonly used techniques, followed by the use of didactic
health education sessions (n=5, 71%). Regarding primary
outcomes, al (n=7, 100%) studies assessed physical activity
with over half of the studies also assessing diet (n=4, 57%),
anthropometrics or cardiometabolic outcomes (n=6, 86%), and
apsychosocia outcome (n=5, 71%). Wefound 4 (57%) studies
that reported significant improvements in health behaviors, 3
(43%) studies that reported improvements in obesity or
cardiometabolic disease outcomes, and 3 (43%) studies that
reported improvements to psychosocial outcomes.
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Table 1. Intervention characteristics.

Characteristic Study (N=7), n (%)
Study design®
Randomized controlled trial 4 (57)
Quasi-experimental 3(A)

Intervention setting?

School 3(43)
Clinic 4(57)
Home 4 (57)

Length of intervention
<12 weeks 5(71)
13 weeksto 1 year 2(29)

Health behavior s targeted®

Dietary habits 4(57)
Physical activity 7 (100)
Weight loss or regulation 2(29)
Sedentary behaviors 1(14)

Theoretical framework?

Transtheoretical Model of Behavior Change 1(14)
Mindset Theory 1(14)
Achievement Motivation Theory 1(14)
Behaviora Determinants Model 1(14)
Not specified 5(71)

Technology components used®

Web-based sessions 4 (57)
Fitness tracker or pedometer 2(29)
Telephone-based 2(29)
SM S text messaging 1(14)
Heart rate monitor 1(14)
Video gaming system 1(14)

Behavior change techniques®

Social support 5(71)
Promoting self-efficacy 6 (86)
Behaviora counseling 1(14)
Stop light approach 1(14)
Self-monitoring 1(14)
Health education 5(71)

Primary outcomes®

Anthropometrics 6 (86)
Diet 4(57)
Physical activity 7 (100)
Sedentary behaviors 1(14)
Screen time 1(14)
https://pediatrics,jmir.org/2022/4/€39261 JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 |€39261 | p.89
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Characteristic Study (N=7), n (%)
Biomarkers 2(29)
Fitness 2(29)
Psychosocia outcomes 5(71)

3 ndicates that categories are not mutually exclusive, and total may exceed 100%.

Sample Characteristics

Participant characteristics are presented in Table 2. Almost all
interventions included an overlapping population of youthsin
early and middle adolescence aged 10-13 years (n=5, 71%) and
14-17 years (n=6, 86%), respectively, with just 1 (14%) study
including older adolescents aged 18-21 years. Sample sizes
varied, with most (n=6, 86%) studies having 200 participants

Table 2. Sample characteristics.

or fewer, and just 1 (14%) study having over 300 participants.
Most (n=5, 71%) studies did not present data on family
socioeconomic status. Among studiesthat did (n=2, 29%), they
focused on youths from lower socioeconomic backgrounds.
Most (n=6, 86%) interventions were designed to engage
adolescents only; however, 1 (14%) study focused on both the
parent and adol escent.

Characteristic

Study (N=7), n (%)

Age?

Early adolescence (10-13 years)
Middle adolescence (14-17 years)
L ate adolescence (18-21 years)
Samplesize
0-100
101-200
>300
Family socioeconomic status
L ow socioeconomic status
Not specified
Program participant
Youths and family

Youths only

5(71)
6 (86)
1(14)

4(57)
2(29)
1(14)

2(29)
5(71)

1(14)
6 (86)

8 ndicates that categories are not mutually exclusive, and total may exceed 100%.

Feasibility-Related Criteria

Feasibility-related characteristics are presented in Table 3. Only
3 (43%) studies conducted formative work. Formative work
included pilot-testing intervention strategies [36], usability
testing [37], and qualitative focus groups to guide intervention
development [38]. The formative work conducted yielded
information on the technical issues, level of participant
engagement, and age-appropriateness of technology-based
components[36-38]. Additionally, 1 (14%) study was delivered
simultaneously in Spanish and English [36]. No other study
specified the language used (n=6, 86%). There was also no
study that reported the use of culturally tailored content in their
intervention. Regarding SDoH, only afew (n=3, 43%) studies
addressed or considered SDoH that were barriers in their
devel opment or implementation phase of theintervention. These
strategies included identifying perceived self-reported barriers
to physical activity [39], delivering the intervention on the web

https://pediatrics,jmir.org/2022/4/€39261

to overcome barriers such as transportation [40], and
collaborating with community clinics and conducting provider
trainings to focus on high-risk patients [36]. Only afew (n=3,
43%) studiesincluded ameasure of acceptability [38-40]. These
studies used qualitative interviews, focus groups, and a
postintervention satisfaction survey to measure acceptability.
Flynn et a [39] reported 90% enjoyment among participants;
Weigensberg et al [38] rated enjoyment on ascalefrom 1to 10,
and all participants reported scores of 9-10; whereas Jones et
al [40] reported high satisfaction; however, only survey findings
were presented. Only 2 (29%) studies reported on technical
issues, which included device malfunctioning [41] and technical
issues with computersin the school setting [40]. Finaly, afew
(n=3, 42%) studies reported retention rates above 80%, with a
few (n=2, 29%) studies reporting retention rates below 80%,
including Bowen-Jallow et al [41] (54.2%) and Patrick et al
[36] (63%).
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Characteristic

Study (N=7), n (%)

Formative work

Yes

Not specified
Language

Bilingual

Not specified
Culturally tailored content

Not specified
Acknowledged social determinants of health

Yes

Not specified
Acceptability measure

Yes

Not specified
Technology issuesreported

Yes

Not specified
Retention rates

0%-80%

81%-90%

Not specified

3(43)
4(57)

1(14)
6 (36)

7 (100)

3(43)
4(57)

3(43)
4(57)

2 (29)
5(71)

2(29)
3(43)
2(29)

Discussion

Principal Findings

Technology-based  interventions are a  promising,
age-appropriate, and accessi ble approach for engaging high-risk
youths in disease prevention efforts; however, few such
interventions have been developed and tested specifically for
Hispanic youths. This scoping review used rigorous methods
to review technology-based obesity prevention interventions
among Hispanic adolescents. Thisreview examined intervention
and sampl e characterigtics. Strengthsin intervention and sample
characteristics include the use of a rigorous randomized
controlled trial study designsamong half of all studies, although
only 2 reported that they were fully powered. Most studies
assessed  physical  activity, diet,  anthropometrics,
cardiometabolic biomarkers, and a psychosocia outcome.
Although the focus of a scoping review is not on study
outcomes, it isworth noting that studiesthat reported significant
improvements to anthropometric or cardiometabolic outcomes
used a hybrid approach of in-person and remote technology
strategies and reported high acceptability and retention (=80%)
[38,40,42]. Although it is not clear what the most effective
behavior change techniques are for Hispanic youths given the
broad range of techniques used, al studies reported the use of
1 or more behavior change technique, which is a noteworthy
strength [43,44].

https://pediatrics,jmir.org/2022/4/€39261

Thisreview also focused on the reporting of feasibility-related
outcomesin each study. Only afew studiesreported on technical
issues, and it is not clear if thisis because few technical issues
were experienced or if the investigators did not publish this
information. Of the studies that did publish on acceptability,
they reported very high levels of satisfaction and enjoyment.
Attrition, another indicator of engagement and feasibility, was
mixed, with some studies reporting high levels of attrition.
Taken together, reporting on feasibility criteria across studies
in this review are limited, and although the technol ogy-based
strategies used in these interventions are promising, thereis a
greater need for thetesting and publishing of feasibility-related
criteria. To increase the feasihility, reach, and begin to move
toward efficacy, there are substantial gaps that future
technology-based prevention strategies should address.

Identified Gapsand I mplicationsfor Future Research

Lack of Theoretical Framework

Only 2 studies in this review reported the use of behavioral
theories and models [36,37]. These 2 studies reported the use
and integration of multiple theories, however, neither study
assessed theoretical constructs nor examined them as mediators
of intervention effects[36,37]. Given thisgap in reporting, there
is limited information on the theoretical constructs that drive
behavior change in technol ogy-based interventions among this
population [1,4546]. It has been suggested that
technology-based interventions require new, adaptable
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theoretical approaches that build upon existing behaviora
theoriesto integrate the design, implementation, and engineering
needs of technol ogy-based strategies[47,48]. Among racial and
ethnic subgroups, theoretical approaches should also address
the social and cultural needs of the population of focus [45]. To
advance the state of the science in technology-based
interventions among Hispanic youths, there is a need for more
theoretically grounded interventions. Future studies should
provide more detail on the theoretical approaches used and any
adaptations that are made. This information is critical for
identifying and understanding the underlying theoretical
mechani sms by which these interventions drive behavior change
and reduce obesity among Hispanic youths [49,50].

Lack of Reporting on Feasibility Criteria

To assess the acceptability and appropriateness of
technology-based strategies among Hispanic adolescents, we
examined the reporting of feasibility-related criteriaincluding
formative work, measures of acceptability, and adaptations for
SDoH or cultural considerations. Just half of studies conducted
formative work [36-38], which is consistent with previous
reports that youths are often not included in the development
of technology-based interventions [20]. User-centered or
co-design approaches that engage the end user in the design and
devel opment process can significantly increase the acceptability,
engagement, and effectiveness of technology-based strategies
[28]. Only 3 studiesincluded measures of acceptability, limiting
our understanding of the age and cultural appropriateness of the
strategies used. Similarly, just 3 studies acknowledged SDoH.
Hispanic youths are disproportionately burdened by inequitable
experiences across obesity-related SDoH [51]. This finding
underscoresthe need to address negative SDoH such asthelack
of transportation as well as seek opportunities to leverage
positive SDoH such asfamily social support and connectedness
in the design and implementation of prevention efforts [52].
Regarding cultural considerations, just 1 study reported that
they offered material s to participantsin Spanish and Englishin
consideration of language barriers [36]. Although peripheral
strategies such as language translations are needed [9], there is
also a need for more “deep structure” strategies that integrate
broader social and cultural factors such as values, norms, and
traditions [53]. Interventions that are culturally tailored to the
focus population are the most effective and engaging
interventionsfor addressing obesity disparities among minority
youths [9,32,54]. Studies in this review also had limited
reporting on other feasibility-related criteriaincluding technical
issues experienced by implementers or participants as well as
the socioeconomic makeup of participants. These findings
suggest that current technology-based interventions are not
adapted to the cultural and social context of Hispanic
adolescents. Furthermore, these findings highlight the substantial
need for increased reporting on feasibility-related outcomesto
discern if technology-based strategies are engaging and
appropriate for high-risk youths and the barriers they may face
[1,20].

Limitationsin Health Behaviors Targeted

Lastly, similar to previously published reviews of abesity
prevention interventions[32,46], we found that studies focused
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narrowly on diet and physical activity, with only 1 study that
targeted sedentary behaviors[40] and no study focused on sleep
behaviors. Time spent in sedentary pursuits, including screen
time, isassociated with higher BMI and poor lifestyle behaviors
including increased caloric consumption and reduced activity
[55]. Hispanic adol escents, particularly those from low-income
households, engage in more screen time compared to
non-Hispanic White youths [56], highlighting the importance
for technology-based interventions among this population to
address sedentary behaviors[1]. It has al so been suggested that
investigators specifically address screen time given that
technology-based strategies may be seen as promoting screen
time or as contrary to screen time recommendations [1].
Hispanic adolescents also report lower amounts of sleep
compared to non-Hispanic White adolescents, and insufficient
dleep is associated with greater risk for obesity [56]. Many
technology devices such as personal activity trackers and some
smartphone apps are already designed to promote and collect
data on wake-time activity and nighttime sleep behaviors [57].
The 24-hour activity and sleep paradigm holds that to increase
the effectiveness of current obesity prevention efforts, future
interventions should leverage these devices to address the full
continuum of wake-time activity and sleep behaviors [58].

Strengths and Limitations

Thisstudy focused on ahigh-risk population that istraditionally
underrepresented in research. Thisreview will contributeto the
limited body of research describing technology-based obesity
prevention interventions among Hispanic youths with obesity.
Additional strengthsincluded arigorous, comprehensive search
strategy across numerous databases and a systematic, in-depth
data extraction processthat was performed in duplicateto ensure
reliability. Some studies may have had information missing
across data extraction categories (ie, examined theoretical
mediators) given that they were feasibility and pilot studies.
We did not assess intervention effectiveness or quality, which
may be seen as a limitation; however, a more rigorous
assessment of outcomesismorein linewith asystematic review
and not a scoping review. Lastly, the results of this study may
be influenced by the search terms that were used, the use of
US-based search engines, the number of databases searched,
the focus on English-language articles, and the selection of
databases used in the search. As aresult, this review may be
subject to publication bias.

Conclusions

The literature on technology-based obesity prevention efforts
among Hispanic adolescents is limited, making it difficult to
determinethefeasibility of thispromising approach amongthis
population. In addition to greater testing and reporting on
feasibility-related outcomes, this review highlights 3 key gaps
that should be addressed in future studies. There is a need for
technology-based obesity prevention interventions that are
theoretically grounded and that evaluate theoretical constructs
to identify the underlying mechanism by which these strategies
impact obesity-related outcomes and health behaviors among
high-risk youths. There is a need for interventions that are
tailored to the context of Hispanic youths and a need for
increased evaluation and reporting of feasibility-related
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outcomes of these interventions to determine the acceptability
and appropriateness of technol ogy-based strategiesfor Hispanic
youths. Furthermore, given known disparities in screen time
and sleep among Hispanic youths, intervention strategies among
this population should leverage technol ogy to address a broader

Soltero et al

deep, to increase program effectiveness. Addressing these gaps
in future work will guide the development and implementation
of technol ogy-based abesity prevention effortsthat aim to reduce
obesity disparities and promote health equity among Hispanic
adolescents.

range of health behaviors, including sedentary behaviors and
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Abstract

Background: The shift in the last decades to screen-based and increasingly web-based gaming activity has raised concerns
about itsimpact on the development of children and adol escents. Despite decades of research into gaming and related psychosocial
effects, the question remains how best to identify what degree or context of gaming may be a cause for concern.

Objective: This study aimed to classify adolescents into gamer profiles based on both gaming behaviors and well-being. Once
we distinguished the different gamer profiles, we aimed to explore whether membership to a specific profile could be predicted
based on arange of personal characteristics and experiences that could then help identify those at risk.

Methods: We explored gaming and well-being in an adolescent school population (aged 12-18 years) in England as part of the
2021 OxWell student survey. Self-report measures of time spent playing games on computers or consoles, time spent playing
games on mobile phones, the Game Addiction Scale, and the Warwick-Edinburgh Mental Well-being Scale were used to classify
adolescent heavy gamers (playing games for at least 3.5 hours aday) using latent profile analysis. We used multinomial logistic
regression analysis to predict the profile membership based on arange of personal characteristics and experiences.

Results: Intotal, 12,725 participants answered the OxWell gaming questions. Almost one-third (3970/12,725, 31.2%) indicated
that they play gamesfor at least 3.5 hours a day. The correlation between time spent playing video games overall and well-being
was not significant (P=.41). The latent profile analysis distinguished 6 profiles of adolescent heavy gamers. adaptive computer
gamers (1747/3970, 44%); casual computer gamers (873/3970, 22%); casual phone gamers (595/3970, 15%); unknown device
gamers (476/3970, 12%); maladaptive computer gamers (238/3970, 6%); and maladaptive phone gamers (79/3970, 2%). In
comparison with adaptive computer gamers, maladaptive phone gamers were mostly female (odds ratio [OR] 0.08, 95% ClI
0.03-0.21) and were more likely to have experienced abuse or neglect (OR 3.18, 95% CI 1.34-7.55). Maladaptive computer
gamers, who reported gaming both on their mobile phones and on the computer, were mostly male and more likely to report
anxiety (OR 2.25, 95% Cl 1.23-4.12), aggressive behavior (OR 2.83, 95% CI 1.65-4.88), and web-based gambling (OR 2.18,
95% Cl 1.24-3.81).

Conclusions: A substantial number of adolescents are spending =3.5 hours gaming each day, with ailmost 1 in 10 (317/3970,
8%) reporting co-occurring gaming and well-being issues. Long hours gaming using mobile phones, particularly common in
female gamers, may signal poorer functioning and indicate a need for additional support. Although increased time gaming might
be changing how adolescents spend their free time and might thus have public health implications, it does not seem to relate to
co-occurring well-being issues or mental ill-health for the mgjority of adolescent gamers.

(JMIR Pediatr Parent 2022;5(4):e41480) doi:10.2196/41480
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Introduction

Background

Significant behavioral changestake place with every generation;
these are often accompanied by concern in peopleworking with
these populations. The shift in the last decades to screen-based
and increasingly web-based gaming activity hasraised concerns
in published commentaries and the popular press about how
this might affect the developing child and adolescent [1].
Neverthel ess, games have always been ahallmark of childhood
and adolescence, and video gaming can be both a positive and
a negative experience [2,3]. However, despite decades of
research into gaming and related psychosocial effects, the
guestion remains how best to identify what degree or context
of gaming may be a cause for concern. In an environment of
increasing mental health difficulties [4] as well as digital
technology use [5-8], we decided to explore gaming and
well-being profiles in an adolescent school population (aged
12-18 years) in England as part of the 2021 OxWell student
survey, which was conducted during the COVID-19 pandemic.

Determining when gaming may be a sign of impaired
functioning is complex because intensive video game use in
itself does not necessarily equate to problematic gaming.
Although traditionally studies on video game or digital media
use have found negative associations with well-being [9-12], a
growing body of recent evidence from large-scale studies shows
that direct links between time spent engaging with digital
technology and adolescent well-being or mental ill-health are
either nonexistent or weak [13-17]. Many researchers argue
instead that there may be aminority of gamersfor whom gaming
can become problematic and interfere with psychological and
socia functioning [8,18,19]. Despite the ongoing debate about
the nature and existence of problematic gaming [20-23], a new
diagnosis for gaming disorder is now included in the
International Classification of Diseases, Eleventh Revision [24].
Gaming addi ction measures may be ableto capture problematic
gaming viaimpaired self-regulation and a loss of control over
gaming, said to affect approximately 2% to 9% of adolescent
gamers [25]. Such problematic gaming has been repeatedly
shown to correlate with multiple negative psychosocial
correlates, including aggressive behaviors, depression,
loneliness, poor sleep quality, and lower social competence
[18,26]. Nevertheless, the links between the scores on the Game
Addiction Scale (GAS) and time spent playing video games as
well as negative correlates are also not linear and likely context
dependent [27-29].

Focusing on average patterns of association, as is done in
correlational studies, can mask the heterogeneity of the gamer
population. Person-centered approaches such as latent class
analysis offer an opportunity to explore such heterogeneity by
identifying unobserved (latent) subgroupsthat areinferred from
a set of observed variables [30]. Most of the previous studies
attempting to classify adolescent gamers have approached
gaming asadisorder and only devised subgroups based on their

https://pediatrics.,jmir.org/2022/4/e41480

gaming addiction score per individual item [31,32]. One study
[33] categorized adolescent gamers based on their weekly
web-based gaming time in addition to compulsive internet
use—scal e scores and distinguished, among others, addicted and
not-addicted heavy gamer classes. However, they did not find
clear relationships between these classes and mental ill-health.
One possible explanation for their findings is that mental
ill-health does not necessarily capture all aspects of successful
functioning and is not the same as poor well-being [34].
However, this also suggests that well-being should be directly
accounted for when classifying adolescent gamers to better
understand how gaming habits may differ anong those with
impaired functioning or those with an inability to control their
gaming habits.

Many of the studies of gaming behaviors among adolescents
focus on PC games or massive multiplayer online role-playing
games and have not included mobile phone game use. They
have found that both gaming and higher gaming addiction scores
are more prevalent in male adolescents [35]. Nevertheless,
gaming is increasing in popularity among girls aged 5 to 15
years [3], and smartphone use is more prevalent in girls and
women [36]. Paik et a [37] have described patterns of gaming
behaviors across different gaming devices in a Korean adult
sample. Although male gamersreported predominantly playing
computer games, and female gamers reported predominantly
playing mobile phone games, those who played games evenly
on both acomputer and amobile phone were evenly distributed
across the genders. This group aso had the highest prevalence
of depression, anxiety, and internet gaming disorder. Given that
smartphone gaming has seen arise in recent years, with 58%
of those aged between 16 and 24 yearsreporting playing games
on their mobile phones in 2020-2021 compared with 47% in
2019 and 31% in 2012 [38], smartphone gaming is also likely
to play arolein adolescent gaming patterns.

Objectives

To best distingui sh between those who engage in adaptive versus
maladaptive gaming patterns, this study aimed to classify
adolescent gamer profiles based not only on their gaming
behaviors but also on their well-being. Specifically, we used a
data-driven person-centered approach to explore whether latent
gamer profiles can be determined based on how much time
adol escents spend gaming on computers or consoles and mobile
phones, their GAS scores, and their well-being. Once we
distinguished the different gamer profiles, we aimed to explore
whether their profile membership could then be predicted based
on arange of personal characteristics and experiencesthat could
help identify those at risk. These included sociodemographic
information, specific gaming behaviors, school-related
experiences and activities, family risk factors, and mental
ill-health.
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Methods

Study Design and Procedure

The OxWell student survey is arepeated cross-sectional survey
of students, sampled from schools across 4 regions in England
as described in the study protocol [39]. The OxWell survey
collects data on a range of questions on mental ill-health and
well-being, life experiences, and behaviors. It has 3
age-appropriate versions (divided into English school years 5
to7,8t011, and 12 to 13 and covering ages 9 to 18 years). The
dataanalyzed herewere collected from studentsin school years
8 to 13 in June and July 2021, a period during which schools
were open, and most students had returned to in-person learning,
but there were some classrooms affected by clusters of
COVID-19 infection, causing whole classes to isolate.
Participation in the OxWell survey was voluntary, and
participants did not receive any monetary incentivesto take part
in the study.

Ethics Approval

The study was approved by the research ethics committee of
the University of Oxford (R62366).

Participants

Intotal, 20,780 eligible students, based on predefined inclusion
criteria[40], aged 12 to 18 years completed the OxWell survey
in 2021. Of these 20,780 students, 8055 (38.76%) were excluded
because of missing responses on gaming questions. To ensure
survey completion during the designated school period (up to
45 minutes), the data on time spent gaming on a computer or
console and a mobile phone, as well as from the GAS, were
only collected from a subsample of participants. As previous
research suggests that >4 hours of daily device-based
engagement [41] or video gaming [42] ismorelikely toindicate
impaired psychosocia functioning, only those participantswho
answered that they play games for at least 3.5 hours overall
were asked these more targeted questions (“About how many
hours a day do you usually play games on an electronic device
[eg, computer, game console or phone]?’). Of the remaining
12,725 students, 8755 (68.8%) were excluded from further
analysis because they were not playing for at least 3.5 hours
and so were categorized as nongamers, resulting in a fina
sample of 3970 (31.2%) gamers (Table S1 in Multimedia
Appendix 1).

M easures
Classification Variables

Time Spent Gaming

Those participants who reported playing games on electronic
devicesfor at least 3.5 hours a day were asked to provide more
precise information on how many hoursaday they usually spend
playing games on a computer or games console (computer
gaming) and their maobile phone (phone gaming). Participants
were asked to respond using aslider scale ranging from O hours
to 4 hours or more. The responses were recoded into 2 discrete
5-point scales (0 to 4) for computer gaming and phone gaming.

https://pediatrics.,jmir.org/2022/4/e41480
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Gaming Addiction

Participants who reported playing games on electronic devices
for at least 3.5 hours aday were also asked to self-report on the
short version of the GAS[25]. The short scale asks participants
about their experiences with games over the last 6 months and
aligns with the main criteria of internet gaming disorder in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition [43], and gaming disorder in the International
Classification of Diseases, Eleventh Revision [44]. The items
assess 7 addiction criteriaz salience, tolerance, mood
modification, relapse, withdrawal, conflict, and problems. All
itemsare scored on a5-point Likert scaleranging from 1 (never)
to 5 (very often). These scores are averaged to represent a total
GAS score. Generaly, the GAS has been shown to have strong
convergent and criterion validity and fair-to-excellent reliability
[45].

Well-being

Adolescent self-reports on the Warwick-Edinburgh Mental
Well-being Scale (WEMWBS) [46] were used to measure
mental well-being. The WEMWBS comprises 14 positively
phrased items that capture both feeling good and functioning
well. Agreement with each item is indicated on a Likert scale
ranging from 1 (none of thetime) to 5 (all thetime). Item scores
are summed to produce atotal scoreranging from 14to 70, with
higher scores representing higher levels of mental well-being.
The WEMWABS has been shown to be apsychometrically strong
population measure of mental well-being and suitable for use
with adolescent samples [47].

Predictor Variables

Participants reported on a number of persona characteristics
and experiences that were examined as potential predictors of
gamer profilesin this study. These included sociodemographic
information such as age and gender as well as specific gaming
behaviors such as playing video games before sleep (late
gaming), experience of web-based gambling, or spending money
on in-game purchases. Participants were also asked about
school-related experiences and activities, including whether
they felt asense of belonging to the school community and how
easy they found it to make and keep friends; experiences of
school detention, aggressive behaviors, and bullying; and
exercise frequency, as well as potential family risk factors,
including whether they felt safe in the place they live, food
poverty as a proxy for deprivation, and experiences of child
abuse. Finaly, afew different aspects of mental ill-health were
examined, including anxiety and depression measured using
the 25-item Revised Children’s Anxiety and Depression Scale
[48], insomnia measured using the 2-item version of the Sleep
Condition Indicator [49], loneliness based on the 3-item version
of the UCLA Loneliness Scale [50,51], and lifetime self-harm
[52,53]. Full details of the measures used as predictor variables
in the study are provided in Table S2 in Multimedia Appendix
1 [48-51] and the preregistration for this analysis[40].

Data Analysis

A latent profile analysis (LPA) using general mixture modeling
was conducted in Mplus (Muthén & Muthén) [54] to determine
latent profiles based on participants scores on 4 measures:
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computer gaming, phone gaming, GAS, and WEMWBS. LPA
allows obtaining the probability that individuals belong to
different groups, thus exposing hidden groups in the data [55].
Two 3-latent—profile models were initially fitted to determine
whether profile covariance should be set to zero or constrained
to be equal among profiles. A Satorra-Bentler scaled chi-square
[56] test confirmed that the introduction of equality constraints
significantly improved model fit (x°se=701.2; P<.001).
Therefore, models with 1 to 6 latent profiles that allowed the
means but not variance or covariance to vary among profiles
was fitted. All models used maximum likelihood estimation
with robust SEs. To avoid the model identification at local
maxima, each model used a set of 1000 random starting val ues,
with 250 that yielded the highest log-likelihood to be used in
the final optimizations, and 500 iterations.

Iterative evaluations of models comparing model fit indices
were used to select the best-fitting model. Therelativefit indices
Bayesian information criterion and VVuong-L o-Mendell-Rubin
adjusted likelihood ratio [57,58] test were used to determine
whether additional profiles in the LPA model improved the
model fit.

In the second part of the analysis a multinomia logistic
regression using mlogit package in R (version 4.1.3; The R
Foundation for Statistical Computing) [59] was carried out to
predict class membership using the categorical predictor
variables. The individuals were assigned to their most likely
profile using the posterior probability weights from the LPA to
account for the assignment uncertainty. Next, their class
membership was regressed onto the covariates (gender, age,
late gaming, tried web-based gambling, in-game purchases,
school community, friendships, detention, aggression, bullying,

Table 1. Spearman correlation matrix for classification variables.

Skripkauskaite et al

exercise, sense of safety, food poverty, abuse, anxiety,
depression, insomnia, loneliness, and self-harm). Odds ratios
(ORs) were used to determine the likelihood of association
between the predictor variables and the profiles [60], and 95%
Clsfor the ORs were extracted to determine the significance of
the association (ie, the 95% Cls should not cross the value of 1
to bereliable).

Results

Sample Characteristics and Spearman Correlation

Intotal, 12,725 participants answered the OxWell survey gaming
questions, of whom 3970 (31.2%) gamers indicated that they
play games on an electronic device for at least 3.5 hours a day,
whereas 2779 (21.84%) reported not playing any games at all.
The Spearman correlation between time spent playing video
games overall and well-being was not significant when
examined in the full sample (r;,,14<-0.01; P=.98). However,
in the sample of gamers (Table 1), well-being was positively
correlated with the amount of time spent playing video games
on a computer or console but negatively correlated with the
amount of time spent playing video games on a mobile phone
and GAS scores. Of the 3970 gamers, 1798 (45.29%) had
missing information on >1 predictor variable. To use the
maximum available data, the full sample of gamers (h=3970)
was included in the LPA classification, and the data from the
adolescent gamers without missing predictor information
(2172/3970, 54.71%) were used for the multinomial logistic
regression (acomparison of excluded and included participants
is presented in Tables S3 and $4 in Multimedia Appendix 1).
Participant characteristics per anaytical sample are described
in Table 2.

Variable Computer gaming Phone gaming GAS? WEMWBSP?
Computer gaming

r 1 -0.03 0.37 0.12

P value _c .04 <.001 <.001
Phone gaming

r -0.03 1 0.17 -0.09

P value .04 — <.001 <.001
GAS

r 0.37 0.17 1 -0.29

P vaue <.001 <.001 — <.001
WEMWBS

r 0.12 -0.09 -0.29 1

P value <.001 <.001 <.001 —

8GAS: Game Addiction Scale.
bBWEMWBS: Warwick-Edinburgh Mental Well-being Scale.
®Not applicable.

https://pediatrics.,jmir.org/2022/4/e41480

IMIR Pediatr Parent 2022 | vol. 5| iss. 4 |e41480 | p.100
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Skripkauskaite et &

Table 2. Sample characteristics per categorical predictor variable for the classification sample (N=3970) and the prediction subsample (n=2172).

Characteristic Classification sample, n (%) Prediction subsample, n (%)
Age (years)
17t018 206 (5.2) 134 (6.2)
12t0 16 3764 (94.8) 2038 (93.8)
Gender
Boy 2246 (56.6) 1416 (65.2)
Girl 1437 (36.2) 756 (34.8)
Other or prefer not to answer 287 (7.2) 0(0)
L ate gaming
At least sometimes 3498 (88.1) 1961 (90.3)
Rarely 390 (9.8) 211(9.7)
Missing 82(2) 0(0)
Tried web-based gambling
Yes 425 (10.7) 234 (10.8)
No 3239 (81.6) 1938 (89.2)
Missing 306 (7.7) 0(0)
In-game purchases
Yes 3123 (78.7) 1794 (82.6)
No 718 (18.1) 378(17.4)
Missing 129 (3.2) 0(0)
School community
Yes 674 (17) 456 (21)
No 3040 (76.6) 1716 (79)
Missing 256 (6.4) 0(0)
Friendships
Difficult 1782 (44.9) 953 (43.9)
Easy 1964 (49.5) 1219 (56.1)
Missing 224 (5.6) 0(0)
Detention
Several times 767 (19.3) 382 (17.6)
Once or twice 3112 (78.4) 1790 (82.4)
Missing 91(2) 0(0)
Aggression
Yes 517 (13) 235 (10.8)
No 3316 (83.5) 1937 (89.2)
Missing 137 (3.5) 0(0)
Bullying
Bullied 303 (7.6) 135 (6.2)
Not bullied 3619 (91.2) 2037 (93.8)
Missing 48(1.2) 0(0)
Exercise (hours per day)
>1 3270 (82.4) 1919 (88.4)
<1 501 (12.6) 253 (11.6)
https://pediatricsjmir.org/2022/4/e41480 JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 [e41480 | p.101
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Characteristic Classification sample, n (%) Prediction subsample, n (%)
Missing 199 (5) 0(0)
Sense of safety
Unsafe 471 (11.9) 202 (9.3)
Safe 3422 (86.2) 1970 (90.7)
Missing 77(2) 0(0)
Food poverty
Yes 683 (17.2) 323(14.9)
No 3234 (81.5) 1849 (85.1)
Missing 53 (1) 0(0)
Abuse
Yes 929 (23.4) 457 (21)
No 3041 (76.6) 1715 (79)
Anxiety
Above threshold 561 (14.1) 299 (13.8)
Below threshold 3077 (77.5) 1873 (86.2)
Missing 332 (8.4) 0(0)
Depression
Above threshold 743 (18.7) 383 (17.6)
Below threshold 2899 (73) 1789 (82.4)
Missing 328(8.3) 0(0)
Insomnia
Yes 561 (14.1) 253 (11.6)
No 3346 (84.3) 1919 (88.4)
Missing 63 (2) 0(0)
Loneliness
Lonely 1720 (43.3) 834 (38.4)
Not lonely 2172 (54.7) 1338 (61.6)
Missing 78(2) 0(0)
Self-harm
Yes 738 (18.6) 452 (20.8)
No 2348 (59.1) 1720 (79.2)
Missing 884 (22.3) 0(0)

After fitting models with 2 to 6 latent classes (Table S5 in
Multimedia Appendix 1), the 6-class model yielded the best fit.
The best model fit was based on the drop in the Bayesian
information criterion and Vuong-Lo-Mendell-Rubin adjusted
likelihood ratio comparison, and it was acceptable based on
additional diagnostic criteriasuch as entropy index and smallest
classsize.

Gamer Profiles

From this model, 6 distinct gamer profiles emerged (Figure 1;
Table 3). Half (1973/3970, 49.7%) of the participants fell into

https://pediatrics.,jmir.org/2022/4/e41480

2 profiles characterized by the maximum amount of computer
gaming (=4 hours). Specifically, 43.53% (1728/3970) of our
samplewere most likely to be in the adaptive computer gamers
group characterized by high scores on computer gaming,
relatively low scores on phone gaming, medium GAS scores,
and the highest well-being, whereas 6.17% (245/3970) of the
participants with high scores on computer gaming were
characterized by longer hours playing games on their mobile
phone, the highest GAS scores, and lower well-being and thus
were deemed to fall into the maladaptive computer gamers

group.
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Figurel. Estimated latent profiles for adolescent gamers. The y-axis represents scaled and centered values for each classification variable. The shaded
arearepresents 95% Cls. GAS: Gaming Addiction Scale; WEMWBS: Warwick-Edinburgh Mental Well-being Scale.
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Table 3. Means and SDs of classification variables for gamer (n=3970) profiles and nongamers (n=8755).ab'C

Adaptivecomputer Maladaptive Maladaptive  Unknown device Casual computer Casual phone  Nongamers
gamers computer gamers Phonegamers  gamers gamers gamers

Computer gaming, 4,00 (0.00) 4,009 (0.00) 0.00°(0.00)  0.00°(0.00) 3.00 (0.00) 153(050)  nyAf

mean (SD)

Phonegaming, 1 469N (1.21) 2.42' (0.99) 254 (093)  1.53% (1.30) 1.42M (1.17) 182(110)  N/A

mean (SD)

GASK, mean (D) 260 (0.70) 4.43 (0.40) 356(0.58)  1.49 (0.55) 2.45 (0.78) 231(086) N/A

WEMWBS, mean  45.70™ (11.30) 37.80"(12.60)  35.60"(11.10) 41.70™°(10.90) 44.60° (11.30)  41.90°(11.10) 44.50°(10.70)
(SD)

3N ongamers include participants who reported playing games for <3.5 hours a day.

bThe information on missing data regarding classification variables per profileis presented in Table S6 in Multimedia Appendix 1.
®Means that do not share the same superscript letters are significantly different (P<.001).
dp=99,

°P=.99.

N/A: not applicable.

9p=.28.

Np= 46,

'p=.48.

Ip=13,

KGAS: Game Addiction Scale.

'WEMWBS: Warwick-Edinburgh Mental Well-being Scale.

Mp=.02.

"P=16.

Op=.81.

Pp=.89.
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Two further profiles encompassed arelatively small number of
participantswho only engaged with phone, rather than computer
or console, gaming. The smallest profile of maladaptive phone
gamers characterized 1.74% (69/3970) of the participants, who
did not spend any time playing computer games but spent the
longest time playing on mobile phones. They were aso
characterized by high GAS scores and the lowest average
well-being in the sample. The other group that reported not
playing computer games included 12.04% (478/3970) of the
participants, who engaged in some gaming on their mobile
phones but had the lowest GAS scores and reported medium
well-being. Asall participantsin the sample previously reported
playing games for at least 3.5 hours a day, this group will be
referred to as unknown device gamers.

Thefinal 2 profilesencompassed more than athird (1450/3970,
36.52%) of the participants, who played some computer games
but not as much or aslittle asthe other classes. Most (873/3970,
22%) were characterized by relatively high computer gaming,
relatively low phone gaming, GAS scores just below average,
and high well-being. This group was named casual computer
gamers. Therest (577/3970, 14.53%) were defined by relatively
low computer gaming scores, medium phone gaming scores,
bel ow-average GA S scores, and medium well-being scores and
were thus referred to as casual phone gamers.

Multinomial logistic regression indicated that the likelihood of
being categorized into different gamer profiles could be based
on some of the hypothesized predictor variables (Figure 2). For
instance, participants in the maladaptive computer gamers
group, in comparison with the adaptive computer gamersgroup,
were less likely to be male (OR 0.51, 95% CI 0.30-0.88) and
more likely to have reported anxiety symptoms above the
clinical threshold (OR 2.25, 95% Cl 1.23-4.12), to have said
that they are often aggressive or violent (OR 2.83, 95% CI
1.65-4.88), or to have previously engaged in web-based
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gambling (OR 2.18, 95% CI 1.24-3.81). Maladaptive phone
gamers, in comparison with the adaptive computer gamers,
were even less likely to be male (OR 0.08, 95% CI 0.03-0.21)
and less likely to report spending money on in-game purchases
(OR 0.40, 95% CI 0.17-0.95) but were more likely to have
experienced child abuse, neglect, or domestic violence (OR
3.18, 95% CI 1.34-7.55). Both casual computer gamers and
casual phone gamers were less likely than adaptive computer
gamers to be male (OR 0.50, 95% CI 0.38-0.67 and OR 0.14,
95% CI 0.10-0.20, respectively), to engageinlate night gaming
during the hour before sleep (OR 0.45, 95% CI 0.30-0.67 and
OR 0.31, 95% CI 0.19-0.50, respectively), or to report spending
money on in-game purchases (OR 0.60, 95% CI 0.42-0.86 and
OR0.31, 95% CI 0.21-0.45, respectively). Neverthel ess, casual
computer gamerswere also less likely than adaptive computer
gamers to express feeling unsafe in the place they live (OR
0.53, 95% CI 0.33-0.85) and more likely to say that they find
it difficult to make friends (OR 1.39, 95% CI 1.09-1.76) or
engage in >1 hour of daily exercise (OR 1.63, 95% CI
1.12-2.37). By contrast, casual phone gamerswere more likely
than adaptive computer gamers to state that they identify with
their school community (OR 1.52, 95% CI 1.07-2.15). Unknown
device gamers were least likely to be male (OR 0.04, 95% CI
0.03-0.06), to engagein late night gaming during the hour before
sleep (OR 0.14, 95% CI 0.09-0.24), to report spending money
on in-game purchases (OR 0.14, 95% CI 0.09-0.21), or to
express feeling unsafe in the place they live (OR 0.30, 95% ClI
0.14-0.62) compared with the adaptive computer gamers. Full
characteristics of the 6 profiles are presented in Tables S7 and
S8 in Multimedia Appendix 1. An exploratory analysis using
the excluded nongamers as a reference category in the
multinomial logistic regression is also included in Multimedia
Appendix 1 (refer to Supplementary Analysis: Gamer Profiles
in Comparison With Nongamers [Figures S1 and S2; Table
S9)).
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Figure 2. Relative odds ratios (ORs) comparing the likelihood of gaming profiles per hypothesized predictor variable (reference group: adaptive
computer gamers). Error bars represent 95% Cls for the ORs. OR and 95% Cl >1 (to the right of the dotted line) indicate an increased likelihood of
belonging to one of these gamer groups compared with adaptive computer gamers, whereas OR and 95% ClI <1 (to the left of the dotted line) indicate
adecreased likelihood of belonging to one of these gamer groups compared with adaptive computer gamers.

Maladaptive computer gamers Maladaptive phone gamers Unknown device gamers
Age (years) 17to 18 —
Gender: bay ®
Late gaming L d
Tried web-based gambling -
In-game purchases L d
School community ——
Friendships: difficult -
Detention ——
Aggression -—
Bullying ——
Exercise =1 hour daily ——
Sense of safety: unsafe *-
Experienced food poverty -
Abuse -
Anxiety —
Depression ——
Insomnia -
Loneliness ——
Self-harm -
0 2 4 6 0 2 4 6 0 2 4 6

OR

OR

Casual computer gamers

Casual phone gamers

Age (years) 17to 18 ——
Gender: bay ®
Late gaming >
Tried web-based gambling ——
In-game purchases *
School community ——
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Detention —-—
Aggression ——
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Exercise =1 hour daily ——
Sense of safety. unsafe —r—
Experienced food poverty ——
Abuse ——
Anxiety ——
Depression ——
Insomnia -
Loneliness ——
Self-harm -
0 2 4 6 0 2 4 6
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Discussion

Principal Findings

In this large school survey of the health and well-being of
English students, almost one-third (3970/12,725, 31.2%) of the
studentswho answered the questions on time spent on electronic
devices said that they were gaming for at least 3.5 hours per
day, whereas a fifth (2779/12,725, 21.84%) reported not
engaging in any gaming. By examining time spent gaming per
devicetype, GAS scores, and awell-being measure, 6 different
gamer profiles emerged among those who were gaming the
longest each day. The mgjority (1728/3970, 43.53%) of the
students gaming for at least 3.5 hoursfell into adaptive gaming
categories with the highest well-being scores. Almost a tenth
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(314/3970, 8%) of the gamers exhibited maladaptive gaming
patterns with the lowest well-being scores. Specifically,
maladaptive phone gamerswere asmall group who were mostly
female and were more likely to have experienced abuse or
neglect. Maladaptive computer gamers, who reported gaming
on their mobile phones in addition to computer gaming, were
mostly male and more likely to report anxiety, aggressive
behavior, and engagement in web-based gambling. Generally,
thoseinvolved in predominantly computer gaming were mostly
male, and those involved in predominantly phone gaming were
mostly female.

Comparison With Prior Work
Our findings support previous research showing that the amount
of time spent playing video games does not necessarily indicate
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problematic gaming behavior [16,27,28]. Nearly half
(1728/3970, 43.5%) of the gamers in this study engaged in >4
hours of computer gaming a day but reported high well-being.
Overall, 8% (314/3970) of the adolescent gamers, corresponding
to 2.47% (314/12,725) of the full sample, fell into the
maladaptive gamer categories, which is aso in line with
previous estimates [25]. The maladaptive computer gamers
group was most similar to problematic gamers identified in
previous studies[18,26]. Specifically, this group not only spent
large amounts of time playing video games daily but also
reported low well-being and high GAS scores and were most
likely to report aggressive behaviors and anxiety.

These findings expand on previous knowledge by showing that
long hours of mabile phone, rather than computer or console,
gaming may signal poor functioning. Two of the gamer groups
that reported the highest phone gaming in this study also showed
the highest GAS and lowest well-being scores. Paik et al [37]
have previously found that adults who reported playing games
on both their computers and maobile phones, rather than only
on their mobile phones, were most likely to score higher on an
internet gaming disorder scale and have higher depression and
anxiety. Differently from their findings, we identified 2
maladaptive gamer groups that differed on their engagement
with computer games, but both were characterized by playing
games on their mobile phones for approximately 2.5 hours per
day. Given the technological advances and wide availability of
smartphones, with 93% of those aged 12 to 15 years in the
United Kingdom owning a mobile phone [3], it seemsrealistic
that those with the highest GA S scoreswould use these portable
devices to meet their gaming needs.

In line with previous studies examining phone gaming [37] or
smartphone use more generally [36], those engaged in
predominantly phone gaming were more likely to be female
than those engaged in predominantly computer gaming. Previous
reviews highlight how female gamers experience a unique set
of obstacleswhen engaging in video games, such asweb-based
harassment, hypersexualized female avatars, or aggressive
gameplay [61]. It is plausible that gamers in this study who
were femae were also more likely to have had negative
experiences during gameplay that, in turn, either motivated them
to engage in phone gaming instead or had an impact on their
well-being.

Our findings suggest that long hours spent gaming may be more
typical in male adol escents but morelikely to indicate problems
in well-being for some female adolescents. The maladaptive
phone gamers were mostly female, whereas the maladaptive
computer gamers were mostly male. However, although nearly
twice as many male gamers than female gamers were
categorized into the maladaptive computer gamers group, they
were still more likely to be female than the adaptive computer
gamers. Female gamers were proportionally least likely to be
assigned to the adaptive computer gamers group. Instead, they
were proportionally most likely to fall into the unknown device
gamers group that had the lowest GAS score on average but
lower well-being than the adaptive computer gamers group.
This is in line with previous research that found that female
adolescents are particularly at risk for mental ill-health and
lower well-being [62]. However, it is worth noting that those
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with previous experience of emotional abuse, neglect, or
domestic violence were the most likely to fall into the
maladaptive phone gamers group. Thus, it is also possible that
female gamers who struggle with lower well-being because of
previoustraumatic experiences may seek out gaming, especially
phone gaming, as a coping mechanism. Thisis partialy inline
with research showing that extrinsic or escapist motives, rather
than playing for fun, are more likely to rel ate to negative gaming
consequences [16,63,64].

A few other personal characteristics and experiences explored
in this study predicted the membership of different gamer
profiles, revealing adistinction between adaptive heavy gamers
and more moderate gaming classes. For instance, casual
computer gamers were having more difficulty making and
keeping friends than adaptive gamers, but they were morelikely
to exercise. Casual phone gamers were most likely to identify
with the school community, whereas unknown device gamers
and casual computer gamers were more likely to feel safe at
home compared with the adaptive gamers. This pattern of
findings partially contradicts the displacement hypothesis[65],
which would suggest that replacement of alternative activities
such as socializing or exercising with gaming would be
associated with lower, rather than higher, well-being. Instead,
these findings suggest that gaming may be a potential coping
strategy also used by thosein, for example, unsafe environments,
albeit with different associations for well-being than among
those with previous experience of abuse who mostly fell in the
mal adaptive phone gamers group. Taken together, thesefindings
support the theory of compensatory use outlined in the context
of internet addiction, according to which negative life situations
can give rise to a motivation to go on the web to alleviate
negative feelings, the success of which may depend on the level
of unmet needs [66]. However, the cross-sectional nature of this
study limits our ability to make observations about the direction
of effects. Future longitudinal research could disentangle these
potential mediation patterns.

Our findings further suggest that some of the gaming-related
behaviors that have been previously suggested to indicate risk
behaviorsfor problematic gaming [18,26] may just be part and
parcel of heavy daily gaming rather than specific to problematic
gaming. For instance, making in-game purchases, although less
common in the other groups, seemed to be a common
characteristic among those playing extensive computer games
and did not distinguish between adaptive and maladaptive
gamers. Late night gaming was, not surprisingly, less common
among those who engaged in less gaming overall but again did
not distinguish between adaptive and maladaptive gamers.
Nevertheless, experiences of web-based gambling did
distingui sh between adaptive computer gamers and maladaptive
computer gamersin line with previous observed risks between
gaming addiction and gambling [67].

Practical Implications

Our findings suggest that certain groups of gamers are at greater
risk for co-occurring gaming and well-being issues and may
require support in dealing with behavioral difficulties and mental
ill-health. This study extends previous research by showing that
large amounts of time spent gaming on mobile phones,
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particularly common in female gamers, may signal poorer
functioning, including aggressive behaviors and anxiety aswell
asexperiences of abuse, neglect, or domestic violence. Although
further longitudina and experimental research is needed to
understand the causal mechanisms behind this association, our
findings highlight a potential avenue for mental health
interventions with psychoeducational and therapeutic video
(especially mobile phone) games as an opportunity to reach
many adol escents struggling with mental ill-health. Indeed, as
almost one-third (3970/12,725, 31.2%) of our sample reported
playing video games for at least 3.5 hours a day, so did many
of those with mental ill-health report heavy gaming (Table 2).
This means that a substantial proportion of gamers across all
groups, albeit especially in the mal adaptive groups, could benefit
from interventions for their reported anxiety, depression,
insomnia, and self-harm. Certain video games have aready
been shown to help with symptoms of anxiety and depression
[68], as well as be as effective as cognitive behavioral therapy
[69] and more effective than second-line medication [ 70]. Rather
than targeting time spent playing video games, using video
gaming as atool presents an opportunity for more affordable
and less stigmatizing mental health interventionsfor adol escent
populations and worthy of further investigation.

Limitations and Future Directions

Findings from the study should be considered within its
limitations. First, thisstudy usesacross-sectiona design, which
curbs our ability to ascertain directionality of the effects; for
example, although we found that some (314/3970, 8%) of the
adolescents who play video games for at least 3.5 hours aso
report high GAS scores and low well-being, we are unable to
determine whether their well-being is a cause or aconsequence
of their gaming habits or entirely unrelated. We are also unable
to determine what the longer-term effects of heavy gaming may
be. Second, although the OxWell student survey isrepresentative
of children and adol escents aged 8 to 18 years attending schools
or further education colleges in participating counties in
England, only aproportion (12,725/20,780, 61.24%) of the full
sample was included in this study. A large proportion
(8055/20,780, 38.76%) of the participants had to be excluded
because they did not answer the question on their gaming habits;
these questions were placed toward the end of the survey, and
therefore many students might not have been allocated sufficient
time to complete all the questions (45 minutes). As only those
who played video gamesfor at least 3.5 hours aday were asked
further questions on their gaming habits, those who reported
playing video games for <3.5 hours were excluded from the
main analyses. Therefore, it remains unclear how the gamer
profiles or their correlates observed in this study generalize or
compare with the gaming patterns of the adolescents reporting
spending some, but not as much, time playing video games
(5976/12,725, 46.96%). Further studies examining longitudinal
patterns in gaming behaviors in adolescent populations will
better elucidate how those with poorer well-being or problematic
motivation differ in their video game habits. More in-depth
clinical assessments could also provide further information on
potential well-being and mental health effects not captured in
this study.
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Moreover, thetiming of the data collection could also influence
the findings observed. Although the data were collected during
the school term, it is plausible that gaming behaviors observed
would have been different if measured in autumn or winter; for
example, in summer adolescents may be spending more time
gaming because of longer daytime hours or less time gaming
because they are spending more time outdoors. Similarly,
adol escent well-being and mental health scores could also have
been seasonally affected [71]. Furthermore, the data analyzed
in this study were collected in the context of the COVID-19
pandemic. Both mental ill-health [4] and gaming [5-7] have
been reported to have increased in children and adolescents
during the pandemic. It is thus possible that our findings
represent a time when gaming was used by adolescents more
commonly than usual. However, research shows that mental
ill-health symptoms were worse in children and adolescents
during periods of higher COVID-19—elated restrictions [72],
and these data were collected in a period (June and July 2021)
when restrictionswererelatively low, with most students having
returned to in-person learning. Nevertheless, the COVID-19
pandemic is likely to have long-term impacts on child and
adolescent mental ill-health as well as their engagement with
digital technology, potentially explaining inconsistencies
between these findings and some of the previous research.

Finally, the screen-based behaviors of the popul ation are rapidly
changing, especially in the arena of gaming. The options
available at any one time can be dramatically different from
one period of time to another; therefore, many of the previous
studies and questionnaires devel oped do not consider the latest
innovations in the field, popularity of specific games, and
patterns of behavior. In the 2021 OxWell student survey,
guestions asked students about their own mobile phone use but
not about use of mobile phones belonging to their parents or
another family member, which may explain the existence of the
unknown device gamers group. The studentswere al so not asked
other gaming-rel ated questionsthat might have further enhanced
our knowledge, such as which games they were playing, the
variety of their choice of games, and more specific patterns of
use, including whether they played with their friends, with other
individuals in web-based gaming communities, or alone. The
developmentsin game variety, device accessibility, and tailored
incentives show no signs of abating and arelikely to draw more
adolescents into gaming, warranting further study.

Conclusions

This is one of the largest studies of adolescent gaming and
well-being conducted in England. A substantial number of
school-age children are spending at least 3.5 hours gaming each
day. Neverthel ess, the mgjority of young people spending much
of their time gaming seem to be experiencing few negative
effectswith regard to their well-being, with <1in 10 (317/3970,
8%) showing potentially maladaptive patterns of behavior. Our
findings highlight how female gamers and those using their
mobile phones are potentially at greater risk for co-occurring
gaming and well-being i ssues and areimportant groupsto better
understand in order to support them if their difficulties become
significant. Although increased time gaming might be changing
how adolescents spend their free time and, thus, have public
health implications, it does not seem to, a least
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cross-sectionaly, relate to co-occurring well-being issues or  mental ill-health for the majority of adolescent gamers.
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Abstract

Background: Since March 2020, the need to reduce patients exposure to COVID-19 has resulted in a large-scale pivot to
telehealth service delivery. Although studies report that pregnant women have been generally satisfied with their prenatal telehealth
experiences during the pandemic, less is known about telehealth satisfaction among postpartum women.

Objective: Thisstudy examined telehealth satisfaction among both pregnant and recently pregnant women during the COVID-19
pandemic, to determine whether demographic factors (ie, race, age, marital status, education level, household income, and
employment status) are associated with telehealth satisfaction in this population.

Methods: A web-based cross-sectional survey designed to capture data on health-related behaviors and health care experiences
of pregnant and recently pregnant women in the United States was disseminated in Spring 2022. Eligible participants were at
least 18 years old, identified as awoman, and were currently pregnant or had been pregnant in the last 3 years.

Results: Inthefinal analytic sample of N=403, the mean telehealth satisfaction score was 3.97 (SD 0.66; score range 1-5). In
adjusted linear regression models, being aged 35-44 years (vs 18-24 years), having an annual income of = US $100,000 (vs< US
$50,000), and being recently (vs currently) pregnant were associated with greater telehealth satisfaction (P<.049).

Conclusions: Although perinatal women are generally satisfied with telehealth, disparities exist. Specifically, being aged 18-24
years, having an annual income of < US $50,000, and being currently pregnant were associated with lower teleheal th satisfaction.
Itiscritical that public health policies or programs consider these factors, especially if the expanded use of telehealth isto persist
beyond the pandemic.

(JMIR Pediatr Parent 2022;5(4):e41356) doi:10.2196/41356

KEYWORDS
telehealth; COVID-19; maternal-child health; Perinatal; pediatrics; telemedicine; pregnancy; women's health; patient outcome

isdefined by the US Department of Health and Human Services
as the delivery of health care services without an in-person

The COVID-19 pandemic has profoundly impacted health care officevisit and primarily through internet access onacompuier,
service delivery in the United States. Since March 2020, the  @bl€t, or smartphone [2]. Before the pandemic, telehedth
need to reduce COV'I D-19 exposure for health care professionals  CoMPrised less than 1% of outpatient visits, but this number
and patients, preserve suppliesof personal protective equipment, '0Se t0 13%in the early months of f[he pandemic [3]. In fact,
and reduce burden on health care facilities has resulted in a  telehedlth visitsincreased by 154% in the |ast week of March

large-scale pivot to telehealth service delivery [1]. Telehealth 2020, when the pandemic wasintensifying in the United States,
compared to the same period in 2019 [4]. Thissurgein the use
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of telehealth services continued throughout 2020 with the
number of telehealth visits made by Medicare patientsincreasing
63-fold from 840,000 in 2019 to nearly 52.7 million in 2020
[5]. Although the use of telehealth has receded since its peak
in 2020, it remains high comprising 8% of outpatient visitsin
2021 [3].

Given the rise in telehealth and the sustained use of these
services throughout the pandemic, it is important to examine
the experiences of patients using these services in order to
understand challenges and address gaps with this health care
delivery model. It is especially important to understand the
unique experiences of women seeking prenatal and postnatal
carethrough tel ehealth services because these types of maternal
health services are critical to ensuring the health and safety of
women and their children. Broadly, patients have reported
positive experiences and high satisfaction with telehealth
services during the pandemic [6,7]. However, the telehealth
experiences among prenatal and postpartum women during the
pandemic are not well understood, and women who have been
pregnant or recently pregnant during the pandemic and used
telehealth services for their routine care may have unique
challenges and experiences. Although studies have found that
pregnant women are generally satisfied with their prenatal
tel eheal th experiences during the pandemic, lessis known about
the telehealth satisfaction of postpartum women [8-10]. Given
the critical role of prenatal and postpartum heath care in
preventing adverse pregnancy outcomes, more research is
needed to fully understand the factors (eg, age, income, and
race) that impact the telehealth experiences of pregnant and
recently pregnant women during the pandemic.

Prior work has identified several sociodemographic factors
associated with telehealth satisfaction. Recent studies on the
relationship between age and telehealth satisfaction during the
pandemic have found that older people are generaly less
satisfied with their telehealth experience [11]. Some reasons
for this may include greater challenges with technology and
more concerns about privacy among older people. A study of
patient satisfaction with telehealth in arural community during
the pandemic found that adults 35 years and older were less
satisfied with telehealth compared to younger adults between
the ages of 18 and 34 years [12]. Similarly, a study of patients
in an urban community found that younger adults had more
positive experiences with their telehealth visits compared to
older adults [13]. Despite the consistent theme that younger
patients report greater telehealth satisfaction, further research
is needed to understand whether thisrelationship istrue among
women of childbearing age. In focusing on the telehealth
satisfaction of pregnant and recently pregnant women, it is
possible a different trend may emerge between age and
telehealth satisfaction.

Income and education may also be factors related to patient
telehealth satisfaction, though less is known about these
relationships. A nationally representative survey of US
househol ds during the pandemic found that although telehealth
use was lowest among households earning less than US
$100,000 annually, telehealth satisfaction did not significantly
differ by income [7]. Similarly, another study of telehealth
patients did not find any significant differences in patient

https://pediatrics.,jmir.org/2022/4/e41356

Mittone et d

satisfaction by income[11]. Interestingly, astudy of low-income
pregnant women found that women with a yearly household
income less than US $25,000 were significantly more likely to
prefer a telehealth visit over an in-person visit compared to
those earning more than US $25,000 annually [8]. In addition
to income, more research is aso needed to understand the role
of education in telehealth experiences. One study found no
significant differencesin telehealth satisfaction by educational
attainment [13]. However, another study found that patients
with advanced degrees reported significantly fewer technology
difficulties during a telehealth visit compared to those who
reported lower educational levels[14]. Given the varied findings
on how income and education are associated with telehealth
satisfaction, more research is needed to elucidate these
relationships, especially among pregnant and recently pregnant
women of varying socioeconomic status.

Racial minority groupswere disproportionately affected during
the pandemic and experienced higher rates of COVID-19—+elated
hospitalization and death aswell ashigher rates of jobloss[15].
Given these racial disparities, it is especialy important to
understand the telehealth experiences of people of color.
Although someresearch has shown greater tel ehealth satisfaction
among non-White patients [11], other studies have found that
non-White patients report poorer telehealth satisfaction [16].
Furthermore, other studies have not found any statistically
significant differences in telehealth preference by race [7,13].
Thelack of consistent findings on the impact of race on patient
telehealth satisfaction paired together with the racial health
disparitiesthat have long existed in the United States make this
acrucia gap to address if telehealth is to become an equitable
health care delivery model during the pandemic and beyond.

Sincethe onset of the COVID-19 pandemic in mid-March 2020,
the use of tel ehealth services has surged to unprecedented levels.
Given this surge coupled with the critical role that maternal
health services play in preventing adverse preghancy outcomes
for women and their newborns, it is necessary to understand
the experiences of women using tel ehealth during the perinatal
period and the different factorsthat may affect their satisfaction
with telehealth. Specifically, it isimportant to examine therole
of age, income, education, and race on women'’s telehealth
experiences, since research in this area is limited and findings
are often inconsistent. By understanding the different factors
that are at play when women use telehealth services, we may
be able to identify and address disparities associated with this
health care delivery model. For this reason, this study seeksto
examine telehealth satisfaction among pregnant and recently
pregnant women during the COVID-19 pandemic and to
determine whether demographic factors (eg, race, age, and
income) are predictive of telehealth satisfaction in this
popul ation.

Methods

Study Design and Sample

A web-based cross-sectional survey, built using Qualtrics
software, was conducted from March 22nd to May 19th of 2022.
The survey took approximately 10-15 minutesto complete, and
all responses were anonymous. Eligibility criteria included
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adults ages 18 years and older who identify asawoman and are
currently pregnant or have been pregnant in the last 3 years.
Survey participants wererecruited viaWashington, DC prenatal
clinic emall listserves, social media (ie, Facebook, Instagram,
and GroupMe) and Centiment, a web-based survey research
company that recruits and paysindividualswho meet researcher
specified demographic criteria [17]. Individuals recruited by
Centiment wereliving in DC, Maryland, or Virginiaat thetime
of survey participation. Study procedureswere approved by the
first author’s institutional review board. Of the 759 current or
previously pregnant participants who completed the survey,
435 (57%) reported using telehealth services since the start of
the COVID-19 pandemic. Of those, 17 were missing responses
to the telehealth satisfaction scale, and 15 were missing
responsesto demographic questions. Therefore, thefinal analytic
sample size was N=403.

M easures

Telehealth Satisfaction

Telehealth satisfaction was measured using an 11-item scale.
Participants were first asked the following question: “ Since the
start of the COVID-19 pandemic, have you had a health care
appointment using telehealth (provision of health care
remotely)?’ Those who answered yes were asked to respond to
thefollowing prompt: “Pleaserate your level of agreement with
the following statements about your most recent telehealth
experience” Statements included the following: “The
technology did not work for me,” “The technology was hel pful
in connecting me with my provider,” “I felt comfortable using
telehedlth,” “My doctor was attentive to me during the
appointment,” “I felt my doctor was able to address my needs
without aphysical examination,” “1 would like to continue using
telehealth,” “1 was satisfied with the care | received using
telehealth,” “Telehealth was convenient for me,” “Telehealth
made it easier for meto receive care,” “Telehealth made filling
prescriptions easier,” and “1 was able to receive care quickly
using telehealth.” Participants responded on a 5-point Likert
scale from strongly disagree (1) to strongly agree (5). Item
responses were reverse coded as needed, added together, and
divided by 11 to produce atotal score with the possible range
of 1-5.

Demographic Variables

Survey respondents were asked to provide demographic
information including age, race, marital status, education level,
annual household income, employment status, and pregnancy
status (current vs recent).

Analysis

Descriptive statistics were generated for all demographic
variables of interest. Demographic characteristics were
compared by race (ie, Black or African American, White, and
other races) using chi-square tests. Telehealth satisfaction was
also compared across demographic characteristics using
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ANOVA tests. Unadjusted simple regression model s predicting
telehealth satisfaction score from each demographic variable
were tested. Finally adjusted regression models predicting
telehealth satisfaction score from all demographic characteristics
entered simultaneously into the model were tested. Statistical
analyseswere conducted using RStudio (version 1.3.1056) [18].
A significance level of <.05 was determined a priori.

Ethics Approval

This study was approved by the George Washington University
Institutional Review Board (NCR213844).

Results

The analytical sample (N=403) was majority 25-34 years old,
married or in a domestic partnership, employed full-time, and
recently (as opposed to currently) pregnant. The mean telehealth
satisfaction score was 3.97 (SD 0.66; score range 1-5). Table 1
presents the full demographic information for the analytic
sample. Significant differences in demographic characteristics
wereidentified by race (Black or African American, White, and
other races), age category, marital status, education level, annual
household income, and employment status, with Black or
African American mothers tending to be younger, more often
single, less educated, having lower annual household incomes,
and more often unemployed (Table 1).

Significant differences in telehealth satisfaction score were
identified by age category, marital status, education level, annual
household income, employment status, and pregnancy status.
Specifically, tel ehealth satisfaction score (mean 4.25, SD 0.54)
was highest in participantswho were aged 35-44 years, married
or in a domestic partnership (mean 4.00, SD 0.62), had a
master’s degree (mean 4.17, SD 0.56), had a household income
of = US $100,000 (mean 4.16, SD 0.50), were employed
full-time (mean 4.04, SD 0.63), and were recently pregnant
(mean 4.14, SD 0.63; Table 2).

In unadjusted linear regression models, age, marital status,
education level, household income, employment status, and
pregnancy status were associated with telehealth satisfaction.
Specifically, being of older age (vs 18-24 years of age), being
married or in a domestic partnership (vs single), having a
bachelor’s or master’s degree (vs high school education or less),
having an annual income of = US $100,000 (vs < US $50,000),
being employed full-time (vs part-time employment or
unemployed), and being recently (vs currently) pregnant were
associated with greater telehealth satisfaction (P<.049; Table
3).

In adjusted linear regression models, being aged 35-44 years
(vs 18-24 years), having an annual income of = US $100,000
(vs < US $50,000), and being recently (vs currently) pregnant
were associated with greater telehealth satisfaction (P<.049;
Table 3).
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Table 1. Descriptive characteristics of the analytic sample. Statistical comparisons are conducted using chi-squaretests; italicized P valuesare significant.

Characteristics Full sample (N=403), Black or AfricanAmer- White (N=194), Other races P value
n (%) ican (N=76), n (%) n (%) (N=133), n (%)

Age (years) .001
18-24 57 (14.14) 22 (28.95) 19 (9.79) 16 (12.03)
25-34 261 (64.76) 44 (57.89) 130 (67.01) 87 (65.41)
35-44 85 (21.09) 10 (13.16) 45 (23.20) 30 (22.56)

Marital status <.001
Married or domestic partnership 366 (90.82) 56 (73.68) 183 (94.33) 127 (95.49)
Single, divorced, or widowed 37(9.18) 20 (26.32) 11 (5.67) 6 (4.51)

Highest education <.001
High school or less 85 (21.09) 28 (36.84) 27 (13.92) 30 (22.56)
Associate degree or trade school 51 (12.66) 12 (15.79) 25 (12.89) 14 (10.53)
Bachelor's degree 126 (31.27) 15 (19.74) 75 (38.66) 36 (27.07)
Master's degree 99 (24.57) 12 (15.79) 54 (27.84) 33(24.81)
Professiona degree or PhD 42 (10.42) 9(11.84) 13(6.70) 20 (15.04)

Annual household income (US $) <.001
<50,000 88 (21.84) 27 (35.53) 28 (14.43) 33(24.81)
50,000-99,999 116 (28.78) 26 (34.21) 60 (30.93) 30 (22.56)
=100,000 199 (49.38) 23(30.26) 106 (54.64) 70 (52.63)

Employment .03
Full-time 250 (62.03) 43 (56.58) 132 (68.04) 75 (56.39)
Part-time 63 (15.63) 10 (13.16) 32 (16.49) 21 (15.79)
Unemployed 90 (22.33) 23(30.26) 30 (15.46) 37 (27.82)

Pregnancy status .09
Current 179 (44.42) 33(43.42) 77 (39.69) 69 (51.88)
Recent 224 (55.58) 43 (56.58) 117 (60.31) 64 (48.12)
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Table 2. Differences in telehealth satisfaction by demographic variables. Telehealth satisfaction possible range is 1-5; statistical comparisons were
conducted using ANOVA,; italicized P values are significant.

Characteristics Telehealth satisfaction, mean (SD) P value

Race 19
White 4.03 (0.59)
Black or African American 3.89(0.76)
Other 3.92(0.68)

Age (years) <.001
18-24 3.66 (0.73)
25-34 3.94 (0.64)
35-44 4.25 (0.54)

Marital status .005
Married or domestic partnership 4.00 (0.62)
Single, divorced, or widowed 3.68(0.93)

Highest education .001
High school or less 3.79 (0.76)
Associate degree or trade school 3.81(0.79)
Bachelor's degree 3.99 (0.55)
Master’s degree 4.17 (0.56)
Professional degree or PhD 3.95 (0.66)

Annual household income (US $) <.001
<50,000 3.70(0.74)
50,000-99,999 3.83(0.72)
=100,000 4.16 (0.50)

Employment .010
Full-time 4.04 (0.63)
Part-time 3.79 (0.62)
Unemployed 3.88(0.72)

Pregnancy status <.001
Current 3.74 (0.62)
Recent 4.14 (0.63)
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Table 3. Linear regression predicting telehealth satisfaction from demographic variables. Italicized P values are significant.
Characteristics Mode 12 Modd 2P
B (95% ClI) Pvaue  PB(95%Cl) P value
Race
White _c — — —
Black or African American —13(-0.31t0 0.04) A3 .03 (-0.14t0 0.20) 71
Other —.11(-0.25 to 0.04) 14 —.05 (=0.19 to 0.09) 49
Age
18-24 — — — —
25-34 .28 (0.10 to 0.46) .003 .08 (-0.10t0 0.27) 38
35-44 .59 (0.38 t0 0.80) <.001 .23 (0.001 to 0.47) .049
Marital status
Married or in domestic partnership — — — —
Single, divorced, or widowed —.32(-0.54100.10) .005 —21(-0.4410 0.02) .08
Highest education
High school or less — — — —
Associate degree or trade school .02 (-0.21t0 0.24) .88 —-.07 (-0.2810 0.14) .52
Bachelor’s degree .21 (0.03t0 0.38) .024 —.04 (-0.24t0 0.15) .66
Master’s degree .38 (0.20t0 0.57) <.001 -.03(-0.25t00.19) .82
Professional degree or PhD .17 (-0.07t0 0.41) A7 —-19 (-0.451t0 0.07) A5
Annual household income ($ US)
<50,000 — — — —
50,000-99,999 .14 (-0.04 t0 0.31) 13 .06 (=0.13 to 0.24) 55
>100,000 47 (0.31t0 0.63) <.001 .33(0.13t0 0.54) .001
Employment
Full-time — — — —
Part-time —.25(-0.43t0-0.07) .007 —.10 (-0.28 t0 0.08) 28
Unemployed —.16 (-0.31 to —0.0003) .049 -.02(-0.18 0 0.13) 76
Pregnancy status
Current — — — —
Recent 40 (0.28t0 0.52) <.001 .31(0.19t0 0.44) <.001

8Unadjusted; each predictor was entered into a separate model.
BAIl covariates were entered simultaneous! y.
°Not applicable.

Discussion

Principal Findings

In this study, we examined how women's satisfaction with
telehealth services during the COVID-19 pandemic differed by
demographic factors. Resultsreveal ed that several demographic
factors were associated with greater telehealth satisfaction,
including ol der age, being married or in adomestic partnership,
higher income, having attained a bachelor’s or master’s degree,
and full-time employment. However, tel ehealth satisfaction did
not significantly differ by race, even after adjusting for other
demographic factors.
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Pregnant and recently pregnant women reported generally
positive experiences using teleheal th during the pandemic. These
findings are consistent with previous literature reporting on
patients positive experiences and high satisfaction with
telehealth services during the pandemic [6,7]. Although not
surprising, this finding is particularly important because it
suggeststhat pregnant and recently pregnant women are satisfied
with using telehealth services, despite the type of care that may
be unique to this group, such as prenatal and postpartum care.
Given that pregnant and recently pregnant women are satisfied
using telehedlth, it is important for health care policies and
programs to consider sustaining the use of maternal telehealth
services beyond the pandemic. For example, providers may
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consider replacing routinein-person prenatal visitswith prenatal
telehealth visits or using telehealth to provide postpartum
lactation support and screening for postpartum depression.

Results revealed a significant association between age and
telehealth satisfaction, such that older age was associated with
greater telehealth satisfaction. Thisfinding is surprising because
itiscontrary to much of theliterature that has consistently found
younger age to be associated with more positive telehealth
experiences [11-13]. This may be because our sample only
included women of childbearing age, which limited the range
of agesrepresented in this study. Furthermore, it is possible that
other factors affected the rel ationshi p between age and tel ehealth
satisfaction in our sample. For example, older women may have
been morelikely to have older children that could have assisted
them with accessing and using the teleheath platform.
Alternatively, younger women may be more inexperienced with
the experience of pregnancy, compared to older women, and
may need more in-person support during their care[19]. Future
research should investigate the relationship between age and
telehealth satisfaction among women of childbearing age to
identify factors that may be contributing to this unexpected
relationship.

Recent studies exploring the impact of income and education
on teleheal th experiences have produced varied and inconsi stent
findings [7,8,13,14]. This study found that higher income and
higher educational attainment (up to a master’'s degree) were
associated with greater telehealth satisfaction. These data
underscore the importance of providing women from
underserved communities with additional support when using
telehealth services. Ensuring equitable access to telehealth
services must be a priority; and public health policies or
programs should implement strategiesto mitigate the challenges
women experience using telehealth services, particularly during
the perinatal period. For example, replacing written instructions
with graphicsor visualswould allow women with lower literacy
levelsto navigate tel ehealth platforms more easily. Policy efforts
to ensure equitable access to telehealth are crucia to eliminate
disparities in patient satisfaction, especially if the current
increased use of telehealth sustains beyond the pandemic.

This study did not find any significant differencesin telehealth
satisfaction by race. This is surprising given the health and
health care access disparities that have long persisted in the
United States for people of color [20]. This finding suggests
that racial minority groups, such as Black women, are just as
satisfied with the servicesthey have received through telehealth
as White women. However, it is also important to consider
women'’s access to telehealth services and potential barriers.
Perhaps, women of color are satisfied with telehealth when they
have access to it, but securing that access may be a greater
challenge. For example, a recent survey of pregnant women
living in rural areas found that although women reported a
positive experience with prenatal telehealth visits overall,
common barriersincluded poor internet and phone connectivity,
childcare responsibilities, and lack of equipment [21], factors
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that may disproportionately impact minority groups. Although
it is important to understand women’'s experiences using
telehealth, ensuring equitable access to these services is
paramount and public health programs or policies are needed
to reduce barriers to telehealth access. Given the increases we
have seen in maternal morbidity or mortality in the United States
[20], access to telehealth for pregnant or postpartum women
could expand care and reduce maternal health disparities.

Limitations

Although the findings from this study are important and
contribute to the recent literature on patient telehealth
experiences during the COVID-19 pandemic, there are certain
limitations that should be noted. First, this sample of pregnant
and recently pregnant women was highly educated and affluent.
Nearly 70% of the sample held at |east a bachelor’s degree, and
almost 50% had an annual household income of at least US
$100,000. It isimportant to note that despite the high educationa
attainment and income level of our sample, disparities related
to income and education still emerged. This underscores the
importance of ensuring equitable access to tel ehealth services,
especialy in underserved or marginalized communities. A
second limitation of this study is that women were asked to
report on their most recent telehealth experience and not
specificaly ontheir experiencereceiving prenatal or postpartum
carethrough telehealth. For thisreason, we cannot assume these
findings are reflective of women's experiences using tel ehealth
for prenatal or postpartum care, specifically, and future research
should explore this. Third, another limitation is the potential
for recall bias in the sample, especialy among women who
were not currently pregnant and were asked to recall past
telehealth experiences. Finaly, this study was cross-sectional,
and findings cannot be used to inform causal mechanisms.
Future work is needed to identify women’s perceptions of
telehealth carelongitudinally. For example, studies might follow
women over the course of their pregnancy to understand how
their perceptions change over time.

Conclusions

Given the increase in telehealth services since the start of the
COVID-19 pandemic in March 2020, it is important to
understand the experiences of women accessing these services
and the different factorsthat impact their satisfaction with these
services. Although women are generally satisfied with telehealth,
there are also important disparities that exist and it is critical
that public health policies or programs consider these factors,
especialy if the expanded use of telehealth isto persist beyond
the pandemic. Ensuring equitable access to telehealth and
providing tailored support to women is key to eliminating these
disparities. Although patients report high satisfaction with
telehealth, future studies should investigate the barriers and
challenges related to telehealth access among underserved
populations. Future studies should also investigate clinical
outcomesrelated to prenatal and postpartum tel ehealth services,
especialy if telehealth isaconvenient and well-regarded model
for delivering these types of maternal health care services.
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Abstract

Background: Cannabis use among reproductive-aged Canadiansisincreasing, but our understanding of itsimpacts on fertility,
pregnancy, and breast milk is still evolving. Despite the availability of many web-based resources, informed decision-making
and patient counseling are challenging for expectant families and providers aike.

Objective: We aimed to conduct a scoping review of publicly available web-based Canadian resources to provide information
on the effects of cannabis on fertility, pregnancy, and breast milk.

Methods: Following PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews), we systematically searched 8 databases between January 1, 2010, and November 30, 2020, and web pages of
71 Canadian obstetrical, government, and public health organizations. We included English resources discussing the effects of
cannabis on fertility, pregnancy, breastfeeding, or the exposed fetus and infant. Epidemiological characteristics, readability, and
content information were extracted and summarized.

Results: A total of 183 resources met our inclusion criteria. Resources included content for public audiences (163/183, 89.1%)
and health care providers (HCPs; 31/183, 16.9%). The resources were authored by national-level (46/183, 25.1%), provincial or
territorial (65/183, 35.5%), and regional (72/183, 39.3%) organizations. All provinces and territories had at least one resource
attributed to them. The mgjority (125/183, 68.3%) were written at a >10 grade reading level, and a few (7/183, 3.8%) were
available in languages other than English or French. The breadth of content on fertility (55/183, 30.1%), pregnancy (173/183,
94.5%), and breast milk or breastfeeding (133/183, 72.7%) varied across resources. Common themes included citing a need for
more research into the effects of cannabis on reproductive health and recommending that patients avoid or discontinue cannabis
use. Although resources for providers were consistent in recommending patient counseling, resources targeting the public were
less likely to encourage seeking advice from HCPs (23/163, 14.1%).

Conclusions: Canadian resources consistently identify that there is no known safe amount of cannabis that can be consumed
in the context of fertility, pregnancy, and breastfeeding. Areas of improvement include increasing readability and language
accessibility and encouraging bidirectional communication between HCPs and patients.

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2020-045006

(IMIR Pediatr Parent 2022;5(4):€37448) doi:10.2196/37448
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Introduction

Methods

Background

The prevalence of cannabis usein North Americaisincreasing
across al age groups as more jurisdictions legalize the
production, sale, and possession of nonmedical cannabis
products [1,2]. Increases in use are most notable among
individuals of reproductive age, including pregnant individuals
[3-5]. Therecreational use of cannabiswas nationally legalized
in Canada on October 17, 2018 [6]. Before legalization, the
prevalence of self-reported cannabis use among pregnant and
recently pregnant individual swasincreasing at both the national
(adjusted oddsratio 1.18, 95% CI 0.98-1.43) [ 7] and provincial
levels (adjusted relative risk 1.61, 95% ClI 1.51-1.72) [3].
Although the data after legalization are limited, further increases
are expected [1,8].

A growing body of experimental and epidemiological data
suggests adverse effects of cannabis use on reproductive and
perinatal health, including on fertility, pregnancy, breast milk,
and the exposed fetus or infant [9]. However, the availability
of scientific data does not necessarily mean that such data are
distributed to, consumed by, or accessible to nonacademic
audiences. The public increasingly uses internet resources as a
primary source for health information and guidance [10].
Perinatal health information accessed via web-based resources
may not be evidence based, up to date, or curated by health care
professionals. Furthermore, data suggest public dissatisfaction
with the quantity and quality of information available on
perinatal cannabis use on the web [11]. Despite the availability
of clinical guidelines from obstetrical societies [12,13], many
health care providers (HCPs) lack the knowledge or confidence
in their ability to provide counseling to their patients about
cannabis use [14], including topics related to pregnancy [15].
Recent findings from the United States show that many HCPs
do not respond to cannabis use disclosures or offer to counsel
[16]. When counseling occurs, it frequently does not extend
beyond general statements or discussions regarding potential
legal or social servicesimplications. A lack of counseling poses
a significant challenge. Patients may infer from an absence of
discussion that cannabis use is safe, with no impact on fetal
development or later child health [11].

Objective

Many Canadian organizations may seek to guide perinatal
cannabis use through web-based resources. However, the scope,
consistency, and accessibility of available resources have not
been previously evaluated. Therefore, the objective of this
scoping review was to identify and characterize all publicly
available web-based educational resources and clinical
guidelines that provide information to the Canadian public and
HCPs on the short-term and long-term effects of cannabis use
on fertility, during pregnancy, and while breastfeeding.

https://pediatrics,jmir.org/2022/4/e37448

Study Design

The protocol for this scoping review was registered apriori in
the Open Science Framework [ 17] and has been published [18].
Protocol deviations are noted in Multimedia Appendix 1. Our
methodology followed established frameworks for scoping
reviews[19,20] and involved identifying the research question;
identifying relevant literature or resources; selecting literature
or resource; charting the data; and collating, summarizing, and
reporting the results. Findings were reported in keeping with
the PRISMA-SCR extension [21].

Search Strategy

Our search strategy was devel oped by ahealth scienceslibrarian
(LS), with iterations completed in consultation with the study
team and subsequently peer-reviewed by a second information
specialist using the Peer Review of Electronic Search Strategies
guideline[22].

To identify resources targeting the Canadian public and HCPs,
we searched the websites of 71 Canadian organizations known
to provideinformation on pregnancy and breastfeeding (federal
and provincia health or public health agencies and national and
regional obstetrical and perinatal societies and networks,
Multimedia Appendix 2). These websites were identified in
consultation with stakeholders in our professiona networks.
Websites were manually searched using a predefined keyword
search strategy described in the published study protocol [18].
Resources with publication dates before 2010 were excluded.
Those without publication dates were retained. Website search
was completed manually by 2 independent reviewers (KB and
AS) and validated by athird independent reviewer (MSQM).

To supplement our search for resourcestargeting HCPs, we also
searched medical databases for professional care guidelines,
position statements, and clinical recommendations. The search
strategy was developed in MEDLINE and then trandlated into
the other databases (Multimedia Appendix 3). We systematically
searched MEDLINE and MEDLINE in Process via Ovid,
Embase Classic + Embase via Ovid, ERIC via Ovid, CINAHL
via EBSCOHost, and Education Source via EBSCOHost from
January 1, 2010, to November 30, 2020, a10-year contemporary
sample encompassing the date of national legalization of the
sale of nonmedical cannabisin Canada.

Study Selection

Eligible resources were those that (1) were developed by or on
behalf of aCanadian organization; (2) were published in English
or French between 2010 and 2020; (3) targeted cliniciansor lay
public; and (4) provided recommendations, guidance, or reports
on the safety or impacts of cannabis use on male or femae
fertility, pregnancy, the developing fetus, or breast milk and
breast milk—fed infants.

There were no limitations on resource formats; thus, eligible
resources included web pages, infographics, posters-based
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resources, video resources, and clinical guidelines or position
statements.

Screening

For recordsidentified viadatabase searching, title, abstract, and
full-text screening were conducted using DistillerSR [23] by 2
independent reviewers (KB and AS). Discrepancies arising at
each step were discussed until a consensus was reached, and a
third reviewer (MSQM) consulted when necessary. Records
identified viawebsite searching were assessed against predefined
screening criteria as detailed in the published study protocol
[18], and the URLSs of €eligible records were documented. The
reference lists of al the included resources were reviewed to
identify any relevant records that our search strategy may have
missed.

Charting the Data

For resources published in peer-reviewed journal s, we extracted
the title, journal name, date of publication, name and email of
the corresponding author, and the publishing or authoring
organization, group, or society that developed the resource. For
resources identified through website searches, we extracted the
URL, the document title, date of publication (if available), date
accessed for extraction, and the organization, group, or society
that developed the resource. In addition, the use of visuals,
videos, and references has been documented. Additional
extracted characteristics included the availability of resources
in languages other than English, the perceived target population
(HCPs, general public, and both), contributions from patient
partners or the genera public, contributions from external
organizations, cannabis-related terminology, the scope of the
information presented on cannabis use, and recommendations
made (if any). The accessibility and readability of the web-based
resourceswere al so determined. Readability was assessed using
the Simple Measure of Gobbledygook [24]. Accessibility was
documented as the reviewers' perception of how easy it wasto
find the resource from the parent website's home page. A
resource was subjectively classified as “very easy” or “easy”

https://pediatrics,jmir.org/2022/4/e37448
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to find through keyword searches on the parent website. A
resource was classified as“ not easy” to find if the reviewer was
only ableto find it after exhausting all possible keyword search
strategies or if the resource appeared late in the search result
pages (eg, appeared on the 20th search page). Asthey were not
found through manual website searches, resources that were
identified via the database search were classified as “not
applicable” Theextent to which content on fertility, pregnancy,
and breastfeeding was mentioned within each resource was
subjectively coded as “core to the document,” “significantly
represented,” and “mentioned briefly.”

Collating, Summarizing, and Reporting the Results

Extracted datawere analyzed using quantitative (ie, frequencies
and percentages) and qualitative (ie, thematic and exemplar
guotes or excerpts) methods. Tables were then created to
contextualize the level of jurisdiction of the publishing
organization (national, provincial, or regiona) and key
characteristics and concepts of the included resources. Key
characteristics were summarized separately for resources
targeting the HCPs and the public. A word cloud was used to
visualize the number and frequency of terms used to refer to
cannabis and cannabis products [25].

Results

Overview

Our search strategy yielded atotal of 377 articlesand resources.
A total of 267 records were identified from the database search
of which 72 were excluded because they were duplicate records;
28 were excluded through title and abstract screening; and 66
were excluded through full-text screening. Intotal, 181 resources
were identified through manual website searching, and 1
resource was identified through a review of reference lists of
the included resources. Thus, 183 resources met the eligibility
criteria to be included in the study (Figure 1). The individual
characteristics of the included resources are shown in
Multimedia Appendix 4.
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Figurel. PRISMA-ScR (Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews) flow diagram.
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Theincluded resources came from national-level organizations  number of published resources (including resources from

(46/183, 25.1%), provincial- or territorial-level organizations provincial- or regiona-level organizations) were Ontario

(65/183, 35.5%), and lower-level regional organizationswithin  (72/137, 52.6%), British Columbia (28/137, 20.4%), and Alberta

provinces and territories (eg, community organizations, regional  and Quebec (6/137, 4.4% for both; Table 1).

health authorities, or public health units; 72/183, 39.3%). All
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Table 1. Summary of educational resources included in this review by the geography of publishing organization.

Resources, n (%) Examplesof authoring organizations  Ref| Ds of individual resources®

Authoring organization level of jurisdiction (N=183)

National organization 46 (25.1)
Provincia or territorial organization 65 (35.5)

Health
Regional organizati on® 72(39.3)

Society of Obstetriciansand Gynae-
cologists of Canada

Centre for Addiction and Mental

Champlain Maternal Newborn Re-

1, 2, 7-13, 22-24, 26-28, 31, 38-45, 48, 57,
73-76, 84, 137-150, 182

Summarized below by province or territory

Summarized below by province or territory

giona Program

Authoring organization by home province or territory (n=137)°

Alberta 6(4.4) Alberta Health Services 3-6, 21, 69
British Columbia 28 (20.4) Perinatal servicesBC 15-17, 33-35, 50, 54, 61-68, 70-72, 111-118,
127
Manitoba 3(2.2) Government of Manitoba 77-79
New Brunswick 2(15) Government of New Brunswick 80, 81
Newfoundland and L abrador 3(2.2) Government of Newfoundland and 82, 83, 85
Labrador
Northwest Territories 3(2.2) Government of Northwest Territo-  90-92
ries
Nova Scotia 2(1.5) Government of Nova Scotia 86, 87
Nunavut 2(1.5) Government of Nunavut 88, 89
Ontario 72 (52.6) BORN Ontario 14,18-20, 25, 30, 32, 36, 37, 46, 47, 49, 51-
53, 55, 56. 59, 59, 102-110, 119-126, 128-
136, 151, 154-156, 159-181, 183
Prince Edward Island 4(2.9) PEI Chief Public Health Office 29, 93-95
Quebec 6 (4.4) Gouvernement du Québec 58, 60, 152, 153, 157, 158
Saskatchewan 5(3.6) Government of Saskatchewan 96-100
Yukon 1(0.7) Government of Yukon 101

8For full citations, see Multimedia Appendix 4.

BIncludes community organizations, regional health authorities, and public health units.

®Excludes resources authored by a national organization.

Characteristics of Resources on Cannabis Use

Overview

Of the 183 resourcesidentified, 15 (8.2%) were published before
2018 (before the national cannabis legalization in Canada), 57
(31.1%) were published in or after 2018, and 111 (60.7%) did
not report the year of publication (Table 2). All publication
dates were obtained from a manual website search. A total of
16.9% (31/183) of resources included information for HCPs,
and 89.1% (163/183) had content specific to the general public.

https://pediatrics,jmir.org/2022/4/e37448

RenderX

A total of 6% (11/183) of resources included content for both
the public and the HCPs. A total of 74.3% (136/183) of
resources included references of primary information sources
for readersto refer to.

A broad terminology was used to refer to cannabis and its
derivative products (n=56). The 4 most-frequently used terms
were “cannabis’ (n=174 mentions), “THC” (n=107 mentions),
“marijuana’ (n=63 mentions), and “CBD” (n=62 mentions;
Multimedia Appendix 5).
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Table 2. Characteristics of educational resources included in this scoping review.

Variables All records (N=183), n (%) Targeted audience? n (%)
Health care providers (n=31)  Public (n=163)

Year of publication

Before 2018 (year of national legalization) 15(8.2) 16 (51.6) 10(6.1)

On or after 2018 57 (31.1) 6 (19.4) 47 (28.8)

Not reported 111 (60.7) 9(29) 106 (65)
Resource isaclinical guideline 3(1.6) 3(9.7) 1(0.6)
Specified contributions from patient partners or members of the 8 (4.4) 3(9.7) 6(3.7)
public
Ease of finding the resour ce®

Very easy 107 (58.5) 14 (45.2) 100 (61.3)

Easy 49 (26.8) 2(6.5) 41(25.2)

Not easy 23(12.6) 5(16.1) 16 (9.8)

Not applicable 2(11) 2(6.5) 0(0)
Available languages

English 183 (100) 31(100) 163 (100)

French 80 (43.7) 12(38.7) 75 (46)

Another language® 7(38) 0(0) 7(4.3)
Approximate reading grade leveld

4-6 5(2.7) 0(0) 5(3.1)

7-9 40 (21.9) 6 (19.4) 35 (21.5)

210 125 (68.3) 24(77.4) 110 (67.5)

Not applicable (<100 words) 11 (6) 1(3.2) 10(6.1)
Resource is or includes an infographic 10(5.5) 0(0) 10(6.1)
Resource is or includes avideo or videos 29 (15.8) 14 (45.2) 22 (13.5)
Resource includes references 136 (74.3) 14 (45.2) 130 (79.8)

850me records had content targeting both providers and the public and so may be represented in both columns.

bResources were subjectively classified by the reviewer as “very easy,” “easy,” or “not easy” to find through keyword searches of the parent website.
A resource was classified as “not easy” to find if the reviewer was only able to find it after exhausting all possible keyword search strategies or if the
resource appeared late in the search result pages (eg, appeared on the 20th search page). Resources identified via the database search were classified as

“not applicable.”

COther languages included Chinese, Farsi, Korean, Punjabi, Spanish, Vietnamese, Arabic, Farsi, Inuktitut, and [nnuinnagtun.

dMeasured usi ng the Simple Measure of Gobbledygook [24].

Resources for the Public

Of the 163 resources providing information to the public, only
6 (3.7%) specified contributions from patient partners or the
public. On the basis of asubjective measure of difficulty to find
the resources using keyword searches on the search engines
within the parent-organization websites, of the 163 resources,
141 (86.5%) were“easy” or “very easy” to find, and 16 (9.8%)
were “not easy” to find. In addition to English, 75 (46%)
resources were available in French (an official language of
Canada), and 7 (4.3%) were also available in other languages.
Over half of the public-facing resources (110/163, 67.5%) were
at an approximate 10th grade reading level or higher. A total of
6.1% (10/163) of resources included one or more infographics,
and 13.5% (22/163) included one or more videos.

https://pediatrics,jmir.org/2022/4/e37448

Resources for HCPs

Of the 31 resources with content for HCPs, 6 (19%) were
published on or after 2018, and 9 (29%) did not report the date
of publication. A total of 10% (3/31) of resourceswere clinical
guidelines, and 10% (3/31) specified contributionsfrom patient
partnersor the public. A total of 52% (16/31) of resourceswere
deemed easy or very easy to find, and 16% (5/31) were not easy
to find. A total of 39% (12/31) of resources were available in
French, and 45% (14/31) included one or more videos.
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Scope of Content Specific to Cannabis Use and
Fertility, Pregnancy, and Breast Milk

Overview
The extent to which cannabis use and fertility, pregnancy, and

Sharif et &

breast milk were discussed varied greatly (Table 3). Of the 183
resources, 57 (31.1%) resources were dedicated specifically to
providing information on the impact of cannabis use on fertility,
pregnancy, and breast milk, but nearly half (87/183, 47.5%)
only briefly mentioned the impact of cannabis use on
reproductive health.

Table 3. Summary of content covered in the educational resources included in this scoping review.

Content

Included resources, n (%)

Extent to which content on fertility, pregnancy, and breast milk was discussed in the resource® (N=183)

Core to the document

Significantly represented

Mentioned briefly
Content on fertility

Female fertility

Malefertility

Sex-specific effects not specified

Identification of alack of evidence, data, or information
Content on pregnancy

Use for nausea in pregnancy

Effect on awoman’s body during pregnancy

Effect on exposure fetus or newborn

Identification of alack of evidence, data, or information
Content on breast milk or breastfeeding

Effect on mother’s breast milk

Effect on breastfeeding infant

Identification of alack of evidence, data, or information

57 (31.1)
39(21.3)
87 (47.5)
55 (30.1)
28 (50.9)
22 (40)
24.(43.6)
6 (10.9)
173 (94.5)
38(22.0)
35(20.2)
117 (67.6)
39 (22.5)
133 (72.7)
47 (35.3)
64 (48.1)
34 (25.6)

33ubjectively evaluated based on how much content the resource contained on the topicsin question relative to the total amount of information presented

in the resource.

Content on Fertility

The potential impacts of cannabis use on fertility wereidentified
by 30.1% (55/183) of resources. Of these 55 resources, 28 (51%)
and 22 (40%) resources mentioned or discussed the specific
impacts on female and male fertility, respectively. The main
theme arising from these resources was that cannabis negatively
affects the reproductive systems of both males and females.
Resources mentioned a correl ation between higher cannabis use
and decreased testosterone levels and poor sperm quality
(including lower sperm count, mobility, and concentration) and
warned that cannabis use may be implicated in decreased male
fertility and failed pregnancies. Similarly, resources suggested
that cannabis use may affect the menstrual cycles of biological
females by affecting ovulation, egg quality, and length of the
cycle, thereby leading to difficulties in becoming pregnant.

Content on Pregnancy and the Developing Fetus

Cannabis exposure during pregnancy was discussed in 94.5%
(173/183) of resources. Of these 173 resources, 38 (22%)
included information on cannabis usefor the treatment of nausea
during pregnancy. The potential effects of cannabis exposure
on pregnancy and the exposed fetus or newborn were mentioned

https://pediatrics,jmir.org/2022/4/e37448

or described in 20.2% (35/163) and 67.6% (117/163) of
resources, respectively. Common messaging includes the fact
that tetrahydrocannabinol (THC) can cross the placenta to the
growing fetus and accumulate in the fetal fat and brain cells.
Resources have cited varying lengths of time that THC could
remain in human tissues, ranging from weeks to months. The
indicated short-term effects of cannabis use on the body are also
wide-ranging. The following exemplar quotes illustrate the
information conveyed:

Women who smoke marijuana are at greater risk for
a failed pregnancy because the drug can upset the
chemical balance necessary for the safe passage of
the embryo fromthe fallopian tube down to the uterus,
potentially resulting in an ectopic (tubal) pregnancy
or miscarriage. [Licit and Illicit Drug Use during
Pregnancy: Maternal, Neonatal and Early Childhood
Consequences, Canadian Centre on Substance Use
and Addiction]

Using cannabis during pregnancy may affect [the
mother’s] DNA and genes, which can be passed on
to future generations. [ Cannabis and Pregnancy Don't
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Mix, Poster #2; Society of Obstetricians and
Gynecologists of Canada)

THC exposure to the fetus was linked to adverse outcomes,
including preterm birth, low birth weight, stillbirth, growth
restrictions, fetal or neonatal mortality, and congenital
malformations, including heart abnormalities. Others mentioned
long-term implications such as neurodevelopmental
impairments, reduced motor development, and behavioral and
learning issues as infants age; for example:

The effects of cannabis exposure during pregnancy
may last alifetime. Childhood: poor memory function,
poor problem solving skills, and an inability to pay
attention. Adolescence: Increased risk of depression
and /or anxiety. Adulthood: Possible substance use.
[Cannabis, Pregnancy, and  Breastfeeding
Infographics; Society of Obstetricians and
Gynecologists of Canadal

Content on Breast Milk and the Breast Milk—Fed Child

Topicsrelated to breast milk and breastfeeding were mentioned
or discussed in 72.7% (133/183) of resources. Among these 133
resources, the specific effects of cannabis use on breast milk
were mentioned in 47 (35.3%) resources, and the potential
effectson breast milk—fed infantswere mentioned in 64 (48.1%)
resources. General consensus among the resources was that
THC could accumulatein the breast milk of lactating individuals
using cannabis, and resources suggested that it could be stored
in breast milk for up to 2 months. Consequently, resources
conveyed that cannabis use during lactation could affect the
quality and quantity of breast milk produced; for example:

Marijuana is excreted in your breast milk at levels 8
times higher than your blood marijuana (THC).
[Marijuana; The MotHERS Program]

Cannabis use may inhibit the production of prolactin
and reduce the rate of milk production. [Cannabis
use during pregnancy and lactation; perinatal services,
BC]

Cannabis use can affect the quality and quantity of
breast milk you produce. THC isstoredin your breast
milk for long periods of time. [Cannabis and Your
Baby; Chatham-Kent Public Health]

Theeffectsof infant exposureto THC through the consumption
of breast milk were described to include slower motor
devel opment, reduced muscular tone, poor suckling or difficulty
latching (harder to feed the infant), and issues with learning or
behavior and mental health; for example:

THC (delta-9-tetrahydrocannabinol), the substance
in cannabis responsible for the “ high”, is found in
the breastmilk of women who smoke cannabis. If using
cannabis affects your mind and body, it may also
affect your child’s mind and body. Like THC, CBD
islikely to accumulate in fatty tissues, such as breast
tissue. [Is cannabis safe during preconception,
pregnancy, and breastfeeding? Government of
Canada)

https://pediatrics,jmir.org/2022/4/e37448
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I dentification of a Lack of Evidence, Data, or
I nformation About Cannabis Use and Reproductive
Health

Of the 55 resources with content on fertility, only 6 (11%)
identified a lack of evidence regarding the effect of cannabis
on male or female fertility. Of the 173 resources with content
on pregnancy and the developing fetus, 39 (22.5%) identified
alack of information regarding the effect or safety of cannabis
on pregnancy or the developing child. Among the 133 resources
mentioning breast milk, 34 (25.6%) identified a lack of
information regarding the effect of cannabis on breast milk or
breastfeeding infants, which is evident from the following
example:

Further research is needed to better understand the
long-term health effects of cannabis consumption in
any form. Further research is needed to allow people
to make better informed decisions. [Cannabis Use
During Pregnancy; Canadian Association of
Midwives]

Recommendations M ade for Cannabis Use and

Fertility, Pregnancy, and Breastfeeding

In terms of guidance and recommendations provided by the
resources included in this review, the overall theme was that
cannabis use should be avoided by individuals who are trying
to conceive, those who are pregnant, and those who breastfeed
their infants. Therefore, cannabis usefor the trestment of nausea
and vomiting in pregnancy was not recommended; for example:

Cannabis is not recommended to treat nausea and
vomiting during pregnancy. Ask a health care
provider about safer options to feel better. [Nausea
and Vomiting, KFL& A Public Health]

Pregnant and | actating women or individual s were often grouped
together as a single population for the delivery of
recommendations; for example:

Avoid cannabis completely if you are pregnant or
breastfeeding. [Cannabis and Your Health;
Government of Canada]

Of the 163 public-facing resources, only 23 (14.1%) specifically
recommended that patients speak to their HCPs about cannabis
use in the context of reproductive and perinatal health. One
resource recommended that patients speak to their HCPsif using
cannabis and planning a pregnancy; 17 suggested speaking to
an HCP for further information on using cannabis during
pregnancy and 12 for information on using cannabis during
lactation; for example:

Some women are interested in using cannabis during
preghancy to treat nausea or “morning sickness’ .
Thereis some research showing that women who use
cannabisreport relief from these symptoms; however,
more research is needed to understand the potential
health risks. Talk to your healthcare provider if you
have questions about this. [Women and Cannabis;
Centre of Excellence for Women's Health]

In contrast, all the content for HCPs advised counseling patients
about the risks of cannabis use; for example:
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It is prudent to advise pregnant women and women
thinking of becoming pregnant of the risks associated
with cannabisuse during pregnancy. The safest option
available to pregnant women is to avoid using
cannhabis. Expertsrecommend against using any type
of cannabis during pregnancy or breastfeeding.
[Clearing the Smoke on Cannabis, Canadian Centre
on Substance Use and Addiction]

The relationship between prenatal cannabis use and
LBW underscores the need for clinical management
of cannabis use during pregnancy and lactation.
Patients should be asked about cannabis use and
advised to discontinue cannabis use during pregnancy
and lactation. [Alberta Antenatal Pathway; Maternal
Newborn Child & Youth SCN]

Discussion

Principal Findings

In this scoping review of Canadian resources on cannabis use
and reproductive and perinatal health, we found that resources
targeting both HCPs and the public consistently recommend
avoiding cannabis while individuals are trying to become
pregnant and during pregnancy and lactation. Ontario-based
organizations authored most of the public-facing resources;
most were published in English only and used language above
a 10th grade reading level. Few resources cited patient-partner
collaborations as part of the development process, and aminority
incorporated visual or audio-visua aids. Although HCP
resources consistently identified the importance of patient
counseling, resources for the public rarely recommended
consultation with HCPs.

Strengthsand Limitations

This study provides critical insights into the scope of publicly
availableinformation on the effects of cannabis use on fertility,
during pregnancy, and while breastfeeding. Our methodology
was strengthened by following established frameworks for
scoping reviews. In addition, our use of a broad and iterative
search strategy developed in collaboration with an information
specialist, maternity care experts, and a patient partner further
strengthened the yield of possible resourcesfrom public health,
maternal and child health, and substance use authorities.
However, there are relevant limitations that should be
acknowledged. First, although our database and gray literature
searches were comprehensive, some relevant and contributory
resources were missed. For example, although manual searches
of target websites were thorough, we may not have identified
all eligible resources hosted on a given website. Second, we
limited our analysis to Canadian resources; as a result, our
observations and recommendations may not be generalizable
to resources developed by authorities in other regions. Finally,
we were unable to ascertain information on the frequency of
use (eg, the number of downloads, web page visits, and sharing
on social media) and the date of publication for many web-based
resources. Thus, we cannot comment on the extent of resource
uptake or how resources were being kept up to date.

https://pediatrics,jmir.org/2022/4/e37448

Sharif et &

Interpretation

The growing popularity of cannabis among individuals of
reproductive age, combined with the recent legalization of
nonmedical cannabis products in Canada, has necessitated
updating or generating clinical recommendations to support
HCPs with patient counseling and public resources to guide
informed decision-making. However, the devel opment of such
resources has proven challenging. Current data on the potential
benefits and harms of cannabis use aswell as reproductive and
perinatal health are still emerging. The volume of published
data on these topics has grown exponentially in the last few
years, making it challenging to keep resources up to date with
reliable information. Although the uptake of health care
resources is difficult to ascertain, their usability is greatly
influenced by how and in what format they are disseminated.
Easy-to-find health care resources that incorporate interactive
content where the audience can tailor the information to their
personal health care needs and experiences are more likely to
be used [26]. Using audio and visual contents alongside plain
text and involving or partnering with patients to codevelop
resources are also well-recognized strategies for strengthening
content, aligning patient and HCP priorities, and improving
eHealth literacy [26-28]. Unfortunately, very few resourcesthat
weidentified incorporated alternative or complementary modes
of information sharing, and most did not cite patient involvement
in their development. Finally, web-based health information
can act as both an enabler and a barrier to shared
decision-making [29]—an essential consideration for the
development of health care resources and for HCPs when
consulting with their patients [30,31]. Although the HCP
resources identified in this review were consistent in their
recommendation to provide counseling to patients, few
public-facing resources examined in this review explicitly
recommended that patients consult with HCPs about cannabis
use. Failure to identify HCPs as trusted caregivers in
patient-facing resources risks perpetuating common barriersto
patient counseling in this area [32-34]. Importantly, although
not al individuals who use cannabis in pregnancy can have a
substance-misuse issue, pregnancy isan optimal opportunity to
provide patient education so that informed decisions can be
made. To do so necessitates that HCPs stay well informed on
general patient-counseling strategies, including counseling
strategies specific to perinatal substance use [35].

The resourcesincluded in this scoping review represent critical
tools for HCPs and the public regarding counseling and
decision-making about cannabis use while planning pregnancy,
during pregnancy, and lactation. Although the information
presented was thematically consistent, we noted common gaps
or oversights in existing resources that could be addressed in
the future:

1. The authors of educational resources on this topic should
regularly update these resources in line with emerging
evidence. In line with this, version dates and references
should beincluded for transparency regarding the presented
evidence and its recency.

2. Patient-facing resources should clearly and consistently
encourage patients to consult with HCPs if they are
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considering or continuing cannabis use when planning
pregnancy or during pregnancy and lactation.

3. Where resources recommend against cannabis use for the
management of specific conditions (eg, nausea, anxiety,
and chronic pain), suggestions for alternative options or
directionsto resources outlining alternative options should
be provided.

4. Finaly, as web-based resources are widely accessible and
are generally the public’s first choice to seek information,
efforts should be made to increase resource readability and
language accessibility. Overall accessibility could be
improved by minimizing the use of technical language and
text with high reading grade levels, including videos and
infographics, and by trandlating resources to commonly
spoken languages in Canada.

Sharif et &

Conclusions

Canadian resources provide information to the Canadian public
and HCPs on the effects of cannabis use on fertility, pregnancy,
and breast milk and consistently communicate that there is no
known safe amount of cannabis that can be consumed in
pregnancy. Therefore, these resources recommend against using
cannabis if planning pregnancy, during pregnancy, and while
breastfeeding. Despite the availability of these resources,
improvements can till be made to enhance their accessibility
and encourage uptake. Notably, public-facing resources
discussing cannabis use related to reproductive and perinatal
health should always encourage consultation with HCPs. They
should be updated regularly to ensure that guidance reflects
current information.
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Abstract

Background: Neglecting adolescents' sexual and reproductive health (SRH) can affect multiple domains of development.
Promoting healthy adolescent SRH isincreasingly done using mobile phone apps. Providing SRH information viamobile phones
can positively influence SRH outcomes including improving knowledge, reducing sexual risk behavior, and increasing the use
of health services. A systematic approach to establishing and evaluating the quality of adolescent SRH mobile apps is urgently
needed to rigorously evaluate whether they are aviable and effective strategy for reaching adolescents and improving adolescent
SRH knowledge and behaviorsin particular.

Objective: This study aimed to conduct an environmental scan to produce an inventory of adolescent SRH—specific mobile
apps with descriptions of their purpose, structure, operations, and quality of evidence.

Methods: We used a literature review to develop 15 search terms for adolescent SRH—related apps in the Canadian and US
Appleand Google app stores. After generating the search results, inclusion and exclusion criteriawere applied. Using the remaining
apps, we built an evidence table of app information, and app reviewers assessed each included app using the Mobile App Rating
Scale. App assessments were then used to highlight trends between apps and identify gapsin app quality.

Results: In total, 2761 apps were identified by our searches, of which 1515 were duplicates. Of the 1246 remaining apps, 15
met the criteriafor further assessment. Acrossall subdomains, on ascale of 1-5, the mean app score was 3.4/5. The Functionality
subdomain had the highest mean score of 4.1/5, whereas the Engagement subdomain had the lowest score of 2.9/5. The top 4
apps were Tia: Female Health Advisor (4.7/5), Under the Stethoscope (4.2/5), Condom Credit Card (4.1/5), and Shnet (3.7/5).

Conclusions: This environmental scan aimed to provide a comprehensive overview of the mobile apps devel oped to promote
adolescent SRH knowledge and outcomes. Of the 15 mobile apps available to provide information related to adolescent SRH,
few provided comprehensive, reliable, and evidence-based SRH information. Areas of strength included the apps’ gestural design,
performance, ease of use, and navigation. Areas of weakness included app goals, evidence base, and app customization options.
These results can be used to conduct future studies evaluating the use and efficacy of mobile apps on health knowledge and
behaviors and promote adolescent SRH.

(JMIR Pediatr Parent 2022;5(4):€33826) doi:10.2196/33826
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mHealth; mobile health; adolescent; sexual and reproductive health; environmental scan; mobile app; sexual health; reproductive
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Introduction

Adolescenceisacritical period in the transition from childhood
into adulthood, during which young individuals aged 10 to 19
years experience substantial physical, psychological, social,
and emotional changes [1]. Adolescents are a vulnerable
population because of their age-related psychosocial and
biologica changesand the challenges associated with navigating
these changes[2]. As part of their physical, psychological, and
social development, it is common for adolescents to explore
their sexual identities and feelings[3]. Neglecting adolescents
sexual and reproductive health (SRH) needs can affect their
physical and mental health, future employment, economic
well-being, and ability to reach their full potential [4-6].

Interventionsto promote adolescent SRH (ASRH) increasingly
use mobile phones. Mobile app platforms have the potential to
advance SRH. Nearly 90% of young people aged 15to 24 years
in North America use the internet daily or own a smartphone
[7,8]. The use of mabiletechnology for health promotion offers
privacy [9-14], accessto personalized information [9,11,13,15],
and convenience[9,14,16], making it avaluable way to provide
accurate information to adol escents about sexual health [9-15].
Furthermore, young people are responsive to and excited about
using new technologies for SRH promotion [9,12,17,18].
Offering SRH information via mobile technologies has an
emerging evidence base that recommends mobile health
(mHealth) asan acceptable, feasible, and promising intervention
approach [19-22]. Thisevidenceincludes, first, the World Health
Organization-ed High Impact Practices recommendation that
digital technologies be integrated into family planning [19].
This recommendation is supported by a review of SMS text
messaging as a digital tool [20] that demonstrates the high
acceptability of these interventions among beneficiaries, even
though few apps were available with this eval uative component
[20]. Echoing these recommendations, a systematic review of
mHealth added that the outcomes of these interventions were
generally positive but susceptible to threats such as a lack of
stable devel opment funding [21]. Although a second systematic
review also concluded that these interventions were promising,
both reviews end by exhorting the collection of additional
evidence [22]. Previous research suggests that providing SRH
information via mobile phones is highly appealing to young
people and can positively influence SRH outcomes including
improving knowledge, reducing sexual risk behavior, and
increasing the use of health services [23-27]. The appealing
qualities of mHealth interventions (eg, mobile apps) have
translated into growing recognition that maobile apps offer a
promising platform for reaching large numbers of adolescents
across diverse settings with private, essential, high-quality, and
comprehensive SRH information and support.

Given the rapid proliferation of smartphone apps, there are
several mobile appsthat have been devel oped to promote ASRH.
However, to date, no comprehensive attempt has been made to
identify and provide information on the quality of these apps.
It is increasingly difficult for users, health professionals, and
researchersto readily identify and assess high-quality apps[28].
Little information on the quality of these apps is available,
beyond the star ratings published on retailers web pages,
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whereas app reviews are subjective by nature. An updated
systematic approach to establishing and evaluating the quality
of ASRH mobile appsisurgently needed to rigorously evaluate
whether they are a viable and effective strategy for reaching
adolescents and improving ASRH knowledge and behaviorsin
particular. Although recent reviews have examined digital health
solutionsto ASRH [9,29-31], none have updated our knowledge
by using the same evaluative framework to directly compare
the quality of these solutions. The objective of our study was
to conduct an environmental scan to produce an inventory of
A SRH-specific mobile apps with descriptions of their purpose,
structure, operations, and quality of evidence. An understanding
of the available A SRH-specific mobile appsthat currently exist
in North Americawill help inform (1) the quality and usability
of mobile apps to promote ASRH and (2) the potential
development of new mabile apps specific to adolescents living
in North America

Methods

Summary

We developed search terms designed to work with Apple and
Googl€e's app store search algorithms, and then, using software
built for searching both stores, we created an app database based
on this search strategy. Subsequently, 2 reviewers applied the
inclusion and exclusion criteriato the database and filtered apps
based on 9 criteria. Using thislist of apps, we built an evidence
table of app information, and the app reviewers assessed each
included app using avaidated health app assessment framework,
the Mobile App Rating Scale (MARS) [32,33]. Discrepancies
between ratings were addressed through discussion between the
app reviewers. Results were then analyzed for trends in
SRH-related apps for adolescents, and gaps in app quality that
could be used to improve apps in the future were identified.

Search Terms

As we were interested in SRH apps for adolescents in North
America, we limited searches to the US and Canadian versions
of the Google Play and Apple App stores. There is little
formalized knowledge available to researchers about the
specifics of how these stores' searcheswork [34], and our results
will be presented in the context that we lack specificity about
how these algorithms work. Based on outreach to Google and
Apple, as well as available documentation for app developers,
results from the Google app store are drawn from app title,
publisher, and app description, whereas results from the Apple
app store are based on app title, keywords, and primary category
(eg, education or lifestyle).

When searching Apple and Googl€'s app stores using amobile
device, wefound that apps unavailable in Canadaor the United
States and apps not compatible with a particular device were
not included in search results. In addition, results were
personalized, which could have biased the apps examined based
on the researchers’ search profiles. We addressed this by using
custom software built to search the Google Play and Apple App
storesthat has been previoudly tested to ensure that personalized
results and device compatibility were not influencing search
results[35].
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We carried out a short literature scan on ASRH using 4
electronic databases (Ovid MEDLINE, PubMed, Cochrane
Library, and CINAHL) to identify 15 key terms related to
ASRH: sex, sexuality, sexual health, sexual education, sexual
health education, reproductive, reproductive health,
contraceptive, birth control, pregnancy, safe sex, sex and
relationships, sexually transmitted disease (STD), sexually
transmitted Infection (ST1), and HIV.

Search and Screening

We searched the Apple and Google app stores in Canada and
the United States on December 19, 2020, using the 15 terms
above. The search returned amaximum of 50 results per search
term per country, for each store, for amaximum of 1500 results
per app store (750 apps each from the Canadian and US stores).
We used custom Python software (Python Software Foundation)
that is not susceptible to changes in results from search

Textbox 1. Inclusion and exclusion criteria.

Benoit et al

personalization and device limitations, as confirmed by testing
on different computers. Results were automatically organized
inaCSV database, which was exported to an Excel spreadsheset
(Microsoft Corporation), and paired with an Excel-ready version
of theMARSto allow it to beintegrated easily into our evidence
table.

In total, 6 inclusion criteria and 3 exclusion criteria were used
to screen the apps (Textbox 1).

The 2 app reviewers (SLP and SK) independently assessed app
tittes and metadata (eg, description and paid/free status).
Reviewers discussed apps where disagreement on inclusion
occurred and used additional information (eg, photos of the app
from the Google or Apple store) to reach a consensus. In
addition, the 2 app reviewers recorded the reasons why any app
was unusable, unavailable, or could otherwise not be assessed
using the MARS.

Inclusion criteria

«  Contains content related to sexual health education

o Addressed any component of sexual health or sexuality

« App'sintended audience includes adolescents (aged 10-19 years)

« App still existsin the Google Play or Apple App store while being assessed

«  Targeted to North American adolescents (app specifically mentions adolescents as users)

« Avalablein English

Exclusion criteria

«  Paid (purchased; these apps, which only account for 5% of all apps [36], are unlikely to be useful to adolescents who cannot access, or are

unwilling to access, a credit card)
«  Developed for specific event such as a conference

«  Targeted to anon—North American context

App Quality Assessment

We used the MARS, avalidated tool used for assessing health
apps. The MARS was chosen for its high internal consistency
and interrater reliability. The MARS contains items related to
both the characteristics of an app (eg, rating and time since last
update) and app quality assessment. This assessment isdivided
into 5 subscales: Engagement (eg, how interesting or fun the
app is to use); Functionality (eg, how easy the app is to use);
Aesthetics (eg, the visual apped of the app); Information Quality
(eg, information quality and relevance); and Subjective Quality
(eg, how often the app would be used). Subscales are further
divided into items (directed questions). All MARS items are
scored on a 5-point, Likert-type scale, with a high score
indicating favorability for that item.

The 2 reviewers (SLP and SK) trained on the MARS by
reviewing previously rated apps, practiced rating 5 health apps
asagroup with all authors, and then discussed discrepanciesin
ratings before carrying out the MARS assessment for all
included apps. Differences on item scores were compared and
discussed, and a final item score was agreed on by both

https://pediatrics.,jmir.org/2022/4/e33826

reviewers. All differencesin item scoreswereresolved following
discussion.

To assess each app, reviewers installed the app on an Android
or Apple device. If an app was available on both devices, the
Appleversion was assessed. Onceinstalled, reviewerslaunched
each app and interacted with it for 10 minutes. Reviewers
created a log-in or account for apps that required this process
to access app content. After interacting with the app, reviewers
assessed it with the MARS scale and reaccessed portions of the
app ad hoc to determine item scores. To determine whether an
app had an evidence base present in scientific literature,
reviewers searched Google Scholar and PubMed using theapp’s
name, and the first 50 results were examined for relevance. If
amatching paper was found, reviewers examined the nature of
that study to determine how to score the MARS item.

Analysis

Once we built an evidence table for all included apps, we
calculated subscale scores for each app by averaging items
within each subscale and then calculated the MARS score by
averaging the MARS itemsfor that app. We converted subscale
and MARS scores to ascore out of 5 to match the MARS item
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score range. The mean score of each item was also calculated
to create an item-wise mean score. We rank-ordered apps by
MARS score to allow for comparisons of app quality.

Wethen analyzed apps by comparing scores between each app’s
MARS score, subscale scores, and item scores. The subscale
and item scores of the top 4 apps (with the number of apps
arbitrarily chosen post hoc) were compared to the mean app
score. Apps were also compared based on duration since the
last update (dividing apps into less than or more than 6 months
since the last update). To identify gaps in app quality, we
compared mean item scores. We also identified areas for quality
improvement in the top 4 apps by comparing each app’s item
scores to the mean app item scores.

Results

Study Char acteristics

The search strategy (summarized in Figure 1) [37] identified a
total of 2761 mobile apps across 4 searches. After removing
1515 duplicate apps from the results, a total of 1246 mobile
apps from the Apple App store (n=751) and Google Play store
(n=495) were screened against the inclusion and exclusion
criteria. Based on the fina inclusion criteria, 15 mobile apps
were included in our environment scan. Of the 15 mobile apps
included, 5 were only available from the Apple platform

Benoit et al

(Condom Credit Card; Teenagerswith Experience; Tia: Female
Health Advisor; TMI Georgia; and Under the Stethoscope), 3
were only available from the Google platform (Adolescent
Health Issues; Class 12 Bio Notes; and Sexual Reproductive
Health Counsellor), and 7 were available from both Apple and
Google platforms (b(MOREsdfe; It Matters; My Sex Doctor
Lite; NeedTayKnow; Shnet; SAUTIplus, and The Sex Talk).
Of the 15 mobile appsincluded, 4 were updated within the last
6 months at the time of analysis (bM OREsafe; NeedTayK now;
Shnet; and Tia: Female Health Advisor), whereas 8 were last
updated more than 6 months ago (Adolescent Health Issues,
Class 12 Bio Notes; Condom Credit Card; It Matters; My Sex
Doctor Lite; SAUTIplus; Sexua Reproductive Health
Counsellor; and TMI Georgia). The remaining 3 mobile apps
did not provide information on the date of the last update
(Teenagers with Experience; The Sex Talk; and Under the
Stethoscope). Additionally, 4 mobile apps were targeted
specifically for adolescents (Adolescent Health Issues; Class
12 Bio Notes; Teenagers with Experience; and Under the
Stethoscope), 8 were targeted for adolescents and young adults
(Condom Credit Card; It Matters, NeedTayKnow; SAUTIplus,
Sexua Reproductive Health Counsellor; Shnet; The Sex Talk;
and TMI Georgia), and 3 were targeted for adolescents, young
adults, and adults (bMOREsafe; My Sex Doctor Lite; and Tia:
Female Health Advisor). This information is summarized in
Table 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of the app search and screening process. NA:

North America
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Table 1. Assessed app characteristics.
App name Availability Time since update Target(s)
Apple  Google Both <6 >6 No info Adoles- Adolescents Adolescents,
months  months cents and young young adults,
adults and adults
Sexual Reproductive Health O O O
Counsellor
Adolescent Hedlth I ssues
Class 12 Bio Notes O O
My Sex Doctor Lite d O ad
NeedTayKnow d ad
SAUTIplus O O
bMOREsafe g ad O
Teenagers with Experience O O
The Sex Talk g g
It Matters g g
TMI Georgia g O g
Shnet g d 0
Condom Credit Card O O
Under the Stethoscope 0 O
Tia: Female Health Advisor O O

Study Findings

The included mobile apps had a mean score of 3.4/5 on the
MARS. The included mobile apps scored the highest on the
subdomain of Functionality, with amean score of 4.1/5, whereas

the subdomain of Engagement received the lowest mean score
of 2.9/5. The overall mobile app mean score was 2.5/5 for the
Subjective Quality subdomain, 3.3/5 for the Aesthetics
subdomain, and 3.3/5 for the Information subdomain. The scores
are summarized in Table 2.

Table 2. Scores by Mobile App Rating Scale (MARS) subdomain and overall luality.

Mean score?

Subdomain

A: Engagement 29

B: Functionality 4.1

C: Aesthetics 33

D: Information 33

E: Subjective Quality 25
App quality

Overal mean (subdomains A to D) 34

3Mean scores are out of atotal of 5.

MARS Subdomains

Theindividual mobile app MARS scores varied between 2.3/5
and 4.7/5 on the MARS tool (Figure 2). Tia: Female Health
Advisor was the highest-scoring mobile app, followed by Under
the Stethoscope, Condom Credit Card, and Shnet.

For the Engagement subdomain, Tia: Female Health Advisor
received the highest mean score of 5/5, whereas Under the
Stethoscope received amean score of 4.2/5. Shnet and Condom
Credit Card had lower mean scores of 3.2/5 and 3/5,

https://pediatrics.,jmir.org/2022/4/e33826

respectively. For the Functionality subdomain, Tia: Female
Health Advisor and Condom Credit Card both received the
highest mean score of 4.5/5. Under The Stethoscope followed
with a mean score of 4.3/5, whereas Shnet received a
Functionality mean score of 4/5. In the Aesthetics subdomain,
Tia: Female Health Advisor again received the highest mean
score of 5/5. Under the Stethoscope, Condom Credit Card, and
Shnet each received a mean score of 4.3/5 in the Aesthetics
subdomain. The mean scores in the Information subdomain
were 4.6/5 for Condom Credit Card, 4.4/5 for Tia: Female
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Health Advisor, 4.2/5 for Under the Stethoscope, and lastly,
3.6/5 for Shnet. For the Subjective Quality mean scores, Tia:
Female Health Advisor wasrated the highest with amean score

Benoit et al

of 4.5/5. Under the Stethoscope and Shnet both received a
Subjective Quality mean score of 3.8/5, whereas Condom Credit
Card received thelowest Subjective Quality mean score of 3.5/5.

Figure 2. Cumulative score of each app’s Mobile App Rating Scale (MARS) subdomains.
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Areasof Strength

In acomparison of thetop 4 mobile apps against the mean score
of all included mobile apps (Figure 3), our study found common
areas of strength onthe MARS items. Overall, the mobile apps
included in our study scored high on the MARS items of
gestural design, performance, ease of use, and navigation
(Figure 3). Although visual information wasrated highly (4.5/5),

8.0 10.0 12.0 14.0 18.0 20.0

m Aesthetics mean Information mean

only 8 (53%) out of 15 apps contained it, and therefore, this
item was not considered a strength. These results suggest that
future mobile apps in the area of SRH should continue to
consider gestural design, performance, ease of use, and
navigation in the development and dissemination of mobile
apps. However, our study identified important gapsinthe MARS
itemsfor current mobile apps being offered in the area of SRH.

Figure 3. Scores of top 4 apps and the mean of al apps by Mobile App Rating Scale (MARS) items.
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Areas of Weakness

Primary Areas of Weakness

In acomparison of thetop 4 mobile apps against the mean score
of al included mobile apps (Figure 3), our study identified
primary and secondary areas of weakness on the MARS items
for mobile apps currently being offered.

Our study identified 2 major gaps in the MARS items across
the included mobile apps. First, the MARS item goals—“Does
app have specific, measurable and achievable goals (specified
in app store description or within the app itself)?’ [32]—was
absent across mobile apps. Second, the MARS item evidence
base—"Has the app been trialled/tested; must be verified by
evidence (in published scientific literature)?’ [32]—was
additionally lacking across mobile apps. Thesefindings suggest
that researchers should strongly consider incorporating specific
goals in the development of SRH mobile apps, in addition to
developing a strong evidence base for future mobile apps on
SRH. Integrating these MARS items—goals and evidence
base—into future SRH mobile apps may fill the current gap in
end-user needs.

Secondary Areas of Weakness

Furthermore, our study identified 2 secondary areas of weakness
in acomparison of thetop 4 mobile apps against the mean score
of al included mobile apps. First, the MARS item
customisation—'Does it provide/retain all necessary
settings/preferences for apps features (e.g. sound, content,
notifications, etc.)?’ [32]—was lacking. Future development
of mobile apps on SRH topics should consider the importance
of app customization to comprehensively reach the needs of
potential end users. The MARS item Wobuld you pay for this
app? additionally scored low across the top 4 mobile apps
assessed. By addressing the aforementioned gaps of goals,
evidence base, and customisation, future SRH mobile apps may
increase end-user satisfaction, and thus, increase end users
willingness to pay for the app.

Discussion

Principal Findings

This environmental scan aimed to provide a comprehensive
overview of the mobile apps developed to promote ASRH
knowledge and outcomes. Research into smartphone apps for
ASRH is sparse. Despite the plethora of mobile apps on the
market, our literature search identified only 15 apps pertaining
to this subject. To our knowledge, our study is one of the first
to perform a comprehensive assessment of mobile apps being
developed for ASRH that are used during the COVID-19
pandemic. Smartphone apps have immense potentia to improve
health knowledge, behaviors, and outcomes for young people.
Weidentified 15 mobile appsthat we scored acrossthe MARS.
These apps differed interms of their engagement, functionality,
aesthetics, information quality, and overall purpose. Most of
the apps acquired the highest scorein Functionality (mean score
of 4.1). Thisfinding showsthat most apps prioritize functionality
(including concepts such as app performance, the ease of
learning the app, and easy navigation between screens) over
other features.

https://pediatrics.,jmir.org/2022/4/e33826
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The majority of the mobile appsincluded in this environmental
scan are lacking in the MARS items goals and evidence base.
This finding is unsurprising as the mHealth field has been
criticized for producing limited evidence about the efficacy and
effectiveness of evidence base information [38-40]. Researchers
of previous studies that examined youths' perspectives on the
use of digital technologies in sexual health education reported
that adolescents prefer sexual health education resources that
are accessible (ie, amobile app is a preferred resource because
they receiveimmediate answersto their questions), trustworthy
(ie, resources must be credible and have an evidence base), and
confidential and private (ie, resources should offer information
in a nonthreatening way that will not cause embarrassment)
[41,42]. The credibility, quality, and accuracy of information
areimportant factorsthat encourage young peopleto usedigital
platforms for SRH information, and adolescents do not act on
digital information if they do not trust its credibility [9,43].
Digital technologies or social media platforms with improved
resourcesthat provide evidence-based information on SRH and
rights are useful for accessing reliable and confidential
information [44], but the availability of thisinformationin some
domains (eg, HIV-related apps) has been criticized [45].

Another area of weakness identified is the lack of app
customization to comprehensively reach the needs of all
potential end users. Consultation with usersis essentia in the
development of mobile apps targeted at young people, as this
group can be particularly influenced by the look and feel of an
app. Previous research suggests that listening to and meeting
young people’s desires in terms of mobile app and content is
essential in engaging them [46-48].

Strengthsand Limitations

The psychometric properties of the MARS tool have been
proven to be reliable and valid [32], and the use of this tool
lends strength to our study’s conclusions. Further, our study
provides a comprehensive assessment of all mobile apps
available in North America for adolescents SRH. However,
apps in languages other than English could not be assessed,
which limits the generalizability of our results and the storesin
which we could search for apps. Likewise, paid apps were not
included in the search. In addition, the features of the apps
examined by us may be different from the updated versions of
the app, and these features might have been addressed in apps
developed after this review. This possibility is inevitable
considering the rapidity with which apps are developed and
reformed. Despite the high interrater reliability of this scale
[32], the reviewers subjectivity might have influenced the
ratings awarded, and caution must be exercised when
interpreting the results portrayed in this study. Finaly, only 2
reviewers carried out the MARS assessment of each app,
limiting information quality in our analysis.

Conclusions

Digital health tools, such as smartphone-based apps, play an
important rolein preserving the continuity of SRH servicesfor
adolescents and youths. There are numerous mobile apps
available to provide information related to ASRH. However,
very few mobile apps provide comprehensive, reliable, and
evidence-based SRH information to promote ASRH. Thisreview
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providesan overview of mobileappsavailablein North America  used to conduct future studies to evaluate the use and efficacy
related to ASRH, summarizes their strengths and limitations  of mobile apps on health knowledge and behaviors and promote
through a qualitative assessment, and delineates key functions ASRH.

and features needed for future apps. This information can be
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Abstract

Background: Digital peer support is an increasingly used form of mental health support for young people. However, there is
aneed for more research on the impact of digital peer support and why it has an impact.

Objective: The aim of this research is to examine young peopl€e’'s experiences of using a digital peer support tool: MeeToo.
After the time of writing, MeeToo has changed their name to Tellmi. MeeToo is an anonymous, fully moderated peer support
tool for young people aged 11-25 years. There were two research questions: (1) What impacts did using MeeToo have on young
people? (2) Why did using MeeToo have these impacts on young people?

Methods: A mixed methods study was conducted. It involved secondary analysis of routinely collected feedback questionnaires,
which were completed at two time points (T1 and T2) 2-3 months apart. Questionnaires asked about young people’s (N=876)
experience of using MeeToo, mental health empowerment, and well-being. Primary data were collected from semistructured
interviews with 10 young people.

Results: Overall, 398 (45.4%) of 876 young people completed the T1 questionnaire, 559 (63.8%) completed the T2 questionnaire,
and 81 (9.2%) completed both. Descriptive statistics from the cross-sectional analysis of the questionnaires identified a range of
positive impacts of using MeeToo, which included making it easier to talk about difficult things, being part of a supportive
community, providing new ways to help oneself, feeling better, and feeling less alone. Subgroup analysis (paired-sample t test)
of 58 young females who had completed both T1 and T2 questionnaires showed a small but statistically significant increase in
levels of patient activation, one of the subscales of the mental health empowerment scale: time 1 mean=1.83 (95% Cl 1.72-1.95),
time 2 mean=2.00 (95% CI 1.89-2.11), t5=2.15, and P=.04. Anonymity and the MeeToo sense of community were identified
from interviews as possible reasons for why using MeeToo had these impacts. Anonymity helped to create a safe space in which
users could express their feelings, thoughts, and experiences freely without the fear of being judged by others. The MeeToo sense
of community was described as a valuable form of social connectedness, which in turn had a positive impact on young people’s
mental health and made them feel lessisolated and alone.

Conclusions: The findings of this research showed arange of positive impacts and possible processes for young people using
MeeToo. Future research is needed to examine how these impacts and processes can be sustained.

(IMIR Pediatr Parent 2022;5(4):€37424) doi:10.2196/37424
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Introduction

Evidence suggeststhat peer support may improve mental health,
socia functioning, and quality of life [1], particularly during
the COVID-19 pandemic [2]. For example, research indicates
the effectiveness of using digital resourcesin peer support work
to help young people experiencing psychosis[3]. Thereisalso
research illustrating how digital peer support can help people
with severe mental health difficultiesin their recovery process
by encouraging a culture of health and ability [4]. Digital peer
support has the potential to reach more young people in need
of support than young people being able to access face-to-face
peer and other forms of support [5]. Thisisparticularly the case
during the periods of quarantine and lockdown due to the
COVID-19 pandemic, where digital peer support can be more
readily available and accessible to young people [2]. Indeed,
research suggests that digital mental health interventions are
effective in mitigating psychosocial consequences of social
distancing, quarantine, and other restrictions due to the
COVID-19 pandemic [6].

Inthisregard previous studiesindicate that the desirable aspects
of digital mental health peer support systems are matching peers
according to shared interests and identitiesthat they self-identify
with, not matching peers according to their mental health
diagnosis, and highlighting through social mediaor other online
mediums that discussing mental health is safe in a peer support
community [7]. Other important aspects that emerged from
previous research on digital peer support platforms were: to
educate peers on how to offer support without suggesting
unhelpful coping strategies, to guarantee some anonymity and
control over how peers present themselves to each other on
these platforms, and to provide adequate information to potential
peers to facilitate their decision on whether they would like to
start befriending their matched peer prior to connecting with
them [7].

In addition, Kenny et al’s research [8] indicates that young
people identified 6 main factors when asked about the
development of a mental health app prototype: safety and
engagement, functionality and socia interaction, awareness,
accessibility, gender, and young people in control asimportant
factors. Regarding safety and engagement, the app must be safe
intermsof confidentiality, cyberbullying, and stigmaand it also
must be engaging and user-friendly. Concerning functionality
and social interaction, the app must have the useful and relevant
function of providing mental health support, aswell asallowing
young people to interact with one another in an anonymous
way. With respect to awareness and accessibility, the app should
also be promoted online and offlineto rai se awareness of mental
health among young people and must be easily accessible.
Young people a so highlighted that there are gender differences
among users on the extent to which they would engage with the
app. Finally, young people expressed the importance of being
in control of how and the extent to which they use the app.

There is also research on digital peer support programs
suggesting that these types of interventions encourage young
people to self-refer to mental health services and seek help
among their social networks, thus effectively combatting mental
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health stigma among young people[9]. In thisrespect, evidence
suggeststhat there are 3 kinds of connectednessthat are essential
for the development of effective digital mental heath and
well-being tools: professional, self, and peer [10]. Professional
connectedness refers to young people’s trust in the credibility
and authenticity of the tool, similar to the requirements for
face-to-face mental heath and well-being support.
Self-connectednessrefersto young peoplefeeling they can share
their own experiences appropriately and devel oping new insights
and support strategies. Finally, peer connectedness refers to
young people being able to connect with other young people
with similar experiences in a safe but meaningful way, often
one of themost challenging aspects of digital mental health and
well-being support tools.

However, a systematic review suggests a lack of research in
digital peer support asit is often used in a supplementary way
to faceto-face interventions, and thus the individual
effectiveness of digital peer support is not accurately
investigated [2]. In addition, research suggests that athough
there is some evidence of the effectiveness of digital peer
support, such as mental health apps, studies remain imprecise
on how effective these apps are compared to standard mental
health care [11].

MeeToo is a fully moderated anonymous digital peer support
tool (app) that is widely used by young people in a range of
settings [12]. After the time of writing, MeeToo has changed
their name to Tellmi. It is freely available for young people
aged 11-25 years [13]. A user is able to see moderated posts
from other users who are aged +/-2 years of the user's age,
except for users 18-25 years old who are able to see moderated
posts from users 18-25 years old. Trained and paid moderators
review all posts 24/7 to assess risks and tag posts by theme.
Other users can post repliesto apost, and these replies are al so
moderated. Trained “super peers’ review posts and make sure
no one is left without a response. Super peers are university
students from psychology, medicine, and other mental health
relevant departments who have completed the structured and
monitored MeeToo Super Peer Programme, which isacceptable
to beintegrated into adegree course as a placement option. The
program is offered remotely as super peers do not have to be
based in the United Kingdom. In addition, counsellors are
availableif there are any serious or safeguarding concerns. Posts
can be filtered by topic, and there is also a library of mental
health resources. Usersgenerally find out about MeeToo through
peers, schools, or mental health support services. Apart from
research collaboration, the authors of this paper have no other
professional or personal involvement in MeeToo.

Indeed, thereisaneed for more evidence of theimpact of digital
peer support and how it might achieve thisimpact. Thisquestion
isparticularly important now because young peoplefaceaperiod
of increased social isolation and interruption to regular peer
activities due to socia distancing [14,15]. In this respect,
according to Newlove-Delgado et a [16], examining the mental
health of children and young people during the COVID-19
pandemic, 39.2% of 6- to 16-year-olds experienced a
deterioration in their mental health since 2017 and 21.8%
experienced an improvement. In addition, among 17- to
23-year-olds, 52.5% experienced a worsening of their mental
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health and 15.2% experienced progress. This worsening of
mental health was greater for young females than for young
males, and levels of mental health difficulties were aready
higher for young females before the COVID-19 pandemic. A
recent study examined one-year follow-up data for two groups
of young people, one in 2018 (before COVID-19) and one in
2019 (during COVID-19) [17]. They found that young people
in the 2019 group had higher levels of depressive symptoms
and lower levels of satisfaction, with a greater negative impact
on young females than on young males. They estimate that had
COVID-19 not occurred, 6% fewer young people would have
experienced high levels of depressive symptoms.

In this regard, young people experienced disruptions in their
learning because of the closing of schools and the restricted
face-to-faceinteraction with their peers[14]. Indeed, COVID-19
regulations have negatively impacted young people’s mental
health and well-being, as studies illustrate how many young
people experienced COVID-19-related fear aswell asdepressive
and anxious symptoms [15]. These mental health difficulties
were prevalent in older adol escents, females, and young people
with neurodiversities or chronic physical conditions [15]. It is
important that we better understand how to support young people
to use digital mental health self-care, given the current global
pandemic and corresponding increased stress and adversity.

The aim of this research is to examine young people's
experiences of using adigital peer support tool, MeeToo. There
were two research questions:

What impacts did using MeeToo have on young people?
Why did using MeeToo have these impacts on young
people?

Methods

Rationale

A concurrent triangulation design mixed methods study [18]
was performed to address the two research questions. During
setup, a Logic Model was coproduced by researchers at the
Anna Freud Centre and the MeeToo team (see Multimedia
Appendix 1) [19] to provide a transparent description of the
conceptualization of MeeToo and to identify data collection
needs. Quantitative and qualitative data were collected
separately, with the quantitative data used to address research
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guestion 1 on the impacts of using MeeToo on young people
and the qualitative data used to address the related research
guestion 2 on why using MeeToo has these impacts.

Quantitative M ethodology

Data Collection

Secondary analysis of anonymized routinely collected feedback
guestionnaire datawas conducted. The questionnaire datawere
collected over aperiod of 5 months from January to May 2021.
These questionnaires were collected at time point 1 (T1), from
January to February, and approximately 2-3 months|ater at time
point 2 (T2), from April to May. As these were routinely
collected data, respondents had been using MeeToo for varying
amounts of time when they completed the questionnaires (see
Table 1). The anonymized datawere securely transferred to the
research team. The questionnaires asked 7 bespoke questions
about the impact of using MeeToo (eg, “Using MeeToo makes
it easier for me to talk about difficult things’), with a 6-point
response option from “strongly agree” to “strongly disagree”
and an additional “I don't know” option. The 17-item Mental
Health Empowerment Scale that the authors previously
developed asked about young people's levels of mental health
patient activation (7 items, eg, “| know how to look after my
mental health™), levelsof availability of social support (3items,
eg, “| have friends | can talk to when | feel bad”), their access
to information and support for their mental health (4 items, eg,
“I can find information that | trust if | have questions about my
mental health”), and their confidence in said information (3
items, eg, “I will be listened to when getting help about my
mental health”). The responses were rated on a 3-point scale
from“agree”’ to “disagree,” with higher scoresindicating higher
levels of mental health empowerment. Finally, well-being was
measured using the 4-item Outcome Rating Scale (ORS) [20].
The ORS assessed young peopl€e’s personal, relational, social,
and general well-being (eg, “How areyou doing overall?’), and
it was rated on 10 cm visual analog scales from “not good” to
“doing great.” Responses were then scored on a 0-10 scale by
centimeter, with higher scores indicating high levels of
well-being, and total average scores were then computed.
Internal consistency (Cronbach a) for subscales of the Mental
Health Empowerment Scale and overall well-being are shown
in Table 1.

Table 1. MeeToo usage statistics (how long participants reported they had been using MeeToo).2

Period of using MeeToo

T91 participants (n=398), n (%)

T2 participants (n=559), n (%)

Just started 199 (50)
<1 week 32(8)
2-4 weeks 20 (5)
>1 month 147 (37)

175 (31)
35 (6)
45 (8)
304 (54)

3percentages may not add up to 100% due to rounding.
bT: time point.
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Analysis

Quantitative data were analyzed using the STATA 16 [21]. The
survey data were collected by the MeeToo app at two time
points, at T1 and 2-3 months later at T2. Results were analyzed
using a cross-sectional sample of those who completed one
survey and alongitudinal sample of those who completed both
surveys. Analysis of the cross-sectional sample involved
descriptive statistics. Analysis of the longitudinal sample
involved paired-sample t tests to explore changes over timein
the four subscales of the Mental Health Empowerment Scale
and the ORS. Given the gender imbalance in the data, these
analyses were performed for females and males separately as
well astogether.

Qualitative M ethodol ogy

Participants

A qualitative methodology was used involving individual
semistructured interviews with 10 young users from four
different schools, of which 6 (60%) users identified as female
and 4 (40%) as male, and the young people were aged between
14 and 18 years. The sample size enabled us to hear variations
in experiences and then close recruitment when there was
sufficient consistency in the young people’s responses [22].
Participants were recruited from 6 schools in the United
Kingdom that used the MeeToo app. In addition, participants
came across the opportunity through the app, schools, social
media, the AnnaFreud Centrewebsite, and the MeeToo website,
Participants could express interest by completing a Microsoft
Teams online contact form or by directly emailing the research
team. The research team then contacted the participants to
answer any questions they might have had about the study and
their involvement. At this stage, the research team also shared
with the participants the information sheet and the Microsoft
Teams online consent form.

Ethical Considerations

After the participants’ queries were addressed, they provided
informed consent by compl eting the online consent form. Ethical
approval was received from the University College London
Research Ethics Committee (Ref. 14037/004). Informed consent
or assent to take part in the evaluation was obtained by all
participants online aswas parental consent for all young people
under the age of 16 years. The participantswere not reimbursed
for taking part in the qualitative interviews.

Procedure

Theinterviewswerejointly conducted by the Research Assistant
and a Peer Researcher to have ayoung person’s perspective on
the research process in order for it to be as inclusive and as
representative as possible. Indeed, mental health and health
research has highlighted the importance of involving members
of the public in research processes in order to be as inclusive
and representative as possible [23,24]. The peer researcher isa
paid young person, aged 15-25 years, with either direct or
indirect experience of mental health difficulties. Indirect
experienceincludes, for example, ayoung person with a parent
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or carer with experience of mental health difficulties. Peer
Researchers have also an interest or experiencein mental health
research. Indeed, the Peer Researcher supported us on this
project, with the design of the study, data collection, analysis,
and write-up. In particular, the Peer Researcher supported usin
designing the topic guide for the interviews, which was
developed following the Logic Modd (see Multimedia A ppendix
1) [19]. The topic guide included questions about when and
how participants used the app, their experience using the app,
whether they experienced any changes after using the app, and
any recommendations for improvement. The Peer Researcher
also assisted in conducting the interviews as well as providing
feedback and input on the interpretation of the coding of the
interviews and on identification of themes in the analysis.
Interviews lasted from 30 minutes up to an hour and were
conducted online on either Microsoft Teamscallsor video calls
over a period of 3 months between March and May 2021. In
addition, interviews were conducted either after participants
had used the MeeToo app or while they were till accessing and
using the app.

Analysis

All interviews were audio-recorded using an encrypted
Dictaphone and transcribed verbatim by an independent
transcription service. Thetranscriptswere then reviewed by the
research team before being analyzed. In addition, all interviews
were anonymized at the point of transcription (eg, names of
people and places given by the participantsin their interviews).
The interview transcriptions were analyzed and coded using
thematic analysis through NVivo (QSR International), a
qualitative research analysis software program [25]. Thematic
analysis was chosen as it can offer insight into people’s views
and experiences of a certain topic [26], such as digital peer
support platforms [27,28].

Results

Wefirst describe the study sample and then present the MeeToo
usage datafor context. We then present the main results by each
research question.

Participants

Overall, 876 young people completed at | east one questionnaire.
Of these, 317 (36.2%) young people completed the questionnaire
at T1 only, 478 (54.6%) completed it at T2 only, and 81 (9.2%)
completed it at both T1 and T2. As the matched T1 and T2
guestionnaire data were relatively underpowered to detect
significant differences, we mainly focused on the young people's
responses at T1 (n=398, 45.4%) and at T2 (n=559, 63.8%)
separately. Demographic characteristics are shown in Table 2.
Across both surveys, amost half of the young people were aged
13-15yearsand athird were aged 16-18 years. Smaller numbers
of responses were received from 11-12-year-olds or those aged
19 years or older. The majority of respondents were young
females (T1 n=256, 64%; T2 n=423, 76%). We used the terms
“young females’ and “young males’ inclusively, reflecting
gender self-identity.
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Table 2. Demographic characteristics.?
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Characteristics 1 participants (n=398), n (%)

T2 participants (n=559), n (%)

Age (years)
11-12 48 (12)
13-15 187 (47)
16-18 133(33)
=19 30(8)
Gender®
Young females 256 (64)
Young males 104 (26)
Not reported or missing 38 (10)

37(7)
260 (47)
198 (35)
64 (12)

423 (76)
71(13)
65 (12)

3Percentages may not add up to 100% due to rounding.
bT: time point.

“The three-response options for gender were “female,” “male;” and “prefer not to say.”

Usage of MeeToo

In this section we discuss some questionnaire and qualitative
data on the usage of MeeToo. Usage, acceptability, and
engagement were not central to the research questions, and
therefore, these data are presented to contextualize the key
findings.

Across both questionnaires, most young people had either only
just started using MeeToo or had been using it for some time
(at least amonth). At T1, half of young people (n=199, 50%)
had just started and over athird (n=147, 37%) had been using
it for at least amonth. At T2, the pattern was reversed: over half
of young people (n=304, 54%) had been using it for at least a
month and less than athird (n=175, 31%) had just started. This
possibly suggests greater levels of engagement with MeeToo
at the end of the evaluation period.

The qualitative data suggested that young people found the
MeeToo app easy to use.

| found it very easy to use. It's very simple. It's just
simply when you feel something that you need to post,
| just go on there and | can feel comfortable enough
to post it. It's very simple steps, and | don’t think the
checking processtakesvery long either. It takes about
10, 15 minutesand then it’son the app automatically.
Yeah, it was very easy to use as well and the support
programs on the side, they're very easy to access as
well, which | really like.

| found it very ssimpleto get around really, which was
very good. And like everything was labeled in a good
way, and you could search for keywords.

This encouraged young people to use the app more.

The easiness of the app really encouraged me to pick
it up more often. It'smore like an automatic response
when I’ mfeeling overwhelmed, | feel very comfortable
that | can just immediately pick up my phone and go
onto the MeeToo app. Yeah, it's almost like a reflex
now for me.

https://pediatrics,jmir.org/2022/4/e37424

A few challenges with using MeeToo were reported by young
people. Some young peopl e described how an improved ability
to filter content, especially on the home page of the app, would
enhance usage by making it easier for young people to avoid
specific topics that were sensitive to them. Some young people
described inadvertently viewing such topics as deterring them
from using the app and as resurfacing distressing thoughts and
feelings. One young person suggested that there could be a
feature on the home page providing users with the option to
block sensitive content in order for the usersto positively engage
with the app. MeeToo isimproving the ability to filter content,
especidly on the home page of the app, but this was not
available when young people took part in this study.

There were lots of details and words which | would
have just felt very uncomfortable to read, if | was
back in the situation | wasin. And | think just seeing
that kind of just put a bad image of the app in my
mind. It's such a good idea, and | think it's so good.

It's just there are really just two topics that | really
just don't want to read about, morejust asaway of.. .|
don't like even always thinking about it.

What Impacts Did M eeToo Have on Young People?

Descriptive statistics for the bespoke questionnaire data are
shownin Table 3. Asexpected during COV1D-19, young people
reported low levels of well-being at T1 and T2 in the
guestionnaire data. Nevertheless, across T1 and T2, the majority
of young people (259/398, 65%, to 469/559, 84%) agreed that
using MeeToo:

- Madeit easier to talk about difficult things

«  Connected them to people with similar problems
- Enabled them to feel useful by helping others

«  Was a supportive community

«  Provided new waysto help oneself

« Helped them feel better

« Helped them feel lessalone
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Table 3. Descriptive statistics for bespoke questionnaire items, 2P
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Questionnaire items

T®1 participants (n=398), n (%)

T2 participants (n=559), n (%)

Easier totalk about difficult things

Agree 272 (68)

Disagree 21 (5)

Missing 105 (26)
Connectsto people with similar problems

Agree 309 (78)

Disagree 22 (6)

Missing 67 (17)
| feel useful helping others

Agree 301 (76)

Disagree 16 (4)

Missing 81 (20)
MeeToo is a supportive community

Agree 318(80)

Disagree 10(3)

Missing 70 (18)
New ways to help myself

Agree 259 (65)

Disagree 34(9)

Missing 105 (26)
| feel better when | use MeeToo

Agree 262 (66)

Disagree 31(8)

Missing 105 26()
| feel lessalone with MeeToo

Agree 284 (71)

Disagree 26 (7)

Missing 88 (22)

434 (78)
31(6)
94 (17)

456 (82)
30 (5)
73 (13)

440 (79)
30 (5)
89 (16)

469 (84)
13(2)
77 (14)

397 (71)
50 (9)
112 (20)

404 (72)
45 (8)
110 (20)

439 (79)
34 (6)
86 (15)

8Questionnaire items are paraphrased in the table to facilitate interpretation.
bPercentag% may not add up to 100% due to rounding.
°T: time point.

Descriptive statistics for the scales used in the questionnaire
are shown in Table 4. For the 81 young people who completed
both T1 and T2 questionnaires, there were no significant
differences in well-being in the group and gender subgroup
analyses. However, in the subgroup analysis examining young
females, overall well-being increased by 0.83 points, from
3.34/10(95% Cl 2.76-3.93) at T1t04.17/10 (95% Cl 3.54-4.81)
at T2, although the difference was not statistically significant:
t5;=1.97, P=.05. Similarly, when looking at change over time
in raw patient activation scores, there were no significant
differencesin the group and subgroup analyses examining young
males. However, in the subgroup analysis examining young
females, levels of patient activation increased from a mean of

https://pediatrics,jmir.org/2022/4/e37424

1.83/3(95% Cl 1.72-1.95) t0 2.00/3 (95% CI 1.89-2.11), asmall
but statistically significant increase; t54=2.15, P=.04.

We compared age, gender, duration of use, and overall
well-being for young people with complete T1 and T2
guestionnaires and with only the T1 or T2 questionnaire
complete only on baseline characteristics (ie, scores at T1 for
those with complete T1 and T2 questionnaires or only the T1
guestionnaire and scores at T2 for those with only the T2
guestionnaire). There were no significant differences in the

distributions of females and males (x21:O.944, P=.33) or age
categories (x%=6.94, P=.07). Young people with complete T1

and T2 questionnaires had higher levels of sdlf-reported MeeToo
usage than young people with only the T1 or T2 questionnaire
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complete ()(23:48.24, P<.001). In particular, there were more
young peoplewith T1 and T2 questionnaires complete who had
been using MeeToo for a month or more (62/81, 77%) than
those with only the T1 or T2 questionnaire complete (308/795,
39%). In addition, there were fewer young peoplewith complete
T1 and T2 questionnaires who had only just started using
MeeToo (8/81, 10%) than those with only the T1 or T2
guestionnaire complete (366/795, 46%). Young people with

Ravacciaet al

complete T1 and T2 questionnaires had lower levels of
well-being than young people with only the T1 or T2
questionnaire complete: tg3,=2.81, P=.01; complete T1 and T2
guestionnaire mean=4.01(95% CI 3.55-4.47, n=80); complete
T1or T2 questionnaire mean=4.81 (95% CI 4.63-4.98, n=752).
These findings suggest that longitudinal analyses for young
people with complete T1 and T2 questionnaires are less likely
to generalize to young people who have been using MeeToo
for shorter periods or with higher levels of well-being.

Table4. Internal consistencies and descriptive statistics for questionnaire scales.

Scale T T2

N Cronbach a Mean (SD) N Cronbach a Mean (SD)
Overall well-being 382 91 5.07 (2.58) 529 .85 4.44 (2.23)
Patient activation 388 87 2.11 (0.54) 536 85 1.97 (0.5)
Socia support 388 .73 2.05(0.68) 536 .67 1.82(0.63)
Help 388 79 2.16 (0.62) 536 76 2.02(0.6)
Confidencein help 388 .84 2.23(0.66) 536 72 2.09 (0.65)

&T: time point.

Why Did MeeToo Have These Impacts on Young
People?

Two themes were identified in response to this research
question: (1) “I don't like talking to people | know, but having
an anonymous platform[...] isareally good thing” and (2) the
MeeToo sense of community. In the interviews, young people
described how the anonymity of MeeToo enabled them to
authentically share experiences and support other young people
asit was asafe space. Connecting with other young peoplewith
similar experiences fostered a sense of community, and
belonging to this community helped young people feel less
alone and fedl better.

Theme 1: | Don't Like Talking to People | Know, but
Having an Anonymous Platform[...] Isa Really Good
Thing

Young people reported in the interviews that anonymity was a
central reason why using MeeToo had the aforementioned
impacts. Anonymity facilitated their ability to voice their
feelings, thoughts, and experiences freely without fear of being
judged by others, creating a safe space.

| think it's a really good app to use, because
sometimes you can't talk to your friends or family
about it. And all our usernamesare anonymous, which
isnice, so you don't know, like, for instance, someone
could be my best friend, or whatever, but | don't know
that, and they don't know that it's me. | like the
anonymous aspect of it. [All quotes from young
peopl€]

Anonymity facilitated thisprocessfor young people, particularly

if they did not feel comfortable opening up about their

difficulties with people they know.

I know for me, especially, | don't like talking to people
I know, but having an anonymous platform to find

https://pediatrics,jmir.org/2022/4/e37424

people that feel the same way or can give you advice

on anything is a really good thing.
By enabling young people to talk openly, they were able to
connect with others who had similar experiences. This then
encouraged them to provide support to othersin agenuine way,
particularly in times of stress during lockdown and school
assessment periods. Anonymity also mitigated any concerns
about worrying other people by talking about one's own
challenges.

I thought it was cool that you get to post anonymously
and get to see. My main thing that | really liked about
the app is that a lot of people have similar opinions
to you. And when | went on it, | saw something
someone said and that resonated with me, because |
felt the same way. So, | replied, and we had this chat,
and it was helpful for me. And | hope that it was
helpful for that person aswell. But | really just like
the fact that it's anonymous and you get to help each
other.

| think a lot of people struggle with not wanting to
worry others with their own problems. So | think
helping people via the app is a very effective way to
do so.
Young people described anonymity as particularly important
because of mental health stigma, even causing someto hide that
they have the MeeToo app on their phone.

| know a lot of people try and hide it. | don't know
how people can improve on that, but | just know it's
a common thing, where people don't want to talk
about mental health, as such, and they literally hide
the app on their phone, and hide the notifications.

The anonymity of interaction in MeeToo enabled young people

to connect with one another in a more authentic way, as they
were able to be more open.
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So, it's definitely helped during the app, because it's
a good way for people to come and talk to other
humanswithout actually having to go up to the person
and not being identified. So, | think it's definitely
meant that quite a lot of the stuff on there is very
genuine and it's quite good to see that people are
making an impact on other people'slives.
Young people described anonymity asmaking it easier for them
to support others with similar experiences, which in turn built
their own confidence.

When my family was going through some stuff at the
start of lockdown, it was quite nice to scroll down
through the family section— searched it up on the
search bar—and it wasreally niceto scroll down and
see that | could talk about how I'd dealt with it with
other people, that there were coping mechanismsand
breathing techniques that | used to get through those
hard times myself. It was nice to share them and see
if they actually helped people.

Theme 2: The MeeToo Sense of Community

The safe space created by the anonymity of MeeToo helped
create a sense of community, where young people with similar
experiences were sharing with and supporting one another. This
sense of community fostered a strong sense of connection,
leading to the af orementioned impacts of using MeeToo. Young
people explained how the app fostered a sense of community
that helped them relate to and connect with their peers
experiencing mental health difficulties, particularly during
lockdown.

| think at the time, because it was in the middle of
lockdown, | was definitely struggling with my mental
health quite a lot around that time. | tried something
else before which didn’t really work out, a different
application. But MeeToo was definitely a big change
because there was more of a community, it was more
people sharing their experiences, and | really liked
that about it. It was all these people and | actually
related with some of the stuff they said.

| search for stuff that | think, if | find a comment that
maybe | relate to, | can help someone. You feel very
in touch with people on that app, there's definitely
some kind of not direct friendship but you fedl very
connected to peopleif you're experiencing the same
thing.
Anonymity and the safeguarding in MeeToo encouraged asense
of aconnected and also safe community.

| felt much more comfortable on therethan | did with
many other apps because it felt very much like a
community. | don't want to compare it to [social
media], but it was like that but with a lot more
safeguarding around it, which | really like because
it felt very safe, it felt very secure.
Connecting through the MeeToo community was described as
avauable source of social connectedness, which in turn had a
positiveimpact on young people’s mental health. It also helped
people feel less alone and isolated as other people had similar
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challenging experiences, empowering young people to talk
about mental health more in the app and offline.

It'sreally niceto feel like you can help someone. I’ ve
always loved helping people, just telling people how
much they mean to me. It makes me happy seeing
other people happy. To feel like I’ ve actually helped
someone, that really boosts my mood.

And | thought anxiety waslikethisreally ultra, awful
mental illness, which happensto very few people, and
just reading the repetitiveness of posts around anxiety,
| just realized there are so many people must have it
or suffer with it.

So | guesswhen I'mtalking to my mates or talking to
people who are looking for support, | can tell them
quite comfortably, you know: you're not the only one,
this happensto quite a few people. So you can relate
to it more.

Discussion

Principal Findings

The aim of this research was to examine young people’s
experiences of using adigital peer support tool, MeeToo. In so
doing, we addressed two research questions: (1) What impacts
did using MeeToo have on young people? (2) Why did using
MeeToo have these impacts on young people? A mixed methods
study was conducted, which involved secondary analysis of
routinely collected questionnaire dataand interviewswith young
people.

A range of positive impacts of using MeeToo were reported by
young people in the questionnaires, which included making it
easier to talk about difficult things, being part of a supportive
community, providing new waysto help oneself, feeling better,
and feeling less alone. A smaller number of young people
completed questionnaires at both T1 and T2. Here, subgroup
analysis showed that young females had a significant increase
in patient activation over time, suggesting that they felt more
knowledgeable and confident to manage their mental health.
Nevertheless, without a randomized controlled design,
inferences about causation cannot be made. Subgroup analysis
was performed by gender asthe majority of survey respondents
were young females. This is in line with previous research
showing that more young females than young males engage
with digital support tools and in research on their experiences
of thesetools[7,9]. Itisalso not surprising, as previous research
has shown higher levels of mental health difficulties in young
females than in young males and a greater negative mental
health impact of the COVID-19 pandemic on young females
[17]. In addition, a few challenges with using MeeToo were
reported by young people, such as inadvertently viewing
sensitive content on the app. Regarding this, young people
suggested that there could be a feature on the home page of
MeeToo that could offer users the option to block or filter
sensitive content so that they can engage more positively with
the app. In this respect, the MeeToo team is now improving the
ability of the app to filter content.
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Two themes were identified from the interviews about why
using MeeToo had these impacts on young people. The first
themewas“| don't like talking to people | know, but having an
anonymous platform[...] isareally good thing.” Young people
describe anonymity as a central reason why using MeeToo had
the aforementioned impacts. Anonymity helped create a safe
spacein which users could expresstheir feelings, thoughts, and
experiences freely without the fear of being judged by others,
particularly when they were not comfortable sharing difficulties
with peoplethey know. Thisreflects previousresearch on digital
peer support platforms suggesting that anonymity fostersasense
of separation from pre-existing ties, facilitating users to open
up about difficulties [7]. This finding is aso in line with
previous research identifying self-connectedness (reflecting on
one'sown feelings, thoughts, and experiences) asimportant for
engagement in digital mental health support [10]. Anonymity
enabled young people to connect with others who had similar
experiences, asinteractions were more authentic. It also helped
young peoplefeel confident and empowered to provide support
in a genuine way to others, both online and offline, especially
about difficulties they had experienced during the COVID-19
pandemic. This relates to previous research highlighting the
importance of educating peers on how to offer support online
to foster asense of empowerment among young peopleto share
their difficulties and help one another [7].

The second theme was the MeeToo sense of community, which
was created by anonymity and the ability to authentically
connect with others. This sense of community helped young
peoplerelate to and connect with peers, which was particularly
valued during lockdowns. The MeeToo sense of community
was described asavaluable form of social connectedness, which
in turn had a positive impact on young people's mental health
and made them feel lessisolated and alone. These findings are
inlinewith research on digital peer support platformsindicating
that stigma regarding mental health difficulties within peer
support spaces decreases when users share similar experiences
and interests [7,9]. This theme is also in line with previous
research identifying peer connectedness as important for
engagement in digital mental health support [10]. The
safeguarding in MeeToo made young people feel like the
community was safe. Being supported by others with similar
experiences appeared to important for establishing the credibility
of MeeToo, as support was provided by experts by experience.
Again, these findings are in line with previous research
identifying professional connectedness as important for
engagement, which in digital support refersto trust in the safety
and authenticity of the tool [10].

Limitations

Limitations of this research include the small number of young
people with paired T1 and T2 questionnaire data in the
secondary analysis, which meant thelongitudinal analyseswere
likely underpowered. The use of routine data and the lack of
controlled conditions likely resulted in the small amount of
longitudinal data. Still, we do not have data on whether young
people who completed the T1 questionnaire but not the T2
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guestionnaire stopped using MeeToo or continued but did not
complete the T2 questionnaire. These findings suggest that
longitudinal analyses for young people with complete T1 and
T2 questionnaires are less likely to generalize to young people
who have been using MeeToo for shorter periods or with higher
levels of well-being. As previously mentioned, without a
randomized controlled design, inferences about causation cannot
be made. Other limitations of routinely collected dataalso apply
to this research [29]. Self-reported usage data were collected
from questionnaires and interviewsto contextualize the findings.
There was not a greater focus, as it was not central to the
research questions and MeeToo is aready widely used [12].
Nevertheless, future research on MeeToo usage, acceptability,
and engagement is recommended, given the challenge of
sustained engagement with digital mental health support tools
[10]. For example, a randomized controlled design could be
used to examine the effectiveness of different engagement
strategies in  MeeToo, such as regular personalized
encouragement messages from super peers. Similarly, future
research should al so examine the experiences of MeeToo, with
afocus on young people from marginalized groups to examine
the extent to which it is inclusive of their needs. Indeed, the
majority of young people who completed the questionnaires
wereyoung females, suggesting that future research with young
people with different gender identities is needed. In particular,
we cannot say whether young people with different gender
identities did not complete the questionnaires, because they
were less likely to use MeeToo or because the questionnaires
were less inclusive. Regarding the interviews, although the
sample size enabled us to hear variations in experiences and
then close recruitment when there was sufficient consistency
inyoung peopl€ sresponses, the sample sizewas still relatively
small. Future research could recruit larger qualitative samples,
for example, by offering arange of waysfor participantsto take
part (eg, interviews, free-text questionnaires, photoelicitation).
Qualitative research with young people who stopped using
MeeToo would be particularly useful to examine the question
of sustained engagement.

Conclusion

The aim of this research was to examine young peopl€e's
experiences of using a digital peer support tool, MeeToo. A
range of positive impacts of using MeeToo were reported by
young peoplein questionnaires, which included making it easier
to talk about difficult things, being part of a supportive
community, providing new waysto help oneself, feeling better,
and feeling less alone. Anonymity and the MeeToo sense of
community wereidentified from interviews as possibl e reasons
for why using MeeToo had these impacts. Anonymity helped
create a safe space in which users could express their feelings,
thoughts, and experiencesfreely without thefear of being judged
by others. The MeeToo sense of community was described as
a valuable form of social connectedness, which in turn had a
positiveimpact on young people’'smenta health and madethem
feel lessisolated and a one. Future research is needed to examine
how these impacts and processes can be sustained.
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Abstract

Background: Rapid advancesin mobile appsfor clinical data collection for pain evaluation have resulted in more efficient data
handling and analysis than traditional paper-based approaches. As paper-based visual analogue scale (p-VAS) scores are commonly
used to assess pain levels, new emerging apps need to be validated prior to clinical application with symptomatic children and
adolescents.

Objective: This study aimed to assess the validity and reliability of an electronic visual analogue scale (e-VAS) method viaa
mobile health (mHealth) App in children and adolescents diagnosed with hypermobility spectrum disorder/hypermobile
Ehlers-Danlos syndrome (HSD/HEDS) in comparison with the traditional p-VAS.

Methods: Children diagnosed with HSD/HEDS aged 5-18 years were recruited from a sports medicine center in Sydney (New
South Wales, Australia). Consenting participants assigned in random order to the e-VAS and p-VAS platforms were asked to
indicate their current lower limb pain level and completed pain assessment e-VAS or p-VAS at one time point. Instrument
agreement between the 2 methods was determined from the intraclass correlation coefficient (ICC) and through Bland-Altman
analysis.

Results: Intotal, 43 children with HSD/HEDS aged 11 (SD 3.8) years were recruited and compl eted this study. The difference
between the 2 VAS platforms of median values was 0.20. Bland—-Altman analysis revealed a difference of 0.19 (SD 0.95) with
limits of agreement ranging —1.67 to 2.04. An ICC of 0.87 (95% CI 0.78-0.93) indicated good reliability.

Conclusions: These findings suggest that the e-VAS mHealth App is a validated tool and a feasible method of collecting pain
recording scores when compared with the traditional paper format in children and adolescents with HSD/HEDS. The e-VAS App
can be reliably used for pediatric pain evaluation, and it could potentially be introduced into daily clinical practice to improve
real-time symptom monitoring. Further research iswarranted to investigate the usage of the app for remote support inreal clinical
settings.

(IMIR Pediatr Parent 2022;5(4):e41930) doi:10.2196/41930

KEYWORDS

hypermobility syndrome; Ehlers-Danlos syndrome; hypermoility; hypermobile; mobile application; mobile app; pain measurement;
pain; validation; validate; scale; measure; pain severity; pediatric; validation; visual analogue scale; mHealth; mobile hedlth;
mobile app; children; adolescent; youth; child; digital health tool
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Introduction

Reliable and validated assessment tools of pain intensity are
required to evaluate and implement appropriate and timely
therapies. In recent years, digital health advances have led to
significant progression in real-time pain-related data collection
that may improve pain management [1-4]. A recent
meta-analysis of 7977 children and adults reported that
pain-related data collected by electronic devices that measured
pain intensity mainly using avisual analog scale (VAS) showed
equal to or greater reliability than traditional paper collection
methods|1]. Furthermore, the study found that patients preferred
using the electronic format of data collection to the paper version

[1].

The current widely used method to evaluate pain intensity is
the VAS instrument, which has been used in clinical and
research settings for a number of years to record self-reported
pain levels in both adults and children [1,5-7]. This approach
is shown to have moderate reliability in children over 5 years
of age [8] and validated in children 7 years of age and over
[7,9]. Typically, the VAS is a 10-cm-ong premeasured
horizontal line anchored at either end representing subjective
feeling by the extremes of pain level with 0 mm marked as“no
pain at al” to 10 cm rated as the “worst possible pain” [6].
Traditionally, the VAS is completed in a paper-based format.
Despite the accuracy and extensive clinical application of the
paper version, there are a number of limitations of the
paper-based VAS (p-VAYS), including incomplete or incorrect
marking limiting validity of data, inefficient and extensive data
handling by clinicians and researchers, and manual processing
for each patient with the possibility of introducing error during
data measurement and entry [3]. In contrast, an electronic VAS
(e-VAS) dlows for automatic calculation of the VAS score,
preventing possible human errors when using aruler.

To overcome these potential barriers of the p-VAS version,
Escalona-Marfil et al [10] recently developed a novel e-VAS
to measure pain level through an “Interactive Clinics’ app,
which has been since validated for use in healthy children[11].
The electronic VAS method allows the collection of real-time
data from patients and direct integration with electronic health
records, reducing burden on clinicians and researchers.
Furthermore, support for efficient, valid, and reliable approaches
in timely assessment of pain severity is critical for evaluating
the effectiveness of pain therapies and implementation of early
interventions in the pediatric population. Despite emerging
evidence on psychometric validation of thedigital VASversions
in pediatrics [3,10-13], the feasibility of the application of the
e-VAS in children with symptomatic hypermobility conditions
has not been reported. Generalized joint hypermobility (GJH)
is a connective tissue condition characterized by an excessive
range of motions that affects multiple joints [14]. Almost 1 in
5 children with GJH experiences symptoms|[15,16], particularly
chronic pain [17], with anegative impact on their quality of life
[18,19]. Once a young person with GJH has muscul oskel etal
pain or other symptoms, adiagnosis of hypermobility spectrum
disorder/hypermobile Ehlers-Danlos syndrome (HSD/HEDS)
isusually made.
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This mobile Health (mHealth) tool might prove beneficial for
patients living in geographically remote areas, where accessto
specidists is limited. Patients and parents or caregivers may
not always be required to visit the hospital, consequently saving
the time and money required to travel long distancesfrom rural
areas. Furthermore, health professionals can accessthe recorded
pain-related information digitally without the need to contact
the patient. If introduced within different clinics that provide
care to children and adolescents affected by HSD/HEDS, the
e-VAS can support early pain detection, preventing incidences
of unnecessary prolonged pain with aconsequent improvement
in the patient’s quality of life. This possible digital health
advancement in pediatric pain management may also lead to a
reduction in absenteeism from school. The aim of this study
was to determine the validity and feasibility of a newly
developed e-VAS app interface in recording pain intensity in
children and adolescents with symptomatic hypermobility.

Methods

Study Design
A cross-sectional study design was used to evaluate the validity

and reliability of the eVAS version for pain measurement in
children with hypermobility.

Ethics Approval

Ethics approval for this study (H-2020-0387) was granted by
Human Research Ethics Committee of University of Newcastle
(Callaghan, New South Wales, Australia).

Settings and Participants

Participantswere recruited from Narrabeen Sports and Exercise
Medicine Centre (Narrabeen, New South Wales, Australia).
Eligibility criteria included children and adolescents aged
between 5 and 18 years and diagnosed with generalized joint
hypermobility (Beighton score of =5 for adolescentsin or post
puberty and =6 before puberty) with sufficient English language
and cognitive skills to rate the severity of pain. Participants
were recruited if they reported lower limb pain of at least 2 out
of 10 on the VA S assessment tool in the previous month.

Participants were excluded if they were diagnosed with major
cognitive or psychiatric disorders that interfered with rating of
pain severity and other medical conditions that may have
contributed to chronic or recurrent pain or interfered with their
ability to use their hand for documenting p-VAS scores.

Demographic data were collected, including age, sex, height,
weight, and BMI. The Beighton Score [20] was used to measure
joint hypermobility on a9-point scale. To prevent bias, the same
clinical researcher (MM) completed all data collection.

Measuring Tools

Pain recording data were collected at one time point from each
consenting participant using the e-VAS app (version 1.2.4,
accessible to both iOS and Android devices, powered by Bit
GenomaDigital SolutionsLtd), which was downloaded for free
on either the parents or participants smartphones. In
accordance with the digital health policy outlined by the
European Pain Federation [21], e-VAS data collected on the
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App were safely stored on the country-based server (Australia).
The e-VAS version displays a horizontal gray line on a white
background (Figure 1). The traditional p-VAS format displays

Maarj et a

a 100-mm horizontal line. In both the e-VAS and p-VAS, the
end point labels on the left and right sides of the horizontal line
indicated “no pain” and “worst possible pain,” respectively.

Figure 1. The electronic visual analog scale app technology used to score pain intensity.

4 Pain level

Indicate on the line below your current level of Pain

\

O

[ ]
No Pain = Worst Possible Pain
. Current value: 1.37
b
Procedure Statistical Analysis

At theinitial appointment, each participant was asked to recall
their pain experience during the past month. A researcher who
wasindependent of recruitment and data collection (AC) created
the randomization sequence in blocks of 10 each by using a
freely available web-based number generator software.
Allocation conceament was achieved by AC masking the
sequence into consecutively numbered sealed and opaque
envelopes. Sedled envelopes were dtrictly opened by the
principa investigator (MM) only on the day of participant’s
initial consultation to reveal the sequence of the e-VAS and
p-VAS. All participants completed assessments on both VAS
platforms.

Prior to data collection, a full demonstration was provided to
the participant with an opportunity to ask questions. For the
e-VAS recording of pain level, the patient’s smartphone was
placed flat on atable, and each participant was asked to apply
single-finger pressure on the horizontal line displayed on the
touch screen and to indicate the location corresponding to the
painintensity experienced. The e-VAS mobile app automatically
calculated the pain rating from collected results, which were
then directly synchronized to the principal investigator’s project
account on the Interactive Clinics web-based platform that was
password protected, thus minimizing data handling and
streamlining the processing of data extrapolation. Data from
the paper version were extrapolated by the same investigator
(MM) using astandard ruler, and resultswere manually entered
into a spreadsheet for stetistical analysis.

https://pediatrics.,jmir.org/2022/4/41930

Descriptive  statistics including median, minimum, and
maximum as well as mean (SD) values for the eVAS and
p-VAS outcomeswere cal culated by an independent statistician.
The statistician was blinded to both the all ocation conceal ment
(p-VAS and e-VAS) and the identity of the participants. All
statistical analyses were performed using R (version 4.1.3; R
Core Team) [22].

For construct validity and reliability of the e-VAS and agreement
between the 2 VAS methods, exploratory Bland—Altman graph
analysis and the intraclass correlation coefficient (ICC) were
used, respectively [23,24]. For each participant, the difference
between e-VAS and p-VA S measurements was plotted against
the average of each method. The analysis was performed by
calculating the limits of agreement as mean of the difference
(SD 1.96) multiplied by the SD of the difference. For
comparison, anonparametric approach to thelimits of agreement
using 2.5 and 97.5 percentiles was included. For absolute
agreement between e-VAS and p-VAS values, the ICC,
ICC(3,1), or equivaently ICC(A,1) derived from a 2-way
mixed-effects model was used. |CC values of >0.75 indicate
good agreement [25].

Results

Participant Characteristics

A total of 43 children and adolescents diagnosed with
HSD/HEDS participated in this study. Anthropometric and
demographic characteristics at baseline are summarized in Table
1
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Table 1. Clinica and demographic characteristics of the study sample (N=43).

Characteristics of participants Values
Gender, n (%)

Female 28 (65)

Male 15 (35)
Age (years), mean (SD) 11.0(3.8)
Hypermobility (Beighton score), mean (SD) 7.0(1.3)
Weight (kg), mean (SD) 40 (16)
Height (m), mean (SD) 1.45(0.2)
BMI (kg/m?), mean (SD) 18.3(3.5)
School education level, n (%)

Primary school 28 (65)

Secondary school 15(35)

Comparison Between the e-VAS and p-VAS Versions

The summary statistics for the 2 VAS platforms (e-VAS and
p-VAS) are presented in Table 2. The difference between the

2 methods of median values is 0.20 among children and
adol escents with symptomatic hypermobility.

Table2. Summary of statistics for visual analog scale (VAS) assessmentsin children and adol escents with hypermobility spectrum disorder (N=43).

Instrument Score

Median (IQR) Mean (SD)
Electronic VAS 5.90 (1.40-9.50) 5.89 (1.99)
Paper-based VAS 5.70 (2.00-9.30) 5.70 (1.77)

The scatter plot for the e-VAS compared to that of the p-VAS
with a line of equality is presented in Figure 2 for every
participant (numbered) with no apparent systematic difference
between e-VAS and p-VAS methods. Points that lie on the
diagonal linearein complete agreement between the 2 methods.
The reliability estimated by 1CC for baseline was 0.87 with a
95% CI of 0.78-0.93, indicating good agreement.
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The Bland—-Altman plot is presented in Figure 3. The mean of
the difference between e-VAS and p-VAS was 0.19 (SD 0.95)
with limits of agreement ranging —1.67 to 2.04. The 2.5 and
97.5 percentiles of the difference were —1.19 and 2.58,
respectively. Therewas adlight biastoward e-VASwith e VAS
measuring 0.19 higher on average than the p-VAS method.
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Figure?2. Scatter plot of datafor the electronic visual analog scale (e-VAS) versus paper-based visual analog scale (p-VAS). Points on the graph indicate
each participant. VAS: visual analog scale.

Paper VAS (p-VAS) vs Electronic VAS (e-VAS)

Electronic VAS (e-VAS)

0.0 2.5 SI.D 7.5 10.0
Paper VAS (p-VAS)

Figure 3. Bland-Altman plot for differences against the mean of scores on the electronic visual analog scale (e-VAS) and paper-based visual analog
scale (p-VAS). Dashed red lines indicate the mean difference and limits of agreement. Blue dashed lines indicate the 2.5 and 97.5 percentiles of the
difference. The solid black line is the zero reference for the difference.
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To our knowledge, this is the first study that investigated the 0.19).

validity and reliability of an e-VASin children and adolescents
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These findings are supported by previous reports of good
reliability and validity of the e-VAS in healthy children,
adolescents, and adult participants without pain on the newly
designed Interactive Clinics app compared to that of the paper
version [10,11]. In a prospective cross-sectiona study,
Escalona-Marfil et al [10] reported good reliability of thee-VAS
method, as indicated by an ICC of 0.86 (95% CI 0.81-0.90) in
healthy adults aged 18-65 years. In addition to evaluating pain
in adults, Turnbull et a [11] reported that the e-VAS can be
used interchangeability with the p-VAS in the pediatric
population by showing moderate-to-good reliability with an
ICC of 0.80 (95% Cl 0.70-0.87) in healthy children and
adolescents aged 10-18 years. Furthermore, there is strong
consolidated evidence in support of the e-VAS's comparability
with the p-VAS version [26].

Advances in digital health have enabled emerging application
of mHealth tools in pain management of children and
adolescents by capturing real-time pain-related data, reducing
recall bias, and improving responsiveness of health professionals
[27]. Thefindingsfrom arecent meta-analysisrevealed astrong
correlation between paper methods and electronic capture of
pain-related outcomes with respect to completeness of
patient-reported data collection, score equivalency, ease of use,
and acceptability supporting their usein the clinical setting and
in interventional research [1].

Other benefits of electronic data capture methods in the
management of patientswith pain have been reported to include
a significant decrease in the severity of pain, worse pain, and
an improved quality of life over time in both adult and
adolescent patients (aged 12-68 years) who used a pain
management app on a mobile device [28]. A recent
meta-analysis of noncancer pain in adult patientsfurther reported
that app-based pain interventions were significantly more
effective at reducing different types of chronic pain in
comparison with control groups[29]. Furthermore, both patients
and health care professionals prefer using pain Apps [28] with
high compliance (83%) reported in adult patients (aged 19-65
years) completing electronic diaries for pain assessment [30].

Although there are other alternative instruments to the VAS,
such as the numeric rating scale and verbal rating scale, the
VAS has the greatest clinical utility, isin widespread clinical
use, and has been the best measure of self-reported pain in
children aged =7 years [31]. However, there are certain
limitations of the p-VAS. For example, there is potential for
drawing the line outside of the 0-10—point scale—or a an
angle—and introducing human error while using a ruler [32],
whereasthe e-VAS allowsfor automatic cal culation of the VAS
score, thus preventing invalid responses and increasing
consistency as the same measuring method is used, thereby
reducing potential for error [33].

Clinical Implications

The growing use of digital health has the potential to improve
adherenceto pain reporting [34,35], allow real-time data capture
[35], and consequently improve communication between
clinicians and their patients[36]. Novel mHealth tools, such as
the eVAS App, support efficient capture and recording of
patient-reported outcome measures in day-to-day clinical
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practice, which improves clinicians insights into the
effectiveness of any intervention they provide with the aim of
reducing pain.

As part of the daily clinical management of pain in children
with HSD/HEDS, the e-VAS app is a useful tool to record pain
at aprecisetime and as frequently as needed. This, in turn, may
improve the implementation of more appropriate and timely
pain management strategies. The e-VAS app further alows
health care professionals to record the time and day of
assessment accurately with a lower chance of potential error
during clinical data collection. In addition, completion of the
VAS assessment is possible remotely as the data can be sent
electronically to medical records, allowing for real-timetracking
of pain and helping prevent a potentia recall bias. Further
clinical utility of these digital health advances needs to be
explored in geographically remote areaswith limited availability
of allied health care professionals. Accordingly, further research
iswarranted to eval uate the efficacy and functional capabilities
of these novel appsfor clinical pain management in the pediatric
popul ation.

Limitationsand Strengths

A major methodological advantage of this study was the use of
block randomization for the e-VAS and p-VAS sequenceswhen
collecting datafrom children and adolescentswith HSD/HEDS.
Further strengths of this study include comparison of thedigital
platform with paper-based assessment and statistical analyses.

Thefindings of thisstudy need to be considered inlight of some
limitations. Data were collected from a single center, and
two-thirds of the sample consisted of females, which might limit
the generalizability of our findings to the whole pediatric
population with HSD/HEDS. However, the sample size clearly
reflects the higher prevalence of HSD in femaes [37].
Furthermore, it isimportant to note that there might be apossible
recall bias, especially among the younger children relying on
recalling pain intensity the month before. To reduce possible
confounding factors, e-VAS and p-VAS recordings were
undertaken at the same time, with a maximum gap of only 1
minute between the data collection and rating of pain intensity.
Whilethe use of the VASisgenerally recommended in children
aged =7 years, to increase the power for our study, weincluded
children aged 5-6 years in this study since cognitive abilities
are more reliable predictors than chronological age in effective
use of the VAS[6]. In addition, use of the VASin 5-6-year-old
children has been found to show a moderate-to-strong
correlation with the rating of pain intensity level further
supporting the application of thisinstrument in younger children
[38]. Therefore, future trials should also have an increased
sample size to include the younger pediatric population.

Conclusions

The findings of this study indicate that the e-VAS and p-VAS
areinterchangeabl e among children and adol escents diagnosed
with HSD/HEDS. This study provides strong support for the
clinical application of digital health in pain assessment in this
pediatric population. The advancement in easily accessible
digital health pain applications may have the potential to
facilitate early clinica decision-making and to improve

IMIR Pediatr Parent 2022 | vol. 5| iss. 4 |e41930 | p.160
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Maarj et a

compliancewith pain reporting. In conclusion, emerging digital  objective real-time monitoring of symptoms among children
health platforms may also promote better communication and adolescents with HSD/HEDS.
between cliniciansand patients by providing more accurate and
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HEDS: hypermobile Ehlers-Danlos syndrome
HSD: hypermobility spectrum disorder

I CC: intraclass correlation coefficient
mHealth: mobile health

p-VAS: paper-based visual analog scale

VAS: visual analog scale
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Abstract

Background: Since the beginning of the COVID-19 pandemic, new literature has described the perceptions of adolescent
patients on the use of telemedicinefor their health care, but |ess attention has been devoted to parents’ and caregivers' perspectives
on telemedicine usage for their adolescents. Parents' perspectives are important, as they undoubtedly influence how children
learn to make decisions about their health care.

Objective: This study describes the level of acceptability (measured based on accessibility and satisfaction) expressed by
caregivers of adolescent patients with regard to telemedicine visits in an urban adolescent medicine practice.

Methods: A cross-sectional survey was sent electronically to parents and guardians of patients aged <18 years who completed
outpatient telemedicine visits to an adolescent medicine practice in Chicago, Illinois, from March 2020 to February 2021. The
guestions focused on accessihility and satisfaction. The data were analyzed to describe response frequencies.

Results: Among a sample of 71 survey respondents, the vast majority reported that telemedicine was very easy to use (58/71,
82%) and was at least as convenient as in-person visits (70/71, 99%). Over 90% of respondents reported that their adolescents
needs were addressed (69/69, 100%) and that they were at least as comfortable with the level of privacy and the confidential
conversations between their adolescents and medical providers in telemedicine visits (65/71, 92%) as they were with those in
in-person visits.

Conclusions: Our findings suggest that parents and guardians find telemedicine to be an acceptable way for their children and
adol escents to receive appropriate health care.

(JMIR Pediatr Parent 2022;5(4):€39704) doi:10.2196/39704

KEYWORDS
adolescent medicine; telemedicine; acceptability; privacy; confidentiality; satisfaction; caregivers

suggested that telemedicine is an acceptable alternative to
in-person visits and that patients are mostly satisfied with the

When the SARS-CoV-2 pandemic began in the United States use of telemedicine, largely dueto increased convenience[1,2].
on March 2020, telemedicine services grew exponentialy to Adolescent medicineisadistinct areaof pediatricsthat involves
meet patient care needs. Since then, studies on the utilization SPecidized care with the added complexity of confidentiality
of telemedicine by adult and pediatric populations have and privacy, as it relates to the receipt of care by minors [3].
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Studies to date suggest that adolescents are satisfied with the
convenience and accessibility of telemedicine visits [4-6] and
have few concerns about privacy and confidentiality [7].
Evidenceindicates that most adolescents can find a quiet room
in which to conduct a telemedicine visit, with few describing a
lack of privacy or the fear of being overheard by someone else
[6]. These studies however are mainly focused on youth
perspectives; less attention is paid to the perceptions of parents
and caregivers [4,8,9]. Caregivers are important stakeholders
in the care of adolescents, as they make and share health
decisionswith their adolescents while al so allowing confidential
health care conversations between their adolescents and medical
providers [10,11]. A study published in 2021 delineated
adolescent and caregiver perspectives for care in disordered
eating and reproductive health care. In that study, adolescents
were able to locate a private space to conduct telehealth visits,
and caregivers found telehealth to be noninferior to in-person
visitswith regard to privacy, communication, the discussion of
test results, and mood-related issues [12]. Our study aims to
add to current literature by describing caregiver perceptionson
the acceptability of adolescent telemedicine visits in terms of
both perceived accessibility and satisfaction. We hypothesized
that caregivers would find telemedicine to be an acceptable
means of health care delivery for their adolescents.

Methods

Study Design

In this study, we collected cross-sectional data via a
self-administered survey that was sent electronicaly to
caregivers of patientsaged <18 yearswho compl eted outpatient
telemedicine visits via StarLeaf (StarLeaf Ltd)—a
teleconferencing application—uwith the Division of Adolescent
Medicine at Lurie Children's Hospital of Chicago between
March 2020 and February 2021. Some portions of the visits
may have been conducted without the guardians being present
(ie, the physician was alone with the adolescent), although the
times when this occurred during the visits varied by medical
provider. During the data collection period, survey invitations
were sent via email to a convenient sample of parents and
guardians (ie, those who compl eted tel emedicine visits and had
an email address on file) within 72 hours of each visit. Survey
invitationswere emailed once and remained active until theend
of the data collection period. Surveys were completed via
REDCap (Research Electronic Data Capture; Vanderbilt
University) and included demographic characteristics (eg, race),
the reason for the health care visit, a history of the receipt of
telemedicine visits (ie, visits for the parent’s or guardian’s own
health care or visits for their adolescent’s health care), and
questionsfor assessing the accessibility of and satisfaction with
the telemedicine visit (components of acceptability). These
guestions used a 5-point scale for comparing the accessibility
of and satisfaction with telemedicine visits versus in-person
visits. The data were summarized by using frequencies of
responses and werefurther dichotomized into thefollowing two
groups: respondents who either preferred telemedicine over
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in-person visits or had no preferences for the type of visit and
respondents who preferred in-person visits over telemedicine.
Ethics Approval

The study protocol was reviewed and approved by Lurie
Children’s ingtitutional review board (reference number:
2020-3737) with awaiver of documentation of consent.

Results

A total of 2442 telemedicine visits occurred between March
2020 and February 2021. A convenient sample of 782 surveys
were sent to parents and guardians, and atotal of 227 surveys
were received—a response rate of 29% (227/782). Of the 81
surveys that were returned completed, 71 were from unique
participants (Figure 1). For those who completed more than 1
survey due to multiple encounters, the responses from the first
telemedicine encounter were used in the analysis. REDCap
software was used for the collection of survey data. SPSS
Statistics 27 (IBM Corp) was used for the analysis of data. The
demographic data of respondents are provided in Table 1. The
majority (61/71, 86%) self-identified as White, while the rest
of the respondents self-identified as Black or African American,
Native American or Alaskan Native, Native Hawaiian or Other
Pacific Islander, Asian, or other. The average age of caregivers
was 47 years. Further, 72% (51/71) of parents had used
telemedicine previously. Visits were for primary care; sexual,
menstrual, or reproductive health; mental health; or gender
transition—related care. The most common reason for
telemedicine visits was the receipt of gender-affirming care
(46/71, 65%). Patientswho received gender-affirming care were
part of the Gender Development Clinic; they may have been
starting pubertal blockade therapy or gender-affirming
hormones, or they started these processes and were seeking
follow-up care.

With regard to accessibility and satisfaction, survey items and
their response frequencies are described in Table 2. All
caregiversreported that video visits were somewhat easy to use
or very easy to use. The mgjority (60/71, 85%) reported that if
video visits had not been available, they would have waited
until in-person appointments were available or until the
COVID-19 pandemic ended to receive care (ie, rather than seek
immediate care el sewhere or use the emergency department).

Almost al respondents (69/71, 97%) reported that telemedicine
was at |east equally as convenient asan in-person visit. Further,
the vast majority (70/71, 99%) indicated that their adolescents
concerns were addressed at least as well as they would have
been in in-person visits, reported that they were at least as
comfortable with leaving the room (69/71, 97%; ie, to dlow a
confidential conversation between the physician and adol escent)
as they would have been for an in-person visit, and felt at least
as comfortable with the level of privacy (65/71, 92%) as they
were with that of an in-person visit. A total of 89% (63/71) of
the respondents reported that they would be very likely or
extremely likely to recommend telemedicine to others even
after the COVID-19 pandemic was over.
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Figure 1. Flow of adolescent medicine surveys sent and received.

2442 telemedicine visits
conducted

782 surveys sent to parents
of patients

227 surveys received
(including completed,
partially completed, or blank
responses)

81 completed surveys

71 completed surveys from
unigue respondents

Table 1. Demographic characteristics of caregivers of adolescents (n=71).

Olateju et a

Characteristics Respondents
Race® n (%)

White 61 (86)

Black or African American 6(9)

Native American or Alaskan Native 0(0)

Native Hawaiian or Other Pacific Islander 0(0)

Asian 3(4)

Other 2(3)
Hispanic or Latinx, n (%)

Yes 8(11)

No 63 (89)
Age (years), mean (range) 47 (34-66)
Reason for visit?, n (%)

Sexual, menstrual, or reproductive health 13 (18)

Gender-related care 46 (65)

Mental health 17 (24)

Primary care 5(7)

Substance use prevention program 0(0)
“During the video visits, was your child referred for additional services? (Bloodwork, labs, a physical exam, phar macy BP, etc),” n (%)

Yes 27(38)

Sexual, menstrual, or reproductive health 2(7)
Gender-related care 23 (77)
Menta health 2(7)
Primary care 3(10)
Substance use prevention program 0(0)

No 44 (62)

3Respondents checked all response options that applied.
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Table 2. Caregiver acceptability of telemedicine for adolescent health visits (n=71).

Survey questions and responses Respondents, n (%)

Accessibility

“How easy or difficult wasit to usethe video visit system?”

“Very difficult” 0(0)
“Somewhat difficult” 0(0)
“Somewhat easy” 11 (15)
“Very easy” 58 (82)
No response 23
“If avideo visit for your child was not available today, what would you have done?”
“Waited to make an adolescent medicine in-person appointment” 52 (73)
“Gone to the emergency department” 0(0)
“Looked for aprovider outside the Lurie system” 1(1)
“Waited to seek care after COVID-19” 8(11)
“1 do not know” 10 (14)
Satisfaction

“The visit was convenient for me.”

“Telehealth much better than in-person” 42 (59)
“Telehealth somewhat better than in-person” 12 (17)
“Telehealth about the same as in-person” 16 (23)
“Telehealth somewhat worse than in-person” 1(1)
“Telehealth much worse than in person” 0(0)

“| felt my child’s concerns were addressed.”
“Telehealth much better than in-person” 4 (6)
“Telehealth somewhat better than in-person” 1(1)
“Telehealth about the same asin person” 65 (92
“Telehealth somewhat worse than in-person” 1(1)
“Telehea th much worse than in-person” 0(0)

“| felt comfortable leaving the room.”
“Telehealth much better than in-person” 8(11)
“Telehealth somewhat better than in-person” 2(3)
“Telehealth about the same asin person” 59 (83)
“Telehealth somewhat worse than in-person” 0(0)
“Telehealth much worse than in-person” 23

“| felt comfortable with the privacy of the video visit.”
“Telehealth much better than in-person” 8(11)
“Telehealth somewhat better than in-person” 34
“Teleheath about the same asin person” 54 (76)
“Telehealth somewhat worse than in-person” 4 (6)
“Telehealth much worse than in-person” 23

“How likely are you to recommend video visitsto a family member or friend after the COVID-19 crisis?”
“Not at all likely” 2(3)
“Somewhat likely” 6 (8)
“Very likely” 24.(34)
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Survey questions and responses

Respondents, n (%)

“Extremely likely”

39 (55)

Discussion

Principal Findings

In this project, we aimed to describe the level of acceptability
(measured based on accessibility and satisfaction) expressed by
caregivers of adolescent patients with regard to telemedicine
use during thefirst year of the COVID-19 pandemic. Our results
show a high level of acceptability for telemedicine among
caregivers of adolescent patients receiving predominantly
gender-related specialty care. Prior to the COVID-19 pandemic,
during an equivalent time period at the Division of Adolescent
Medicine at Lurie Children’s Hospital, 53.3% (1301/2442) of
telemedicine encounterswere conducted for gender-rel ated care.
Similarly, in this study, gender-related care represented 65%
(46/71) of care visits, suggesting that telemedicine is crucial
for accessing gender-related care after the pandemic. Prior
studies of gender-diverse youth have shown that youth have an
interest in receiving care through telehealth [6], and studies of
young adult patients and caregivers of youth accessing gender
transition—related services have shown preliminary data
indicating that telehealth visits are more acceptable and
convenient than in-person visits [13]. For all adolescent
health—related visits, our results similarly indicate that for many
caregivers of adolescent patients, telemedicineisat least equally
as acceptable and satisfactory as in-person medical visits. Of
the 71 respondents, only 1 felt as if their adolescent’s needs
were not addressed by their medical provider during the
telemedicine visit. There were minimal issues with the use of
technology, and all respondents found the video system easy to
use.

Confidentiality isacornerstone of adolescent health issues; the
American Academy of Pediatrics has provided guidance on
confidentiality for adolescent telehedth visits [14]. All
caregivers and families should be reminded that confidential
time alone without a parent should be expected for every
telemedicine encounter, just as it would for in-person
visits. Physicians should discussthe restrictions of confidential
care (eg, if the adolescent’s safety or someone else's safety is
in danger) and ensure that confidential information is housed
in the el ectronic health record appropriately to prevent a parent
from accessing information that is not intended to be shared
with them [14]. For sexual and gender minority youth in
particular, the issue of privacy is critical for improved health
care outcomes. Studies related to privacy and telehealth for
adol escents have shown mixed results. A survey study conducted
at a pediatric center that provides gender-affirming care found
no differences in caregiver perceptions of privacy between
in-person visits and video visits [13]. However, an adol escent
medicine clinic that cares for patients with disordered eating
and reproductive health concerns found that 22% of youths
believed that the privacy of telehealth visits was inferior to that
of in-person visits, whereas only 2.5% of caregivers shared that
belief [12]. In our study, the majority of parents (65/71, 92%)
did not have concerns about privacy during telehealth

https://pediatrics,jmir.org/2022/4/€39704

visits. Although our study did not elicit adolescents’ experiences
or their perceptions of privacy, parents comfort with leaving
the room and alowing for private discussions between
adolescents and medical providers, aswell asthe overall privacy
of vigits, isacritical component of acceptability and high-quality
patient care.

Despite the high acceptability of and satisfaction with
telemedicine among the group surveyed, there may be some
disadvantages. Telemedicine does not alow for thorough
physical examinations, the recording of vitals, or blood work,
which can be critical parts of adolescent care. Barney et a [15]
noted that some reproductive health services cannot be
conducted via telemedicine, including sexually transmitted
infection screening, the insertion of contraceptive devices, and
gynecologic examinations. Of the 13 caregivers in our study
who had adol escents with reproductive health concerns, only 2
stated that they were referred for additional services. In many
cases, medical providerswere ableto provide adequate carevia
the video system that did not require an in-person physical
examination. Further, telemedicine can be limited by accessto
a device or an internet connection, which is necessary for
participating in a telemedicine visit. Although many of our
respondents did not experience any technical difficultiesduring
thevideo visits, itisunclear if thiswould be true for the general
population seeking adolescent care or if this wasinfluenced by
alack of demographic diversity within the group of respondents.

Limitations

This study is limited in terms of the small sample size and low
responsiveness to the survey invitation. However, the sample
size of this study is comparable to those of other studies
evaluating telemedicine in adolescent populations. The
individuals who completed the survey might not be
representative of the larger group of families seeking a variety
of adolescent headth services via telemedicine, as most
respondents self-identified as White (61/71, 86%) and had
adol escents who were seeking gender-rel ated health care (46/71,
65%).

Conclusions

In response to the COVID-19 pandemic, telemedicine has
undoubtedly been implemented more than ever before. Among
parents of adolescents receiving speciaty careat our institution,
telemedicineisviewed as an acceptable way to receive medical
care with minimal concerns for privacy and confidentiality.
Further studies are needed to assesstelemedicine' s acceptability
in more diverse populations and its appropriateness for
addressing the variety of adolescent health needs.

Implications and Contributions

This paper contributes to the growing body of literature about
the acceptability of telehealth by highlighting parent perspectives
on the recel pt of adolescent-specific telehealth servicesfor their
adolescents.
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Abstract

Background: COVID-19 wasfirst identified in Wuhan, China, in December 2019, spreading to the rest of the globe, becoming
a pandemic. Some studies have shown an association between pregnancy status and severe COVID-19 with a cytokine storm,
whereas others have shown contrasting results.

Objective: Theaim of this study was to examine the relationship between pregnancy status and the clinical COVID-19 severity
characterized by the cytokine storm through a systematic review and meta-analysis.

Methods: We searched the Google Scholar, PubMed, Scopus, Web of Science, and Embase databases to identify clinical studies
suitable for inclusion in this meta-analysis. Studies reporting pregnancy status and comparing the COVID-19 severity cytokine
storm outcome were included. COVID-19 severity characterized by a cytokine storm was described using parameters such as
intensive care unit admission, invasive mechanical ventilation, mechanical ventilation, hospital admission, pro- and
anti-inflammatory cytokine levels, consolidation on chest computed tomography scan, pulmonary infiltration, extreme fevers as
characteristic of acytokine storm, syndromic severity, higher neutrophil count indicative of acytokine storm, and severe COVID-19
presentation.

Results: A tota of 17 articles including data for 840,332 women with COVID-19 were included. This meta-analysis reveaed
a correlation between positive pregnancy status and severe COVID-19 with a cytokine storm (random-effects model odds ratio
[OR] 2.47, 95% CI 1.63-3.73; P<.001), with a cumulative incidence of 6432 (14.1%) and 24,352 (3.1%) among pregnant and
nonpregnant women with COV1D-19, respectively. The fixed-effects model also showed a correlation between pregnancy status
and severe COVID-19 with acytokine storm (OR 7.41, 95% Cl 7.02-7.83; P<.001). Considerable heterogeneity wasfound among
all pooled studies (12=98%, P<.001). Furthermore, the updated analysis showed substantially low heterogeneity (12=29 %, P=.19),
and the funnel plot revealed no publication bias. The subanalysis between single-center and multicenter studies demonstrated
similar heterogeneity (12=72% and 98%, respectively). Sensitivity analysis on each subgroup revealed that pregnancy was
significantly related to severe COVID-19 with a cytokine storm from single-center studies (fixed-effects model OR 3.97, 95%
Cl 2.26-6.95; P<.001) with very low heterogeneity (12=2%, P=.42).

Conclusions: Being pregnant is clearly associated with experiencing a severe course of COVID-19 characterized by a cytokine
storm. The COVID-19 pandemic should serve as an impetus for further research on pregnant women diagnosed with COVID-19
to map out the salient risk factors associated with its severity.

Trial Registration: PROSPERO CRD42021242011; https.//www.crd.york.ac.uk/prospero/display_record.php?Recordl D=242011.
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Introduction

Once considered to be an “immunosuppressed” state, pregnancy
is associated with an immunological transformation, where the
immune system is required to promote and support the
pregnancy and growing fetus. When this protection is breached,
asin avira infection, this security is weakened and infection
with microorganisms can then propagate and lead to negative
outcomes such as preterm labor [1].

Pregnancy is considered a high-risk condition for COVID-19.
Pregnant women are more likely to have an asymptomatic
infection, accounting for 75% of SARS-CoV-2 infectionsduring
the pandemic. Even among those with symptoms, cough and
fever are the main symptoms in 40% of cases, with breathing
difficulty and myalgia being present in 21% and 19% of
pregnant women, respectively. Severe COVID-19 usually occurs
with infection in the second half of pregnancy, especially toward
the end of the second trimester onward. Those at greatest risk
of severe COVID-19 include women who have a
higher-than-ideal BMI, those over the age of 35 years, and those
who have chronic underlying conditions [2].

COVID-19isan infectious disease caused by anewly discovered
coronavirus (SAR2-CoV-2) that was first identified in Wuhan,
China, in December 2019 [3]. COVID-19 subsequently rapidly
spread across the world, causing a global pandemic. Between
March 2020 and March 2021, this highly contagious disease
infected over 25 million people worldwide and killed over 1
million patients, yielding acasefatality rate that varies between
0.7% and 12.7% (average 3.4%) [4].

Most people infected with the SARS-CoV-2 will experience
mild to moderate respiratory illness and recover without
requiring special treatment. Older people above the age of 58
years and those with underlying medical conditions such as
cardiovascular disease, diabetes, chronic respiratory disease,
and cancer are more likely to develop serious illnesses [5].
Further, infected patients experiencing cytokine storms present
with fevers and shortness of breath, resulting in extreme
difficulty breathing that ultimately requires ventilation
assistance. Such severe presentations might also be related to
pregnancy status[6].

Pregnant women who have COVID-19 appear more likely to
develop respiratory complications requiring intensive care than
women who are not pregnant [7]. Pregnant women are also
more likely to be placed on aventilator. Some research suggests
that pregnant women with COVID-19 are also more likely to
have a premature birth and cesarean delivery, and their babies
are more likely to be admitted to a neonatal unit [8].

Pregnant women are a potentially highly vulnerable population
due to anatomical, physiological, and immunological changes
under the COVID-19 pandemic. Issues related to pregnancy
with COVID-19 attracted widespread attention from researchers.
A large number of articles were published aiming to elaborate

https://pediatrics,jmir.org/2022/4/€31579

ontheclinical characteristics and outcomes of pregnant women
infected with COVID-19 to provide evidence for management
[9,20]. The existing data suggest that the overall prognosis of
pregnancy with COVID-19 is promising when compared with
that of other previous coronaviruses. However, there are till
reports of notable maternal morbidity and mortality related to
COVID-1919].

There are many unknowns for pregnant women during the
COVID-19 pandemic. Clinical experience of pregnancies
complicated with infection by other coronaviruses such as severe
acute respiratory syndrome (SARS) and Middle Eastern
respiratory syndrome (MERS) indicated that pregnant woman
should be considered to be particularly vulnerable to severe
SARS-CoV-2infection. Physiologica changes during preghancy
have a significant impact on the immune system, respiratory
system, cardiovascular function, and coagulation [11].

Given divergent findings in the existing literature, we
systematically reviewed English-language studiesto investigate
whether pregnancy was associated with a more severe clinical
course of COVID-19. Specifically, the aim of this study wasto
establish if pregnancy status is associated with COVID-19
severity characterized by a cytokine storm.

Methods

Design

All guidelineslisted inthe PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement were
followed in performing this meta-anaysis [12]. For this
systematic review and meta-analysis, data were pooled from
observational  studies, including cohort, case-control,
cross-sectional, and similar viable case studies. The study is
registered in PROSPERO (CRD42021242011).

Search Strategy

We performed a simple search in the Google Scholar, PubMed,
Scopus, Web of Science, and Embase databases to identify
observational studies suitable for inclusion with the following
search terms: “COVID-19" OR “SARS-COV-2" OR “novel
coronavirus (CoV)” AND “pregnant” OR “gestation” AND
“clinical features’ OR “characteristic’ AND “severity” OR
“severe” Studies were restricted to those published in English
from March 2020 to March 2021.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) studies that examined
women within reproductive age and diagnosed with COVID-19
according to World Health Organization (WHO) criteria; (2)
observational, cross-sectional, prospective, or retrospective
studies, (3) studies that compared pregnant women to
nonpregnant women with severe COVID-19 characterized by
a cytokine storm; (4) studies evaluating the clinical prognosis
in pregnancy and the immunological profile at any gestation
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stage, examining the proinflammatory response in COVID-19
and a severe cytokine storm as the hallmark outcome.

Exclusion criteria were as follows: (1) unrelated, duplicated,
and missing information answering our research question; (2)
non-English-language studies; (3) case reports/series;, (4)
reviews, (5) editorials; (6) studieslacking afull text (unavailable
or not yet published); (7) articleswithout aDOI; and (8) studies
with small sample sizes (<50 patients) because of low statistical
power.

Notably, weincluded preliminary findings published as preprints
given that the phenomenon in question remainsvery grey inthe
public domain and thus we presumed inclusion of such reports
would be of valuein converging relevant data and information.

Data Extraction

Both adjusted and nonadjusted data among pregnant versus
nonpregnant cases were extracted to identify the most relevant
confounding factors to be used in the analysis by subsequent
pooling. One reviewer (JM) scanned study titles and abstracts
obtained via an initial database search and included relevant
articles in a secondary pool. Next, two independent reviewers
(MK and KO) evaluated the full texts of these articles to
determine whether they met the study inclusion criteria. Any
disputes were resolved by discussion and negotiation with a
fourth reviewer (EN). Only studies agreed upon by all reviewers
wereincluded in the final analysis.

The following data were obtained from all studies: title, first
author, publication year, location, sample size, age (median),
pregnancy status (pregnant or nonpregnant), and severe
COVID-19 cytokine storm presentation. The analysis was then
performed to determine whether the pregnant group was more
likely to develop severe COVID-19 characterized by acytokine
storm.

Risk of Bias (Quality) Assessment

The National Institutes of Health tool for observational and
cross-sectional studies[13] was used for methodol ogical quality
assessment. Two to three reviewers independently assessed the
quality of the studies, and the scores were added to the data
extraction form before inclusion in the analysis to reduce the
risk of bias. To evaluate the risk of bias, the reviewers rated
each of the 14 items into qualitative variables: yes, no, or not
applicable. An overall scorewas cal culated by adding the scores
of all itemswith yes=1 and no or not applicable=0. A score was
given for every paper, resulting in a classification of poor (score
0-5), fair (score 6-9), or good (score 10-14). Datawere checked
by reviewers who did not perform the data extraction or each
reviewer was assigned an articlethat they had not extracted data
from in previous steps; however, in rare instances, some
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reviewers extracted data and performed the quality assessment
for the same article.

Statistical Analyses

Review Manager 5.4.1 was used to calculate odds ratios (ORS)
with 95% Cl s, which are depicted using forest plots. Quantitative
variables are summarized in terms total numbers and
percentages. The OR of a severe COVID-19 cytokine storm
among pregnant and nonpregnant women was calculated.
Heterogeneity was evaluated with the Cochran Q statistic and
Higginstest. The Higgins test uses a fixed-effects model when
the heterogeneity is <50% and a random-effects model when
the heterogeneity is >50%. When heterogeneity was detected,
asensitivity adjustment was made to determineits source. This
procedure was performed by leaving a study out of theanalysis
one at a time, with the fixed-effects model applied after
excluding heterogeneity. Subgroup, cumulative analyses, and
metaregression were used to test whether or not the results are
consistent and to investigate the effect of confounders on the
outcome (cytokine storm) and elucidate the best predictorsin
pregnancy status among women with COVID-19. Publication
bias was evaluated using the Cochrane Risk of Biastool.

Results

Included Articles and Quality Assessment

Theinitial search of international databases using the keywords
described above yielded 221 articles. After excluding 70
duplicate articles, 151 articlesremained. When articletitlesand
abstracts were evaluated for appropriateness, 29 articles
ultimately met theinclusion criteria. In addition, 12 articles not
meeting the inclusion criteria were excluded after full-text
review. A total of 17 articlesmet theinclusion criteria[7,14-29].
Multimedia Appendix 1 shows the PRISMA flow diagram of
the study selection procedure.

Features of the Included Studies

The 17 included studies provided datafor 840,417 women with
COVID-19 [7,14-29] (Table 1). According to the Centers for
Disease Control and Prevention reporting guidelines for
COVID-19 diagnosis[30], 85 patientswhose specific parameters
related to the severity of COVID-19 defined according to
cytokine storm status were reported as “unknown” or not
tabul ated were excluded from thefina analysis, yielding afinal
group of 840,332 patientswith 45,571 (5.42%) pregnant women
and 794,761 (94.58%) nonpregnant women. Among the pregnant
women, 14.1% (6432/45,571) had cytokine storm events
reported, compared to only 3.1% (24,352/794,761) of the
nonpregnant women. The cumulative incidence of a cytokine
storm from all studies ranged from 0.4% to 90.7% (average
36.26%).
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Table 1. Features of the studies included in the meta-analysis.

Muthuka et al

Reference Location of patients  Study design  Parameter of comparison on Eventsin Eventsin non- Cumulativeincidence
COVID-19 severity with cytokine  pregnant pregnant wom-  of severe COVID-19
storm women/total  en/total in cohort  defined by cytokine

in cohort storm, n (%)

Badr eta [14] Franceand Belgium CcCca M cP 1CUC versus no ICU admission 58/83 17/107 75 (39%)

Westgrenand  New York R4 08 Mc ICU versusno ICU admission 8/82 50/332 58 (14%)

Acharya[15]

cpcf [16] United States P9 ch mc ICUplus mechanicfa\l \_/entilgti on 2583/8200  15,840/316,800 18,423 (5.7%)
versus no |CU admission with me-
chanical ventilation

Cheng et a Wuhan, China R, scl Higher versuslower level of inflam-  0/31 1/80 1(0.9%)

[17] mation markers

Collineta Sweden R, MC Invasive mechanical ventilation 7113 29/40 36 (68%)

[23] versus no invasive mechanical ven-
tilation

Ellingtoneta United States R, OMC ICU with mechanical ventilation 2587/8207  4840/83,205 7427 (8%)

[7 versus no |CU with mechanical
ventilation

Liueta [24] Wuhan, China R,CC,SC  consolidation on chest CT versus 20721 16/19 36 (90%)
no consolidation on chest CT

Martinez-Por- Mexico R,MC ICU/death versus non-ICU/death ~ 752/5183 446/5183 1198 (12%)

tillaet a [25]

Yineta [26] China R,C, SC Severeor critical COVID-19 charac-  19/31 11/35 30 (46%)
terized by higher levelsof inflamma-
tory indices of cytokine storm ver-
sus moderate COVID-19

Mohr-Sasson  Fuyang, China R,C, SC High versus low fevers 3/11 15/25 18 (50%)

eta [27]

Molteni et al  United Kingdom, P, O, MC Syndromic severity versus nonsyn-  87/140 1508/2515 1595 (60%)

[28] Sweden, and United dromic severity

States

Oakes et a Wuhan, China R,C,SC Hospitd admission versusnonadmis-  7/22 17/240 24 (9%)

[18] sion

Qianchenget  Wuhan, China R, SC Nonsevere versus severe 2/28 1/54 3(9.8%)

al [19]

Wang et al Wuhan, China R, SC COVID-19 manifestations on chest  22/30 42/42 64 (89%)

[20] CT versus no manifestations

Wei eta [21] Wuhan, China R, SC Higher versus lower neutrophil 15/17 24/26 39 (91%)
count as indicative of cytokine
storm

Xueta [22]  Wuhan, China R, SC Pulmonary infiltration versus no 17/34 3/30 20 (31%)
pulmonary infiltration

Zambranoet  United States R,MC Severe COVID-19-associated ill-  245/23,434  1492/386,028 1737 (0.4%)

a [29] ness versus mild to moderateillness

8CC: case-control.

bMC: multicenter.
I CU: intensive care unit.

Ir: retrospective.

€0: observational.
fcDC: Centers for Disease Control and Prevention.

9P: prospective.

NC: cross-sectional.
'SC: single-center.
JCT: computed tomography.
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The main outcome of this meta-analysis was the possible
association of pregnancy with severe COVID-19 characterized
by acytokine storm, which wasindicated by a specific prognosis
and event. The parameters used for assessment of COVID-19
severity were intensive care unit (ICU) admission in three
studies; ICU plus mechanical ventilation in two studies; higher
levelsof inflammatory response markersin three studies; severe
COVID-19 presentation in two studies; and consolidation on
chest computed tomography scan, pulmonary infiltration,
extremefever asacharacteristic of acytokine storm, syndromic
severity, hospital admission, invasive mechanical ventilation,
and higher neutrophil count indicative of a cytokine storm in
one study each. The study designsincluded retrospective (n=15,

Table 2. Newcastle-Ottawa scale for quality assessment and risk of bias.

Muthuka et al

6 multicenter and 9 single-center studies) and prospective (n=2,
both multicenter). A summary of the studies included in the
meta-analysisis provided in Table 1.

We assessed the quality of the included observational studies
based on a modified version of the Newcastle-Ottawa Scale
(NOS), which consists of 8 itemswith 3 subscal es, and the total
maximum score of these 3 subsetsis 9. We considered a study
that scored =7 to be a high-quality study since a standard
criterion for what constitutes a high-quality study has not yet
been universally established. The 17 studies assessed generated
a mean value of 6.47, indicating that the overall quality was
moderate (NOS score range 5-8), as detailed in Table 2.

Study Year Casesdlection (maximum4) Comparability (maximum 2)  Exposure/outcome (maximum 3)  Total score
Badr et al [14] 2020 3 2 2 7
Westgren and Acharya 2020 3 2 1 6
[15]

CDC?[16] 2020 4 2 2 8
Cheng et al [17] 2020 3 1 2 6
Collinet al [23] 2020 4 1 2 7
Ellington et al [7] 2020 3 2 3 7
Liuetal [24] 2020 3 1 2 6
Martinez-Portillaet al 2020 3 1 2 6
[25]

Yin et al [26] 2020 3 2 2 7
Mohr-Sasson et al [27] 2020 3 1 1 5
Molteni et al [28] 2020 3 1 2 6
Oakeset a [18] 2020 3 2 2 7
Qiancheng et a [19] 2020 3 1 2 6
Wang et al [20] 2020 2 2 2 6
Wei et a [21] 2020 3 1 3 7
Xuetal [22] 2020 3 2 2 6
Zambrano et al [29] 2020 3 1 3 7

8CDC: Centers for Disease Control and Prevention.

Pregnancy Statusand COVID-19 Severity
Characterized by a Cytokine Storm

The meta-analysis revealed a significant association between
pregnancy status and severe COVID-19 characterized by a
cytokine storm (Table 3). A sensitivity analysis was performed
to explore the impact of excluding or including studies in the
meta-analysis based on sample size, methodological quality,
and variance. After removing eight studies (n=748,058 patients)
[7,15,16,23,25,27,28,31] accounting for major causes of
heterogeneity, a total of 92,274 patients were left for analysis

https://pediatrics,jmir.org/2022/4/€31579

in the remaining studies. Figure 1 and Figure 2 respectively
show a shift from the random-effects model (OR 2.47, 95% CI
1.63-3.73; P<.001) to the fixed-effects model (OR 7.41, 95%
Cl 7.02-7.83; P<.001), revealing that pregnancy was
significantly associated with severe COVID-19 characterized
by acytokine storm. Furthermore, this updated analysis showed
substantially low heterogeneity (12=29%, P=.19). Figure 3 shows
a funnel plot evaluating publication bias, which revealed
considerable heterogeneity between all pooled studies (12=98%,
P<.001). Figure 4 shows afunnel plot revealing no publication
bias for the updated analysis.
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Table 3. Events (cytokine storm) in pregnant and nonpregnant women.

Muthuka et al

Studies Pregnant with COVID-19 Nonpregnant with COVID-19

Patients, N Events, n (%) Patients, N Events, n (%)
Badr et al [14] 87 58 (66.7) 107 17 (15.9)
Westgren and Acharya[15] 82 8(9.8) 332 50 (15.1)
CDC[16] 8200 2583 (31.5) 316,800 15,840 (5.0)
Cheng et al [17] 31 0(0) 80 1(1.3)
Collinet a [23] 13 7(53.8) 40 29(72.5)
Ellington et a [7] 8207 2587 (31.5) 83205 4840 (5.9)
Liuetal [24] 21 20(95.3) 19 16 (84.2)
Martinez-Portillaet al [25] 5183 752 (14.5) 5183 446 (8.6)
Yin et al [26] 31 19 (61.3) 35 11 (31.4)
Mohr-Sasson et al [27] 11 3(27.2) 25 15 (60.0)
Molteni et a [28] 140 87(62.1) 2515 1508 (59.9)
Oakeset a [18] 22 7(31.8) 240 17 (7.2)
Qiancheng et a [19] 28 2(7.14) 54 1(1.9)
Wang et al [20] 30 22(73.3) 42 42 (100.0)
Wei et al [21] 17 15 (88.2) 26 24 (92.3)
Xuetal [22] 34 17 (50.0) 30 3(10.0)
Zambrano et a [29] 23,434 245 (1.1) 386,028 1492 (0.4)

Figurel. A forest plot of meta-analysis between pregnancy status and severe COVID-19 with cytokine storm.
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Figure 2. Forest plot of the association of pregnancy with severe COVID-19 characterized by a cytokine storm with the fixed-effects model.
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Figure 3. Funnel plot evaluating publication bias. OR: odds ratio.
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Figure 4. Funnel plot revealing no publication bias in the updated analysis. OR: odds ratio.
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Subgroup Analysisand I nvestigation of Heter ogeneity

Heterogeneity in the pooled effect estimates was considerably
high for all 17 studies, contributed by 748,058 out of 840,332
(89.02%) evaluated subjects, and thus it was necessary to
perform subgroup analyses to identify possible variables or
characteristics moderating the results obtained. Subgroup
analysis was performed according to whether it was a
multicenter study, including 879,556 patients, or asingle-center
study with 776 patients. Figures 5 and 6 show that subgroup

analysis still showed high heterogeneity (1°=72%). The test for

the overall effect for single-center studies (Z=0.91, P=.36; 1>=98)
and multicenter studies (Z=3.97, P<.001) showed no significance

difference (x12:0.67, P=.41; 12=0%). This prompted further

sensitivity analysis on each subgroup to ascertain the group that
was most strongly associated with heterogeneity.

https://pediatrics,jmir.org/2022/4/€31579

RenderX

Figure 7 shows the sensitivity analysis on independent
subgroups. In single-center studies, elimination of studies that
caused the major heterogeneity ([27] and [31]; n=108) revealed
that preghancy was significantly related to severe COVID-19
with acytokine storm represented by 668 patients (fixed-effects
model OR 3.97, 95% CI 2.26-6.95; P<.001), with this updated
analysis showing substantially low heterogeneity (12=2%,
P=.42). In multicenter studies, subsequent removal of any one
study did not change the heterogeneity from its original value

(x%,=928.90, P<.001; 12=99%), demonstrating that multicenter
studies were the main cause of heterogeneity and this was
similar to the overal heterogeneity of the combined groups
(fixed-effects model heterogeneity x%,=938.26, P<.001;
[2=99%), with the test for subgroup differences being
insignificant (x%=1.9, P=.17; 12=47.4%). Figure 8 shows a
funnel plot similarly demonstrating that multicenter studies

were associated with heterogeneity with only one study
demonstrating homogeneity.
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Figure5. Subgroup analysis according to single-center or multicenter study designs showing similarly high heterogeneity as the full meta-analysis.
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Figure 7. Sensitivity analysis on independent subgroups.
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Discussion

This review established that pregnancy is associated with an
experience of severe COVID-19 characterized by a cytokine
storm. Heterogeneity analysis revealed that the pooled effect
estimate was considerably high considering all 17 included
studies, contributed by 89% of the total patients evaluated.
Further, sensitivity analysis on each subgroup indicated that
single-center studies were more homogeneous in comparison
to multicenter studies.

This meta-analysis included 17 studies and revealed that
pregnant women had a significantly increased risk for severe
COVID-19 characterized by acytokine storm. Previousresearch
hasindicated asimilar association [32,33]. Additionally, another
meta-analysis reported the outcome of coronavirus spectrum
infections (SARS, MERS, and COVID-19) during pregnancy,
showing that COVID-19 disease severity increased during
gestation [34]. Thisanalysis addsto the extensive consensusin

https://pediatrics,jmir.org/2022/4/€31579

the literature, which should motivate more studies examining
pregnancy status as a possible predictor of severe COVID-19
characterized by a cytokine storm.

Prior studies have reported results that contrast with those
presented here, namely alack of significant difference between
pregnant and nonpregnant women diagnosed with COVID-19
in terms of disease severity [35,36]. In addition, a previous
meta-analysis [37] failed to find a relationship between being
pregnant and severe COVID-19in 24 studiesincluding pregnant
women, and another meta-analysis indicated that COVID-19
infection during pregnancy most likely had a clinical
presentation and severity resembling those in nonpregnant adults
[38]. Moreover, ameta-analysis demonstrated similar trendsin
disease severity between pregnant people and the general
population [39]. Further, two more studies showed no feasible
differences in the clinical presentation of COVID-19 between
pregnant and nonpregnant women [40,41]. Of concern, neither
of the meta-analyses mentioned above [37,38] included an
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assessment of publication bias or study quality. As such, these
studies should be considered as only apreliminary quest. Hence,
the present systematic meta-analysis offersamore detailed view
asit covers 17 studiesfrom diverse regions capturing both single
and multiple centers. The heterogeneity was high, and after
sensitivity adjustments to eliminate studies largely responsible
for the heterogeneity, the association of COVID-19 severity
with pregnancy was revedled with substantialy low
heterogeneity. Furthermore, the subgroup analysis after
performing the sensitivity test in each specified subgroup
(multicenter or single-center studies) showed aclear significant
association between being pregnant and developing severe
COVID-19 characterized by any specific parameter of acytokine
storm in single-center studies. Therefore, severe COVID-19
was observed to be almost 4 times (OR 3.97, 95% Cl 2.26-6.95;
P<.001) more frequent in pregnant women. Some previous
studies, including some meta-analyses [39,42-46], support the
current findings.

A recent meta-analysis revealed that SARS-CoV-2 infection
may not manifest as mild symptoms during pregnancy [47].
Interestingly, this meta-analysis showed that 40 patients
developed pneumonia, bilateral in most cases, with a 46.2%
rate of hospitalization and 4 patients required ICU admission.
The same study found a higher rate of severe forms of
COVID-19, even when compared to honpregnant women with
the same baseline characteristics [47]. This appears to be
because, during the gestation period, pregnant women face
proinflammatory episodes that mimic the trends of a cytokine
storm in the case of severe COVID-19. This has been
demonstrated in recent studies where specific immune cells,
especialy neutrophils, and other biomarkers have been
highlighted as essential effector cells in the development of
COVID-19 [48-51]. In addition, pregnancy has been reported
toincreasethe progression of COVID-19[52]. Thereisgrowing
evidenceto support the WHO's statements that pregnant women
are at a higher risk of developing severe COVID-19—elated
symptoms and possible mortality [53-56]. Indeed, pregnancy
has been found to worsen the morbidity of COVID-19, and this
effect becomes more prominent as pregnancy advances [57].

The association between pregnancy and illness severity due to
other respiratory viruses such as MERS has been investigated
previoudy. In one study, the casefatality (25%), |CU admission
(50%), and mechanical ventilation (33%) rates were increased
in the pregnant population compared with those of the
nonpregnant population (20%) [58], which may be related to
abnormal immune responses in pregnancy. Additionally,
preghancy may propagate respiratory infections and increase
the risk of hospitalization [59]. Another study demonstrated
that complications of severity with other acute respiratory
distress syndromes are enhanced in pregnancy [11]. Asaresult,
adverse effects on the pregnant woman'’s lungs may aggravate
the symptom severity of viral infections.

The novel SARS-CoV-2 virus uses angiotensin-converting
enzyme 2 (ACE2) receptor in the lungsto enter cellsand cause
infection. ACE2 expression and activity are enhanced during
pregnancy, and transient ACE2 overexpression and itsincreased
activity during pregnancy may be important in modulating
systemic as well as local hemodynamics in the uteroplacental
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unit [60,61]. ACE2 upregulation may increase infectiousness
and therefore infection severity risk, asthe SARS-CoV-2 virus
uses this receptor for host entry. Paradoxically, ACE2
upregulation has also been reported to be a protective factor
against acute lung injury [62].

In one recent study, ACE2 gene expression was found to be
upregulated in cells specific to the maternal-fetal interface[63],
thereby suggesting a mechanism by which the risk for severe
COVID-19 increases in pregnancy. A role of ACE2 in
COVID-19 pathophysiology has aso been demonstrated,
including factors influencing ACE2 expression and activity in
relation to COVID-19 severity [64]. Thus, the potential impact
of ACE2 expression and thus SARS-CoV-2 entry into the host
in pregnancy should be further investigated [65].

The cytokine storm phenomenon has received substantial
research attention recently because of the COVI1D-19 pandemic.
Although more and more information is accumulating daily,
the cytokine storm seems to be at least part of the reason that
some people develop life-threatening symptoms from
COVID-19. Hyperinflammatory cytokine storms in many
patients with severe symptomatic cases of COVID-19 may be
rooted in an atypical responseto SARS-CoV-2 by dysfunctional
mast cells, in a condition known as mast cell activation
syndrome, rather than the typical response by normal mast cells
[66]. This may be explained by systemic and chronic
inflammation, diminished respiratory function and capacity,
and chronic obstructive pulmonary disease—related respiratory
failurein some patients. Some findingsindicated an association
of pro- and anti-inflammatory cytokines that play crucial roles
in the development and function of preeclampsia [67]. Given
this, pregnancy itself and pro- and anti-inflammatory cytokines
should be considered together as a single risk factor for severe
COVID-19 among pregnant women diagnosed with the novel
coronavirus.

Another critical area of concern isthat the cytokine stormisa
critical contributor to mortality in some patients with severe
COVID-19. In these patients, the levels of proinflammatory
cytokines such as interleukin (IL)-1, IL-2, IL-6, IL-8, IL-17,
interferon (IFN)-y, and tumor necrosis factor (TNF)-a are
elevated, which affect the patient’s clinical symptoms and
severity in the general population [68]. In pregnancy, IFNsand
cytokines play important roles in the immune responses
promoting healthy pregnancy as well as congenital disorders
and complications [69], similar to those activated during a
COVID-19 cytokine storm, including TNF-a [70]. Increased
levels of INF-y, luteinizing hormone, and prolactin have been
identified asthe underlying cause for recurrent pregnancy 10sses,
thus, these factors not only amplify the severity of the cytokine
storm in COVID-19 but also consequentially result in adverse
pregnancy outcomes [70]. This potential interaction should be
clarified with future clinical research.

Several factorslimit theinterpretation of the present study. First,
the vast majority of studiesincluded in the meta-analysis were
retrospective epidemiological studies conducted in the United
States and China, with limited studies from other regions.
Second, some of the included studies did not distinguish the
agerange of the participantsaswell asthe stage of the gestation
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period. Third, COVID-19 severity as assumed to be
characterized by acytokine storm relied on different parameters
of clinical implications such as the levels of inflammatory
cytokines, invasive mechanical ventilation, and |CU admission.
Given these limitations, caution should be exercised when
interpreting the current findings for more valid clinical practice.
Future studies may respond to these issues by defining disease
severity more clearly and by obtaining more detailed information
on the associated inflammatory cytokines defining the
COVID-19 cytokine storm.

Multiple factors are responsible for recurrent pregnancy loss,
although an altered cytokine profile is known to be a major
contributor, especially inthe early stages of gestation. Similarly,
exposure to high maternal proinflammatory cytokine
concentrations in early pregnancy might play arole in several
adverse effects for either the woman or infant. Thus, women
expecting apregnancy should be screened to assessthe cytokine
profile even prior to conception whenever possible to avoid

Muthuka et al

pregnancy lossand to improvetheir health and socia well-being,
as abnorma cytokine levels could aggravate COVID-19
severity.

Finally, the interactions between the inherent inflammatory
cytokines and cytokine storm due to COV1D-19 should also be
further examined and clarified. In addition, clinicians should
pay more attention to the history of pregnancy-related altered
immune responses of COV1D-19 patients. Further research may
aim to determine the mechanisms that drive or decrease this
risk of severity by awithin—pregnant population study approach.

This meta-analysis revealed that pregnancy is significantly
associated with increased COV1D-19 symptom severity defined
by a cytokine storm. The SARS-CoV-2 epidemic should serve
asanimpetusfor further research on pregnant women diagnosed
with COVID-19, and to map out salient risk factors associated
with its severity with an aim of maintaining a good pregnancy
outcome and possibly evading an adverse COVID-19 clinical
prognosis.

Acknowledgments

Funding for this study was provided by Kenya Medical Training College.

Authors Contributions

JM conceptualized the study, and was responsible for data collection, collation, and retrieval; design of tables, images, and figures;
major analysisand interpretation of data; and writing and drafting of the manuscript. KO performed the data collection and quality
assessment. IMN played a key role in data analysis, quality assessment procedure and general review of the write-up. EMN
participated in acquisition of data, quality analysis, and writing and revision of the manuscript. MK played amajor rolein reviewing

and revising the manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

PRISMA (Preferred Items for Systematic Reviews and Meta-Analyses) flow diagram.
[PDE File (Adobe PDF File), 195 KB - pediatrics v5i4€31579 appl.pdf ]

References

1. Silasi M, Cardenas|, Kwon J, Racicot K, Aldo P, Mor G. Vird infections during pregnancy. Am J Reprod Immunol 2015
Mar 13;73(3):199-213 [FREE Full text] [doi: 10.1111/g)i.12355] [Medline: 25582523]

2. Castro P, Matos AP, Werner H, Lopes FP, Tonni G, Araujo Janior E. Covid-19 and pregnancy: an overview. Rev Bras
Ginecol Obstet 2020 Jul;42(7):420-426 [FREE Full text] [doi: 10.1055/s-0040-1713408] [Medline: 32559801]

3. SharmaAK. Novel coronavirusdisease (COVID-19). Reson 2020 Jun 05;25(5):647-668. [doi: 10.1007/s12045-020-0981-3]

4.  Countries where Coronavirus has spread. Worldometer. 2020. URL : https.//www.worldometers.info/coronavirus/
countries-where-coronavirus-has-spread/ [accessed 2022-09-14]

5. Handayani D, Hadi DR, Isbaniah F, Burhan E, Agustin H. Corona Virus Disease 2019. J Respirol Indones 2020 Apr

30;40(2):119-129. [doi: 10.36497/jri.v40i2.101]

6. Bhaskar S, Sinha A, Banach M, Mittoo S, Weissert R, Kass JS, et al. Cytokine storm in COV ID-19-immunopathol ogical
mechanisms, clinical considerations, and therapeutic approaches: The REPROGRAM Consortium Position Paper. Front
Immunol 2020 Jul 10;11:1648. [doi: 10.3389/fimmu.2020.01648] [Medline: 32754159]

7. Ellington S, Strid P, Tong VT, Woodworth K, Galang RR, Zambrano LD, et a. Characteristics of women of reproductive
age with laboratory-confirmed SARS-CoV-2 infection by pregnancy status - United States, January 22-June 7, 2020.
MMWR Morb Mortal Wkly Rep 2020 Jun 26;69(25):769-775. [doi: 10.15585/mmwr.mm6925al] [Medline: 32584795]

8. BarileL, Cerrano M, Locatelli A, Puppo A, Signorile AF, Barzhagi N. Prone ventilation in a 27 week pregnant woman
with COVID-19 severe ARDS. Signa Vitae 2020 Jun;16(1):199-202. [doi: 10.22514/sv.2020.16.0028]

https://pediatrics,jmir.org/2022/4/€31579

JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 31579 | p.181
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=pediatrics_v5i4e31579_app1.pdf&filename=7ac64cb5de1b9a1af53a81f5d6beae90.pdf
https://jmir.org/api/download?alt_name=pediatrics_v5i4e31579_app1.pdf&filename=7ac64cb5de1b9a1af53a81f5d6beae90.pdf
https://europepmc.org/abstract/MED/25582523
http://dx.doi.org/10.1111/aji.12355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25582523&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0040-1713408
http://dx.doi.org/10.1055/s-0040-1713408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32559801&dopt=Abstract
http://dx.doi.org/10.1007/s12045-020-0981-3
https://www.worldometers.info/coronavirus/countries-where-coronavirus-has-spread/
https://www.worldometers.info/coronavirus/countries-where-coronavirus-has-spread/
http://dx.doi.org/10.36497/jri.v40i2.101
http://dx.doi.org/10.3389/fimmu.2020.01648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32754159&dopt=Abstract
http://dx.doi.org/10.15585/mmwr.mm6925a1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32584795&dopt=Abstract
http://dx.doi.org/10.22514/sv.2020.16.0028
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Muthukaet &l

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

ChenlL, Jiang H, Zhao Y. Pregnancy with COVID-19: Management considerationsfor care of severeand critically ill cases.
Am JReprod Immunol 2020 Nov;84(5):€13299 [FREE Full text] [doi: 10.1111/5)i.13299] [Medline: 32623810]
Schnettler WT, Al Ahwel Y, Suhag A. Severe acute respiratory distress syndrome in coronavirus disease 2019-infected
pregnancy: obstetric and intensive care considerations. Am J Obstet Gynecol MFM 2020 Aug;2(3):100120 [FREE Full
text] [doi: 10.1016/j.8jogmf.2020.100120] [Medline: 32363337]

Wastnedge EAN, Reynolds RM, van Boeckel SR, Stock SJ, Denison FC, Maybin JA, et al. Pregnancy and COVID-19.
Physiol Rev 2021 Jan 01;101(1):303-318 [FREE Full text] [doi: 10.1152/physrev.00024.2020] [Medline: 32969772]
Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, PRISMA-P Group. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015 Jan 01;4:1 [FREE Full text]
[doi: 10.1186/2046-4053-4-1] [Medline: 25554246]

Zeng X, Zhang Y, Kwong JS, Zhang C, Li S, Sun F, et al. The methodological quality assessment tools for preclinical and
clinical studies, systematic review and meta-analysis, and clinical practice guideline: a systematic review. J Evid Based
Med 2015 Feb 25;8(1):2-10. [doi: 10.1111/jebm.12141] [Medline: 25594108]

Badr DA, Mattern J, Carlin A, Cordier A, Maillart E, El Hachem L, et al. Areclinical outcomesworse for pregnant women
at >20 weeks gestation infected with coronavirus disease 2019? A multicenter case-control study with propensity score
matching. Am J Obstet Gynecol 2020 Nov;223(5):764-768 [FREE Full text] [doi: 10.1016/j.8/00.2020.07.045] [Medline:
32730899

Westgren M, Acharya G. Intensive care unit admissions for pregnant and nonpregnant women with coronavirus disease
2019. Am J Obstet Gynecol 2020 Nov;223(5):779-780 [FREE Full text] [doi: 10.1016/j.8/09.2020.07.046] [Medline:
32721395]

Assessing risk factors for severe COVID-19 illness. Centers for Disease Control and Prevention. 2020 Nov. URL: https:/
/www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-di scovery/assessi ng-risk-factors.html [accessed 2022-09-14]
Cheng B, Jiang T, Zhang L, Hu R, Tian J, Jiang Y, et a. Clinical characteristics of pregnant women with coronavirus
disease 2019 in Wuhan, China. Open Forum Infect Dis 2020 Aug; 7(8):0faa294 [ FREE Full text] [doi: 10.1093/0ofid/of aa294)]
[Medline: 32760752]

OakesMC, Kernberg AS, Carter EB, Foeller ME, Palanisamy A, Raghuraman N, et a. Pregnancy asarisk factor for severe
coronavirus disease 2019 using standardized clinical criteria. Am J Obstet Gynecol MFM 2021 May;3(3):100319 [FREE
Full text] [doi: 10.1016/j.ajogmf.2021.100319] [Medline: 33493707]

Qiancheng X, Jian S, Lingling B, Lel H, Xiaogan J, Weihua L, Sixth batch of Anhui medical team aiding Wuhan for
COVID-19. Coronavirus disease 2019 in pregnancy. Int J Infect Dis 2020 Jun;95:376-383 [FREE Full text] [doi:
10.1016/}.ijid.2020.04.065] [Medline: 32353549]

Wang Z, Wang Z, Xiong G. Clinical characteristics and laboratory results of pregnant women with COVID-19 in Wuhan,
China. Int JGynaecol Obstet 2020 Sep 03;150(3):312-317 [FREE Full text] [doi: 10.1002/ijgo.13265] [Medline: 32510581]
Wei L, Gao X, Chen S, Zeng W, Wu J, Lin X, et a. Clinical Characteristics and outcomes of childbearing-age women with
COVID-19 in Wuhan: retrospective, single-center study. JMed Internet Res 2020 Aug 24;22(8):€19642 [FREE Full text]
[doi: 10.2196/19642] [Medline: 32750000]

Xu S, Shao F, Bao B, Ma X, XuZ, You J, et a. Clinica manifestation and neonatal outcomes of pregnant patients with
coronavirus disease 2019 pneumoniain Wuhan, China. Open Forum Infect Dis 2020 Jul;7(7):0faa283 [FREE Full text]
[doi: 10.1093/cfid/ofaa?83] [Medline: 32743014]

Callin J, Bystrom E, Carnahan A, Ahrne M. Public Health Agency of Sweden's Brief Report: Pregnant and postpartum
women with severe acute respiratory syndrome coronavirus 2 infection in intensive care in Sweden. Acta Obstet Gynecol
Scand 2020 Jul 13;99(7):819-822. [doi: 10.1111/a0gs.13901] [Medline: 32386441]

LiuF, LiuH, Hou L, Li J, Zheng H, Chi R, et al. Clinico-radiological features and outcomes in pregnant women with
COVID-19 pneumonia compared with age-matched non-pregnant women. Infect Drug Resist 2020;13:2845-2854. [doi:
10.2147/IDR.S264541] [Medline: 32884308]

Martinez-PortillaRJ, Sotiriadis A, Chatzakis C, Torres-Torres J, Espino Y Sosa S, Sandoval-Mandujano K, et al. Pregnant
women with SARS-CoV-2 infection are at higher risk of death and pneumonia: propensity score matched analysis of a
nationwide prospective cohort (COV 19Mx). Ultrasound Obstet Gynecol 2021 Feb;57(2):224-231. [doi: 10.1002/uog.23575]
[Medline: 33320401]

Yin MZ, Zhang LJ, Deng GT, Han CF, Shen MX, Sun HY, et a. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection during pregnancy in China: a retrospective cohort study. MedRxiv. 2020 Apr 11. URL: https:/
/www.medrxiv.org/content/10.1101/2020.04.07.20053744v1 [accessed 2022-09-14]

Mohr-Sasson A, Chayo J, Bart Y, Meyer R, Sivan E, Mazaki-Tovi S, et al. Laboratory characteristics of pregnant compared
to non-pregnant women infected with SARS-CoV-2. Arch Gynecol Obstet 2020 Sep 22;302(3):629-634 [FREE Full text]
[doi: 10.1007/s00404-020-05655-7] [Medline: 32572616]

Molteni E, Astley CM, MaW, Sudre CH, Magee LA, Murray B, et al. SARS-CoV-2 (COVID-19) infection in pregnant
women: characterization of symptomsand syndromes predictive of disease and severity through real-time, remote participatory
epidemiology. medRxiv. 2020 Oct 14. URL : https://www.medrxiv.org/content/10.1101/2020.08.17.20161760v2 [accessed
2022-09-14]

https://pediatrics.jmir.org/2022/4/€31579 JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 |€31579 | p.182

(page number not for citation purposes)


https://europepmc.org/abstract/MED/32623810
http://dx.doi.org/10.1111/aji.13299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32623810&dopt=Abstract
https://europepmc.org/abstract/MED/32363337
https://europepmc.org/abstract/MED/32363337
http://dx.doi.org/10.1016/j.ajogmf.2020.100120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32363337&dopt=Abstract
https://journals.physiology.org/doi/abs/10.1152/physrev.00024.2020?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1152/physrev.00024.2020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32969772&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25554246&dopt=Abstract
http://dx.doi.org/10.1111/jebm.12141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25594108&dopt=Abstract
https://europepmc.org/abstract/MED/32730899
http://dx.doi.org/10.1016/j.ajog.2020.07.045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32730899&dopt=Abstract
https://europepmc.org/abstract/MED/32721395
http://dx.doi.org/10.1016/j.ajog.2020.07.046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32721395&dopt=Abstract
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/assessing-risk-factors.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/assessing-risk-factors.html
https://europepmc.org/abstract/MED/32760752
http://dx.doi.org/10.1093/ofid/ofaa294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32760752&dopt=Abstract
https://europepmc.org/abstract/MED/33493707
https://europepmc.org/abstract/MED/33493707
http://dx.doi.org/10.1016/j.ajogmf.2021.100319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33493707&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)30280-0
http://dx.doi.org/10.1016/j.ijid.2020.04.065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32353549&dopt=Abstract
https://europepmc.org/abstract/MED/32510581
http://dx.doi.org/10.1002/ijgo.13265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32510581&dopt=Abstract
https://www.jmir.org/2020/8/e19642/
http://dx.doi.org/10.2196/19642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32750000&dopt=Abstract
https://europepmc.org/abstract/MED/32743014
http://dx.doi.org/10.1093/ofid/ofaa283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32743014&dopt=Abstract
http://dx.doi.org/10.1111/aogs.13901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32386441&dopt=Abstract
http://dx.doi.org/10.2147/IDR.S264541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32884308&dopt=Abstract
http://dx.doi.org/10.1002/uog.23575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33320401&dopt=Abstract
https://www.medrxiv.org/content/10.1101/2020.04.07.20053744v1
https://www.medrxiv.org/content/10.1101/2020.04.07.20053744v1
https://europepmc.org/abstract/MED/32572616
http://dx.doi.org/10.1007/s00404-020-05655-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32572616&dopt=Abstract
https://www.medrxiv.org/content/10.1101/2020.08.17.20161760v2
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Muthukaet &l

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Zambrano LD, Ellington S, Strid P, Galang RR, Oduyebo T, Tong VT, CDC COVID-19 Response Pregnancy|nfant Linked
Outcomes Team. Update: Characteristics of symptomatic women of reproductive agewith laboratory-confirmed SARS-CoV-2
infection by pregnancy status - United States, January 22-October 3, 2020. MMWR Morb Mortal Wkly Rep 2020 Nov
06;69(44):1641-1647. [doi: 10.15585/mmwr.mm6944e3] [Medline: 33151921]

CDC COVID-19 Response Team. Preliminary estimates of the prevalence of selected underlying health conditions among
patients with coronavirus disease 2019 - United States, February 12-March 28, 2020. MMWR Morb Mortal Wkly Rep
2020 Apr 03;69(13):382-386. [doi: 10.15585/mmwr.mm6913e?] [Medline: 32240123]

Wang J, Li Z, Cheng X, Hu H, Liao C, Li P, et al. Epidemiologic characteristics, transmission chain, and risk factors of
severeinfection of COVID-19 in Tianjin, arepresentative municipality city of China. Front Public Health 2020 May
20;8:198. [doi: 10.3389/fpubh.2020.00198] [Medline: 32671007]

CzeresniaRM, Trad ATA, Britto ISW, Negrini R, NomuraML, PiresP, et al. SARS-CoV-2 and pregnancy: areview of
the facts. Rev Bras Ginecol Obstet 2020 Sep 29;42(9):562-568 [FREE Full text] [doi: 10.1055/s-0040-1715137] [Medline:
32992359

Kolkova Z, Bjurstrom MF, Lansberg JK, Svedas E, Hamer MA, Hansson SR, et al. Obstetric and intensive-care strategies
in ahigh-risk pregnancy with critical respiratory failure due to COVID-19: A case report. Case Rep Womens Health 2020
Jul;27:€00240 [FREE Full text] [doi: 10.1016/j.crwh.2020.€00240] [Medline: 32714844]

Di Mascio D, Khalil A, Saccone G, Rizzo G, BucaD, Liberati M, et al. Outcome of coronavirus spectruminfections (SARS,
MERS, COVID-19) during pregnancy: a systematic review and meta-analysis. Am J Obstet Gynecol MFM 2020
May;2(2):100107 [FREE Full text] [doi: 10.1016/j.ajogmf.2020.100107] [Medline: 32292902]

Selim M, Mohamed S, Abdo M, Abdelhaffez A. Is COVID-19 similar in pregnant and non-pregnant women? Cureus 2020
Jun 28;12(6):e8888 [FREE Full text] [doi: 10.7759/cureus.8888] [Medline: 32742855]

Tirmik¢ioglu Z. Evaluation of updated therapeutic optionsfor COVID-19 in pregnancy and lactation. Bezmialem Sci 2021
Feb 1;9(1):78-83. [doi: 10.14235/bas.galenos.020.4652]

Matar R, Alrahmani L, Monzer N, Debiane LG, Berbari E, Fares J, et al. Clinical presentation and outcomes of pregnant
women with coronavirus disease 2019: a systematic review and meta-analysis. Clin Infect Dis 2021 Feb 01;72(3):521-533
[FREE Full text] [doi: 10.1093/cid/ciaa828] [Medline: 32575114]

Elshafeey F, Magdi R, Hindi N, Elshebiny M, Farrag N, Mahdy S, et al. A systematic scoping review of COVID-19 during
pregnancy and childbirth. Int J Gynaecol Obstet 2020 Jul 17;150(1):47-52 [FREE Full text] [doi: 10.1002/ijgo.13182]
[Medline: 32330287]

Kasraeian M, ZareM, Vafael H, Asadi N, Fargji A, Bazrafshan K, et al. COVID-19 pneumoniaand pregnancy; asystematic
review and meta-analysis. J Matern Fetal Neonatal Med 2022 May 19;35(9):1652-1659. [doi:
10.1080/14767058.2020.1763952] [Medline: 32429786]

Jafari M, Pormohammad A, Sheikh Neshin SA, Ghorbani S, Bose D, Alimohammadi S, et a. Clinical characteristics and
outcomes of pregnant women with COVID-19 and comparison with control patients: A systematic review and meta-analysis.
Rev Med Virol 2021 Sep;31(5):1-16 [FREE Full text] [doi: 10.1002/rmv.2208] [Medline: 33387448]

Vaezi M, Mirghafourvand M, Hemmatzadeh S. Characteristics, clinical and laboratory data and outcomes of pregnant
women with confirmed SARS-CoV-2 infection admitted to Al-Zahratertiary referral maternity center in Iran: acase series
of 24 patients. BMC Pregnancy Childbirth 2021 May 17;21(1):378 [FREE Full text] [doi: 10.1186/s12884-021-03764-y]
[Medline: 34001013]

Al-Matary A, Almatari F, Al-Matary M, AlDhaefi A, Algahtani MHS, Alhulaimi EA, et a. Clinical outcomes of maternal
and neonate with COV1D-19 infection - multicenter study in Saudi Arabia. J Infect Public Health 2021 Jun;14(6):702-708
[FREE Full text] [doi: 10.1016/}.jiph.2021.03.013] [Medline: 34020209]

Galang RR, Chang K, Strid P, Snead MC, Woodworth KR, House LD, et a. Severe coronavirusinfections in pregnancy:
a systematic review. Obstet Gynecol 2020 Aug;136(2):262-272 [FREE Full text] [doi: 10.1097/A0G.0000000000004011]
[Medline: 32544146]

Griinebaum A, McCullough LB, Litvak A, Chervenak FA. Inclusion of pregnant individuals among priority populations
for coronavirus disease 2019 vaccination for all 50 statesin the United States. Am J Obstet Gynecol 2021 May;224(5):536-539
[EREE Full text] [doi: 10.1016/].8j09.2021.01.026] [Medline: 33545113]

Lucarelli E, Behn C, Lashley S, Smok D, Benito C, Oyelese Y. Mechanical ventilation in pregnancy dueto COVID-19: a
cohort of three cases. Am J Perinatol 2020 Aug 16;37(10):1066-1069 [FREE Full text] [doi: 10.1055/s-0040-1713664]
[Medline: 32544963]

Soheili M, Moradi G, Baradaran HR, Soheili M, Mokhtari MM, Moradi Y. Clinical manifestation and maternal complications
and neonatal outcomes in pregnant women with COVID-19: a comprehensive evidence synthesis and meta-analysis. J
Matern Fetal Neonatal Med 2021 Feb 18:online ahead of print. [doi: 10.1080/14767058.2021.1888923] [Medline: 33602025]
Barbero P, Muglierzal, Herraiz |, GarciaBurguillo A, San Juan R, Forcén L, et al. SARS-CoV-2 in pregnancy: characteristics
and outcomes of hospitalized and non-hospitalized women due to COVID-19. J Matern Fetal Neonatal Med 2022 Jul
20;35(14):2648-2654. [doi: 10.1080/14767058.2020.1793320] [Medline: 32689846]

https://pediatrics.jmir.org/2022/4/€31579 JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 |€31579 | p.183

(page number not for citation purposes)


http://dx.doi.org/10.15585/mmwr.mm6944e3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33151921&dopt=Abstract
http://dx.doi.org/10.15585/mmwr.mm6913e2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32240123&dopt=Abstract
http://dx.doi.org/10.3389/fpubh.2020.00198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32671007&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0040-1715137
http://dx.doi.org/10.1055/s-0040-1715137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32992359&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-9112(20)30070-9
http://dx.doi.org/10.1016/j.crwh.2020.e00240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32714844&dopt=Abstract
https://europepmc.org/abstract/MED/32292902
http://dx.doi.org/10.1016/j.ajogmf.2020.100107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32292902&dopt=Abstract
https://europepmc.org/abstract/MED/32742855
http://dx.doi.org/10.7759/cureus.8888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32742855&dopt=Abstract
http://dx.doi.org/10.14235/bas.galenos.020.4652
https://europepmc.org/abstract/MED/32575114
http://dx.doi.org/10.1093/cid/ciaa828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32575114&dopt=Abstract
https://europepmc.org/abstract/MED/32330287
http://dx.doi.org/10.1002/ijgo.13182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32330287&dopt=Abstract
http://dx.doi.org/10.1080/14767058.2020.1763952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32429786&dopt=Abstract
https://europepmc.org/abstract/MED/33387448
http://dx.doi.org/10.1002/rmv.2208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33387448&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-021-03764-y
http://dx.doi.org/10.1186/s12884-021-03764-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34001013&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1876-0341(21)00089-7
http://dx.doi.org/10.1016/j.jiph.2021.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34020209&dopt=Abstract
https://europepmc.org/abstract/MED/32544146
http://dx.doi.org/10.1097/AOG.0000000000004011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32544146&dopt=Abstract
https://europepmc.org/abstract/MED/33545113
http://dx.doi.org/10.1016/j.ajog.2021.01.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33545113&dopt=Abstract
https://europepmc.org/abstract/MED/32544963
http://dx.doi.org/10.1055/s-0040-1713664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32544963&dopt=Abstract
http://dx.doi.org/10.1080/14767058.2021.1888923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33602025&dopt=Abstract
http://dx.doi.org/10.1080/14767058.2020.1793320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32689846&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Muthukaet &l

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

CavalcanteMB, Cavalcante CTDMB, Sarno M, Barini R, Kwak-Kim J. Maternal immune responses and obstetrical outcomes
of pregnant women with COV1D-19 and possible health risks of offspring. JReprod Immunol 2021 Feb;143:103250 [FREE
Full text] [doi: 10.1016/].jri.2020.103250] [Medline: 33249335]

Da SilvaCRAC, OliveiraLVD, Lopes LB, Dos Santos WAG, Agra lKR. Immunological aspects of coronavirus disease
during pregnancy: an integrative review. Rev Assoc Med Bras 2020 May;66(5):696-700 [ FREE Full text] [doi:
10.1590/1806-9282.66.5.696] [Medline: 32638966]

Figuero E, Han YW, Furuichi Y. Periodontal diseases and adverse pregnancy outcomes. mechanisms. Periodontol 2020
Jun 08;83(1):175-188. [doi: 10.1111/prd.12295] [Medline: 32385886]

Malinowski AK, Noureldin A, Othman M. COVID-19 susceptibility in pregnancy: |mmune/inflammatory considerations,
the role of placental ACE-2 and research considerations. Reprod Biol 2020 Dec;20(4):568-572 [FREE Full text] [doi:
10.1016/j.rephio.2020.10.005] [Medline: 33183974]

Dashraath B, Wong JLJ, Lim MXK, Lim LM, Li S, Biswas A, et a. Coronavirus disease 2019 (COV1D-19) pandemic and
preghancy. Am J Obstet Gynecol 2020 Jun;222(6):521-531 [FREE Full text] [doi: 10.1016/j.8/00.2020.03.021] [Medline:
32217113]

Blauvelt CA, Chiu C, Donovan AL, Prahl M, Shimotake TK, George RB, et al. Acute respiratory distress syndromein a
preterm pregnant patient with coronavirus disease 2019 (COVID-19). Obstet Gynecol 2020 Jul;136(1):46-51. [doi:
10.1097/A0G.0000000000003949] [Medline: 32384385]

Oganyan KA, Shalepo KV, Savicheva AM, Bespalova ON, Kogan 1Y. New coronavirus infection and pregnancy. J Obst
Women Dis 2021 Jan 25;69(6):71-80. [doi: 10.17816/JOWD69671-80]

Rashid F, Shahnaz S, Sharmin R, Sattar MA, Chowdhury S. Pregnancy with COVID-19: weal and woe. J SAFOG
2020;12(4):258-260. [doi: 10.5005/jp-journals-10006-1798]

San-Juan R, Barbero P, Fernandez-Ruiz M, Lopez-Medrano F, Lizasoain M, Herndndez-Jiménez P, et al. Incidence and
clinical profiles of COVID-19 pneumoniain pregnant women: a single-centre cohort study from Spain. EClinicalMedicine
2020 Jun;23:100407 [FREE Full text] [doi: 10.1016/j.eclinm.2020.100407] [Medline: 32632417]

Tug N, YassaM, Kole E, Sakin O, Cakir Kole M, Karateke A, et al. Pregnancy worsens the morbidity of COVID-19 and
this effect becomes more prominent as pregnancy advances. Turk J Obstet Gynecol 2020 Sep 2;17(3):149-154. [doi:
10.4274/tjod.galenos.2020.38924] [Medline: 33072417]

Martens M, Bharati K. Middle Eastern Respiratory Syndrome and pregnancy [18J]. Obstet Gynecol 2016;127(Supplement
1):85S-86S. [doi: 10.1097/01.A0G.0000483787.93122.d5]

Lokken EM, Taylor GG, Huebner EM, Vanderhoeven J, Hendrickson S, Coler B, Washington COVID-19 in Pregnancy
Collaborative. Higher severe acute respiratory syndrome coronavirus 2 infection rate in pregnant patients. Am J Obstet
Gynecol 2021 Jul;225(1):75.€1-75.e16 [FREE Full text] [doi: 10.1016/j.8/09.2021.02.011] [Medline: 33607103]
Brosnihan K, NevesL, Anton L, Joyner J, Valdes G, Merrill D. Enhanced expression of Ang-(1-7) during pregnancy. Braz
JMed Biol Res 2004 Aug;37(8):1255-1262 [ FREE Full text] [doi: 10.1590/50100-879x2004000800017] [Medline: 15273828]
Levy A, Yagil Y, Bursztyn M, BarkalifaR, Scharf S, Yagil C. ACE2 expression and activity are enhanced during pregnancy.
Am JPhysiol Regul Integr Comp Physiol 2008 Dec;295(6):R1953-R1961 [ FREE Full text] [doi: 10.1152/a] pregu.90592.2008]
[Medline: 18945956]

Pathangey G, Fadadu PP, Hospodar AR, Abbas AE. Angiotensin-converting enzyme 2 and COVD-19: patients, comorbidities,
and therapies. Am J Physiol Lung Cell Mol Physiol 2021 Mar 01;320(3):L301-L 330 [FREE Full text] [doi:
10.1152/ajplung.00259.2020] [Medline: 33237815]

Li M, Chen L, Zhang J, Xiong C, Li X. The SARS-CoV-2 receptor ACE2 expression of maternal-fetal interface and fetal
organs by single-cell transcriptome study. PLoS One 2020 Apr 16;15(4):e0230295 [FREE Full text] [doi:

10.1371/journal .pone.0230295] [Medline: 32298273]

Bourgonje AR, Abdulle AE, Timens W, Hillebrands J, Navis GJ, Gordijn SJ, et a. Angiotensin-converting enzyme 2
(ACE2), SARS-CoV-2 and the pathophysiology of coronavirus disease 2019 (COVID-19). J Pathol 2020 Jul
10;251(3):228-248 [FREE Full text] [doi: 10.1002/path.5471] [Medline: 32418199]

South AM, Brady TM, Flynn JT. ACE2 (angiotensin-converting enzyme 2), COVID-19, and ACE inhibitor and Ang |1
(angiotensin 1) receptor blocker use during the pandemic: the pediatric perspective. Hypertension 2020 Jul;76(1):16-22
[FREE Full text] [doi: 10.1161/HY PERTENSIONAHA.120.15291] [Medline: 32367746]

Afrin LB, Weinstock LB, Molderings GJ. Covid-19 hyperinflammation and post-Covid-19 illness may be rooted in mast
cell activation syndrome. Int JInfect Dis 2020 Nov;100:327-332 [EREE Full text] [doi: 10.1016/].ijid.2020.09.016] [Medline:
32920235]

Aggarwa R, Jain AK, Mittal P, Kohli M, Jawanjal P, Rath G. Association of pro- and anti-inflammatory cytokinesin
preeclampsia. JClin Lab Anal 2019 May 21;33(4):e22834 [FREE Full text] [doi: 10.1002/jcla.22834] [Medline: 30666720]
McGonagle D, Sharif K, O'Regan A, Bridgewood C. Therole of cytokinesincluding interleukin-6 in COVID-19 induced
pneumonia and macrophage activation syndrome-like disease. Autoimmun Rev 2020 Jun;19(6):102537 [FREE Full text]
[doi: 10.1016/j.autrev.2020.102537] [Medline: 32251717)

Yockey LJ, Iwasaki A. Interferons and proinflammatory cytokinesin pregnancy and fetal development. Immunity 2018
Sep 18;49(3):397-412 [FREE Full text] [doi: 10.1016/j.immuni.2018.07.017] [Medline: 30231982]

https://pediatrics.jmir.org/2022/4/€31579 JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 |e31579 | p.184

(page number not for citation purposes)


https://europepmc.org/abstract/MED/33249335
https://europepmc.org/abstract/MED/33249335
http://dx.doi.org/10.1016/j.jri.2020.103250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33249335&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-42302020000500696&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/1806-9282.66.5.696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32638966&dopt=Abstract
http://dx.doi.org/10.1111/prd.12295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32385886&dopt=Abstract
https://europepmc.org/abstract/MED/33183974
http://dx.doi.org/10.1016/j.repbio.2020.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33183974&dopt=Abstract
https://europepmc.org/abstract/MED/32217113
http://dx.doi.org/10.1016/j.ajog.2020.03.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217113&dopt=Abstract
http://dx.doi.org/10.1097/AOG.0000000000003949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32384385&dopt=Abstract
http://dx.doi.org/10.17816/JOWD69671-80
http://dx.doi.org/10.5005/jp-journals-10006-1798
https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(20)30151-6
http://dx.doi.org/10.1016/j.eclinm.2020.100407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32632417&dopt=Abstract
http://dx.doi.org/10.4274/tjod.galenos.2020.38924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33072417&dopt=Abstract
http://dx.doi.org/10.1097/01.AOG.0000483787.93122.d5
https://europepmc.org/abstract/MED/33607103
http://dx.doi.org/10.1016/j.ajog.2021.02.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33607103&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2004000800017&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/s0100-879x2004000800017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15273828&dopt=Abstract
https://journals.physiology.org/doi/10.1152/ajpregu.90592.2008?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1152/ajpregu.90592.2008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18945956&dopt=Abstract
https://journals.physiology.org/doi/abs/10.1152/ajplung.00259.2020?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1152/ajplung.00259.2020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33237815&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0230295
http://dx.doi.org/10.1371/journal.pone.0230295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32298273&dopt=Abstract
https://europepmc.org/abstract/MED/32418199
http://dx.doi.org/10.1002/path.5471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32418199&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.120.15291?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32367746&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)30732-3
http://dx.doi.org/10.1016/j.ijid.2020.09.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32920235&dopt=Abstract
https://europepmc.org/abstract/MED/30666720
http://dx.doi.org/10.1002/jcla.22834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30666720&dopt=Abstract
https://europepmc.org/abstract/MED/32251717
http://dx.doi.org/10.1016/j.autrev.2020.102537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32251717&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1074-7613(18)30337-6
http://dx.doi.org/10.1016/j.immuni.2018.07.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30231982&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Muthukaet &l

70. AlJameil N, Tabassum H, AIMayouf H, Alshenefy A, AlmohizeaMM, Ali MN. Identification of serum cytokinesas markers
in women with recurrent pregnancy loss or miscarriage using MILLIPLEX analysis. Biomed Res 2018;29(18):3512-3517.
[doi: 10.4066/biomedicalresearch.29-18-1030]

Abbreviations
ACEZ2: angiotensin-converting enzyme 2
I CU: intensive care unit
[FN: interferon
IL: interleukin
MERS: Middle East respiratory syndrome
NOS: Newcastle-Ottawa Scale
OR: oddsratio
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
SARS: severe acute respiratory syndrome
TNF: tumor necrosis factor
WHO: World Health Organization

Edited by SBadawy; submitted 26.06.21; peer-reviewed by R Boyapati, A El Rifay, R Chapleau; commentsto author 29.01.22; revised
version received 02.03.22; accepted 22.03.22; published 04.10.22.

Please cite as:

Muthuka J, Kiptoo M, Oluoch K, Nzioki JM, Nyamai EM

Association of Pregnancy With Coronavirus Cytokine Storm: Systematic Review and Meta-analysis
JMIR Pediatr Parent 2022;5(4):e31579

URL: https://pediatrics,jmir.org/2022/4/€31579

doi:10.2196/31579

PMID: 35319475

©John Muthuka, Michael Kiptoo, Kelly Oluoch, Japheth Mativo Nzioki, Everlyn Musangi Nyamai. Originally publishedin IMIR
Pediatrics and Parenting (https://pediatrics.jmir.org), 04.10.2022. Thisis an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in IMIR Pediatrics and Parenting, is properly cited.
The complete hibliographic information, alink to the original publication on https://pediatrics.jmir.org, as well as this copyright
and license information must be included.

https://pediatrics,jmir.org/2022/4/€31579 JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 [e31579 | p.185
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.4066/biomedicalresearch.29-18-1030
https://pediatrics.jmir.org/2022/4/e31579
http://dx.doi.org/10.2196/31579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35319475&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Sourander et al

Original Paper

An Internet-Based Parent Training With Telephone Coaching on
Managing Disruptive Behavior in Children at Special Family
Counseling Centers During the COVID-19 Pandemic: Feasibility
Study

Saana Sourander™®3, RN, PHN; Andre Sourander** MD, PhD; Susanna HinkkaYli-Salomaki'?®, LicPh; Terja
Ristkari*?, RN, MSN; Marjo Kurki**?, PhD

1Department of Child Psychiatry, University of Turku, Turku, Finland

2Unit of Digital Education and Master Programmes, Laurea University of Applied Sciences, Vantaa, Finland
SINVEST Research Fi agship, University of Turku, Turku, Finland

4Department of Child Psychiatry, Turku University Hospital, Turku, Finland

SITLA Children’s Foundation, Helsinki, Finland

Corresponding Author:

Saana Sourander, RN, PHN
Department of Child Psychiatry
University of Turku
Lemminkaisenkatu 3

Teutori 3rd floor

Turku, 20014

Finland

Phone: 358 469212562

Email: saana.sourander@utu.fi

Abstract

Background: Thereisgrowing concern about the short- and long-term impacts that the COVID-19 pandemic will have on the
mental health and psychosocial well-being of children and families. There are no existing studies about feasibility and outcomes
using internet-based parent training programs with telephone coaching for disruptive behavioral problems in childhood during
the COVID-19 pandemic in clinical settings.

Objective: This study explored how the Strongest Families Smart Website (SFSW) parent training program, with telephone
coaching, provided support during the COVID-19 pandemic at specialist family counseling centers in Helsinki, Finland, when
restrictions made face-to-face counseling impossible. This study followed the success of arandomized controlled trial (RCT) and
its implementation study of the SFSW parent training program by primary care child health clinics. The aim was to improve
parenting skills, so that parents could tackle disruptive behavior by developing positive parent-child relationships. It started in
May 2020, when the COVID-19 pandemic was at its height in Finland.

Methods: Intotal, 8 family counseling centersin Helsinki identified 50 referrals aged 3-8 yearswith high levels of parent-reported
disruptive behavioral problems. Child psychopathology and functioning and parental skills and well-being were measured at
baseline, posttreatment, and 6 months later using arange of tools. The data were extracted from questionnaires completed by the
parents.

Results:.  We found that 44 (88%) of the 50 families completed the whole 11-session parent training program. Most of the
children (n=48, 96%) had definitive or severe behavioral problems when they were initially screened by the centers, but with
those assessed at the 6-month follow-up (n=45, 90%), this dropped to 58% (n=26). There were significant changes from baseline
to 6-month follow-up in most of the child psychopathology measures, including the Child Behavior Checklist-Parent Report
Form (CBCL) tota score (mean change 16.3, SE 3.0, 95% CI 10.2-22.3; P<.001) and externalizing score (mean change 7.0, SE
1.0, 95% CI 4.9-9.0; P<.001). When parenting skills were measured with the Parenting Scale (PS), they showed significant
changes from baseline to 6-month follow-up in total scores (mean change 0.5, SE 0.1, 95% CI 0.4-0.7; P<.001). Parents showed
significant change in the stress subscore (mean change 3.9, SE 0.8, 95% CI 2.2-5.6; P<.001). Of the parents who filled in the
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satisfaction questionnaire (n=45, 90%), 42 (93%) reported high satisfaction in the skills and 44 (98%) in the professionalism of
the family coaches.

Conclusions: The program proved to be an effective method for improving parenting skills and child psychopathology and
functioning. The parents were satisfied with the program, and the dropout rate was exceptionally low. The study shows that the
training program could beimplemented in specialist clinical settingsand during crisis conditions, such asthe COVID-19 pandemic.

(JMIR Pediatr Parent 2022;5(4):e40614) doi:10.2196/40614
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Introduction

There is growing concern about the possible short- and
long-term impacts that the COVID-19 pandemic is having on
the mental health and psychosocial well-being of children and
their families [1]. Studies have shown that the use of mental
health services by children and adolescents was lower during
the initial phase of the COVID-19 pandemic than before the
pandemic [2]. However, some time-trend studies have shown
that mental health problems have increased during the
COVID-19 pandemic [3-5]. This has resulted in a higher level
of unmet needsin children with mental health problems. These
findings have underlined the need for low-threshold and remote
servicesto addressthe psychosocia problemsaffecting children
and their families. It is crucia that we be able to demonstrate
the feasibility and outcomes of such programs in real-world
settings during the COVID-19 pandemic becausethey arelikely
to prove invaluable during both current and future crises.

Disruptive behavior and conduct problems are common among
children and can lead to negative outcomes in later life [6-9].
Children with disruptive behavior and conduct problems have
higher risks of encountering lifelong disorders in relation to
conduct, impulse control, mood, anxiety, suicidaity, and
substance abuse [ 7-10]. It islikely that several risk factorslinked
to the COVID-19 pandemic will have detrimental effects on
children, and these are particularly expected to affect vulnerable
children, such asthose with disruptive behavior problems. These
risk factors could include isolation due to school closures,
parental stress about the virus and job security, increases in
undetected child abuse, greater levels of cyberbullying due to
increased online activities, and the trauma or threat of losing
family members[1,11-13].

Parent training has been found to be the most effective way to
prevent and treat disruptive behavioral problems among
children. Thereisgrowing evidence from randomized controlled
trials (RCTs) that such initiatives reduce problems and improve
parenting skills [14-17]. Parent training has been shown to be
1 of the best-validated therapeutic techniques in child mental
health [18]. Interventions that encourage positive behavior, and
include video demonstrations, practical exercises, and
homework, have helped parents reduce their children’'s
aggressive behavior. The goal of these interventionsisto teach
parentsto identify, define, and observetheir children’s problem
behaviorsin new ways. They also teach parents strategies that
help them prevent their child’s oppositional behavior and react
to any episodes in a positive way [15]. Parent training should
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be the first choice when it comes to tackling children’'s
disruptive behavior [19]. Despite this, only a small percentage
of families who are struggling with these problems receive
evidence-based treatment programs [20]. The biggest barriers
to such programsinclude the stigmarel ated to receiving mental
health treatment and the difficulties in accessing, and engaging
with, treatment programs, because of time, cost, and location
[16,17]. Providing traditional parent training programs has been
challenging during the COVID-19 pandemic restrictions,
particularly as they are usually based on group treatments and
face-to-face contact. Problems have been exacerbated by
lockdowns and other social distancing measures, together with
fears of getting infected by the virus during face-to-face contact
and a possible decrease in seeking help when problems arise.
One consequence of the COVID-19 pandemic could be the
decreased availability of evidence-based parent training
interventions for children with disruptive behavior. Delaying
these interventions, or not being able to provide them, could
lead to further deterioration in the children’s problems and
functioning levels. There are also concerns that steps taken to
impede the spread of the pandemic may have also led to
increased risk family dysfunction, which may have had a
particular impact on vulnerable children, including those with
disruptive behavior problems[21,22].

A number of studies have found that many digita and
digital-assisted parent training programs offer many benefits
over traditional interventions, such as high levels of support,
higher fidelity, greater accessibility, and convenience [23-26].
They can also reduce health care costs and time.

Our pioneering Strongest Families Smart Website (SFSW) study
was the first RCT to use an internet-based intervention, with
telephone coaching, to train the parents of Finnish preschool
children with disruptive behavior [27]. They were identified by
public health nurses at routine 4-year child health clinic health
check-up visits[28]. The 11-week internet-based parent training
intervention comprises parent training material delivered via
an interactive online platform, which is backed up by regular
telephone contact with specially trained coaches. This
intervention has been shown to improve the preschool children’s
psychiatric symptoms and the parents’ skills in handling their
disruptive behavior. The RCT showed that improvements were
maintai ned 24 months after the program, when the familieswho
received the intervention were compared with a control group
that only received basic information on the subject [29-32].
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This paper is the first to report the feasibility and outcomes of
providing the SFSW program in a clinical setting during the
COVID-19 pandemic. The first aim was to report changes in
the children’s functioning and psychopathology levels at
baseline, posttreatment, and 6 months after baseline. The second
aim was to report changes in parenting skills and parent
well-being at the same time points. The third aim was to shed
light on the feasibility of providing an internet-based training
program in specialist clinical settings during exceptional
circumstances, namely family counseling centers and the
COVID-19 pandemic. Based on using the SFSW in primary
health care settings, we hypothesized that the parent training
program could show significant reductions in a wide range of
child psychopathol ogy problems, increase parenting skills, and
reduce parental stress. We also expected ahigh satisfaction level
and alow dropout level during the program.

Methods

Study Environment

The study focused on clients from each of the 8 family
counseling centers in Helsinki, the capital of Finland, where
social workers, psychologists, and doctors offer low-threshold
services that are based on openness and confidentiality. The
centers are administratively part of social services and support
the child’'s development by strengthening parenting skills and
relationships between the child, parents, and other family
members. Families can themsel ves contact the centers, or they
can be referred by child health centers or other health care
professionals. The centerswork as part of anetwork with other
organizations, such as schools, social services, and child
protection. This means that families benefit from
multiprofessional support that is integrated into any other
support plans they have.

The family counseling centers provide specialist support for
children and adolescents aged 0-17 years when basic services
are not enough for them and their family. Direct support is
offered at the centers, and center staff can also provide advice
to other services who are helping the families. The centers can
also refer children and familiesto other specialist services, such
as child protection and child psychiatry.

Family counseling centers typically offer parent training as
individual face-to-face meetings or in group sessions, and these
cover areas such asproblemsraising children or crisissituations.
During the COVID-19 pandemic, there were lockdowns and
these face-to-face services were impossible to arrange. It was
not possible to offer face-to-face or group-based guidance, and
this highlighted the importance of providing parental support
in other ways, including our SFSW internet-based parent training
program with telephone coaching.

Study Design

This study had a single-group design with repeated
measurements. The parents were asked to fill in questionnaires
at baseline, posttreatment, and 6 months after starting the parent
training program. The baseline questionnaires were filled in
before the program started, the posttreatment questionnaires
right after the program ended, and the baseline questionnaires
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6 months later. The study population comprised 50 families.
The study was conducted between May 2020 and September
2021. When the study started, the COV1D-19 pandemic situation
was at its height in Helsinki and a state of emergency had been
declared across Finland. There were strict socia distancing
restrictions in the Helsinki area to try to halt the spread of the
virus, and these had a big impact on familiesliving in the area.
Schools and leisure facilities were closed, socia contact was
strictly limited, and most parents who were able to work from
home did so.

Study Population

This study focused on children aged 3-8 years who displayed
high levels of disruptive behavior when they were screened by
8 family counseling centers. The study population comprised
50 families, and 37 (74%) of the 50 children aged 3-8 years
were boys. Staff from the 8 counseling centers identified the
families they felt would benefit from the SFSW internet-based
parent training program, with telephone coaching, for children
with disruptive behavioral problems.

Recruitment

The screening measures and enrollment criteria were identical
for the implementation study carried out at the counseling
centers, the previous child health care clinic implementation
study, and the original RCT [29-32]. The screening was mainly
carried out using the conduct scale of the Strengths and
Difficulties Questionnaire (SDQ) [33,34]. Parents who were
already attending the counseling center before the pandemic
started were asked whether their child had mild, moderate, or
severe problems. This was based on a single question about
whether the child had difficultiesin 1 or more of the following
areas. emotions, behavior, or getting on with other people. If
they replied yes, then they met thefirst inclusion criterion. They
were also asked whether they felt that their child had at least
minor difficultieswhen it came to emotions, behavior, or social
interactions. To take part in the study, at least 1 parent had to
speak native Finnish or Swedish and they needed access to a
telephone and a device with an internet connection. The
exclusion criteria included children who had been diagnosed
with autism; Down syndrome; fetal alcohol syndrome; an
intellectual disability; a severe mental disorder, such as
psychosis or depression; or genetic-based mental retardation.
We also excluded children who were unable to speak, had
difficult hearing, or had visual impairments that were not
corrected by wearing glasses.

Procedure

Families were approached about the study if they met the
eligibility criteria and would derive the most benefit from the
SFSW parent training program by clinical evaluation at the
family counseling center. The whole parent training program
and data collection were carried out from 1 center, the Research
Centre for Child Psychiatry, University of Turku, Finland. If
parents agreed, they were provided with password-protected
access to the internet site and allocated a family coach for the
duration of the program. They started the program by completing
aseriesof questionnaires (at baseline) and then worked through
the 11 sessions, with weekly guidance from the family coach
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(Table 1). When they completed the program, they were asked  with the data collected after the program and 6 months after the

tofill up the posttreatment questionnaires and provide feedback
on the program. The data collected at baseline were compared

program started to measure the impact of the program on the
parents and the children.

Table 1. Themes of the 11-session SFSW?@internet-based parent training program for children with behavioral problems.

Session Key training elements

Goals

1. Notice the good. Positive, active parenting

2. Spread attention around. Positive, impartial parenting
3. Ignore whining and complaining.
4. Prepare for changes.

5. Plan ahead at home.

Positive, proactive parenting

Positive, proactive parenting

6. Chart and stickers. Positive, active parenting

7. Plan ahead outside the home. Positive, proactive parenting

8. Working with day care.
between parent and day care

9. Time out.

10. and 11. Revise problem solving and  Positive daily parenting in the future

future application of skills.

Positive, self-controlled parenting

Positive cooperation and communication

Positive, self-controlled parenting

Boost the child's self-esteem, boost the parent’s self-esteem,
and change the parent’s view of their child.

Strengthen the child’s empathy skills.
Teach parents self-regulation.
Reinforce good daily routines.

Boost the self-esteem of the child and the parent and involve
the child in planning.

Involvethe child in planning and reinforce good daily routines.

Boost the self-esteem of the child and the parent and involve
the child in planning.

Help the child manage and succeed.

Teach self-regulation and consistency.

Teach parents skillsto support child development and prepare
for future challenges.

8SFSW: Strongest Families Smart Website.

Intervention

The intervention was originally developed from the Canadian
version of the Strongest Families intervention, which was
provided through handbooks, videos, and weekly telephone
callsfrom the coach [35]. In our study, the participantsreceived
the intervention, which was the internet-based SFSW parent
training program. The SFSW parent training program comprised
material delivered via an interactive online platform and
telephone coaching. Althoughit was based on 11 weekly themes,
some parents needed longer to progress to each new stage. The
program focused on improving skillsto strengthen parent-child
relationships, together with aseries of weekly telephone sessions
with specially trained coaches. The family coacheswerelicensed
health care professionals, such as nurses and public health
nurses. Each family coach recelved a training for the
internet-based program held by experienced coach supervisors.
Thetraining included theoretical information (eg, mental health
prevention methods and information about conduct problems
in childhood) and rehearsal phone calls [31]. After receiving
the training, the family coach was ready to start carrying out
the program with the families.

All the coaching calls were recorded, and the recorded calls
were audited by the coach supervisor randomly. After each
coaching call, thefamily coach assessed their own performance
on a scale from 4 to 10. If self-assessment was equal to 6 or
less, the coach supervisor received a message from the digital
platform and subsequently discussed the issue with the family
coach. There were also systematic supervision meetings with
each family coach, if needed, and weekly group case meetings,
where all family coaches reviewed and discussed the families
they were coaching [31]. A rough estimate of the direct costs,
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including coaching, supervision, IT support, contacts with the
family counseling centers, and administrative, postage, and
material costs, were approximately €1500 (US $ 1468.42) per
family.

The program started by discussing and on agreeing personalized
goals for the program based on the child's behavior problems.
The sessions were divided into 3 sections. basic positive
parenting skills, practical parenting skills and reinforcing the
skills they had acquired, and sustaining their approach to
positive parenting. During the first 7 weeks, parents |learned
positive and practica problem-solving skills and were
encouraged to develop an understanding of their child's
emotional development.

The primary aim was that the parent would notice the child’s
positive behavior and react with a positive response. The second
aim was to apply the skills they had learned in everyday
situations and use positive methods to reinforce the child’s
positive behavior. The last 2 weekly themes focused on
reinforcing the use of their new positive parenting skills in
everyday lifein order to support their child's positive behavior.
The parents practiced their positive parenting skills with their
child and discussed their progress during the weekly telephone
calls with their coach. The goal was to ensure that the parents
were ableto sustain the skillsthey had learned when the program
finished. The weekly themes are depicted in Table 1.

M easurements

The parents completed online questionnaires at baseline, after
the parent training program, and 6 months after they had started
the program. The timing of each questionnaire is described in
Table S1 in Multimedia Appendix 1.
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Demographic and Family I nformation

Demographic information was obtained at the screening phase
and included the child’'s sex, the family structure, and the
parents’ birth year, native language, educationa level, and
employment status. The demographic and family information
are depicted in the Results section.

Child Psychopathology and Functioning

Psychopathology was measured using the SDQ [33,34], a brief
behavioral screening questionnaire that examines positive and
negative behaviors in subjects aged 3-16 years. The 25 items
of the SDQ are divided into 5 subscales of 5 questions:
emotional symptoms, conduct problems,
hyperactivity/inattention, peer relationship problems, and
prosocial behavior. Perceived difficulties were assessed with a
single question about whether the child had difficulties in at
least 1 of these areas. emotions, behavior, or being able to get
on with other people. The possible answers were no, minor
difficulties, definite difficulties, and severe difficulties. One
study reported that the SDQ had an internal consistency score
of 0.58 when it was used by the parents of preschool children
[36].

Child irritability was measured by the Affective Reactivity
Index (ARI) scale, which comprises 6 irritability symptom items
and 1 impairment item [37]. The ARI scale examines 3 aspects
of irritability: thethreshold for an angry reaction, the frequency
of angry feelinggbehaviors, and the duration of such
behaviors/feelings. Parents were asked to assess their child’'s
behavior over the past 6 months compared to peers of the same
age. They were presented with 6 statements about behaviors
and feelingsrelated to irritability and were asked to say whether
they were not true (0 points), somewhat true (1 point), or
certainly true (2 points). The ARI scalealsoincludes 1 question
about whether the child’s irritability impairs them, with the
same possible responses.

Disruptive behavior was measured by the externalizing subscale
of the Child Behavior Checklist-Parent Report Form (CBCL)
for ages 1.5-5 years. The CBCL 1.5-5 [38] comprises 99
problem items, and the subscales are emotionally reactive,
anxious/depressed, somatic complaints, withdrawn, sleep
problems, attention problems, and aggressive behavior. These
can be combined to provide internalizing, externalizing, and
total problem scores. This study focused on the externalizing
subscale, which comprises 24 items on behavioral problems,
including attention issues and aggressive behavior, and the total
score of the CBCL. The parents were asked to evaluate their
child’s behavior during the past 2 months using a 3-point scale
for each item: O (not true), 1 (somewhat true), and 2 (very
true/often true). The CBCL has good test-retest reliability (eg,
0.81) and criterion validity (eg, 0.56-0.87) [38].

The 24-item Inventory of Callous-Unemotional Traits (ICU)
[39] is used to evaluate 3 precursors of psychopathy:
callousness, uncaring, and unemotional traits. It has been shown
to be an important measure for identifying subgroups of
antisocial and aggressive children and adolescents[40,41]. The
I|CU comprises 24 statementswith a4-point Likert scale: 0 (not
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at all true), 1 (somewhat true), 2 (very true), and 3 (definitely
true). Larger scoresindicate higher callous and emotional traits.

A 17-item questionnaire, based on the Barkleys Home situation
Questionnaire [42], was created to measure parents’ experiences
of their child’'sfunctioning and behavior during daily situations
and routines. The questionnaire included questions about how
the child behaved at home; in transition situations, such aswhen
they were getting dressed; and while eating. The questionnaire
asked parents about how their child behaved on a5-point scale
ranging from 1 point if the child’s behavior was easy to 5 points
if it was awkward.

Parenting, Parental M ental Health, and Satisfaction

The 30-item Parenting Scale (PS) is used to measure parenting
and discipline styles for children aged 1-12 years, particularly
those related to the development or maintenance of child
disruptive behavior [43,44]. The scale focuses on 3
dysfunctional discipline styles. laxness, overreactivity, and
verbosity. Laxness comprises 11 items about how parents fail
to enforcerules. Overreactivity has 10 items on mistakes, such
as displays of anger or irritability. Verbosity has 7 items that
reflect lengthy verbal responsesto situations. The 7-point scale
ranges from ineffective to effective responses and is often used
to evaluate parent training programs. The parents were asked
to evaluate their parenting skills during the preceding 2 months.

The parents’ stress, anxiety, and depression symptoms during
the past week were evaluated with the shorter 21-item
Depression, Anxiety, and Stress Scale (DASS-21) [45]. The 3
DASS-21 scales contain 7 items, divided into subscales with
similar content. For example, the depression scale assesses
dysphoria, hopelessness, and lack of interest, and the anxiety
scale assesses situational anxiety, autonomic arousal, and
skeletal muscle effects. The stress scale is sensitive to level s of
chronic nonspecific arousal, such as being easily upset and
having difficulty relaxing. Responses are based on a 4-point
Likert scale: O (did not apply to me at all), 1 (applied to me to
some degree or some of the time), 2 (applied to me to a
considerable degree or agood part of the time), and 3 (applied
to me very much or most of the time).

Parents were al so asked about their satisfaction with the parent
training program when they completed the program. The same
sati sfaction questionnaire was used in our previous studies[31].
The satisfaction questionnaire included parents genera
experiences of the program, how it had affected their parenting
skills, and their views on the website, the content of the program,
and working with the telephone coach. The questionnaire also
included questions about where they had gone through the
program (eg, at home or work) and whether they had input from
the other parent when they used the website. Each statement on
the program was rated using a 5-point scale: completely
disagree, disagree, not agree or disagree, agree, and totally agree
(see Table S2 in Multimedia Appendix 2).

Statistical Analysis

All participating families (N=50) were included in the
intent-to-treat analyses. Categorical demographic variables,
including child, parent, and family characteristics, are presented
as numbers and percentages. Continuous demographic variables
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including the parents’ age are presented as meansand SDs. The
outcome variables were analyzed with linear mixed-effect
models for repeated measurements with time as the within
factor: at baseline, after the program (posttreatment), and at 6
months after starting the program. We used linear contrasts to
estimate the changes from baseline to 6 months and, if feasible,
from baseline to posttreatment and from posttreatment to 6
months. Statistical significance was judged at P<.05. The
statistical analyses were performed using SAS statistical
software, version 9.4 (SAS Ingtitute Inc).

Ethical Consider ations

Ethical approval for the study wasreceived from the University
of Turku (statement 25/2018), and the study had a research
permit from the city of Helsinki. The parents provided written
informed consent and were advised that participation in the
study was voluntary and they had the right to withdraw at any
time.

Results

Participant Characteristics

The study comprised 50 families, and 44 (88%) completed the
whole SFSW program, including the assessment after the
program. In addition, 45 (90%) of the 50 families completed
the assessment 6 months after baseline datawere collected. The
children were 3-8 years old, and 37 (74%) of the 50 children
were boys. The baseline data showed that 38 (76%) of the 50
children lived with both their biologica parents. Table 2
providesthe demographics of thefamiliesincluded in this study
and shows that 48 (96%) of the 50 children had definitive or
severe behavioral problems at baseline. Only 2 (4%) of the 50
children had minor problems.

As shown in Table 2, the average time spent on the program
website for each of the 11 themes was 48.0 (SD 25.6) minutes
and the mean duration of telephone coaching was 35.3 (SD 8.8)
minutes per call. The parents spent approximately 8-9 hourson
the whole program. The average total time for 11-week phone
coaching per family was 352.5 (SD 113.3) minutes. In addition,
the family coaches spent time in reviewing the case; taking
notesand possible remarks, if needed, after the calls; and writing
the feedback, which was sent to the family counseling center
and hometo thefamily after the program. In some cases, family
coaches had to bein contact with the family counseling centers.
The estimated time spent by the family coach per family was
approximately 9 hourstotal in completed programs.

Baseline, posttreatment, and 6-month follow-up scores of all
child and parent outcome measures are presented in Tables 3-8.
Table 4 shows the change in overall perceived behavior
problems based on the single SDQ question about whether the
child had overall problemsin 1 or more of the following aresas:
emoations, behavior, or getting on with other people. Thisshowed
that 18 (36%) of the 50 children had severe problems and 30
(60%) of the 50 children had definite problems at baseline. At
the 6-month follow-up, 5 (11%) of 45 children had severe
problems and 21 (47%) of 45 children had definite problems.
Only 2 (4%) of the 50 children had minor problems at baseline,
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and this increased to 19 (42%) of 45 children at the 6-month
follow-up, which was a significant decrease in severity levels.

Additional analysis for those 45 (90%) of the 50 parents who
completed the 6-month follow-up questionnaires showed that
35 (78%) of the 45 children had an SDQ total score above the
90th percentile (ie, abnormal range) at baseline, while only 12
(27%) remained in the abnormal range at the 6-month follow-up
(P<.001, McNemar test) based on the population sample of
4-16-year-old children [33]. When using the 80th percentile
cut-off point (ie, abnormal or borderline range), 42 (93%)
children were above the cut-off point at baseline, while the
respective figure at the 6-month follow-up was 23 (51%)
children, indicating a highly significant change (P<.001).

As shown in Table 6, there were significant improvements in
most of the child psychopathol ogy measures between baseline,
before the program started, and 6 months after baseline. The
only exception was the unemotional score in the ICU scale,
which did not show a significant improvement. The
improvementsin externalizing, internalizing, hyperactivity and
peer problems, irritability, and prosocial behavior measured by
the SDQ, ARI, and CBCL scales were significant between
baseline and 6 months. As shown in Tables 6-7, similar
significant improvements were shown in the SDQ impact scale
and parents experiences of their child's functioning and
behavior during daily situations and routines. Changes to key
outcomes, namely the SDQ total, conduct, and irritability scores
arevisualized in Figure 1.

Asshownin Table 8, when parenting skillswere measured with
the PS, it showed significant improvements between baseline
and the 6-month follow-up. Parental mental health, which was
measured with the DASS-21, showed significant improvement
in the total scores and subscore measuring stress between
baseline and 6 months. However, there were no significant
changes in depression and anxiety.

The satisfaction questionnaire was completed by 45 (90%) of
the 50 parents once they had completed the program. As shown
in Table S2 in Multimedia Appendix 2, there were high levels
of satisfaction with how the program had improved their
parenting skills, matching their expectations and needs. More
than 90% (n=42-44, 93%-98%) reported high satisfaction in
the skills and professionalism of the family coaches. These
findingswere similar to the original RCT and child health clinic
center implementation study [29-32].

Only 6 (12%) of the 50 parents failed to complete the whole
program: 3 (6%) dropped out during the first few weeks, and
the other 3 (6%) completed the first 7 weeks of the program,
which comprise the key elements. This meant that those 3
families missed out on weeks 8-11, which focused on putting
the skills and techniques they had learned into action (Table 1).
Inaddition, 1 (17%) of these 6 familiestook part in the 6-month
follow-up assessments. Meta-analysis shows that online
parenting programs are effective in reducing children’'s
disruptive behavior compared to a control group and seem to
have the same effectiveness as face-to-face programs [46,47].
The explaining factor for the good completion rates included
highly structured and manualized content, the implementation
strategy, remote delivery using phone coaching and adigitalized
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platform, and fidelity assurance. Special attention wasgivento  wasimportant to collaborate closely with the family counseling
motivate the parentsto completethe program using, for example,  centers.
attributional questions. To achieve good completion rates, it

Table 2. Demographic characteristics and treatment factors (N=50).

Participant and program characteristics Participants
Family structure, n (%)
Biological parents 38 (76)
One biological parent 11 (22)
Other 1(2
Age of the parent (years), mean (SD)
Maternal 31.9(4.3)
Paternal 32.8(3.7)
Maternal educational level?, n (%)
Secondary education 11 (22)
College or university degree 37 (76)
Other 1(2
Paternal educational level®, n (%)
Elementary school or less 3()
Secondary education 11 (29)
College or university degree 31(7)
Other 12
Native language of the participating parent®, n (%)
Finnish 43 (88)
Swedish 5(10)
Other 1(2
Sex of the child, n (%)
Female 13 (26)
Male 37(74)
Age of the child (years), n (%)
3-4 15 (30)
5-6 27 (54)
7.8 8(16)
Child’s behavioral problems, n (%)
Minor 2(4)
Definite 30 (60)
Severe 18 (36)
Program characteristics, mean (SD)
Mean duration of calls for the 11 themes (minutes) 35.3(8.8)
Mean duration of website access per theme (minutes) 48.0 (25.6)
Total mean duration of program per theme (minutes) 83.3(28.0)

# missing observation.
by missing observations.
1 missing observation.
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Table 3. Child psychopathology at baseline, posttreatment, and 6 months after baseline.

Variable Baseline® (N=50), mean (SE)  Posttreatment? (n=44), mean (SE)  Follow-up after 6 months® (n=45), mean (SE)
Solek

Totdl 19.8 (0.7) 15.0 (0.7) 14.2 (0.7)

Emotional symptoms 3.5(0.3) 19(0.2) 2.2(0.3)

Conduct problems 7.5(0.2) 5.8(0.3) 5.3(0.2)

Hyperactivity 6.0(0.3) 5.3(0.3) 4.7(0.3)

Peer problems 2.8(0.3) 2.1(0.2) 2.1(0.2)

Prosocial behavior 5.2(0.3) 5.6 (0.3) 6.0 (0.3)

Impact 3.0(0.3) 1.9(0.3) 1.7 (0.3)

Questionnaire for irritability
Irritability 8.6 (0.4) 5.9 (0.5) 48(0.4)

CBCL®for preschool children |

Externalizing 25.7 (1.0) N/AZ 18.8(1.2)

Total 62.1(3.1) N/A 45.8 (3.3
icuth

Total 27.4(0.4) N/A 233(1.2)

Callousness 8.9 (0.5) N/A 6.8 (0.5)

Uncaring 14.5(0.5) N/A 12.5(0.6)

Unemotional 4.1 (0.4) N/A 4.1 (0.4)

4\l easurements before the program started.

b\ easurements after completing the program.

®Measurements 6 months after starting the program.

dSDQ: Strengths and Difficulties Questionnaire.

€CBCL: Child Behavior Checklist-Parent Report Form.

The CBCL externdizi ng scores and total scores and the ICU were measured only at baseline and 6 months after baseline.
IN/A: not applicable.

hicu: Inventory of Callous-Unemotional Traits.

Table 4. Child function level at baseline, posttreatment, and 6 months after baseline.

Variable Baseline® (N=50) Posttreatment® (n=44) Follow-up after 6 months® (n=45)
Everyday situations, mean (SE)
Child behavior total 43.0(1.6) 36.8(1.4) 335(1.9
Transition situations 14.7 (0.6) 12.8(0.6) 11.4(0.6)
Dining situations 7.8(0.4) 6.6 (0.3 6.0 (0.4)
Situations outside home 10.4 (0.5) 8.8(0.4) 8.1(0.6)
Home situations 10.0 (0.4) 8.6 (0.4) 8.0(0.6)
Behavior problems, n (%)
No or minor problems 2(4.0 12 (27.3) 19 (42.2)
Definite 30(60.0) 24 (54.5) 21(46.7)
Severe 18 (36.0) 8(18.2) 5(11.1)

8\l easurements before the program started.
b\ easurements after completing the program.
“Measurements 6 months after starting the program.
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Table5. Parental skills and parental mental health at baseline, posttreatment, and 6 months after baseline.

Variable Baseline® (N=50), mean (SE)  Posttreatment® (n=44), mean (SE)  Follow-up after 6 months® (n=45), mean (SE)
pste
Total 35(0.1) N/AS 29(0.)
Laxness 2.8(0.1) N/A 25(0.1)
Overreactivity 43(02) N/A 34(0.2)
Hostility 1.9(0.1) N/A 1.6(0.1)
DASS-21%9
Total 22,6 (2.) N/A 16.8(2.1)
Depression 6.6 (L0) N/A 49(0.8)
Anxiety 2.8(0.6) N/A 27(0.7)
Stress 13.2(0.9) N/A 9.3(0.9)

4\l easurements before the program started.

b\ easurements after completing the program.

®Measurements 6 months after starting the program.

dps; Parenti ng Scale.

®The PS and DASS-21 were measured only at baseline and 6 months after baseline.
N/A: not applicable.

9DASS-21: 21-item Depression, Anxiety, and Stress Scale.
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Table 6. Treatment comparisons of child psychopathology at baseline, posttreatment, and 6 months after baseline.

Variable Baseline® to posttreatment? Baseline to 6-month follow-up® Posttreatment to 6-month follow-up
Mean (95%Cl) P value Mean (95% Cl) P value Mean (95%Cl) P value
spQd
Total 4.8(3.3t06.2) <.001 55(4.2106.9) <.001 0.8 (-0.5t02.0) 21
Emotional 16(10t022) <001 13(0.7t0 1.9) <001 _03(-08t002) 21
Conduct 17(1L1t023) <001 22(L7t02.7) <.001 05(01t010) .08
Hyperactivity 07(01to13) .02 13(0.7t0 1.9) <001 06(02t010) .01
Peer 0.7(0.3t0 1.2) .002 0.7(0.3to 1.1) .001 0.0(-0.4t00.9) .99
Prosocia _05(-10t00.1) .08 08(-13t0-0.3) .001 _04(-07t000) .05
Impact 10(05t016)  .001 1.2(0.7t0 1.8) <001 02(-03t007) .47
Questionnairefor irritability
Irritability 28(1.8t03.7) <.001 39(3.0t04.8) <.001 1.1(0.4t01.9) .003
CBCL®' for preschool children
Externalizing N/AY N/A 7.0(4.9t09.0) <.001 N/A N/A
Total N/A N/A 16.3(10.2t022.3) <.001 N/A N/A
icuh
Total N/A N/A 41(211t06.1) <.001 N/A N/A
Callousness N/A N/A 21(1.0t03.1) <.001 N/A N/A
Uncaring N/A N/A 2.0(10t03.0) <001 N/A N/A
Unemotional N/A N/A 0.1(-0.6t00.7) .88 N/A N/A

3\l easurement before the program started.

B\ easurement after the program ended.

“Measurements 6 months after starting the program.

dSDQ: Strengths and Difficulties Questionnaire.

€CBCL: Child Behavior Checklist-Parent Report Form.

"The CBCL externdlizi ng scores and total scores and the |CU were measured only at baseline and 6 months after baseline.
IN/A: not applicable.

hicu: Inventory of Callous-Unemotional Traits.

Table 7. Treatment comparisons of child function level (everyday situations: child behavior) at baseline, posttreatment, and 6 months after baseline.

Variable Baseline® to posttreatment? Baseline to 6-month follow-up® Posttreatment to 6-month follow-up
Mean (95% CI) P value Mean (95% CI) P vaue Mean (95% CI) P value

Child behavior total 6.1(3.0t09.2) <.001 9.4 (5.0t013.8) <.001 3.3(-0.3t106.9) .07

Transition situations 1.9(0.6t03.1) .004 3.3(1.8t04.8) <.001 14(0.2t02.7) .03

Dining situations 1.2(0.4t02.1) .006 1.8(0.9t02.7) <.001 0.6 (-0.2t0 1.3 A2

Situationsoutsidehome 1.6 (0.8t0 2.5) <.001 23(1.0t0 3.6) .001 0.7 (-0.4t01.8) .20

Home situations 1.3(0.4t02.2) .005 1.9(0.7t03.2) .004 0.6 (-0.4t0 1.6) 25

3\ easurement before the program started.
bMeasurement after the program ended.
®Measurements 6 months after starting the program.

https://pediatrics,jmir.org/2022/4/e40614 JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 [e40614 | p.195

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Sourander et al

Table 8. Treatment comparisons of parental skills and parental mental health at baseline, posttreatment, and 6 months after baseline.

Varigble Baseline® to posttreatment® Baseline to 6-month follow-up® Posttreatment to 6-month follow-up
Mean (95%Cl)  Pvalue Mean (95% CI) P value Mean (95%Cl) P value
psde
Total N/AT N/A 05(0.4100.7) <001 N/A NI/A
Laxness N/A N/A 0.3(0.1t0 0.6) .02 N/A N/A
Overreactivity N/A N/A 0.8(0.6t01.1) <.001 N/A N/A
Hostility N/A N/A 0.3(0.1t005) 004 N/A N/A
DASS-21%9
Total N/A N/A 5.8 (1.41t010.3) .01 N/A N/A
Depression N/A N/A 18(-0.2t03.7) .07 N/A N/A
Anxiety N/A N/A 0.1(-16t017) 93 N/A N/A
Stress N/A N/A 39(22105.6) <.001 N/A N/A

3\l easurement before the program started.

bM easurement after the program ended.

“Measurements 6 months after starting the program.

dps; Parenti ng Scale.

®The PS and DASS-21 were measured only at baseline and 6 months after baseline.
'N/A: not applicable.

9DASS-21: 21-item Depression, Anxiety, and Stress Anxiety Stress Scale.
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Figure 1. Mean curves of SDQ total and conduct scores as well asirritability score. (A) SDQ total scores over time (model-based | east-squares means
[SE]). (B) SDQ conduct scores over time (model-based |east-squares means [SE]). (C) Irritability score over time (model-based |east-squares means

[SE]). SDQ: Strengths and Difficulties Questionnaire.

A

25 -

15

10 -

SDQ Total Score

~_

|-|-|

Baseline

10

SDQ Conduct Score

Posttreatment

\

6 months

Baseline

Irritability Score

Posttreatment

6 months

Baseline

Discussion

Principal Findings

The study showed that the parent training program was effective
when it was used in a specialist clinical setting during the
COVID-19 pandemic. The program led to significant
improvements in children’s externalizing symptoms 6 months
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after baseline. It improved most of the psychopathology
symptom domains we measured, including parent-reported
externalizing, internalizing, hyperactivity and peer problems,
irritability, and prosocial behavior. The changesin thechildren’s
psychopathology and functioning were fairly similar to the
population-based RCT and the child hedth clinic
implementation study [29-32]. It is often assumed that digital
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interventions are best suitable for those who have minor
behavioral problems. However, this study showed that
internet-based interventions with telephone coaching are
effective for children who have more severe behaviora
problems. In the popul ation-based implementation study [32],
the mean change for the CBCL total score between baseline
and the 6-month follow-up was 15.2 points, while in this study,
the mean change was 16.3 points.

The results showed that the program provides parents with
feasible parenting skillsthat they are able to sustain, even after
the program ends. The impact that the program had on the
children's social development was remarkable, as the
intervention had positive effects on daily transitions and
activities, such as getting dressed, behavior when eating, and
activities inside and outside the home. The self-reported
parenting skills significantly improved, and parents expressed
lessdistress at the 6-month follow up in relation to dealing with
their child. This was despite the fact that the intervention was
conducted during the COVID-19 pandemic, which was bound
to be a stressful time. It is noteworthy that although the effects
were maintained at 6 months, according to most of the child
psychopathology measures we used, the intervention did not
have along-lasting effect on callous-unemotional traits, which
have been associated with poorer treatment outcomes [48].

The number of parentswho failed to compl ete the program was
low, and the parents who did were highly satisfied with the
program. These findings show that the program was feasible
during the height of the COVID-19 pandemic in Finland. One
of the keys to successful parent training interventions is the
ability to engage and retain parents in the program [49-51].
High dropout rates have been reported by digital interventions,
and these have been particularly associated with unguided
interventions [50,52-55]. The 12% dropout rate in our study,
which included telephone coaching sessions, was much lower
than the 30%-50% reported by previous studieson digital parent
training interventions [56-60]. There are a number of possible
reasons for the low dropout rate, including the fact that the
program had a strong background of research-based evidence.
The context of the program was well defined, and there were
clear inclusion and exclusion criteria. In addition, the parents
voluntarily sought help to address their children’s challenges
from the family counseling center and the program included
weekly telephone coaching on the weekly themes. The program
also had a clear structure, and the parents received weekly
feedback and support from the family coach. Digita
interventionsthat include guidance and support, such asregular
phone calls, have been shown to have a larger effect size on
mental health outcomes than smartphone interventions without
any personal support [61].

Comparison With Previous Works

Even though there has been alot of research published about
parent training, none of thishas addressed how an internet-based
parent training program was implemented during exceptional
circumstances, such asthe COVID-19 pandemic. It waspossible
to implement the program during the pandemic because it did
not require face-to-face meetings and the parents were not
required to leave home. The findings of this study are also

https://pediatrics,jmir.org/2022/4/e40614
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relevant for other types of crises, where the providing face-face
servicesis not feasible.

Strengthsand Limitations

The strengths of the study were that the SFSW isan established
program that has aready been the subject of an RCT and has
been successfully implemented in primary care child health
clinicsin Finland [29-32]. The study was carried out at atime
of international crisis, during the height of the pandemic in
Finland, which meant that it was tested during stressful and
rigorous social distancing conditions. Despitethis, it had agood
retention rate, high parental satisfaction, and engagement. The
6-month follow-up assessment provided good data on how
feasible and sustainable the program was.

Some limitations should also be noted. First, the COVID-19
pandemic meant that treatment and family counseling services
could not be provided in the usua way, and this meant that it
was not possible and ethical to conduct the study as an RCT.
The study design did not make it possible to draw direct
conclusions about the effectiveness of the parent training
program, because the study did not have an intervention-control
group design, but parental satisfaction was positive. However,
in previous studies, we have been able to show the long-term
effectiveness of the program. In the RCT intervention group,
the changes in children’s conduct problems and parents
parenting skillswere maintained at the 2-year follow-up [29,30].
In addition, we compared a large implementation sample with
the RCT sample [32]. The RCT intervention group and the
implementation group did not differ at the 6-month follow-up.
This means that the program was effective and may have
benefits over traditional group-based treatment approacheswhen
the god is to identify children at risk in the community at an
early stage.

Another limitation was that only parental reports of child
behavior were used in the analyses. Direct observations of
parenting, and clinical observations or teacher ratings, would
have hel ped validate the reported changes, but socia distancing,
including school closure, meant thiswas not possible. Thisalso
made it impossible to obtain pretest and posttest data, for
example, from teachers. The study also covered children aged
3-8 years, so self-reports were not redly feasible. Finally, the
participants were limited to those who could speak, read, and
write Finnish or Swedish and had access to a computer or
smartphone.

Conclusion

The internet-based parent training program with telephone
coaching (SFSW) was successful in helping parentstackle child
behavioral problemsin children aged 3-8 years. The participants
reported significant improvements in parenting skills and child
psychopathology and functioning. Satisfaction was high, and
dropout rates were low. These findings are remarkabl e because
the study was conducted during the COVID-19 pandemic, when
health care services and schools were in lockdown and parents
were told to work at home if they could.

Providing sustainable key services during crises is a major
challengefor society. Social distancing during the height of the
pandemic meant that the face-to-face services that have
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traditionally proved successful in addressing disruptive child
behavior were smply not possible. The COVID-19 pandemic
has highlighted the importance of exploring remote, digital, or
digitally assisted solutions for ensuring that young children,
and their families, are provided with prompt support for mental

Sourander €t al

provide effective aternatives to traditional face-to-face
interventions and can overcome a number of barriers during
crises. Technology can be used to provide the right treatment
at theright time, with high level s of support and fidelity, greater
access, convenience, and reduced costs and time.

health problems. This study demonstrated that technology can
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Abstract

Background: Generation Health (GH) is a 10-week family-based lifestyle program designed to promote a healthy lifestyle for
families with children who are off the healthy weight trajectory in British Columbia, Canada. GH uses a blended delivery format
that involves 10 weekly in-person sessions, and self-guided lessons and activities on a web portal. The blended program was
adapted to be delivered virtually dueto the COV1D-19 pandemic. Currently, the effectiveness of the virtual GH program compared
with that of the blended GH program remains unclear.

Objective: We aimed to (1) compare the effectiveness of the virtual GH program delivered during the COVID-19 pandemic
with that of the blended GH program delivered prior to the pandemic for changing child physical activity, sedentary and dietary
behaviors, screen time, and parental support—related behaviors for child physical activity and healthy eating, and (2) explore
virtual GH program engagement and satisfaction.

Methods: This study used a single-arm pre-post design. The blended GH program (n=102) was delivered from January 2019
to February 2020, and the virtual GH program (n=90) was delivered during the COVID-19 pandemic from April 2020 to March
2021. Families with children aged 8-12 years and considered overweight or obese (BMI =85th percentile according to age and
sex) were recruited. Participants completed preintervention and postintervention questionnaires to assess the children’s physical
activity, dietary and sedentary behaviors, and screen time, and the parent’s support behaviors. I ntervention feedback was obtained
by interviews. Repeated measures ANOVA was used to evaluate the difference between the virtual and blended GH programs
over time. Qualitative interviews were analyzed using thematic analyses.

Results: Both the virtual and blended GH programs improved children’s moderate-to-vigorous physical activity (Fy 350=18.37,
P<.001; np?=0.07) and reduced screen time (F1,380=9.17, P=.003; n p?=0.06). However, vegetableintake was significantly greater
in the virtual GH group than in the blended GH group at the 10-week follow-up (F; 33,=15.19; P<.001, Np°=0.004). Parentsin
both groups showed significant improvementsin support behaviorsfor children’s physical activity (F; 335=5.55; P=.02; n p>=0.002)
and healthy eating (F; 33,=3.91, P<.001, np?=0.01), aswell as self-regulation of parental support for children’s physical activity

(F1.360=49.20; P<.001; np?*=0.16) and healthy eating (F; 33,=91.13; P<.001; np°=0.28). Families in both groups were satisfied
with program delivery. There were no significant differencesin attendance for the weekly in-person or group video chat sessions;
however, portal usage was significantly greater in the virtual GH group (mean 50, SD 55.82 minutes) than in the blended GH
group (mean 17, SD 15.3 minutes; P<.001).
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Conclusions: The study findings suggested that the virtual GH program was as effective as the blended program for improving
child lifestyle behaviors and parental support—related behaviors. The virtual program has the potential to improve the flexibility
and scalability of family-based childhood obesity management interventions.

(JMIR Pediatr Parent 2022;5(4):e40431) doi:10.2196/40431
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childhood obesity management; virtual intervention; COVID-19 pandemic; COVID-19; children; hedthy lifestyle; health
promotion; virtual health; digital health intervention; parenting; obesity; childhood obesity

Introduction

Children who are off the healthy weight trajectory have
increased risks of chronic diseases, psychological distress, and
lower quality of life [1]. The prevalence of children who are
overweight or obese (BMI =85th percentile according to age
and sex) has increased from 23% in the late 1970s to 35% in
2004 in Canada [2]. A similar trend was seen in the United
States, where the prevalence of obesity in children and youth
tripled between the late 1970s and 2016 from 5% to 18.5% [ 3].
A recent study reported that the rate of BMI increase almost
doubled during the COVID-19 pandemic compared to the
prepandemic period among children aged 2 to 19 years [4].
Consequently, there is an urgent need to develop innovative
solutions to help families with children who are off the healthy
weight trgjectory.

Physical inactivity, increased screen time, and unhealthy food
choices have all contributed to overweight or obesity among
children [1,5]. The lockdown imposed during the COVID-19
pandemic has further exacerbated these unhealthy lifestyle
behaviors. Recent studies have shown that physical activity
significantly reduced, while screen time significantly increased
among Canadian children [6]. There was also a significant
increase in the consumption of unhealthy foods and beverages,
such as sugary drinks, among children during the COVID-19
pandemic [7]. Therefore, lifestyle interventions aimed at
promoting physical activity and a healthy diet, and reducing
screen time are desperately needed for families with children
who are off the healthy weight trajectory.

Family-based lifestyle interventions have been shown to be
effective for managing childhood obesity [8-11]. Family-based
interventions encourage the whole family to make lifestyle
behavior changes and remove the focus from the child with
overweight or obesity. Engagement with the entire family is
important to improve a child’s lifestyle behaviors, since
family-level attitudes and behaviors play critical rolesin shaping
a child's lifestyle behaviors [11]. Based on the evidence
supporting family-based interventionsin combatting childhood
obesity, our team collaborated with stakehol ders, the Childhood
Obesity Foundation, and the British Columbia Ministry of
Health to develop a10-week early intervention program, which
was rebranded as “ Generation Health” (GH) for families with
children (8-12 years of age) who were off the heathy weight
trajectory (BMI =85th percentile according to age and sex).
Childhood obesity management interventionsfor children aged
810 12 years can be particularly effective as prepubertal children
are more likely to return to anormal course of growth [12,13].
GH was designed to meet the needs of familiesliving in British
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Columbia, Canada. GH used a blended in-person and online
delivery model to provide program delivery flexibility for
families. In our previous trial, this program was shown to be
effective relative to a control in improving a child’'s days of
moderate-to-vigorous physical activity (MVPA), and parental
support behaviors and self-regulation support for child physical
activity and healthy eating [14]. Unfortunately, physical
distancing restrictions and the temporary closure of recreation
centers as a result of the COVID-19 pandemic did not allow
in-person GH component delivery in March 2020. Consequently,
our team rapidly adapted GH to be delivered completely
virtually starting in April 2020. The overall curriculum of the
virtual GH program remained the same as the blended GH
program. However, the 10 weekly in-person sessions were
adapted to be delivered using online group video sessions, and
the online portal was updated to incorporate additional
COVID-19~¢elated interactive content (eg, video and audio
lessons). The effectiveness of thevirtual GH program delivered
during the COVID-19 pandemic has not been previously
evaluated. Thus, the study objectives were (1) to compare the
effectiveness of the virtual GH program delivered during the
COVID-19 pandemic with that of the blended GH program
delivered prior to the COVID-19 pandemic for changing
children’'s physical activity, sedentary behaviors, dietary
behaviors, and screen time, and parental support—related
behaviorsfor child physical activity and healthy eating; and (2)
to explore virtual GH program engagement and satisfaction.
We hypothesized that (1) the virtual GH program would be as
effective as the blended GH program in improving a child’s
lifestyle behaviors and parental support—related behaviors and
(2) families in the virtual GH program would have similar
engagement and program satisfaction as those in the blended
GH program.

Methods

Study Design

This study used a single-arm pre-post comparison design.
Eligible families participated in study assessments at baseline
and following the 10-week intervention. Families were invited
for an exit interview at the end of the study to collect qualitative
program feedback data. The blended GH program was delivered
and evaluated from January 2019 to February 2020. Thevirtual
GH program was delivered and eval uated during the COVID-19
pandemic from April 2020 to March 2021. All participants
enrolled in the blended and virtual GH programswereincluded
in this analysis. Families were recruited using social media;
email mailouts to provincia networks; and posters displayed
in recreation centers, medical offices, and schools.
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Ethics Approval

This study was approved by the research ethics board at the
University of Victoria (H20-00564).

Participants

Families with at least one child between the ages of 8 and 12
yearsand considered overweight or obese (BM1 >85th percentile
according to age and sex) were included. At least one
parent/caregiver was required to participate in the program.
Children with one or more comorbidities were excluded and
referred to the Shapedown British Columbia clinical program.

Program

Blended GH

The blended GH program was delivered at the following local
community centersin British Columbia, Canada: Prince George
(YMCA of Northern British Columbia), Kelowna (YMCA of
Okanagan), Surrey (Tong Louie Family YMCA), Surrey (City
of Surrey), Burnaby (City of Burnaby), and Greater Victoria
(West Shore Parks and Recreation Society). The program was
theoretically informed by the multi-process action control
(M-PAC) framework, which emphasizes social cognitive
approaches to facilitate intention formation, adoption of action
control through self-regulation, and an action control
maintenance phase where behavior becomes habitual and
self-identified [15]. The in-person component consisted of 10
weekly 120-minute group sessions delivered by trained
facilitators at local community centers and community-based
activities (eg, family grocery store tour led by a registered
dietitian). The weekly in-person sessionsincluded specific child
activities (eg, physical activity games devel oping basic physical
literacy skills such as throwing, kicking, and catching), parent
activities (eg, facilitator-led discussion about using behavior
change techniques as tools for modifying families' dietary or
physical activity behaviors, reducing screen time, and
developing parental support behaviors for child dietary and
physical activity behaviors), and family activities (eg, family
goal setting, physical activities, and recipes). The online
component consisted of self-guided lessons for healthy living,
which included a variety of physical activities, healthy eating
activities, positive mental health family activities, and additional
resourcesfor parents. The online component complemented the
weekly in-person group sessions. These online resources could
be accessed via a mobile-friendly web portal. See Multimedia
Appendix 1 for session activities and intervention details.

Virtual GH

The virtual GH program contained the same curriculum and
used the same theoretical framework (M-PAC) as the blended
GH program; however, the content of the program was adapted
to be delivered online over a group video call (Zoom, Zoom
Video Communications). Family activities were modified to
accommodate this new delivery format. Program modifications
included (1) reformatting the layout of each session (eg,
front-loading al family time, replacing child-only physical
activity timewith family physical activity time, and ending with
parent-only discussion time); (2) modifying activitiesand games
for at-home delivery; and (3) replacing the additiona
community-based activities with virtual expert sessions (eg,
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virtual cooking classes with a registered dietitian, and virtual
guestion and answer sessionswith aphysical activity or mental
health expert). The self-guided component of the online portal
was enhanced to include additional interactive videos and
content to help families achieve a healthy lifestyle during the
COVID-19 pandemic lockdown (eg, in-home fun family
activities, screen time management tips, and resources for
parentsto support child dietary and physical activity behaviors).
See Multimedia Appendix 1 for session activities and
intervention details.

Procedure

Study data were collected from the parents and children using
an online questionnaire at baseline and at follow-up.
Demographic data, including the child's age and ethnicity,
parents’ education, annual household income, number of people
in the household, and family structure status (ie, single parent),
were collected at basdline. Child BMI was collected by a
research assistant at the delivery sites for the blended program.
However, child BMI was self-reported by parentsfor thevirtual
program owing to physical distancing measures.

Child Measures

Children’'s MVPA

The Physical Activity Questionnairefor older children (PAQ-C)
was used to evaluate the number of days in the past week that
children engaged in 60 minutes of MVPA [16]. Specifically,
the question stated, “During the past week (7 days), on how
many days were you physically active for atotal of at least 60
minutes per day? Count all the time you spent doing activities
that increased your heart rate or made you breathe hard.” The
response options were 0 to 7 days. The PAQ-C has been
previously validated to assessMV PA among Canadian children
and has a moderate correlation to the objective measures of
MV PA (r=0.34, 95% CI 0.29-0.39) [17].

Children’s Screen Time and Sedentary Behaviors

The Physician-based Assessment & Counseling for Exercise
(PACE) adolescent psychosocial instrument was used to measure
screen time and sedentary behavior [18]. The validity of the
guestionnaire has been previously demonstrated (p=0.4) [19-21].
The questionnaire assessed the number of hours on a school
day and a weekend day that children engaged in sedentary
behaviors (ie, sitting on the couch) and screen time behaviors
(ie, using a smartphone, television, iPad, or computer). The
responses ranged from O hours to 6 or more hours.

Children’s Dietary Behaviors

Child dietary behaviors (ie, fruit and vegetabl e intake and sugary
beverage intake) were assessed using questions drawn from the
Centre for Disease Control and Prevention Behavioral Risk
Factor Surveillance System (BRFSS) 7-day recall (intraclass
correlation=0.50) [22]. The BRFSS survey included a 7-day
recall with questions, such as, “in the last 7 days, how many
timesdid you eat agreen leafy or lettuce salad, with or without
other vegetables?’ and “in the last 7 days, how many times did
you eat doughnuts, brownies, pies, or cakes?’ The responses
represented the number of timesin the past week that the child
consumed the items (1: none, 2: 1-3 times, 3: 4-6 times, 4: 1
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time per day, 5: 2 times per day, 6: 3 time per day, and 7: 4 or
more times per day).

Parental Support Behaviors

Parental Support for Healthy Eating and Physical
Activity

A subscale drawn from the Family Life, Activity, Sun, Health,
and Eating (FLASHE)-EAT survey (a=.77) [23] and the Parent
Physical Activity Support survey (a=.72) [24,25] were used.
The FLASHE-EAT survey and healthy eating items (5-point
Likert Scale; 1, strongly disagree to 5, strongly agree) were “|
have to make sure that my child eats enough fruits and
vegetables,” “I encourage my child to try different kinds of
fruits and vegetables,” and “Bought fruit or vegetables you
know your child likes” The parental support for physical
activity items (5-point Likert Scale; 1, strongly disagree to 5,
strongly agree) were “1 go out of my way to enroll my child in
sportsand other activitiesthat get him/her to be physically active
(eg after school programs and programs at the YMCA),” “I
often watch my child participate in sporting activities (eg, watch
your child perform at a softball game or dance recital),” and “I
take my child to places where he/she can be active.”

Self-regulation for Parental Support of Child Healthy
Eating and Physical Activity

The Parent Support of Child Physical Activity Questionnaire
was adapted from previous research [25-27] for measuring
self-regulation for eating (0=.86) and physical activity (0=.89).
This subscale assessed parents' regulation of their children’s
physical activity and healthy eating behaviors by measuring
parents’ goals and plans to support their children’s behaviors
over the next month. Specificaly, the items were “I set
short-term (daily or weekly) goals for how | could support my
child’s healthy eating/leisure-time physical activity behaviors
last month” and “If | did not reach my goal/one of my goalsfor
supporting my child’s healthy eating/physical activity last
month, | analyzed what went wrong,” | made plans regarding
what to do if something made it difficult to support my child’s
healthy eating/physical activity last month,” and “1 maderegular
plans concerning when, where, how, and what kind of support
| could provide for my child's eating behaviors and food
choices/physical activity last month.”

GH Engagement

Weekly GH program attendance for the in-person and virtual
group video sessions was recorded by facilitators using a
tracking form. Web analytics captured the total minutes spent
interacting with the web portal content. The average minutes
per week a family spent logged into the portal was calculated
by dividing the total time by 10 (the length in weeks of the GH
program).

Program Satisfaction

Program feedback questionnaires for participants were
administered at the end of the interventions. The surveys
prompted participantsto (1) rate the weekly sessions (eg, please
select whether you “liked” this session on ascale of 1 [“not at
al”] to 5 [“a lot"]), (2) rate the level of satisfaction with
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intervention components (ie, family classroom, child physical
activity, parent classroom, online portal, etc), and (3) rate the
information given in weekly sessions (ie, was the information
givenin weekly sessions easy to understand, culturally suitable
for your family, etc, with answers on a 5-point Likert scale
ranging from 1 [“not at al”] to 5 [“alot”]). Parents were also
invited for a phone interview to provide further program
feedback.

Statistical Analysis

All satistical analyses were conducted using R statistical
software version 4.1.0 (R Foundation for Statistical Computing).
We determined that the data were missing at random and
performed mean imputation for missing outcome variables[28].
Independent samplest tests and chi-square tests were conducted
to compare continuous and categorical demographic variables
between groups, respectively. A repeated measures ANOVA
was conducted to examine the main effects of time (baseline
and follow-up), as well as the group (blended GH vs virtual
GH) by time (baseline and follow-up) interaction for al outcome
variables. Independent t tests were used to evaluate program
satisfaction and engagement for the blended and virtual GH
programs. All quantitative statistical techniques used in this
study to generate the results had established a significance set
at P<.05. Qualitative data from postprogram interviews on
program feedback were transcribed using Transcriptive software
(Digital Anarchy, Inc) and analyzed using NVivo 12 (QSR
International). General categories and themes were identified
using a framework analysis approach [29]. Themes were then
summarized into areas of program improvements.

Results

Participant Characteristics

Overall, 192 participants were enrolled in the GH program and
completed baseline surveys. Participants demographic dataare
shown in Table 1. There was no significant difference between
the blended and virtual GH groups in terms of children’s age
and ethnicity, household income, and the number of single
parents. The mean child age was 10.10 (SD 1.63) years, and
50.0% (96/192) of the children who attended the GH programs
were female. The GH programs reached a demographic
representing the British Columbia population [30], whereby
45.8% (88/192) of the children werewhite, 6.3% (12/192) were
indigenous, 12.0% (23/192) were Asian (South Asian, West
Asian, Chinese, and Southeast Asian), and 7.3% (14/192) were
black or Latin American. Of the 192 participants, 102 (53.1%)
were in the blended GH program and 90 (46.9%) were in the
virtual GH program. Of the 102 participantsin the blended GH
program, 71 (69.6%) completed the program and provided
follow-up responses. Meanwhile, of the 90 participants in the
virtual GH program, 62 (68.9%) completed the program.
Demographic characteristics of the completers and
noncompleters of the GH programs are shown in Multimedia
Appendix 2. We found that the percentage of completion was
significantly higher for nonsingle parentsthan for single parents
in both the blended and virtua GH programs

(X% [N=192]=18.03; P=.01).
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Table 1. Demographic information of participants in the blended and virtual Generation Health programs.
Characteristic Blended GH®group (n=102) Virtual GH group (n=90) P value
Child age (years), mean (SD) 10.24 (1.53) 9.82(1.82) A1
Child BMI (>85th to <97th percentile), n (%) 41 (40) 41 (46) A2
Child BMI (>97th percentile), n (%) 61 (61) 49 (54) 14
Female child, n (%) 52 (51) 44 (49) .97
Adults in household, mean (SD) 2.19(1.07) 1.89 (0.64) .02
Children in household, mean (SD) 1.94 (0.88) 1.94 (0.84) .98
Child ethnicity, n (%)
Indigenous 8(7.8) 4(4.9) .23
White 43 (42.2) 45 (50.0) 15
Asian (South Asian, West Asian, Chinese, and Southeast Asian) 15 (14.7) 8(8.8) .37
Black 6 (5.9) 2(2.2) 37
Latin American 2(2.0) 4(4.9) .57
Arab 2(2.0) 2(2.0) >.99
Other 17 (16.7) 12 (13.3) 66
Missing values 8(7.8) 7(7.8) >.99
Household income (CAD$b)
<$28,000 9(8.9) 8(8.9) >.99
$28,000 to <$34,000 5(4.9) 1(11) 27
$34,000 to <$41,000 6 (5.9) 4(4.4) 90
$41,000 to <$47,000 5(4.9) 6(6.7) 83
$47,000 to <$53,000 6(5.9) 6(6.7) >.99
$53,000 to <$59,000 5(4.9) 3(8.9) .86
>$59,000 42 (41.2) 44 (48.9) 35
Prefer not to answer 16 (15.7) 11 (13.9) .63
Missing values 16 (7.8) 14 (7.8) >.99
Single parent
Yes 25 (24.5) 15 (16.7) 34
No 64 (62.7) 66 (73.3) 16
Prefer not to answer 5(4.9) 2(22) .55
Missing values 8(7.8) 7(7.8) >.99

8GH: Generation Health.
ba currency exchange rate of CAD $1=US $0.73 is applicable.

Children’s Physical Activity, Sedentary Behavior,
Screen Time, and Dietary Outcomes

There was amain effect of time for days of MVPA and screen
time (Table 2), suggesting that children in both groups reported
significantly more days of reaching 60 minutes of MVPA

(F1380=18.37; P<.001; np?*=0.07) and significantly |ower screen
time (Fy35=9.17; P=.003; np*=0.06 ). We aso observed a
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significant interaction between group and time for vegetable
intake among children. Specifically, participants in the virtual
GH group reported significantly greater vegetable intake than
those in the blended GH group at the 10-week follow-up

(F1380=15.19; P<.001, np®=0.004). No significant main effect
of time or a group-by-time interaction was observed for fruit
intake, sugary drink intake, or sedentary time (P>.05).
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Table 2. Children’s dietary, physical activity, sedentary behavior, and screen time data before and after the blended and virtual Generation Health

programs.
Variable Blended GH? group, Virtual GH group, Overall, mean (SD) Main effect ~ Time-by-group
mean (SD) mean (SD) of time interaction
Pre Post Pre Post Pre Post P value P value
Fruit intake (times per day in atypical week) 3.20 3.27 2.92 311 3.07 3.20(0.77) .60 51
(1.21) (0.94) (0.95) (052) (1.10)
Vegetable intake (times per day in atypical 255 244 225 273 241 258(0.68) .28 <.001
week) (0.94) (0.78) (0.62) (. 52)b (0.82)
Child's sugary drink intake (timesper day in ~ 1.72 1.60 1.70 141 171 151(056) .24 22
atypical week) (0.79) (0.64) (0.90) (045) (0.84)
60 min of MVPAC (days per week) 3.46 4.34 331 4.03 3.39 4.20 <.001 .59
(1.81) (1.29) (1.60) (1.03) (.71 (1.18)"
Sedentary time (hours per day) 3.35 3.24 3.97 3.53 3.64 338(0.94) .37 72
(1.44) (1.05) (1.23) (0.78) (1.2
Screen time (hours per day) 3.50 3.01 3.85 312 3.66 3.06 .003 43
(1.38) (1.01) (1.32) (0.72) (1.36) (O.88)d

8GH: Generation Health.
bsj gnificantly higher in the blended group after the 10-week intervention.
°MVPA: moderate-to-vigorous physical activity.

doverall effect of timeis significantly higher after the 10-week intervention.

Parental Support Behaviorsfor Child Physical Activity
and Dietary Behaviors

We detected a main effect of time for parental support for
healthy eating (F 355=3.91; P<.001; np°=0.01), self-regulation
of support for healthy eating (F; 335=91.13; P<.001; n p’=0.28),
parental support for physical activity (F;3,=5.55; P=.02;
np?=0.002), and self-regulation of support for physical activity

(F1,350=49.20; P<.001, np?=0.16). After theintervention, parents
reported higher scores on all these variables compared to the
findings at baseline (Table 3). We also detected a significant
group-by-timeinteraction for parental support for healthy eating
(F1380=3.91; P=.04, np?=0.01) and parental support for physical
activity (Fy 330=6.66; P=.01; np?=0.02). In both cases, parents
inthe blended GH group scored significantly higher than parents
in the virtual GH group at follow-up.

Table 3. Preintervention and postintervention parental support for healthy eating and physical activity outcome variables.

Variable Blended GH2group, mean  Virtual GH group,  Overall, mean Maineffect Time-by-group
(SD) mean (SD) (SD) of time interaction
Pre Post Pre Post Pre Post P vaue P value
Parental support for healthy eating 10.16 (1.17) 10.66 10.09 10.21 10.13 10.46 <.001 .04
(0.79)b (2.07) (0.69) (1.12) (0.78)°
Self-regulation of support for healthy eating  11.63 (3.58) 15.25 11.27 14.83 11.46 15.05 <.001 .39
(2.25) (3.30) (1.86) (3.45) (2.08)°
Parental support for physical activity 23.13 (3.62) 24.15 2281 22.20 22.98 23.24 .02 .01
(2.67)b (3.33) (2.67) (3.48) (2.84)°
Self-regulation of support for physical activity 12.42 (3.38) 1499 1217 1456 1230 1479  <.001 26
(243) (324) (2000 (3.29 (2.24)°

8GH: Generation Health.
bsj gnificantly higher in the blended group after the 10-week intervention.
COverall effect of timeis significantly higher after the 10-week intervention.

Program Attendance

Blended GH attendance at the weekly in-person sessions was
77% for those who completed the program. Similarly, virtual
GH attendance at the weekly group sessionswas 76% for those
who completed the program. Therewas no significant difference
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between blended and virtual GH completion rates (P=.65). Web
portal usage was significantly greater for thevirtual GH program
than the blended GH program. Families who completed the
blended GH program spent an average of 17 (SD 15.3) minutes
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per week on the family portal, while familiesin the virtual GH
program spent 50 (55.82) minutes (P<.001).

Program Satisfaction

Overall, parentswere highly satisfied with both the blended and
virtual programs. Nearly all parentswho completed satisfaction
surveysindicated that the weekly program sessions helped them
learn and were useful for changing their lifestyle. Therewasno
significant difference in the mean program satisfaction score
between the blended (3.9/5) and virtual (3.8/5) GH programs.
Postprogram interviews with parents identified areas of
improvement for the virtual GH program. Theseincluded (1) a
reminder from delivery staff about upcoming sessions on the
day of the program; (2) support for implementing lifestyle
changesfor familieswho do not have anuclear family structure;
(3) amore in-depth explanation of how to navigate the family
portal; (4) additional cooking class sessions; and (5) additional
resources to support goal setting after the program ends.

Discussion

This study compared the effectiveness of avirtual GH program
delivered during the COVID-19 pandemic with that of ablended
GH program delivered prior to the pandemic. We observed that
the virtual GH program was as effective as the blended GH
program in improving child MV PA and reducing screen time.
The virtual GH program appeared more effective than the
blended GH program in improving vegetable intake among
children. Additionaly, parents in both the virtual and blended
GH programs showed significant improvements in support
behaviorsfor child physical activity and healthy eating, aswell
as self-regulation of support for child physical activity and
healthy eating. Families in both the virtual and blended GH
programs were satisfied with the program delivery. Overall, the
findings from this study suggested that the virtual GH program
was afeasible and effective option that has the added potential
to improve the flexibility and scalability of delivering
family-based childhood obesity management interventions.

Our results showed a large increase in child MVPA and a
reduction in screen time following GH. Similar to the blended
GH program, the virtual GH program added almost 1 day per
week of at least 60 minutes of MVPA and reduced about 45
minutes of screen time per day. The multiple physical activity
opportunities (eg, games and fundamental movement skills)
during each session for children, the parent portal resources
about limiting screen time and support for child physical
activity, and the weekly family-based challenges may have
contributed to intervention success. Our findings are consistent
with the findings of previous studies. For example, a previous
12-week family-based childhood obesity management
intervention (children aged 8-12 years) showed that MVPA
increased by 53 minutes per week and screen time decreased
by 34 minutes per day [31]. Similarly, in a previous 10-week
family-based intervention (MEND) delivered in British
Columbia, children showed an increase in weekly physical
activity levels by 2.6 hours per week and a decrease in screen
time by 3 hours per week following the intervention [10].
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Furthermore, the findings about the levels of program
engagement and satisfaction between the virtual and blended
GH programs were noteworthy, as they suggested that families
were willing to engage with the virtual delivery format.
However, our results suggested that being a single parent may
influence program completion, which has been previously
reported [32,33]. Future studies must explore the potential
reasons for not completing the program among single parents
to help further improveintervention design. Theincreased portal
engagement time may be a consequence of the additional
interactive video and audio content. Conversely, it could be a
consequence of more time at home during lockdown with less
distractions and travel timefor various activities. In our previous
study evaluating the dose-response relationship of the blended
GH program, we showed that the online GH portal
complemented the in-person GH sessions. Specifically,
additional engagements with the portal were associated with
greater improvements in child physical activity and parental
support behaviors, habits, and identity for physical activity [34].
Future research is warranted to explore the dose-response
relationship for the virtual GH program. Overall, the results
from this study are encouraging, especially since several studies
have shown that child physical activity decreased while screen
time increased during the pandemic [6,7].

Child vegetable intake following the intervention was
significantly higher inthe virtual GH group than in the blended
GH group. Thismay have been dueto the lockdown, as parents
may have more opportunities to influence children’s vegetable
intake whilethey are at home every day [25]. However, previous
childhood obesity interventions delivered in-person have
reported significant improvements in dietary behaviors
[10,11,35,36]. The lack of significant changes in the intake of
fruits and sugary drinks may reflect a ceiling effect. Children
at baseline were already consuming fruits about 5 times per day
and were drinking sugary drinks O to 3 times per week.
Furthermore, the unit (times per day in a typica week) of
measure for changes in fruit and vegetable intake used in this
study may not be as sensitive as other assessment tools (eg,
servings of fruits and vegetables) to detect changes over the
study period. Future studies may consider the use of other
assessment tools that may be more sensitive to changes [37].

The findings of this study have several implications for
family-based interventionsaimed at promoting ahealthy lifestyle
for children who are overweight or obese. Firgt, this is one of
the first studies to demonstrate the effectiveness of adapting a
blended family-based program to be delivered virtually during
the COVID-19 pandemic for Canadians living in British
Columbia. Second, this study showed that virtual family-based
interventions could be as effective and engaging as a blended
program to promote a healthy lifestyle among children. This
suggeststhat avirtual approach isanother GH program delivery
option for families even after the pandemic. Thevirtual delivery
format hasthe potential to improve the flexibility and scalability
of family-based lifestyle programs designed for children who
are overweight or obese. The results from this study add to the
existing body of literature showing the effectiveness of virtual
and online health interventions[31,34-36]. The family feedback
received (eg, reminder sessions, portal tutorials, and
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maintenance programs) can help inform future virtual
intervention designs.

We recognize that this study is not without limitations. First,
the program evaluation was only up to 10 weeks. Thus, the
long-term effects of virtual and blended GH programs remain
unclear, and future research is warranted. Second, this study
lacked a control group, which may introduce potential bias.
Third, wedid not control for potential secular effects (eg, season
and weather), which may influence lifestyle behaviors. Future
studies are warranted to explore the effects of these potential
variables on intervention effectiveness. Fourth, even though all
the child and parental measures have been validated, the
self-report measures may introduce potential bias. Furthermore,
some questions used to assess parental support for physical
activity were not pertinent during the COVID-19 pandemic.
For example, parents were asked to respond to the statement,
“1 go out of my way to enroll my child in sports and other
activities to get him/her to be physically active.” During the
initial months of the COV1D-19 pandemic, schoolswere closed
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and extracurricular activities for children were cancelled.
Therefore, we cannot be sure that parent responses to these
survey items accurately reflected their opinions and attitudes
or the contextual factors. Finaly, the children’'s BMI was
self-reported by caregivers during virtual GH delivery, and this
may introduce bias. Future studies could consider collecting
parental BMI, asit can influence a child’s weight and lifestyle
behaviors [38]. Finaly, this study used a pre-post comparison
design, where datawere collected during different time periods.
Thus, caution is required when generalizing the results.

Overall, a10-week family-based intervention (the GH program)
was effective in improving days of MVPA among children and
reducing screen time, regardless of the delivery method (blended
vs virtual). Similarly, satisfaction was high across delivery
methods. Our findings suggest that virtualy delivered early
intervention programs are not inferior to in-person programs
and offer an aternative delivery approach that enhances program
flexibility and potential scalability.

This study was supported by the Childhood Obesity Foundation with funding from the British Columbia Ministry of Health,
University of Victoria COVID-19 recovery fund. SL is supported by the Michael Smith Foundation of Health Research.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Blended Generation Health and virtual Generation Health program outline.

[DOCX File, 36 KB - pediatrics v5i4e40431_appl.docx |

Multimedia Appendix 2

Demographic information of Generation Health program completers and noncompleters.

[DOCX File, 19 KB - pediatrics v5i4e40431_app2.docx |

References

1.  Tyson N, Frank M. Childhood and adolescent obesity definitions as related to BMI, evaluation and management options.
Best Pract Res Clin Obstet Gynaecol 2018 Apr;48:158-164. [doi: 10.1016/].bpobgyn.2017.06.003] [Medline: 28838829]

2. Rao DR Kropac E, Do MT, Roberts KC, Jayaraman GC. Childhood overweight and obesity trends in Canada. Health
Promot Chronic Dis Prev Can 2016 Sep;36(9):194-198 [ FREE Full text] [doi: 10.24095/hpcdp.36.9.03] [Medline; 27670922]

3. Fryar C, Carroll M, Ogden C. Prevalence of Overweight, Obesity, and Severe Obesity Among Children and Adolescents
Aged 219 Years. United States, 1963-1965 Through 2015-2016. CDC. 2018. URL : https.//www.cdc.gov/nchs/data/hestat/
obesity child 15 16/obesity child_15 16.pdf [accessed 2022-10-05]

4.  Lange SJ, KompaniyetsL, Freedman DS, Kraus EM, Porter R, Blanck HM, et al. Longitudinal Trendsin Body Mass |ndex
Before and During the COV1D-19 Pandemic Among Persons Aged 2-19 Years - United States, 2018-2020. MMWR Morb
Mortal WKly Rep 2021 Sep 17;70(37):1278-1283 [FREE Full text] [doi: 10.15585/mmwr.mm7037a3] [Medline: 34529635]

5. LiuS Marques|G, Perdew MA, Strange K, Hartrick T, Weismiller J, et a. Family-based, healthy living intervention for
children with overweight and obesity and their families: a'real world' trial protocol using a randomised wait list control
design. BMJOpen 2019 Oct 31;9(10):€027183 [ FREE Full text] [doi: 10.1136/bmjopen-2018-027183] [Medline: 31676642]

6. MooreS, Faulkner G, Rhodes R, Brussoni M, Chulak-Bozzer T, Ferguson L, et a. Impact of the COVID-19 virus outbreak
on movement and play behaviours of Canadian children and youth: anational survey. Int J Behav Nutr Phys Act 2020 Jul
06;17(1):85 [FREE Full text] [doi: 10.1186/s12966-020-00987-8] [Medline: 32631350]

7.  Stavridou A, Kapsali E, Panagouli E, Thirios A, Polychronis K, Bacopoulou F, et a. Obesity in Children and Adolescents
during COVID-19 Pandemic. Children (Basel) 2021 Feb 12;8(2):135 [FREE Full text] [doi: 10.3390/children8020135]

[Medline: 33673078]

https://pediatrics.,jmir.org/2022/4/e40431

IMIR Pediatr Parent 2022 | vol. 5 | iss. 4 [e40431 | p.210
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=pediatrics_v5i4e40431_app1.docx&filename=ede8e3e0195102d6a45c13be1bb7df9c.docx
https://jmir.org/api/download?alt_name=pediatrics_v5i4e40431_app1.docx&filename=ede8e3e0195102d6a45c13be1bb7df9c.docx
https://jmir.org/api/download?alt_name=pediatrics_v5i4e40431_app2.docx&filename=9ae0d0dd572f700d86018e647d7e0ddf.docx
https://jmir.org/api/download?alt_name=pediatrics_v5i4e40431_app2.docx&filename=9ae0d0dd572f700d86018e647d7e0ddf.docx
http://dx.doi.org/10.1016/j.bpobgyn.2017.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28838829&dopt=Abstract
https://doi.org/10.24095/hpcdp.36.9.03
http://dx.doi.org/10.24095/hpcdp.36.9.03
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27670922&dopt=Abstract
https://www.cdc.gov/nchs/data/hestat/obesity_child_15_16/obesity_child_15_16.pdf
https://www.cdc.gov/nchs/data/hestat/obesity_child_15_16/obesity_child_15_16.pdf
https://doi.org/10.15585/mmwr.mm7037a3
http://dx.doi.org/10.15585/mmwr.mm7037a3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34529635&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31676642
http://dx.doi.org/10.1136/bmjopen-2018-027183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31676642&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-020-00987-8
http://dx.doi.org/10.1186/s12966-020-00987-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32631350&dopt=Abstract
https://www.mdpi.com/resolver?pii=children8020135
http://dx.doi.org/10.3390/children8020135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33673078&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Nuss et a

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Kolotourou M, Radley D, Gammon C, Smith L, Chadwick P, Sacher PM. Long-Term Outcomesfollowing the MEND 7-13
Child Weight Management Program. Child Obes 2015 Jun;11(3):325-330. [doi: 10.1089/chi.2014.0092] [Medline: 25764056]
Black AP, D'Onise K, McDermott R, Vally H, O'Dea K. How effective are family-based and institutional nutrition
interventions in improving children's diet and health? A systematic review. BMC Public Health 2017 Oct 17;17(1):818
[FREE Full text] [doi: 10.1186/s12889-017-4795-5] [Medline: 29041899]

Liu S, Weismiller J, Strange K, Forster-Coull L, Bradbury J, Warshawski T, et al. Evaluation of the scale-up and
implementation of mind, exercise, nutrition ... do it! (MEND) in British Columbia: a hybrid trial type 3 evaluation. BMC
Pediatr 2020 Aug 20;20(1):392 [FREE Full text] [doi: 10.1186/s12887-020-02297-1] [Medline: 32819325]

Perdew M, Liu S, Naylor PJ. Family-based nutrition interventions for obesity prevention among school-aged children: a
systematic review. Transd Behav Med 2021 Apr 07;11(3):709-723. [doi: 10.1093/tbm/ibaa082] [Medline: 32893869]
Pandita A, SharmaD, Pandita D, Pawar S, Tariq M, Kaul A. Childhood obesity: prevention is better than cure. Diabetes
Metab Syndr Obes 2016;9:83-89 [FREE Full text] [doi: 10.2147/DM SO.S90783] [Medline: 27042133]

Curbing Childhood Obesity: A Federal, Provincial and Territorial Framework for Action to Promote Healthy Weights.
Government of Canada. URL: https://www.canada.ca/en/public-heal th/services/heal th-promotion/heal thy-living/
curbing-childhood-obesity-federal-provincial -territorial -framework.html [accessed 2022-10-05]

Perdew M, Liu S, Rhodes R, Ball GD, Mésse LC, Hartrick T, et al. The Effectiveness of a Blended In-Person and Online
Family-Based Childhood Obesity Management Program. Child Obes 2021 Jan 01;17(1):58-67. [doi: 10.1089/chi.2020.0236]
[Medline: 33370164]

Rhodes RE. The Evolving Understanding of Physical Activity Behavior: A Multi-Process Action Control Approach. In:
Elliot AJ, editor. Advancesin Motivation Science. Cambridge, MA: Elsevier Academic Press; 2017:171-205.

Kowalski K, Crocker P, Donen R. The Physical Activity Questionnaire for Older Children (PAQ-C) and Adolescents
(PAQ-A) Manual. Pediatric Research in Sports Medicine. 2004. URL : https://www.prismsports.org/UserFiles/file/

PAQ _manual_ScoringandPDF.pdf [accessed 2022-10-05]

Marasso D, Lupo C, Collura S, Rainoldi A, Brustio P. Subjective versus Objective Measure of Physical Activity: A
Systematic Review and Meta-Analysis of the Convergent Validity of the Physical Activity Questionnaire for Children
(PAQ-C). Int J Environ Res Public Health 2021 Mar 25;18(7):3413 [FREE Full text] [doi: 10.3390/ijerph18073413]
[Medline: 33806106]

Norman GJ, Vaughn AA, Roesch SC, Sallis JF, Calfas KJ, Patrick K. Development of decisional balance and self-efficacy
measures for adolescent sedentary behaviors. Psychology & Health 2004 Oct;19(5):561-575. [doi:
10.1080/08870440410001722930]

Garcia-Cervantes L, Martinez-Gomez D, Rodriguez-Romo G, Cabanas-Sanchez V, Marcos A, Veiga OL. Reliability and
validity of an adapted version of the ALPHA environmental questionnaire on physical activity in Spanish youth. Nutr Hosp
2014 Nov 01;30(5):1118-1124 [FREE Full text] [doi: 10.3305/nh.2014.30.5.7769] [Medline: 25365016]
Martinez-Gomez D, Martinez-De-Haro V, Del-Campo J, Zapatera B, Welk GJ, Villagra A, et d. [Validity of four
guestionnaires to assess physical activity in Spanish adolescents]. Gac Sanit 2009 Nov;23(6):512-517 [FREE Full text]
[doi: 10.1016/j.gaceta.2009.02.013] [Medline: 19493590]

Norris SL, Grothaus LC, Buchner DM, Pratt M. Effectiveness of physician-based assessment and counseling for exercise
in a staff model HMO. Prev Med 2000 Jun;30(6):513-523. [doi: 10.1006/pmed.2000.0673] [Medline: 10901494]

BRFSS Questionnaires. CDC. URL : https://www.cdc.gov/brfss/questionnaires/index.htm [accessed 2022-10-05]
MasseLC, LytleL. Advancing Knowledge of Parent-Child Dyadic Relationships About Multiple Cancer Preventive Health
Behaviors: The National Cancer Institute Family Life, Activity, Sun, Health, and Eating (FLASHE) Study. Am JPrev Med
2017 Jun;52(6):833-835. [doi: 10.1016/j.amepre.2017.03.004] [Medline: 28526358]

Davison K, Li K, Baskin M, Cox T, Affuso O. Measuring parental support for children's physical activity in white and
African American parents: the Activity Support Scale for Multiple Groups (ACTS-MG). Prev Med 2011 Jan;52(1):39-43
[FREE Full text] [doi: 10.1016/j.ypmed.2010.11.008] [Medline: 21111755]

Rhodes RE, Spence JC, Berry T, Deshpande S, Faulkner G, Latimer-Cheung AE, et al. Understanding action control of
parental support behavior for child physical activity. Health Psychol 2016 Feb;35(2):131-140. [doi: 10.1037/hea0000233]
[Medline: 26214074]

Rhodes RE, Berry T, Faulkner G, Latimer-Cheung AE, O'Reilly N, Tremblay MS, et a. Application of the Multi-Process
Action Control Framework to Understand Parental Support of Child and Youth Physical Activity, Sleep, and Screen Time
Behaviours. Appl Psychol Health Well Being 2019 Jul 11;11(2):223-239. [doi: 10.1111/aphw.12150] [Medline: 30743309]
Lithopoulos A, Liu S, Rhodes RE, Naylor P. The role of identity in parental support for physical activity and healthy eating
among overweight and obese children. Health Psychol Behav Med 2020 Apr 27;8(1):185-201 [FREE Full text] [doi:
10.1080/21642850.2020.1750959] [Medline: 34040867]

Pigott TD. A Review of Methodsfor Missing Data. Educational Research and Evaluation 2010 Aug 09;7(4):353-383. [doi:
10.1076/edre.7.4.353.8937]

Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of qualitative datain
multi-disciplinary health research. BMC Med Res Methodol 2013 Sep 18;13(1):117 [EREE Full text] [doi:
10.1186/1471-2288-13-117] [Medline: 24047204]

https://pediatrics.jmir.org/2022/4/e40431 IMIR Pediatr Parent 2022 | vol. 5 | iss. 4 |e40431 | p.211

(page number not for citation purposes)


http://dx.doi.org/10.1089/chi.2014.0092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25764056&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-017-4795-5
http://dx.doi.org/10.1186/s12889-017-4795-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29041899&dopt=Abstract
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-020-02297-1
http://dx.doi.org/10.1186/s12887-020-02297-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32819325&dopt=Abstract
http://dx.doi.org/10.1093/tbm/ibaa082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32893869&dopt=Abstract
https://dx.doi.org/10.2147/DMSO.S90783
http://dx.doi.org/10.2147/DMSO.S90783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27042133&dopt=Abstract
https://www.canada.ca/en/public-health/services/health-promotion/healthy-living/curbing-childhood-obesity-federal-provincial-territorial-framework.html
https://www.canada.ca/en/public-health/services/health-promotion/healthy-living/curbing-childhood-obesity-federal-provincial-territorial-framework.html
http://dx.doi.org/10.1089/chi.2020.0236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33370164&dopt=Abstract
https://www.prismsports.org/UserFiles/file/PAQ_manual_ScoringandPDF.pdf
https://www.prismsports.org/UserFiles/file/PAQ_manual_ScoringandPDF.pdf
https://www.mdpi.com/resolver?pii=ijerph18073413
http://dx.doi.org/10.3390/ijerph18073413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33806106&dopt=Abstract
http://dx.doi.org/10.1080/08870440410001722930
http://www.aulamedica.es/nh/pdf/7769.pdf
http://dx.doi.org/10.3305/nh.2014.30.5.7769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25365016&dopt=Abstract
http://www.elsevier.es/en/linksolver/ft/pii/S0213-9111(09)00183-6
http://dx.doi.org/10.1016/j.gaceta.2009.02.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19493590&dopt=Abstract
http://dx.doi.org/10.1006/pmed.2000.0673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10901494&dopt=Abstract
https://www.cdc.gov/brfss/questionnaires/index.htm
http://dx.doi.org/10.1016/j.amepre.2017.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28526358&dopt=Abstract
https://europepmc.org/abstract/MED/21111755
http://dx.doi.org/10.1016/j.ypmed.2010.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21111755&dopt=Abstract
http://dx.doi.org/10.1037/hea0000233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26214074&dopt=Abstract
http://dx.doi.org/10.1111/aphw.12150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30743309&dopt=Abstract
https://europepmc.org/abstract/MED/34040867
http://dx.doi.org/10.1080/21642850.2020.1750959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34040867&dopt=Abstract
http://dx.doi.org/10.1076/edre.7.4.353.8937
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-13-117
http://dx.doi.org/10.1186/1471-2288-13-117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24047204&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Nuss et a

30.

31.

32.

33.

35.

36.

37.

38.

British Columbia Census Profile. Statistics Canada. 2016. URL : https.//www12.statcan.gc.ca/census-recensement/2016/
dp-pd/prof/details/page.cfm?L ang=E& Geol=PR& Codel=59& Geo2=PR& Code?2=01& SearchText=Canada& SearchType=
Begins& SearchPR=01& B1=All& type=0 [accessed 2022-10-05]

Zodlner M, Hill J, You W, Brock D, Frisard M, Alexander R, et a. The Influence of Parental Health Literacy Status on
Reach, Attendance, Retention, and Outcomesin aFamily-Based Childhood Obesity Treatment Program, Virginia, 2013-2015.
Prev Chronic Dis 2017 Sep 28;14:E87 [FREE Full text] [doi: 10.5888/pcd14.160421] [Medline: 28957032]

Williams N, Coday M, Somes G, Tylavsky F, Richey P, Hare M. Risk factorsfor poor attendance in afamily-based pediatric
obesity intervention program for young children. J Dev Behav Pediatr 2010;31(9):705-712 [FREE Full text] [doi:
10.1097/DBP.0b013e3181f17blc] [Medline: 21057255]

Davison K, Kitos N, Aftosmes-Tobio A, Ash T, Agaronov A, Sepulveda M, et a. Corrigendum to "The forgotten parent:
Fathers' representation in family interventions to prevent childhood obesity” [Prev. Med. 111 (2018) 170-176]. Prev Med
2018 Sep;114:232. [doi: 10.1016/j.ypmed.2018.06.002] [Medline: 29910084]

Liu S, Smith N, NussK, Perdew M, Adiputranto D, Naylor P. Dose-Response Relationship of a Blended In-Person and
Online Family-Based Childhood Obesity Management Program: Secondary Analysis of a Behavior Intervention. IMIR
Pediatr Parent 2022 Jul 05;5(3):€36770 [FREE Full text] [doi: 10.2196/36770] [Medline: 35787514]

Epstein L, Gordy C, Raynor H, Beddome M, Kilanowski C, Paluch R. Increasing fruit and vegetabl e intake and decreasing
fat and sugar intake in families at risk for childhood obesity. Obes Res 2001 Mar;9(3):171-178 [FREE Full text] [doi:
10.1038/0by.2001.18] [Medline: 11323442]

Taylor R, Cox A, Knight L, Brown D, Meredith-Jones K, Haszard J, et a. A Tailored Family-Based Obesity Intervention:
A Randomized Trial. Pediatrics 2015 Aug;136(2):281-289. [doi: 10.1542/peds.2015-0595] [Medline: 26195541]
Naska A, Lagiou A, Lagiou P. Dietary assessment methods in epidemiological research: current state of the art and future
prospects. F1000Res 2017;6:926 [FREE Full text] [doi: 10.12688/f1000research.10703.1] [Medline: 28690835]
Fuemmeler BF, Lovelady CA, Zucker NL, @stbye T. Parental obesity moderates the rel ationship between childhood
appetitivetraits and weight. Obesity (Silver Spring) 2013 Apr 22;21(4):815-823 [FREE Full text] [doi: 10.1002/0by.20144]
[Medline: 23712985]

Abbreviations

BRFSS: Behavioral Risk Factor Surveillance System

GH: Generation Health

FLASHE: Family Life, Activity, Sun, Health, and Eating
M-PAC: multi-process action control

MV PA: moderate-to-vigorous physical activity

PAQ-C: Physical Activity Questionnaire for older children

Edited by SBadawy; submitted 20.06.22; peer-reviewed by L Militello, T Baranowski; comments to author 25.07.22; revised version
received 26.08.22; accepted 27.08.22; published 03.11.22.

Please cite as:

Nuss K, Coulter R, DeSlva B, Buenafe J, Sheikhi R, Naylor PJ, Liu S

Evaluating the Effectiveness of a Family-Based Virtual Childhood Obesity Management Program Delivered During the COVID-19
Pandemic in Canada: Prospective Study

JMIR Pediatr Parent 2022;5(4):e40431

URL: https://pediatricsjmir.org/2022/4/e40431

doi:10.2196/40431

PMID: 36054663

©KaylaNuss, Rebecca Coulter, Bianca DeSilva, Jeann Buenafe, Ronak Sheikhi, Patti-Jean Naylor, Sam Liu. Originally published
in IMIR Pediatrics and Parenting (https://pediatrics,jmir.org), 03.11.2022. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Pediatrics and Parenting,
is properly cited. The complete bibliographic information, alink to the original publication on https://pediatrics,jmir.org, aswell
asthis copyright and license information must be included.

https://pediatrics.jmir.org/2022/4/e40431 IMIR Pediatr Parent 2022 | vol. 5 | iss. 4 |e40431 | p.212

RenderX

(page number not for citation purposes)


https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=PR&Code1=59&Geo2=PR&Code2=01&SearchText=Canada&SearchType=Begins&SearchPR=01&B1=All&type=0
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=PR&Code1=59&Geo2=PR&Code2=01&SearchText=Canada&SearchType=Begins&SearchPR=01&B1=All&type=0
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=PR&Code1=59&Geo2=PR&Code2=01&SearchText=Canada&SearchType=Begins&SearchPR=01&B1=All&type=0
https://www.cdc.gov/pcd/issues/2017/16_0421.htm
http://dx.doi.org/10.5888/pcd14.160421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28957032&dopt=Abstract
https://europepmc.org/abstract/MED/21057255
http://dx.doi.org/10.1097/DBP.0b013e3181f17b1c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21057255&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2018.06.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29910084&dopt=Abstract
https://pediatrics.jmir.org/2022/3/e36770/
http://dx.doi.org/10.2196/36770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35787514&dopt=Abstract
https://doi.org/10.1038/oby.2001.18
http://dx.doi.org/10.1038/oby.2001.18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11323442&dopt=Abstract
http://dx.doi.org/10.1542/peds.2015-0595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26195541&dopt=Abstract
https://f1000research.com/articles/10.12688/f1000research.10703.1/doi
http://dx.doi.org/10.12688/f1000research.10703.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28690835&dopt=Abstract
https://doi.org/10.1002/oby.20144
http://dx.doi.org/10.1002/oby.20144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23712985&dopt=Abstract
https://pediatrics.jmir.org/2022/4/e40431
http://dx.doi.org/10.2196/40431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36054663&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Livetd

Original Paper

Assessing the Racial and Socioeconomic Disparities in Postpartum
Depression Using Population-Level Hospital Discharge Data:
Longitudinal Retrospective Study

Star Liu*, BSc; Xiyu Ding', MSc; Anas Belouali', MEng, M Sc; Haibin Bai', M Sc; Kanimozhi Raja', MSc, MD; Hadi
Kharrazi®, MD, PhD

Liohns Hopkins University School of Medicine, Baltimore, MD, United States
2Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD, United States

Corresponding Author:

Star Liu, BSc

Johns Hopkins University School of Medicine
2024 E Monument St. S 1-200

Baltimore, MD, 21205

United States

Phone: 1 470 538 5974

Email: gliul97@jhmi.edu

Abstract

Background: In the United States, >3.6 million deliveries occur annually. Among them, up to 20% (approximately 700,000)
of women experience postpartum depression (PPD) according to the Centers for Disease Control and Prevention. Absence of
accurate reporting and diagnosis has made phenotyping of patients with PPD difficult. Existing literature has shown that factors
such as race, socioeconomic status, and history of substance abuse are associated with the differential risks of PPD. However,
limited research has considered differential temporal associations with the outcome.

Objective: This study aimed to estimate the disparitiesin the risk of PPD and time to diagnosis for patients of different racial
and socioeconomic backgrounds.

Methods: Thisisalongitudinal retrospective study using the statewide hospital discharge data from Maryland. We identified
160,066 individuals who had a hospital delivery from 2017 to 2019. We applied logistic regression and Cox regression to study
therisk of PPD across racial and socioeconomic strata. Multinomial regression was used to estimate the risk of PPD at different
postpartum stages.

Results: The cumulative incidence of PPD diagnosis was highest for White patients (8779/65,028, 13.5%) and lowest for Asian
and Pacific Islander patients (248/10,760, 2.3%). Compared with White patients, PPD diagnosiswaslesslikely to occur for Black
patients (oddsratio [OR] 0.31, 95% CI 0.30-0.33), Asian or Pacific Islander patients (OR 0.17, 95% CI 0.15-0.19), and Hispanic
patients (OR 0.21, 95% CI 0.19-0.22). Similar findings were observed from the Cox regression analysis. Multinomial regression
showed that compared with White patients, Black patients (relative risk 2.12, 95% Cl 1.73-2.60) and Asian and Pacific Islander
patients (relative risk 2.48, 95% Cl 1.46-4.21) were more likely to be diagnosed with PPD after 8 weeks of delivery.

Conclusions: Compared with White patients, PPD diagnosis is less likely to occur in individuals of other races. We found
disparate timing in PPD diagnosis across different racial groups and socioeconomic backgrounds. Our findings serve to enhance
intervention strategies and policies for phenotyping patients at the highest risk of PPD and to highlight needs in data quality to
support future work on racial disparitiesin PPD.

(IMIR Pediatr Parent 2022;5(4):€38879) doi:10.2196/38879
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health disparity; hospital discharge summary; phenotyping; data quality; vulnerable population; postpartum depression; maternal
health
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Introduction

Background

In the United States, >3.6 million deliveries occur each year.
Among them, up to 20% (approximately 700,000) of women
experience postpartum depression (PPD) according to the
Centers for Disease Control and Prevention [1,2]. However,
thisrate could be underestimated because of low screening rates,
high proportions of unreported or undiagnosed cases, lack of
help-seeking behavior, and cultural stigma [3-7]. Thus, it is
challenging to phenotype patients with the highest risk for PPD.
PPD can occur anytimeinthefollowing year after delivery. The
earlier the diagnosis, the more favorable the outcomes of the
treatment. PPD can negatively affect women’s postpartum health
and child development if left untreated [8]. Givenitsdetrimental
impacts, we must address how disparate PPD outcomes and
complications could be attributed to demographic,
socioeconomic, and behavioral factors[9,10].

Existing literature has shown that factors such as race,
socioeconomic status, and history of substance abuse are
associated with the differential risks of PPD. One such study
found that the odds of hospital-based PPD (emergency room
and inpatient visits, as defined in the study) were highest among
the Black population and lowest among the Asian population
[11]. Similarly, other researchers have found that African
American and Latina mothers from small towns, cities, and
rural areas are more vulnerable to PPD compared with White
mothers [12]. Accrued evidence suggests that compared with
White women, women of other races, women of lower
socioeconomic status, those not living in urban areas, and those
with a history of depression are more likely to be diagnosed
with PPD [13]. However, limited research has considered how
certain factors could have temporal associations with the
outcome [14].

The disparity in PPD is also attributed to sociocultura factors.
Previous research has documented that racial and ethnic groups
perceive PPD differently [ 15-18]. Although consensus on which
racia group exhibits greater help-seeking behavior is lacking,
hesitancy to seek treatment isthe common theme. Across White,
Hispanic, Asian, and women of other races, many do not believe
that they warranted treatment for PPD [3,4]. Social and cultural
stigmas may have contributed to this perception to varying
degrees. Those who seek help would be diagnosed and treated

https://pediatrics.,jmir.org/2022/4/e38879
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early on, and those who are more reluctant are more likely to
develop adverse outcomes. The entirety of cultural perception
of PPD is difficult to assess; however, its impact cannot be
overlooked in understanding the racial disparity in PPD and its
timing.

Objective

PPD screening and intervention strategies should not come as
a one-sizefits-all approach, but rather be built upon the
knowledge of disparate risks and timing of PPD. To address
this gap, we investigated the racial and ethnic disparitiesin the

risk and timing of PPD diagnosis using longitudinal statewide
hospital discharge data.

Methods

Data Sources and Study Population

The Healthcare Cost and Utilization Project (HCUP) data
contain the largest longitudinal collection of all-payer,
encounter-level datain the United States[19]. In this study, we
used the HCUP Maryland state data sets (ie, hospital-based care
including hospital inpatient, emergency department, and
ambulatory care services) from 2016 to 2019. Weonly included
individuals whose sex was registered as female. A total of
173,126 females had a hospitalization for delivery and had at
least one inpatient postpartum visit within the outcome time
frame (2017 to 2019). According to the World Health
Organization, extremely preterm births are births that occurred
before 28 weeks (approximately 7 months) of pregnancy [20].
We excluded those who had multiple deliverieswithin 6 months
because they were more likely to be attributed to data
inaccuraciesthan preterm births. Aswe were only interested in
PPD among females with live births, 1392 females with
pregnancy terminations (including stillbirths) were excluded.
We then excluded 5646 individual swho had hospital encounters
outside of Maryland. As studies have shown that a history of
depression increases the likelihood of PPD, we excluded those
who had a depression diagnosis a year before their delivery
encounter. For example, females who delivered in 2017 were
filtered for adepression diagnosisin 2016. Finally, 1804 patients
were excluded owing to missingness of data on age, race,
insurance type, zip-level median household income, or
urbanicity. Thefinal study population included 160,066 patients
(Figure 1).
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram depicting the study population selection process.
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Dependent Variables

The outcomes of interest were PPD diagnosis (hereon referred
to as PPD) and the time to diagnosis from childbirth. PPD was
defined and identified based on the presence of selected
International Classification of Diseases (ICD-10) diagnosis
codes (Multimedia Appendix 1) for depression in the first 12
months after delivery [14]. The timing of PPD diagnosis was
measured by the number of days after delivery.

Independent Variables

The independent variables included age, race and ethnicity,
marital status, zip-level median household income, primary
insurance type (referred to as insurance), and residential area
type (ie, urban vs rural). Race and ethnicity were categorized
into 6 major groups: non-Hispanic White, non-Hispanic Black,
non-Hispanic Asian or Pacific Islander, non-Hispanic Native
American, Hispanic, and other (races). In this study, we refer
to non-Hispanic White as White, non-Hispanic Black as Black,
non-Hispanic Asian or Pecific Islander as Asian or Pacific

https://pediatrics.,jmir.org/2022/4/e38879

Isander, and non-Hispanic Native American as Native
American.

Statistical Analysis

We fitted a multivariate logistic regression model to explore
the association between PPD diagnosisand the covariates, which
included age, race and ethnicity, marital status, zip-level median
household income, primary insurance type, and the residential
area type. We also included the Charlson Comorbidity Index
score because existing literature pointsto the positive association
between chronic conditionsand postpartum mental illness[21].
We caculated the cumulative incidence of PPD over the
12-month postpartum period stratified by race and ethnicity.
We then applied the Cox regression model, treating the outcome
asatime-to-event variable, to examine the association between
PPD and race and ethnicity over the postpartum period adjusted
by the other covariates. We treated patients with no depression
records by the end of the year as censored observations, and the
time to censoring was calculated based on the date of the
patient’s last encounter. We further performed a log-rank test
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to examine differencesin the timing of PPD diagnosis for each
race and ethnicity.

Guided by previous studies, we adopted the cutoffs for the
timing of PPD diagnosis as within 4 weeks, 4 to 8 weeks, and
beyond 8 weeks after delivery [22]. Using these temporal
cutoffs, we conducted multinomial logistic regression to further
explore the risk differences for patients of different ages, race
and ethnicity, marital status, primary insurance type, and
residential areatype.

For all regression models, associated Cls and P values were
caculated. P values of <.001 were deemed statistically
significant.

Sensitivity Analysis

We performed a sensitivity analysis to assess whether our
findings were robust against the exclusion of having a history
of depression (Multimedia Appendix 2). Additional logistic
regression, Cox regression, and multinomial regression were
performed by including patients who had prior depression

(encounter records of any diagnosis of ICD-10 Clinical
M odification codes of depression).

Inthe primary analysis, we defined the diagnosis of PPD based
on the existence of any depression-related | CD-10 codeswithin
1 year after giving birth. However, HCUP dataare at the hospital
discharge summary level; thus, each observation contains all
the information on one entire hospital stay, excluding the more
granular data. Furthermore, there is no specific ICD-10 code
for “baby blues’ (referred to as short-lasting moodiness and
sadness in mothers), which occurs in 80% of the women 2-3
daysafter childbirth. Therefore, based on the current data source,
we did not distinguish women who had PPD from those who
had “baby blues.” We performed additional logistic regression
by excluding patients who were diagnosed with depression
during the same hospital stay asthe delivery.

All visualization and statistical analyses were conducted using
R (version 4.1.2; R Foundation for Statistical Computing) and
the package survival [23,24].

Ethics Approval

The Johns Hopkins institutional review board determined this
study as a nonhuman subject research. Under section 8 of the

https://pediatrics.,jmir.org/2022/4/e38879

Liuetd

Health Insurance Portability and Accountability Act of the
HCUP Data Use Agreement, it states that HCUPR, which
conformsto the definition of alimited data set, does not require
institutional review board review.

Results

Diagnosis of PPD

Our study included 160,066 women who underwent a delivery
hospitalizationin Maryland from January 1, 2017, to December
31, 2019. Table 1 presents the demographic information of the
study population grouped by the presence of PPD diagnosis.
Of the study population, 40.63% (66,939/160,066) were White,
30.58% (48,953/160,066) were Black, 17.78% (28,465/160,066)
were Hispanic, 6.72% (10,760/160,066) were Asian or Pacific
Islander, 0.37% (590/160,066) were Native American, and
3.92% (6270/160,066) were of other races and ethnicities. We
also stratified the population characteristics by race groups
(Table S1 in Multimedia Appendix 2). Compared with White
women, Black and Hispanic women had higher proportions of
public insurance (54.5% and 64.8%, respectively) enrollees.
Among all racial groups, the Black population had the highest
proportion of individuas living in areas with <US $59,000
median household income (26,360/160,066, 16.47%).

The cumulative incidence of PPD in hospital-based care for
women with no prior depression in the first year after delivery
was 8.31% (13,297/160,066). Figure 2 comparesthe cumulative
incidence of PPD among patients of different race and ethnicity.
The cumulative incidence was the highest for White women
(8779/65,028, 13.5%) and lowest for Asian and Pacific |slander
women (248/10,760, 2.3%). Figure 3 shows the distribution of
the timing of PPD diagnosis. Among those diagnosed, 91.1%
(12,113/13,297) were diagnosed during the same hospital stay
as childbirth (O days to PPD diagnosis). The longest time to
diagnosis after delivery was 349 days. Excluding patients who
were diagnosed during the same hospital stay as childbirth, the
median time to diagnosis was 68 days. The median time to
diagnosis was 65 days for White women, 76 days for Black
women, 51 days for Hispanic women, 66 days for Asian or
Pacific Islander women, 20 days for Native American women,
and 60 days for women of other races and ethnicities.
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Table 1. Population demographics stratified by the presence of postpartum depression (PPD) diagnosis.
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Variable No PPD (n=146,769) PPD (n=13,297)
Age (years)
Mean (SD) 30.0 (5.74) 29.9 (5.67)
Median (Range) 30.0 (12.0-55.0) 30.0 (13.0-51.0)
Race, n (%)
White 56,249 (38.32) 8779 (66.02)
Black 46,059 (31.38) 2894 (21.76)
Hispanic 27,491 (18.73) 974 (7.32)
Asian or Pacific Islander 10,512 (7.16) 248 (1.86)
Native American 560 (0.38) 30(0.22)
Other 5898 (4.02) 372 (2.8)
Marital status, n (%)
Single 58,807 (40.07) 5635 (42.38)
Married 82,996 (56.55) 7100 (53.39)
Legally separated 755 (0.51) 114 (0.86)
Divorced 1156 (0.79) 235 (1.77)
Widowed 97 (0.07) 25(0.19)
Other 2958 (2.01) 188 (1.41)
Zip-level median household income (US $), n (%)
1-45,999 10,690 (7.28) 1176 (8.84)
46,000-58,999 12,906 (8.79) 1588 (11.94)
59,000-78,999 50,205 (34.2) 4028 (30.29)
>79,000 72,968 (49.72) 6505 (48.92)
Insurancetype, n (%)
Medicaid 59,279 (40.39) 4992 (37.54)
Medicare 311 (0.21) 113 (0.85)
Private insurance 77,556 (52.84) 7603 (57.18)
Self-pay 3136 (2.14) 125 (0.94)
No charge 2152 (1.47) 50 (0.38)
Other 4335 (2.95) 414 (3.11)
Urban or rural, n (%)
Metropolitan areas of =1 million population 132,081 (89.99) 11,376 (85.55)
Metropolitan areas of 250,000 to 1 million population 7031 (4.79) 1172 (8.81)
Metropolitan areas of <250,000 population 4479 (3.05) 407 (3.06)
Urban population of 2500 to 19,999, adjacent to a metropolitan area 3176 (2.16) 342 (2.57)
Urban population of 2500 to 19,999, not adjacent to ametropolitan 1 (0) 0(0)
area
Completely rural or <2500 urban population, adjacent to a 1(0) 0(0)
metropolitan area
Charlson Comor bidity Index score
Mean (SD) 0.134 (0.430) 0.257 (0.586)
Median (Range) 0(0-12.0) 0 (0-9.00)
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Figure2. Cumulativeincidence by race. Solid lines represent the cumulative incidence. Dashed lines represent the lower and upper bounds of the 95%
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Figure 3. Time to postpartum depression (PPD) diagnosis (Left: including PPDs that occurred on the day of delivery; Right: excluding PPDs that

occurred on the day of delivery).
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Table 2 shows the results of a multivariate logistic regression
to assess the association between racial and socioeconomic
factors and the risk of PPD. Compared with White women, the
adjusted odds ratio (OR) of PPD was significantly lower for
Black women (OR 0.31, 95% CI 0.30-0.33), Asian or Pacific
Islander women (OR 0.17, 95% CI 0.15-0.19), Hispanic women
(OR 0.21, 95% CI 0.19-0.22), Native American women (OR
0.35, 95% CI 0.24-0.50), and women of other races and

https://pediatrics.,jmir.org/2022/4/e38879
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ethnicities (OR 0.38, 95% Cl 0.34-0.42). Married women have
significantly higher odds of PPD than women who were
divorced (OR 1.99, 95% CI 1.71-2.31), legally separated (OR
1.97, 95% Cl 1.60-2.41), single (OR 1.45, 95% Cl 1.38-1.51),
or widowed (OR 2.96, 95% CI 1.82-4.64). Women living in
areaswith amedian household income <US $46,000 have lower
odds of PPD than women living in areas with median household
income >US $59,000 (OR 0.79, 95% CI 0.73-0.85). Compared
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withwomen who enrolled in privateinsurance, the odds of PPD
were higher for women with Medicare (OR 3.40, 95% ClI
2.69-4.26) and lower for women who self-paid (OR 0.70, 95%
Cl 0.58-0.84) or had no charge such as charities (OR 0.60, 95%
Cl 0.45-0.80). Compared with women living in metropolitan
areas with population sizes >1 million, the odds of PPD were
lower for those living in metropolitan areas with population
sizes <250,000 (OR 0.60, 95% CI 0.54-0.67), lower for those
living in urban areas with population sizes of 2500 to 19,999
(adjacent to a metropolitan area; OR 0.75, 95% CI 0.66-0.84),
and higher for those living in metropolitan areas with population
sizes of 250,000 to 1 million (OR 1.21, 95% CI 1.13-1.30).
Women with higher Charlson Comorbidity Index scores had
higher odds of PPD than those with lower Charlson Comorbidity
Index scores (OR 1.47, 95% Cl 1.43-1.52).

Table 3 presents the results of the multivariate Cox regression
analysis. Compared with White women, the adjusted hazards
of PPD were significantly lower for Black women (hazard ratio
[HR] 0.34, 95% CI 0.33-0.36), Asian and Pacific Islander
women (HR 0.21, 95% CI 0.19-0.24), Hispanic women (HR
0.27, 95% CI 0.25-0.29), Native American women (HR 0.36,
95% Cl 0.25-0.52), and women of other races and ethnicities
(HR 0.43, 95% CI 0.38-0.48). Women >35 years (HR 1.10,
95% CI 1.05-1.15) had higher hazards of PPD compared with
those aged 20 to 35 years. Compared with married women, the
hazards of PPD were significantly higher for women who were
divorced (HR 1.78, 95% CI 1.55-2.05), legally separated (HR
1.75, 95% Cl 1.44-2.12), single (HR 1.42, 95% Cl 1.35-1.48),
widowed (HR 2.84, 95% Cl 1.87-4.32), or those with missing
marital status records (HR 1.29, 95% CI 1.12-1.50). Compared
with women who lived in areaswith median household incomes
of <US $46,000, the hazards were lower for women who lived
in areaswith median household incomes of US $59,000-78,999
(HR 0.85, 95% CI 0.80-0.92) and areas of income >US $79,000
(HR 0.86, 95% CI 0.81-0.93). Compared with women enrolled
in private insurance, the hazards of PPD were higher for women
enrolled in Medicare (HR 2.13, 95% CI 1.76-2.59) but lower
for women who had no charges such as charities (HR 0.44, 95%
Cl 0.33-0.59) or sdf-paid (HR 0.56, 95% Cl 0.47-0.67).
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Compared with women living in metropolitan areas with
population sizes of >1 million, women living in metropolitan
areas with population sizes of 250,000 to 1 million had higher
hazards of PPD (HR 1.14, 95% CI 1.07-1.23). In contrast, the
hazards of PPD were lower for those living in metropolitan
areas with population size <250,000 (HR 0.57, 95% ClI
0.51-0.64) and those living in urban areas with a population
size of 2500 to 19,999 (adjacent to a metropolitan area; HR
0.73, 95% CIl 0.65-0.82). Women with higher Charlson
Comorbidity Index scores had higher hazards of PPD compared
with those with lower Charlson Comorbidity Index scores (HR
1.19, 95% Cl 1.17-1.23). The log-rank test suggested a
significant differencein the timing of diagnosis among patients
of different races and ethnicities at the 0.1% level (Table 4).

The results of the multinomial logistic regression are presented
in Table 5. Compared with White women, the risk of diagnosis
after 8 weeksrelative to within 4 weekswas significantly higher
for Black women (relative risk [RR] 2.12, 95% CI 1.73-2.60)
and Asian and Pacific Islander women (RR 2.48, 95% ClI
1.46-4.21). Compared with women enrolled in private insurance,
women who had Medicaid (RR 1.69, 95% CI 1.37-2.10) or
self-paid (RR 3.65, 95% Cl 2.05-6.50) had higher risks of
diagnosis after 8 weeksrelative to before 4 weeks. Women who
had no charge (such as charities or donations) had a higher risk
of diagnosis after 4 to 8 weeks relative to before 4 weeks (RR
9.76, 95% CI 3.79-25.08). Compared with women living in
metropolitan areas with population sizes >1 million, the risks
of PPD in 4 to 8 weeks relative to before 4 weeks were lower
for those living in metropolitan areas with population sizes of
250,000 to 1 million (RR 0.20, 95% CI 0.08-0.51). Compared
with women living in metropolitan areas with popul ation sizes
of >1 million, therisks of PPD after 8 weeks relative to before
4 weeks were higher for those living adjacent to metropolitan
areas with population sizes of 2500 to 19,999 (RR 2.15, 95%
Cl 1.42-3.25). Women who had higher Charlson Comorbidity
Index scores exhibited higher risks of diagnosisin both 4 to 8
weeks (RR 1.34, 95% CI 1.14-1.56) and after 8 weeks (RR 1.28,
95% Cl 1.16-1.41) relative to before 4 weeks (RR 1.34, 95%
Cl 1.14-1.56; RR 1.28, 95% CI 1.16-1.41).
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Table 2. Multivariate logistic regression depicting the association between racial and socioeconomic factors and risk of postpartum depression.

Variable Oddsratio (95% Cl) P value
Age group (years)
20-35 Ref? N/AP
<20 1.05 (0.95-1.16) 31
=235 1.05 (1.01-1.10) .02
Race
White Ref N/AD
Black 0.31(0.30-0.33) <.001¢
Hispanic 0.21 (0.19-0.22) <.001°
Asian or Pacific Islander 0.17(0.15-0.19) <.001°
Native American 0.35 (0.24-0.50) <.001¢
Other 0.38 (0.34-0.42) <.001¢
Marital status
Married Ref N/AP
Single 1.45(1.38-1.51) <.001¢
Legally separated 1.97 (1.60-2.41) <.001¢
Divorced 1.99 (1.71-2.31) <.001¢
Widowed 2.96 (1.82-4.64) <.001¢
Other 1.26 (1.08-1.46) .003
Zip-level median household income (US $)
1-45,999 Ref N/AD
46,000-58,999 0.98 (0.90-1.06) .56
59,000-78,999 0.79 (0.73-0.85) <.001°
>79,000 0.79 (0.74-0.85) <.001¢
Insurance type
Private insurance Ref N/AP
Medicaid 1.08 (1.03-1.13) .002
Medicare 3.40 (2.69-4.26) <.001¢
Self-pay 0.70 (0.58-0.84) <.001¢
No charge 0.60 (0.45-0.80) <.001¢
Other 1.16 (1.04-1.28) .007
Urban or rural
Metropolitan areas of =1 million population Ref N/AP
Metropolitan areas of 250,000 to 1 million population 1.21(1.13-1.30) <.001¢
Metropolitan areas of <250,000 population 0.60 (0.54-0.67) <.001¢
Urban population of 2500 to 19,999, adjacent to a metropolitan area 0.75 (0.66-0.84) <.001°
Urban population of 2500 to 19,999, not adjacent to a metropolitan area’ N/A N/A
d N/A N/A

Completely rural or <2500 urban population, adjacent to a metropolitan area
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Variable Oddsratio (95% CI) P value

Charlson Comorbidity Index score 1.47 (1.43-1.52) <.001¢

8Ref: reference group.

BNI/A: not applicable.

®P<.001 indicates statistical significance.

dEstimates could not be calcul ated owi ng to small sample size.
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Table 3. Multivariate Cox regression depicting the association between the racial and socioeconomic factors and hazards of postpartum depression.

Variable Hazard ratio (95% Cl) P value
Age group (years)
20-35 Ref? N/AP
<20 1.11 (1.01-1.23) .03
>35 1.10(1.05-1.15) <.001¢
Race
White Ref N/AP
Black 0.34 (0.33-0.36) <.001¢
Hispanic 0.27 (0.25-0.29) <.001°¢
Asian or Pacific Islander 0.21(0.19-0.24) <.001°
Native American 0.36 (0.25-0.52) <.001°
Other 0.43 (0.38-0.48) <.001°
Marital status
Married Ref N/AP
Single 1.42 (1.35-1.48) <.001°
Legally separated 1.75(1.44-2.12) <.001°¢
Divorced 1.78 (1.55-2.05) <.001°
Widowed 2.84(1.87-4.32) <.001¢
Other 1.29 (1.12-1.50) <.001°
Zip-level median household income (US $)
1-45,999 Ref N/AP
46,000-58,999 1.02 (0.94-1.11) .58
59,000-78,999 0.85(0.80-0.92) <.001°
>79,000 0.86 (0.81-0.93) <.001°
Insurance type
Private insurance Ref N/AP
Medicaid 0.96 (0.92-1.01) a1
Medicare 2.13(1.76-2.59) <.001¢
Self-pay 0.56 (0.47-0.67) <.001¢
No charge 0.44 (0.33-0.59) <.001°
Other 1.11 (1.00-1.23) .06
Urban or rural
Metropolitan areas of =1 million population Ref N/AP
Metropolitan areas of 250,000 to 1 million population 1.14 (1.07-1.23) <.001°
Metropolitan areas of <250,000 population 0.57 (0.51-0.64) <.001°
Urban population of 2500 to 19,999, adjacent to a metropolitan area 0.73 (0.65-0.82) <.001°
Urban population of 2500 to 19,999, not adjacent to a metropolitan area N/A N/A
d N/A N/A

Completely rura or <2500 urban population, adjacent to a metropolitan area
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Variable Hazard ratio (95% CI) P value

Charlson Comorbidity Index score 1.19(1.17-1.23) <.001¢

8Ref: reference group.

BNI/A: not applicable.

®P<.001 indicates statistical significance.

dEstimates could not be calcul ated owi ng to small sample size.

Table 4. Log-rank test depicting the survival by race groups.

Log-rank test Chi-square (df) P value
White versus Black 1676 (1) <.001%
White versus Asian or Pacific Islander 785(1) <.0012
White versus Hispanic 1676 (1) <.0012
White versus Native American 36.2 (1) <.0012
White versus other 241(1) <.0012

3p<.001 indicates statistical significance.
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Table 5. Multivariate multinomial regression depicting the association between the racial and socioeconomic factors and the timing of postpartum
depression diagnosis (between 4 and 8 weeks and after 8 weeks compared with before 4 weeks).

Variable After 8weeks, RR?(95% Pvalue  Between4and 8weeks RR P value
al (95% Cl)
Agegroup (years)
20-35 Ref N/AS  N/AC N/AC
<20 0.91 (0.63-1.32) 62 0.84 (0.42-1.67) 61
>35 0.98 (0.78-1.22) 82 1.22 (0.85-1.74) 28
Race
White Ref N/AC N/AC N/AC
Black 2.12 (1.73-2.60) <ood  155(1.07-2.23) .02
Hispanic 1.32(0.9-1.83) .10 1.31(0.75-2.28) 34
Asian or Pecific |slander 2.48 (1.46-4.21) <001d  3.19(1.44-7.04) 004
Native American 1.06 (0.14-7.87) .96 3.05 (0.40-23.07) 28
Other 1.19 (0.71-2.00) 51 1.96 (0.97-3.96) .06
Marital status
Married Ref N/AS  N/AC N/AC
Single 1.34 (1.08-1.66) .008 1.47 (1.02-2.12) 04
Legally separated 1.76 (0.89-3.50) 11 0.64 (0.09-4.73) 66
Divorced 1.24 (0.66-2.34) 51 0.70 (0.17-2.93) .63
Widowed® 0.99 (0.13-7.41) .99 N/AE N/AE
Other 0.71(0.31-1.64) 42 2.78 (1.32-5.90) .007
Zip-level median household income (US $)
1-45,999 Ref N/AC N/AC N/A®
46,000-58,999 1.00 (0.73-1.37) 98 2.15 (1.20-3.86) 01
59,000-78,999 1.02 (0.77-1.34) 91 1.55 (0.91-2.65) A1
>79,000 1.00 (0.75-1.33) .99 0.97 (0.56-1.68) 9
Insurance type
Private insurance Ref N/AC N/AC N/AC
Medicaid 1.69 (1.37-2.10) <oo1d  1.32(0.92-1.90) 13
Medicare 1.87(0.94-3.70) .07 N/AE N/AE
Self-pay 3.65 (2.05-6.50) <001  229(0.80-657) 12
No charge 1.51 (0.35-6.57) 58 9.76 (3.79-25.08) <0019
Other 2.00 (1.29-3.10) .002 0.62 (0.19-1.97) 4
Urban or rural
Metropolitan areas of =1 million population Ref N/AC N/AC N/AC
Metropolitan areas of 250,000 to 1 million population 1.20(0.89-1.62) 22 0.20 (0.08-0.51) <0019
Metropolitan areas of <250,000 population 1.32(0.83-2.10) .24 2.23(1.17-4.24) .01
Urban population of 2500 to 19,999, adjacent to a 2.15(1.42-3.25) <.0019 0.45 (0.14-1.44) .18
metropolitan area
Urban population of 2500 to 19,999, not adjacent to a N/A N/A N/A N/A

metropolitan area®
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Variable After 8weeks, RR?(950% Pvalue  Between4and 8weeks, RR P value
o)) (95% ClI)
Completely rural or <2500 urban population, adjacenttoa  N/A N/A N/A N/A
metropolitan area®
Charlson Comorbidity Index score 1.28(1.16-1.41) <.0019 1.34(1.14-1.56) <.0019

8RR: relative risk.

bRef: reference group.

°N/A: not applicable.

dp<.001 indicates statistical si gnificance.

CEstimates could not be calculated owing to small sample size.

Sensitivity Analyses

The results of the post hoc sensitivity analyses are presented in
Multimedia Appendix 2. Additional regression models that
included patients with prior depression and those that excluded
patients who had depression diagnosed during the same stay as
childbirth produced estimates close to our main analysis. Hence,
the direction of our findings remains consistent.

Discussion

Principal Findings

This study investigated the disparate timing of PPD among
individuals who had an inpatient delivery in Maryland from
2017 to 2019. We performed logistic regression to eval uate the
adjusted odds of PPD among the races and ethnicities. In
addition, we performed multinomial and Cox regression analyses
to examine the timing of PPD, adjusted for demographics,
socioeconomic characteristics, and comorbidities. Disparate
timing of PPD diagnosis could inform strategiesto identify the
most vulnerable patients and initiate treatment promptly.

The odds of PPD are significantly higher among individuals
who are White, with more comorbid conditions, without a
partner, with Medicare, with residential addresses in areas of
lower median household income, and from metropolitan areas
of population sizes 250,000 to 1 million. We found lower odds
of PPD for individuals who were Black or Hispanic,
contradicting previousliterature that found higher odds[11,25].
Differences in findings could be attributed to four factors: (1)
demographic composition, (2) data sources and quality, (3)
varying health care access, and (4) culture. Maryland has the
fifth largest Black or African American population (nearly 30%)
[26]; thus, the population could be meaningfully different to
start with compared with previous studies, which used datafrom
other states such as California [9]. In addition to inherent
differences between data sources, the disparity in health care
access among racial groups may aso affect data quality and
completeness. In other words, sources of disparity include both
the underlying racial and socioeconomic population as well as
data quality. Individuals without proper access to hospital and
PPD care would not be recorded in the HCUP databases in the
first place. Therefore, the HCUP database only captures
individuals who can access a hospital facility, thus possibly
skewing the results across socioeconomic strata. Finally,
sociocultural barriers such as stigma, lack of social support, and
adversities to mothering could also explain the lower odds

https://pediatrics.,jmir.org/2022/4/e38879

among Black and Hispanic individuals[27,28]. Fears of negative
perception and stigma could impede individual sfrom reporting
symptoms to their care provider, and a lack of socia support
and adversities to mothering (poverty, marital status, and
income) create additional burdens for receiving appropriate
care.

Cox regression also found significantly higher hazards for
individuals who were White, with more comorbid conditions,
without a partner, with Medicare, with residential addressesin
areas with lower median household income, and from
metropolitan areas of population sizes 250,000 to 1 million.
Similarly, resultsfrom the multinomial regression suggest that,
among individual swith PPD, the odds of delayed diagnosesare
significantly higher for those who are not White, with residential
addresses in areas with higher median household income, and
those enrolled in public insurance.

Thefindings from both analysesindicate significant associations
between being single and having higher risk of PPD. Having a
partner typically means additional mental and financial support
during and after childbirth. In contrast, giving birth to a child
without additional support could be a huge burden. As shown
in Table S1in Multimedia Appendix 2, races exhibited different
patterns of marital status. This could be interpreted as the
manifestation of cultural differences regarding pregnancy and
marriage. Going through pregnancy and delivery without
additional support increases the burden of childbirth and the
risk of PPD [28,29].

From multinomial regression, wefound disparate timing of PPD
diagnosis, which could be explained by cultural perceptions of
PPD. Previous studies have shown hesitancy to seek PPD
treatment as a common theme [3,4]. Furthermore, multiple
studies have shown hesitancy to seek treatment could have
manifested through social, behavioral, and financial barriers
(ie, fear of judgment, social support, financia cost, and
transportation) [15,28]. These same burdens could also explain
why racialized individual s present |ater in the postpartum period.
Racialized individuals were likely to cope with said social,
behavioral, and financia challenges before receiving care, if
any. Asaresult, there could be agap between when individuals
conceive of help-seeking thoughts or behaviors and when they
receive the care, hence delaying effective treatment. A higher
median household income at the zip-level might reflect better
access to care rather than delayed diagnoses. Similarly, urban
or rural areas themselves are not direct risk factors for delayed
diagnoses, but they reflect the extent of patient capture or
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coverage. On the one hand, patients may present later to the
health care system, but they are captured at the least. On the
other hand, patients with greater health care access barriers may
not be captured at al. Finaly, in contrast to the previous
literature, wefound inconclusive evidencethat individualswith
Medicaid were diagnosed earlier than those with Medicare[14].
However, this could be attributed to the small sample size, as
we only had 410 patients with Medicare (ie, patients with
disability, end-stage renal disease, or amyotrophic lateral
sclerosis) who delivered in the study time frame. Taken together,
the log-rank test, Cox regression, and multinomial regression
concur that the risks of PPD and timing of diagnosis vary by
race group, and non-White race groups experience higher risks
of delayed diagnosis. In turn, delayed treatment increases the
chances of poor health outcomes.

Disparate timing in diagnosing PPD calls for alternative
phenotyping strategies to provide higher and earlier screening
ratesfor individual s with certain racial, sociodemographic, and
economic backgrounds. Previous studies did not find the best
screening tool or the best time duration for screening [30]. A
recent study suggested that early screening for PPD should be
coupled with multiple follow-upsin the year after delivery [31].
Our findings suggest that racial groups such as Black, Asian,
and Hispanic should be screened earlier asthey are more likely
to have delayed PPD diagnoses. Instead of screening all
individuals at the samerate, atargeted approach would conserve
resources for the vulnerable populations with the highest risks.

This study has several policy implications. Various state-level
policies support PPD screening and interventions. According
to a 2015 study, 13 states have enacted mandates to address
education, screening, awareness, and state-level reporting in
patientswith PPD [32]. One of the most promising intervention
strategiesis offering home visits [32]. What could enhance this
approach isaccounting for theracial disparity in PPD diagnosis
as well as timing. If state policies could mandate insurance
coveragefor PPD homevisits, this could overcome some of the
hesitancy to seek treatment and provide timely care.

Limitations

Our study had afew limitations. First, our data sourceis based
in Maryland, which has a higher Black population than the
national average. Consequently, our findings may not be
generdizable to states with different demographic
characteristics. Second, our study is limited by the quality of
data captured in the HCUP data sets. HCUP reports races and
ethnicities together; thus, no ethnic distinctions are made for
the race groups in our study. As previously mentioned, a high
proportion of PPD casesis unreported or undiagnosed. Evenin
the absence of ahospital PPD diagnosis, individual s could have
developed PPD without a subsequent hospital visit. Moreover,

Liuetd

our study did not include the PPD recordsin outpatient settings
such as mental health facilities or obstetrics and gynecology
clinics. Therefore, the overall PPD rates across the population
or different racial groups could have been underreported in this
study. Third, we applied the Cox regression model to measure
therisk differences between racial groups during the postpartum
period, but other methods, such as the Cure model, might be
more flexible for the assumptions made in this study [33].
Fourth, hierarchical models are typically used to model
group-level effects such as median household income (ie,
zZip-level); however, our multilevel analysisresulted in findings
that resemble those from the multivariate logistic regression.
Finally, this study did not distinguish between PPD after a
cesarean section and a vaginal delivery, although studies have
shown that cesarean sections significantly increased the risk of
PPD [34]. Future studies analyzing the disparate risks of PPD
should differentiate between the types of delivery.

Future Work

There are 3 considerations for future studies to build upon the
findings of this study. First, to the best of our knowledge, few
existing studies have acknowledged the impact of data quality
on the results. As discussed, not only could there beracial and
socioeconomic disparities, but disparities could also arise from
dataquality. To guideclinical practice and intervention policies,
the impact of data quality must be further evaluated. Second,
additional work is needed on sociobehavioral factorsrelated to
PPD asthisisnot well understood at present. This could support
targeted strategies for diagnosis and treatment initiations.
Finally, future research should consider a combination of data
sources when studying PPD. The Pregnancy Risk Assessment
Monitoring System is the only database that tracks the
occurrence of screening across states (81% of all deliveries)
[8]. As there is a lack of a centra database for all
delivery-related data, future studies should consider using
multiple data sources to analyze racial disparities in PPD
diagnoses.

Conclusions

This study aimed to address the underlying racial disparitiesin
PPD phenotyping and to provide targeted and timely care. We
found significant racial disparitiesin the risk and timing of PPD
diagnosis. Compared with White individuals, Black, Hispanic,
and Asian individuals have lower odds of PPD, and Black and
Asian individuals are morelikely to have a PPD diagnosis later
in the postpartum period. Diagnosis of patients with potential
PPD should account for the disparate risks and timing among
races and ethnicities. Our findings serve to enhanceintervention
strategies and health care policies aswell as highlight data and
informatics needs to support future work on racial disparities
in PPD.
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Abstract

Background: Socia integration has been shown to predict physical activity (PA), diet, and sleep in adults. However, these
associations have not been well-studied in youth samples. Using alife course perspective, it isimperative to study thisin youths
as socia and health behaviors are established early in life.

Objective: The purpose of this study was to understand the relationship between social integration and PA, diet, and sleep for
urban, middle-school youth.

Methods: Cross-sectional baseline data from middle-school youths (N=73) who participated in an afterschool health behavior
intervention were included in this study.

Results: Time with friends significantly predicted moderate to vigorous intensity PA (=.33, P=.02). Time spent with family
was significantly related to fruit consumption (tgg=1.38, P=.005) and vegetable consumption (t;,=1.96, P=.01).

Conclusions:  Social integration appears to be related to both PA and nutrition behaviors in youths. Future research should
expand on our findings to explain how different domains of social integration may impact youths' health behaviors.

International Registered Report Identifier (IRRID): RR2-10.2196/37126

(JMIR Pediatr Parent 2022;5(4):e40354) doi:10.2196/40354

KEYWORDS

social integration; youth; nutrition; sleep; physical activity; adults; exercise; health; wellness; health behavior; school students;
diet; children; health behavior intervention

behaviors [5], or sleep [6]. Youths of color, especially females

Introduction of color, are more likely to experience physical inactivity, a

The Centers for Disease Control and Prevention recommends
healthy eating, physical activity (PA), and optimal sleep for
youths to achieve and maintain a healthy weight [1]. Youths
who meet recommendations for PA, diet, and eep are more
likely to display healthy growth, body composition, physical
fitness, cognitive development, academic achievement, and
overal quality of life[2], in addition to a decreased mortality
risk later in life [3]. Unfortunately, the majority of youths do
not meet these recommendations for PA [4], diet-related

https://pediatrics,jmir.org/2022/4/e40354

RenderX

poor diet, and poor sleep patterns[7].

Nearly 6 in 10 youths lack any PA outside of school settings,
and PA typically declines as youths age [8]. Similarly, youths
develop food preferences from their childhood and are often
maintained throughout life[9]. These preferences can promote
or hinder, youths' healthy eating habitsinto adulthood [9]. Sleep
duration for youths tends to be less than optimal and continues
to decrease with age, resulting in a negative impact on school
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performance, emotional health, and physical heath [10].
Improving health behaviorsearly in lifeisessential toimproving
population health, as youths establish patterns early in life that
extend into adulthood [11]. One factor influencing youths
health-promoting behaviors is their social environment. The
social environment isan accumulation of many aspects of social
life, including socia networks, the social support of those in
the network, and social integration. More specifically, evidence
suggeststhat social integration may have aunique influence on
behaviorsthat areimportant to healthy devel opment and disease
prevention. Social integration is the interaction between an
individual and their social environment, including both formal
(eg, participation in sports clubs and church) and informal
aspects (eg, spending time with family and friends) [12].

Informal social integration has been shown to be related to
health. For example, socia integration influences PA, both
cross-sectionally and longitudinally, where informal social
integration with friends appears to be more predictive of PA
than informal social integration with family [13]. Informal
integration also predicts higher fruit and vegetable consumption
[14]. Thosewho are more socially integrated have higher-quality
sleep than those who are less socialy integrated [15]. Overall,
social integration has been linked with areduced mortality risk
[16,17].

While evidence is well-developed in adult populations, the
relationship between social integration and PA has not been
well-studied in youths, especially among racially and ethnically
marginalized adolescents traditionally underrepresented in
research. From alife course perspective, it isimperative to study
this in youths, as social and health behaviors are established
early in life. Therefore, the purpose of this study isto examine
and describe the relationship between social integration and
PA, nutrition, and sleep behaviors among urban, middle-school
youths.

Methods

Overview

This study used baseline data from an after-school program to
improve health behaviorsin middle-school youths (ages 10-14).
Parents and youths provided written informed consent and
assent, respectively, before participating in this study. The
after-school program provided web-based opportunities for
exercise sessions such as yoga, dance, and general cardio
endurance exercise owing to COVID-19. Fresh produce was
available for pick-up once per week or delivered to families if
they lacked transportation.

Middle-school youthsin the Kansas City Public School District,
Kansas City, Missouri, participated in this study. Of the 14,128
students in the district, 54% are Black, 27% are Hispanic or
Latinx, 11% are White, and 8% are of other races and ethnicities
[18]. All studentsin Kansas City Public Schoolsqualify for free
school breakfast and lunch.

The data were collected between August 2020 and May 2021.
As part of baseline data collection, youths completed a survey
that assessed obesogenic behaviors, including PA, socid
integration, dietary behaviors, and sleep. Youths (n=76) who

https://pediatrics,jmir.org/2022/4/e40354
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completed a baseline survey represented sixth, seventh, and
eighth graders. Those who did not provide any valid answers
to the nutrition, sleep, PA, or social integration questions were
excluded (n=3), resulting in a sample of 73 youths.

Ethics Approval

All study procedures were approved by the institutional review
board of the University of Missouri-Kansas City under protocol
number #2017528.

M easures

PA

Self-report measures of PA were collected using the
International Physical Activity Questionnaire (IPAQ) Short
Form[19]. ThelPAQ Short Formisa7-day recall questionnaire
to estimate recent PA behavior and was used to calculate
vigorous- and moderate-intensity PA [19]. Youthsreported time
spent doing moderate-intensity activities in the past 7 days if
the activity required moderate physical effort and breathing,
such as carrying light loads, bicycling at a regular pace, or
doubles tennis. Youths reported time spent doing
vigorous-intensity activities in the past 7 days if the activity
required hard physical effort and breathing, such asheavy lifting,
aerobics, or fast bicycling. Thel PAQ Short Form also measures
walking and sedentary behavior. However, time spent walking
and sitting is not presented in this study. Three responses were
3 SDs away from the mean and excluded from dataanalysisfor
being outliers.

Social I ntegration

Youths' socia integration was measured through an adapted
version of Cundiff and Matthew’s 1-item measure [20]. The
guestion was adapted into a 2-item measure for youthsto report
separately on time spent with friends and family. Response
options were reported on a 5-point scale that ranged from <1
hour per week to >20 hours per week for time with family and
time with friends, respectively.

Dietary Behaviors

Dietary questions were adapted from the 2019 Youth Risk
Behavior Survey High School instrument to measure dietary
behaviors [21]. Questions were asked about fruit, vegetable,
soda, and sports drink consumption in the past 7 days. The
origina Youth Risk Behavior Survey response options ranged
on a 7-point scale from no consumption to >4 times a day; for
this study, these response optionswere collapsed into 3 response
categories (yes, no, and not sure). Not sure responses were
excluded from data analysis.

Sleep

Sleep was measured by a single question from the 11-item
Kutcher Adolescent Depression Scale [22]. Youths reported
sleep difficulties from the past 7 days, with response options
ranging from hardly ever, much of the time, most of the time,
to all of the time. Hardly ever responses were classified as no
persistent sleep issues. Much of the time, most of the time, and
all of thetime responses were combined and classified as having
sleep issues. Sleep was collapsed into a dichotomous variable
(O=no sleep issues, 1=persistent sleep issues) for dataanalysis.
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Analysis Plan

Univariate statistical analyses were conducted for al study
variables. Independent samples t tests were conducted to
examine differences between dichotomous variables (diet and
sleep) and socia integration variables. Linear regression
analyses were used to estimate the effect of social integration
on moderate to vigorous intensity PA (MVPA). All statistical
analyseswere conducted using SPSS software (version 26; IBM
Corp) [23].

Results

Youths demographics are presented in Table 1. Among the
participating youths (N=73), 34 (47%) identified asfemale and
38 (52%) identified as male. The sample diversely represented
race/ethnicity groups, with 44% (32/73) reported being African
American or Black, 26% (19/73) reported being White, 6%
(4/73) reported being Hispanic™ or Latinx, 7% (5/73) reported
being Asian, and 18% (13/73) reported being multiracial or
multiethnic. All youths were in the sixth, seventh, or eighth
grades (mean age 12.04, SD 0.93 years). Regarding youths' diet
and sleep behaviors in the last 7 days, 61% (40/66) reported
eating fresh fruit, 61% (43/70) reported eating vegetables, 26%
(19/72) reported drinking soda, 16% (11/69) reported drinking
asportsdrink, and 51% (36/71) reported abnormal sleep issues.

https://pediatrics,jmir.org/2022/4/e40354
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Youths reported engaging in 286.40 (SD 307.19) minutes of
MV PA per week. Youthsreported socia integration on a5-point
scale. Youths reported time with family at 4.26 (SD 1.21) or
between 11 to 20 hours per week and time with friends at 2.02
(SD 1.12) or between 1 to 5 hours per week.

Tables 2 and 3 present the results of the t tests that examined
differences in social integration for fruit, vegetable, soda, and
sports drink consumption and deep difficulties. Fruit
consumption was significantly related to time spent with family
(ts6=1.38, P=.005) but not significantly related to time spent
with friends (t5=2.61, P=.08). Vegetable consumption was
significantly related to time spent with family (t,,=1.96, P=.012)
but not significantly related to time spent with friends (t;,=0.067,
P=.68). Youths who spent more time with family were more
likely to consume fruit and vegetables on the last day. There
were no substantial differences in time spent with family or
friends based on soda, sports drinks, and sleep variables.

Table 4 presents the results of the linear regression analyses
examining associations between social integration and PA.
MVPA was related to time spent with friends (3=.33, P=.02)
but not to time spent with family (3=.01, P=.94). For every 1
SD increase in time spent with friends, MV PA increased 0.33
SDs.
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Table 1. Univariate statistics.

Variables Values
Sex, n (%)
Female 34(47)
Male 38(52)
No response 1(1)
Age (years), mean (SD) 12.04 (0.9)
Race and ethnicity, n (%)
African American or Black 32 (44%)
White 19 (26%)
Asian 5 (7%)
Hispanic or Latinx 4 (6%)
Multiracial or multiethnic 13 (18%)

Fresh fruit consumption, n (%)
Yes 40 (61%)
No 26 (39%)
Vegetable consumption, n (%)
Yes 43 (61%)
No 27 (39%)
Soda consumption, n (%)
Yes 19 (26%)
No 53 (74%)

Sportsdrink consumption, n (%)

Yes 11 (16%)

No 58 (84%)
Sleep issues, n (%)

Yes 36 (51%)

No 35 (49%)
MV PA? (minutes per week), mean (SD) 286.4 (307.2)
Time with family 43(12)
Time with friends 20(1.1)

3V PA: moderate to vigorous intensity physical activity.

https://pediatrics,jmir.org/2022/4/e40354 JMIR Pediatr Parent 2022 | vol. 5 | iss. 4 [e40354 | p.233
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Wray et al
Table 2. Associations between social integration and dietary behaviors.
Variable Consumed, mean (SD) Did not consume, mean (SD) t test (df) P vaue
Fruit
Time with family 4.44 (1.03) 4.00 (1.41) 1.38 (66) .005
Time with friend 2.34(1.25) 1.57 (0.84) 2.61 (66) .08
Vegetable
Time with family 4.49 (1.07) 3.87(1.39) 1.96 (70) 012
Time with friend 212 (1.17) 1.91 (1.08) 0.67 (70) .68
Soda
Time with family 4.07 (1.39) 4.33(1.18) -0.71(72) a2
Time with friend 2.00 (1.04) 2.05(1.16) -0.13(72) 81
Sportsdrink
Time with family 4.30 (1.25) 427 (1.22) 0.06 (69) 95
Time with friend 2.20(1.03) 2.07 (1.16) 0.34 (69) .93
Table 3. Association between socia integration and sleep behaviors.
Variables No persistent sleep issues, mean (SD) Persistent sleep issues, mean (SD) t test (df) P value
Time with family 4.21(1.27) 4.31(1.18) 0.33(71) .54
Time with friend 2.13(1.17) 1.90 (1.08) -0.81(71) 76
Table 4. Associations between social integration and moderate to vigorous intensity physical activity.
Variable B SE 95% Cl P value
Time with family .01 32.90 —67.841072.44 .94
Time with friends .33 35.62 13.96 to 157.12 .02
Discussion In this sample, time spent with family was related to fruit and

The purpose of this study was to understand associations
between social integration and PA, diet, and sleep behaviors
for asample of urban, middle-school youths. Overal, this study
found that social integration isasubstantial predictor of PA and
fruit and vegetable consumption for middle schoolersin Kansas
City, Missouri. However, social integration did not appear to
be associated with other diet-related behaviors or sleep.

Our findings suggest that time spent with friends could be an
essential component of youths' PA, as time spent with friends
was associated with MV PA. These results are consistent with
previous findings in adult samples; time spent with friends
significantly predicted PA both cross-sectionally and
longitudinally [13,24]. Our results also align with those of
previous research that found peer influence and sociaization
to be the most commonly cited motivatorsfor PA among middle
schoolers [25]. Spending time with family appearsto have less
impact on youths' PA, similar to adult sampleswhere time spent
with family did not predict or had weaker associations with PA
[13,24]. Despite these findings, previous research doesindicate
that parental involvement can increase youths PA [26]. The
results of this study support the growing body of evidence that
different domains of socia integration, specifically time with
friends, can be a powerful predictor of PA in youths.

https://pediatrics,jmir.org/2022/4/e40354

vegetable consumption, but time spent with friends was not.
Our findings align with those of similar studiesin adults, where
social integration was found to be asubstantial predictor of fruit
and vegetable consumption [14]. Our results suggest that social
integration, specifically time with family, appearsto be alarge
predictor of diet behaviorsin youths. Future studies should be
conducted with larger samples, different populations, and other
ages to understand if the results of this study are consistent
across varying groups.

Social integration was not shown to be a predictor of improved
sleep among youths in this study. These findings contradict
those of similar studies performed with adult samples, which
found that adults with higher social integration had higher sleep
quality [15]. Our findings may beimpacted by anotableincrease
in deep disturbances during the COVID-19 pandemic in
school-aged youths [27].

To our knowledge, this is the first study to assess the role of
social integration with PA, diet, and sleep behaviorsin youths.
This study is strengthened by the participation of racialy and
ethnically marginalized youths. Current research consistently
underrepresents populations of color [28,29]. Participation by
underrepresented groups provides valuable insight into the
specific associations between social integration and PA, diet,
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and dleep for youths in these groups. This study is aso
strengthened by the use of validated self-report measures.

This study is limited by its small sample size, potentia
self-report issues, and lack of generalizability to other
populations. Self-reported datahas several limitations, including
social desirability bias, overestimation of behavior, and poor
recall. Future studies should attempt to use measures that
provide more variability and rigor (ie, atool to measure multiple
elements of sleep hygiene) and collect data using amonitoring
device, such asaccelerometry. Thisstudy also took place during
the COVID-19 pandemic, which disrupted communication and
contact with youths as school instruction transitioned to remote
web-based learning. The pandemic may have impacted time
spent with friends and family as well as PA, deep, and diet
behaviors. Further, we did no assess important physical
environmental-level factors such as availability of parks or
grocery stores, walkability of neighborhoods, community assets
that may impact PA, diet, sleep, and social integration in these
populations. Future research should consider attempting to
understand how the social and physical environments interact
to influence PA, diet, and sleep.
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Abstract

Background: Recent increasesin smartphone ownership among underserved populations have inspired researchersin medicine,
computing, and health informatics to design and evaluate mobile health (mHeal th) interventions, specifically for those supporting
child development and growth. Although these interventions demonstrate possible effectiveness at larger scales, few of these
interventions are evaluated to address racial disparities and health equity, which are known factors that affect relevance, uptake,
and adherence in target populations.

Objective: Inthisstudy, we aimed to identify and document the current design and eval uation practices of mHealth technol ogies
that promote early childhood health, with a specific focus on opportunities for those processes to address health disparities and
health equity.

Methods: We completed a systematic literature review of studies that design and evaluate mHealth interventions for early
childhood health promotion. We then analyzed these studies to identify opportunities to address racial disparitiesin early- and
late-stage processes and to understand the potential efficacy of these interventions.

Results: Across the literature from medical, computing, and health informatics fields, we identified 15 articles that presented
a design or evaluation of a parent-facing health intervention. We found that using mobile-based systems to deliver health
interventions was generally well accepted by parents of children aged <5 years. We also found that, when measured, parenting
knowledge of early childhood health topics and confidence to engage in health-promoting behaviors improved. Design and
evaluation methods held internal consistency within disciplines (eg, experimental study designswerethe most prevalent in medical
literature, while computing researchers used user-centered design methodsin computing fields). However, thereislittle consistency
in design or evaluation methods across fields.

Conclusions: To support more interventions with a comprehensive design and eval uation process, we recommend attention to
design at the intervention (eg, reporting content sources) and system level; interdisciplinary collaboration in early childhood
health intervention development can lead to large-scale deployment and success among popul ations.

Trial Registration: PROSPERO CRD42022359797; https://tinyurl.com/586nx9a2

(JMIR Pediatr Parent 2022;5(4):€37718) doi:10.2196/37718

KEYWORDS
mobile health technologies; early childhood health promotion; child devel opment; parent support technologies; mobile phone
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Introduction

Background

Early childhood health outcomes, such as socia, motor, and
cognitive development, largely depend on parental knowledge
and behaviors. Both the American Academy of Pediatrics and
the Centers for Disease Control provide guidelines for parents
that educate them on health promotion strategies for their
children [1,2]. These guidelines are often presented in local
health centers, schools, or community sites [3]. However,
finding and acting on information about early childhood health
can be challenging [4,5]. For families affected by racial and
economic disparities, having access to information, care
providers, and resourcesto support health-promoting behaviors
is a substantial barrier to parental action [6]. Mobile
phone—-based interventions have been developed to provide
parents education on child health topics[7]. Theseinterventions
have been evaluated in highly diverse populationsand are shown
to be feasible for deployment at a larger scale, especialy in
lower-resource areas [8,9].

The Bright Futures guidelines from the American Academy of
Pediatrics for early childhood health promotion outline three
areas of focus for comprehensive child development practice:
(1) anticipatory guidance, (2) development and behavior
screening, and (3) social determinants of health screening.
Anticipatory guidance topics refer to proactive advice on
activities that promote healthy growth, including nutrition,
dental care, and physical activity [1,10]. Development and
behavior screening includes tracking and monitoring milestones
such as motor and cognitive development, growth, and
communication skills [11]. Screening for socia determinants
of health includes monitoring the environment in which the
child grows, including topics such as parent smoking behavior,
housing, food security, and parent social support networks[12].
Pediatric experts have referenced the importance of addressing
all 3 topics in regular visits with pediatric patients to identify
upstream factors that may affect development [13] and to
understand the challenges of parents when adhering to
recommendations. Thereisan opportunity to addressthe effects
of health inequity on experienceswith mobile health (mHealth)
technologies [14,15].

Objectives

This systematic literature review aimed to document current
research on mobile-based health promotion interventions and
understand the methods used to design and evaluate these
systems. Aswe focused on parent-facing interventionsfor early
childhood health (ages 0-5 years), we also examined the
opportunities for design and evaluation in thisareato critically
engage with the potential for racial disparities in intervention
effectiveness. In this study, we aim to answer these research
guestions:

1 What are the design, evaluation, and reporting practicesin
computing, medical, and health informaticsfieldsfor early
childhood health interventions?

2. What opportunities exist to address the risk of
technology-generated disparitiesin early childhood health
interventions' design, evaluation, and reporting practices?

https://pediatrics,jmir.org/2022/4/e37718
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Prior Work

mHealth | nterventions

mHealth interventions use mobile systems (including SM S text
messaging, mobile apps, mobile-optimized websites, and
wearable technologies) to deliver health interventions [16].
mHealth interventions are commonly developed and tested in
low-income or middle-income communities [17]. They are
described as providing fast access to care, being low cost to
build and implement, and being accessible because most people
own a cell phone. Researchers have explored opportunities for
mHealth interventions to support both adults and children with
self-management of their health [8,18]. Researchers have also
devel oped interventionsthat support caregiverswith monitoring
the health of others[19].

mHealth interventions have the potential to extend health
intervention content to hard-to-reach populations, they are often
criticized for their lack of regulatory oversight, potential data
privacy risks, and lack of implementation in clinical settings
[20].

I ntervention-Generated Disparities

Health disparities between groups occur when one group in a
population experiences higher levels of poor health outcomes
compared with the general population [5]. Both socioeconomic
factors and health systems can influence access to resources
that influence health outcomes [21]. Researchers have developed
health equity models that address upstream factors [22], such
as socioeconomic status, to identify the causes of disparity and
adapt care to address those causes [22]. Although health
interventions are designed to reduce poor health outcomes in
specific groups, researchers have identified that considering
health equity in designing and eval uating interventionsis crucial
to prevent intervention-generated inequalities [23].
Intervention-generated inequality occurs when interventions
aremore effectivefor already advantaged groups, widening the
disparity between groups that are doing well and those that are
not. Veinot et al [22] identified the characteristics of health
interventions that worsen inequalities between disadvantaged
and advantaged groups. In this work, they present a model to
prevent intervention-generated inequalities by addressing
inequality in access, uptake, adherence, and effectiveness and
recommend prevention opportunities in the evaluation and
reporting phases.

mHealth Literature Reviews

mHealth intervention research exists at the intersection of
computing, health informatics, and medical disciplines, which
are highly segmented and specialized. To identify trends across
these fields, researchers have used the literature review method
in many forms to survey existing research on mobile-based
technologies and to examine opportunities for growth in the
field. Berrouiguet et al [24] summarized the use of SMS text
messaging as a health care tool for psychiatric disorders and
reported evaluation methods and positive perceptions of SMS
text messaging by participants. Lau et a [25] coupled a
systematic search of mobile app stores with aliterature review
of psychosocial wellness. Bradway et a [26] used a scoping
literature review to identify the qualitative and quantitative
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methods used to evaluate mHealth systems for chronic disease  Our review intendsto survey thework happening in computing,
self-management and identified the best practices for medical, and health informatics fields to identify opportunities
comprehensive evaluations of complex mHealth tools. Wang  to addressracia disparitiesin the evaluation and design of health
et al [27] conducted a systematic review of systematic reviews interventions. We aso intend to bridge findings across
to evaluate the potential of mHealth interventions to support  disciplines to promote the effectiveness of delivery systems,
diabetes and obesity treatment and management. Although design methods, evaluation methods, and reporting standards
mHealth interventions are promising, they identified that further  that future interventions might adopt.

research is needed to establish long-term effectiveness.

Anderson-Lewiset a [28] also evaluated mHealthinterventions  Methods

deployed in historically underserved and minority populations
in the United States and recommended that research should Reporting Standards

expand to include mobile phone and tablet apps. To our e completed the PRISMA (Preferred Reporting Items for
knowledge, there have been no systematic evaluations of  Systematic Reviewsand Meta-Analyses) checklist and confirm
mHealth interventions designed to support early childhood  that the study is compliant. The full protocol for this study is
health or evaluations that focus on how racial disparities  availablein Figure 1.

potentially influence the effectiveness of these interventions.

Figure 1. Flow diagram of the study selection process.
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Search Strategy

We completed a database search for full-text scholarly articles
in medical, computing, and health informaticsfieldsin February
2022 using the electronic databases PubM ed, Embase, CINAHL
Complete, ERIC, Compendex, Inspec, and ACM Digital Library.
We coordinated with our university’s health sciences library to
identify these databases, as they are relevant to medicine,
technology, and research at the intersections of health and
technology, where we would expect to find the literature on
mobile-based health interventions.

Our search strings included terms describing early childhood
health, mobile technologies, and the parents and primary
caregivers of young children. We refined and adapted the
keyword strings to be compatible with the unique search
mechanics of each database (eg, using different typographic
marks as search operators). The complete search strings by
database are presented in Multimedia Appendix 1. We limited
our search to studies within the past 10 years (2011 to 2022) to
reflect the rapid rate at which technology development and
adoption evolves[29].

Sdlection Criteria

We included studies if they (1) presented and tested a mobile
app, SM S text messaging system, or mobile website to be used
by participants; (2) included a heath scope related to
anticipatory guidance, development and behavior screenings,
or socia determinants of health topic areas outlined in Bright
Futures Guidelines for Health Supervision of Infants, Children,
and Adolescents, fourth edition; (3) targeted parents or guardians
of children aged 0 to 5 years directly as users; (4) included a
study related to the practicality of the app for target users (eg,
usability, feasibility, pilot study, or randomized controlled trial);
(5) were published within the past 10 years; and (6) are a
completed, peer-reviewed journal paper or conference paper.

Studies were excluded if they (1) involved a study of a maobile
app created to support pregnancy or postpartum health alone,
(2) exclusively targeted other caregivers as end users for the
system (eg, day care providers, paid caregivers, nurses, and
community health workers), or (3) consisted solely of
randomized controlled trial protocol documentation. In addition,
we excluded studies nhot written in English, government reports,
articles, and opinion pieces.

Selection Process

The database search results were downl oaded and organized in
a spreadsheet and duplicates were removed. One researcher
screened the search results by using theinclusion and exclusion
criteriain 3 distinct groupings. First, we used theinclusion and
exclusion criteria to screen the titles of the results. Next, we
accessed the abstracts for the remaining results and applied the
inclusion and exclusion criteria. Finally, we performed afull-text
review of the remaining studies. The PRISMA flow diagram
detailing the number of studies present in and after each phase
ispresented in Figure 1.

Data Extraction

One researcher reviewed each full text of the included studies
and documented the relevant information in aspreadsheet. This
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information included (1) titles, authors, country, and year of
publication; (2) type of field the study was published in (eg,
computing, medical, and health informatics); (3) type of mobile
technology the study evaluated (eg, texting or SMS text
messaging system or mobile app); (4) study design used to
evaluate the technology; (5) target population; (6) number of
participants recruited for the study and their reported
demographics; (7) features and functionalities of the maobile
technology; (8) sources for content in the mobile technology;
(9) outcomes measured for the child; (10) reported parent
perceptions of the technology and outcomes related to changes
in parent knowledge and decision-making processes; and (11)
reported outcomes for usability, feasibility, or acceptability.

Results

Selection and Inclusion of Studies

We screened 906 results from database searches and excluded
891 (98.3%) studies during the screening process. We removed
38 duplicates before beginning the screening process. During
title screening, we excluded 83.3% (755/906) of studies. Of the
remaining 151 studies, we excluded 73 (48.3%) studies during
the abstract screening phase, leaving 78 (51.7%) papers for
full-text screening. We excluded 6.9% (63/906) of studiesduring
the full-text screening process, leaving 1.7% (15/906) studies
that met the inclusion criteria. Figure 1 visually represents the
number of studies excluded during each phase of the screening
process.

Characteristics of the Included Studies

Thefull overview and characteristics of the studies are presented
in Table 1. The publication dates ranged from 2014 to 2021,
and most studies (9/15, 60%) were published in 2017, 2019, or
2020. Among the 15 studies, 11 (73%) were published in
journalsand 4 (27%) were peer-reviewed full conference papers.

All (15/15, 100%) the studies developed and contributed to a
novel intervention. Overall, 7% (1/15) of studies evaluated an
existing mobile app and iterated its design with feedback from
parents [30]. Of 15 studies, 3 (20%) studies evaluated only the
feasibility of the intervention [32,34,35], whereas 8 (53%)
studies evaluated theintervention’s potential to achieve specific
health outcomes [36-39,41-44]. The technologies evaluated in
these studies included 8 mabile apps [30,33,35,38,40-43], 4
SMS text message systems [32,36,37,44], 1 voice message
system [34], 1 website optimized for mobile devices [39], and
1 social media platform [31]. A total of 40% (6/15) of articles
reported technical specificationsfor how they built and deployed
theintervention [31,32,36,37,41,43], 40% (6/15) of studieswere
conducted in the United States [31-33,38-40], and 6% (1/15)
of studieswas dualy conducted in the United States and Mexico
[30]. Overal, 20% (3/15) of studies were conducted in Iran
[37,42,43], and the remaining (5/15, 33%) studies were
conducted in Cambodia [34], China [36], Guatemala [44],
Sweden [41], and Switzerland [35]. Tables 2 and 3 provide
detailed information about the study findings and technologies
evaluated.
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Table 1. Article characteristics.

Study Field Country Number of Participants oRB|T2 model classification
(parents)
Armentaet a [30], 2019 Computing United States and 11 Nonexperimental evaluation of feasibility;
Mexico no measurement or documentation of child

health outcomes

Suh et a [31], 2014 Computing United States 14 Nonexperimental evaluation of feasibility;
no measurement or documentation of child
health outcomes

Olson et a [32], 2016 Medica United States 31 Nonexperimental evaluation of feasibility;
no measurement or documentation of child
health outcomes

Hayes et a [33], 2014 Computing United States 14 Nonexperimental evaluation of feasibility;
no measurement or documentation of child
health outcomes

Huang and Li [34], 2017 Medical Cambodia 126 Nonexperimental evaluation of feasibility;
no measurement or documentation of child
health outcomes

Jacques et a [35], 2020 Health informatics Switzerland 12 Nonexperimental evaluation of feasibility;
no measurement or documentation of child
health outcomes

Jiang et al [36], 2019 Health informatics China 558 Nonexperimental evaluation of feasibility;
no measurement or documentation of child
health outcomes

Khademian et a [37], 2020 Medica Iran 211 Pilot and early experimental evaluation of
child health outcomes

Lozoyaet a [38], 2019 Medical United States 33 Pilot and early experimental evaluation of
child health outcomes

Nezami et a [39], 2018 Pediatrics United States 51 Pilot and early experimental evaluation of
child health outcomes

Nolen et a [40], 2018 Health informatics United States 8 Pilot and early experimental evaluation of
child health outcomes

Nystrom et a [41], 2017 Medical Sweden 315 Pilot and early experimental evaluation of
child health outcomes

Seyyedi et a [42], 2020 Medical Iran 110 Pilot and early experimental evaluation of
child health outcomes

Zolfaghari et a [43],2021 Medica Iran 58 Pilot and early experimental evaluation of
child health outcomes

Domek et al [44], 2016 Medical Guatemala 321 Pilot and early experimental evaluation of
child health outcomes

30RBIT: Obesity-Related Behavioral Intervention Trials. The ORBIT model establishes apathway of phases that supports the translation of information
in behavioral and social science research into health interventions [45].
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Table 2. Summary of findings.
Study Technology description  Study design Usability and feasibility evalua=  Child outcomes Parent knowledge and
tions of the technology. decision-making
Armentaet  Mobile app for child Qualitative usability Evaluated theuser interfaceand  Not measured Not measured
a [30],2019 milestone tracking study—evaluated 3 workflows for basic functions
versions of amobile for thefirst app to identify ob-
app: origina, transla-  jectivesfor aredesign. Found
tion, and redesign that thefirst app had severa is-
sues with basic functions (eg,
data entry and creating new
profiles). Evaluated the re-
designed app and successfully
resolved usability issues previ-
ously identified.
Suhet d Social medianetwork  Deployment study and  Parentsreported difficulty with  Not measured Not measured
[31],2014  (Twitter), website, and qualitative, exploratory responding to tweets using the
text messaging system  study program'’s syntax and did not
for tracking child health like that the program used a
milestones socia networking site. Parents
liked the accessibility of the
content related to child mile-
stones and opportunitiesto in-
teract with other parents
through the platform.
Olsoneta  SMStexting with per-  Feasibility study Parents reported high satisfac-  Not measured Parents reported in-
[32],2016  sonalized messages tion with the frequency of text creased awareness of
about child develop- messages. Parents also shared language-promoting ac-
ment and local child preference for text messages tivitiesand local child
health resources over website-based programs, devel opment resources
owing to ease of access.
Hayeseta  Mobileappfortracking Quditativetechnology Did not track any usability iss  Not measured Parents expressed that
[33],2014 infant weight, diapers, probe, interviews, sur-  sues. Parent feedback revealed the app supported par-
infant emotions, re- veys, and log analysis  that the app does not require ent-focused outcomes
minders, and parent much training to use it asabe- (tracking mental health)
moods ginner. and that using the app
did not contribute to
additional stress levels
Huangand Interactive voicere- Feasibility study Intervention waswell accepted Not measured Not measured
Li[34],2017 sponsesystem by using by parents, as parents expressed
prerecorded voice interest in paying for the ser-
phone calls vice and referenced the tool’s
cultural relevance.
Jacqueset al  Mobile app for record-  Feasibility study Parentsrated theapp ashighon Not measured Not measured
[35],2020  ingfood quality andin- the ease-of -use scale [46].
take and tracking nutri-
tion information of
foods
Jiang et a SMStextingwithinfor- Quasi-experimental de- Not measured Measured child’'sBMI  Not measured
[36], 2019 mation about feeding  sign before and after inter-
and breastfeeding vention. Intervention
did not demonstrate a
significant effect onthe
children’'s BMI
Khademian ~ SMStextingwithinfor- Randomized control Not measured Not measured Maternal knowledge
eta [37], mation about child oral tria about oral health and
2020 health related practicesim-

proved after interven-
tion
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Study Technology description  Study design Usability and feasibility evalua-  Child outcomes Parent knowledge and

tions of the technology. decision-making

Lozoyaetd Mobileappwithguided Experimental pretest-  Not measured. Documented dietary Did not find a signifi-

[38],2019  videos, reminders, and posttest and qualitative habits, oral healthprac- cant quantitative change
social feed for child’'s  interviews tices, and dental gppoint- in parent knowledge.
ora hygiene ment attendance for all  Found that parents re-

children beforeinterven-  ported apositive experi-

tion. Did not findany  ence with the mobile

changesto those prac-  app’s reminders and

tices after intervention  guided brushing fea-
tures

Nezami etal Mobile-optimizedweb- Randomized controlled Adherenceto the intervention  Children consumedless Not measured

[39],2018  site, SMStext mes- trial was higher than in previous beveragesin theinter-
sages, and physical list studies with mothers of young  vention group
of foods with nutrition children. Dropout was more
information likely among people of color;

however, dropout did not differ
by treatment group.

Noleneta  Mobileappwithvideos, Usability study On average, parentsbelieved  Not measured Not measured

[40Q], 2018 reminders, and facts that the app could keep them
about achild’s oral informed about their child’'s
health ora health. Parents rated navi-

gation of the interface and de-
sign elements as poor. Parents
shared that several of the fea-
turesin the app did not work.

Nystromet  Mobileappfor tracking Randomized controlled Not measured Measured child BMI or  Not measured

a [41],2017 child’sfoodintakeand tria FM12levels and did not
exercise find achange after inter-

vention. Found that
child activity levelsin-
creased

Seyyedi etal Mobile app with guid- Randomized controlled Not measured. Intervention group im-  Mother’snutritional lit-

[42],2020  anceonfeedingand di- tria proved nourishment eracy improved for both
rect chat with clinicians status groups; however thein-

tervention group had
greater improvement

Zolfaghari et Gamified mobileapp  Pretest-posttest con- Not measured. Reported significant Measured improve-

a [43],2021 with tracking and re- trolled clinical trial improvement in child  mentsin parent knowl-
minders for oral hy- tooth brushing frequen-  edge about oral health
giene practices cy. Both groupshad re-  in both groups, but

duced child plaque higher improvement
measurements, but re-  was found in the gami-
duction was higher in  fied group
the gamified interven-
tion group
Domek etal  Vaccinereminder tex-  Pilot randomized con-  Identified that thevaccineSMS No significant impact ~ Parents expressed that
[44],2016  ting program trolled trial texting reminder systemisfea- onvaccineratesinthe the reminders were

intervention group

helpful in following up

sible for the LMICP context,
and reported high user satisfac-
tion with the technol ogy.

with their child’s vac-
cine series

compared with the con-
trol group

3FMI: fat massindex.
BLMIC: lower middle-income country.
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Table 3. Technology systems and features.

DeWitt et al

Functions and features

Early childhood areas (as
outlined by Hagan et al [1])

Content sources

Studies Technology system

Armentaet  Smartphone app

al [30], 2019

Suhet d Social media network

[31],2014  (Twitter), website, and
SMS text messaging

Olsoneta  SMStext messaging

[32], 2016

Hayeseta  Smartphone app

[33], 2014

Huangand  Interactive voice re-

Li[34],2017 sponse system

Jacquesetal  Smartphone app

[35], 2020

Jang et a SM'S text messaging

[36], 2019

Khademian ~ SMS text messaging

et al [37],

2020

Lozoyaeta Smartphone app

[38], 2019

Nezami et al  Mobile-optimized web-

[39],2018  site, SMS text messag-

ing, paper-based list,
stickers, and charts

Translated version of existing smart-
phone app (from English to Spanish).
Includes developmental milestone
tracking through checklists, exporting,
and sharing completed checklists, and
recording notes about milestones. Sup-
ports profilesfor >1 child.

Parents follow an account that shares

age-based milestone questions (some-
times coupled with images) at regular
intervals. Then, the parent can respond
by posting atweet or direct messaging
the account.

Sends 3 SM S text messages per week
for 12 weekswith information on child
development and local child health re-
sources. Sends messages with survey
questions about parent’s strategies to
support their child’s health.

Tracking infant weight, diapers, and
emotions. Includes mood tracking for
parents. Generates datafiles for health
care professionals and reminders for
tracking in the app.

Sends prerecorded messages through
phone call to parents, starting 3 days
after birth. Messages are sent every 4
days until the child is 28 days old.
Messages are 60-90-seconds long and
have avariety of voices offered.

Digitizes food recording features, in-

cluding intake and quantity. Provides
information on added fats or sugarsin
foods after parents use the app to take
pictures of food labels.

Weekly text messages provide anticipa-
tory guidance about feeding, and re-
quests more information from parents
about breastfeeding statuses for them-
selves and their child.

Daily SM S text messages provide
guidance about oral health. SM S text
messages were designed using gain-
and loss-frame formatting.

Provides documents and videos with
oral hygiene instructions. Tracks tooth
brushing times and sends brushing re-
minders. Includesasocial feed to share
brushing and flossing experienceswith
asocia network.

Text message prompt at the end of ev-
ery week to collect the mother’s person-
al data, which isthen used to create a
tailored email about nutrition and
quality of foods consumed.

Developmenta milestone
surveillance

Developmental milestone
surveillance

Developmental milestone
surveillance

Feeding, growth develop-
ment, and parent mental
health

Developmenta milestone
surveillance

Food and nutrition

Feeding and breastfeeding

Care of teeth and gums

Care of teeth and gums

Food and nutrition

First iteration of mobile app devel-
oped using the CDC’s? Learn the
Signs. Act Early campaign. The sec-
ond iteration of the mobile app was
derived from the Spanish version of
the CDC’s milestone list

Not reported

Not reported

Not reported

Consulted with local midwives for
more information about message
content

Consulted with expert pediatric dietet-
ics at Geneva Children’s Hospital

Developed using WHOP breastfeed-
ing and infant or young child feeding
recommendations. Consulted with
local child health care experts

Consulted with local pediatric den-
tistry professors and educational
management specialists

Not reported in this paper; document-
ed in preceding paper

Not reported in this paper; document-
ed in a preceding protocol paper
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Studies Technology system Functions and features Early childhood areas(as ~ Content sources

outlined by Hagan et al [1])
Noleneta  Smartphone app Sends tooth brushing reminders for Care of teeth and gums American Dental Associationwebsite
[40Q], 2018 morning and night, tracks frequency of

Nystromet  Smartphone app
al [41], 2017

Seyyedi etal  Smartphone app
[42], 2020

Zolfaghari et Smartphone app
al [43], 2021

Domek etal SMS text messaging
[44], 2016

brushing and flossing events, includes
videos for guided brushing, and has
facts about oral health in articles.

Mobile app sends push notifications
with general information about nutri-
tion and exercise. Provides advice and
strategiesto change behaviors, supports
weekly tracking of child’s intake and
exercise. App provides weekly feed-
back (graphical and automated com-
ments) based on personal data. The
mobile app also supportsdirect contact
with adietician or psychologist.

Provides articles with age-based guid-
ance education based on feeding chil-
dren. Provides a chat feature where
clinicians can directly answer parent
questions in the app.

Provideswritten information about oral
hygiene, nutrition, fluoride intake, and
content of dental visits. Mobile app

sends remindersto brush teeth at night.

SMSS text message reminders sent to
parents at 6, 4, and 2 days before the
next scheduled child vaccination date
(aspart of a3-dose vaccination series).

Food and nutrition, physical  Not reported

activity

Feeding and breastfeeding

Care of teeth and gums

Vaccines

Maternity Guidelines for Maternal
and Child Health Servicesissued by
thelranian Ministry of Health. Cross-
referenced content with guidance
from alocal nutritionist

American Association for Pediatric
Dentistry Guidelines. Mobile app was
evaluated by oral medicine special-
ists, pediatric dentists, and electronic
learning and programing technicians

GuatemalaMinistry of Public Health
and Social Assistance, Pan American
Health Organization, and project opti-
mize

8CDC: Centers for Disease Control and Prevention.
BWHO: World Health Organization.

Features of the Technology I nterventions

Among the studiesthat eval uated mobile apps, featuresincluded
a tracking component for parent and child behaviors, articles
about child hedlth topics, reminder systems using push
notifications [33,38,40,43], milestone questionnaires [30], and
data file generation for a physician to review [33]. SMS text
messaging interventions provide anticipatory guidance for
parentsto save and review their child's health and devel opment
[32,36], send reminders for in-person appointments [44], and
reguest information about parent or child behavior status [36].
One intervention used the social media network Twitter, where
parents would send tweets as responses to daily milestone
questions [31]. Another intervention sent parents prerecorded
phone calls with information about milestones multiple days
per week for a month [34]. One intervention also provided
personalized summaries of the tracked content to parents by
email [39].

Methods Used for Design and Evaluation

Studies from medical fields have generally used experimental
methods to evaluate the feasibility or effectiveness of
interventions. Of the 15 studies, 5 (33%) used randomized
controlled trials[37,39,41,42,44], 2 (13%) used a pretest-posttest
design [38,43], and 1 (6%) engaged parents in qualitative
interviewsto hear their experiences[38]. Moreover, 13% (2/15)
of studies published in medical fields used a feasibility study
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to evaluate their intervention [32,34]. Studies published in
computing fields have used methods from design disciplinesto
eva uate interventions. Furthermore, 13% (2/15) of studiesasked
participants to adopt the intervention in their everyday livesto
understand its feasibility and acceptability. Of the 15 studies,
1 (6%) evaluation used a deployment study coupled with
qualitative interviews [31], and the other used a technology
probe and interviews, surveys, and a log analysis in their
comprehensive evaluation [33]. The other computing study
conducted a usability evaluation of their designs [30]. Studies
published in health informaticsfields have used interdisciplinary
methods based on traditional computing and medical research.
Of the 15 studies, 1 (6%) study experimentally measured
changesin child weight and activity levels after the onset of the
intervention [36], 1 (6%) study conducted afeasibility evaluation
[35], and 1 (6%) acquired parent feedback through a usability
study [40].

Content Sources

A total of 20% (3/15) of studiesfrom computing fieldsevaluated
an intervention that supported parents in developmental
milestone tracking [30,31,33]. Of these 3 studies, only 1 (33%)
[30] mentioned its content sourcesfor devel opmental milestone
topics and related Spanish trandlations; however, another study
referenced developing the intervention “based on a series of
formative studies’ [33]. Overall, 33% (1/3) of studies provided
generic guidance for infants up to 28 days old and reported that
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they consulted local midwivesfor guidance[34]. Theremaining
studies addressed single-topic areas of early childhood health
promotion.

Moreover, 26% (4/15) of studies focused on feeding- and
nutrition-related content, 50% (2/4) of these studies were
published in health informatics fields, and the remaining (2/4,
50%) studieswere published in medical fields. Of thesefeeding
and nutrition studies, 75% (3/4) reported how they developed
the content for their intervention [35,36,42] and 50% (2/4)
studies [36,42] consulted both national guidelines for feeding
and nutrition and relevant experts (pediatric dietitians or
nutritionists). Of these 4 studies, 1 (25%) study consulted
pediatric dieticians at alocal hospital wherethey wererecruited
for their study [35] and 1 (6%) study redirected attention to their
related protocol paper for details on how they developed the
intervention [39].

Overdl, 26% (4/15) of studies presented an intervention
targeting pediatric oral health and related parenting behaviors,
and of these, 4 studies, 3 (75%) were published in medical fields
[37,38,43]. Of these 3 studies, 1 (33%) reported that they
reviewed national guidelines for pediatric dentistry and had
their system evaluated by oral medicine specialists, pediatric
dentists, and electronic learning and programing technicians
[43]. The other (1/3, 33%) study reported that they consulted
pediatric dentistry professors and an education management
specialist to develop content for their intervention [37].
Furthermore, 33% (1/3) of studies did not report how they
developed the content for the intervention [38]. The remaining
pediatric oral health study was published in ahealth informatics
field, and the intervention was developed using the American
Dental Association’swebsite [40].

Of the 15 studies, 1 (6%) study targeted vaccine adherence and
consulted the country’s Ministry of Public Health and Social
Assistance, a health organization, and a special government
project group focusing on vaccine adherence [44] and 1 (6%)
study, which evaluated a speech- and language-focused
intervention, did not report how they developed content for their
intervention [32]. None of the studies in this review evaluated
an intervention that comprehensively addressed anticipatory
guidance, development and behavior screening, and social
determinants of health topics, as recommended in the Bright
Futures Guidelines for Pediatricians [1].

Demographics Reporting

Acrossall studiesin thisreview, the number of adult participants
enrolled in the study ranged from 8 to 58. The
demographics-reporting formats varied across al studies;
however, all sudies included similar demographic
characteristics. Studies published in medical and computing
fields reported at least three of the following characteristics:
child age and gender, parent age and gender, income level,
parent education level, mobile phone ownership or familiarity,
and race or ethnicity characteristics. None of the studies
published in health informatics fields reported race or ethnicity
dataof their participant samples. A total of 26% (4/15) of studies
opted for nontraditional approachesto describe socioeconomic
status: 1 (25%) study reported parental eligibility for a
low-income support program [32], 1 (25%) reported parental
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use of rental accommodations [36], 1 (25%) reported parental
work status [44], and 1 (25%) reported parents home or car
ownership [42]. Moreover, 20% (3/15) studies that examined
feeding or nutritional outcomes also tracked child weight or
BMI [36,39,41].

Feasibility of Maobile-Based Interventions for Parents
and Children by Publishing Fields

Computing Fields

Evaluation objectives varied across the studies. More than half
(8/15, 53%) of the studiesin thisreview did not report changes
in parents knowledge or decision-making processes
[30,31,34-36,39-41]. Among the studies published in computing
fields, 33% (1/3) of studies experimentally measured stress
levels before and after the intervention and found that the
intervention did not contribute to increased stress levels [33].
The same study found that their intervention scored high intheir
usability evaluations; parents reported ease of use during the
onboarding process, and they appreciated seeing visualizations
and parent-focused content (eg, information about parents
mental health). Of the 3 studies, the other 2 (66%) published in
computing fields did not report on outcomes related to parent
or child behavior changes, as they focused on usability
evaluations[30,31] and 1 (33%) study reported that parents had
difficulty with the delivery system of the intervention through
Twitter, mentioning that syntax made the response process
difficult, and parents did not like sharing their child’s health
information on asocia network [31]. However, the same study
also reported that parents generally appreciated the accessibility
of content in the intervention. The other study reported that
parents struggled during interface testing, as discovery of new
features (eg, tracking milestones or creating a new profile) and
related workflows were self-led, leading to parents perceiving
the app as confusing and undirected [30]. The same study
reported that parents preferred the ability to customize
milestones that they share, increasing font size, and reviewing
translations to Spanish, as they were not culturally relevant.

Health Informatics Fields

One interface-focused evaluation published in a health
informatics field measured the intervention’s impact on child
BMI, which demonstrated that it did not significantly impact
theBMIsof childrenin the study [36]. Another study examining
the usability of their gamified mobile app found that parents
believed the app could keep them informed about their child’'s
oral health and support progress toward positive oral health
behaviors [43]. The same study found that parents thought the
app was user-friendly, although the interface design and process
for parentsto recognize and correct errorsin tracking wererated
low. This study also found that the gamified intervention was
more effective in reducing child plaque than the nongamified
approach. The remaining mobile apps published in a health
informaticsfield reported ahigh ease of use of theinterface and
camera athough parents had problems navigating the maobile
app and expressed dissati sfaction with featuresthat did not work
[35]. However, the content, information, and reminders provided
were rated as positive featuresin this app.
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Medical Fields

Overdll, 25% (2/8) of studies published in medical fields did
not measure child-centered health outcomes [32,37]. These
studiesfocused on changesin parenting behaviors or knowledge
after the onset of the intervention or the feasibility of the
intervention for evaluations in larger populations. In al, 12%
(1/8) of studies found that maternal knowledge about pediatric
oral health and related practicesimproved after the onset of the
intervention and that high participation ratesin theintervention
indicated positive parent experiences with the technology [37].
In this intervention, parents specifically referenced that they
liked the reminders and guided brushing videos the app
provided. The other study reported that parents had increased
awareness of language-promoting activitiesand local resources
for child development support [32]. This same study reported
that parenting behaviors that promote language devel opment
increased, and parents reported that the number of texts and
content of the messages were accessible and easier to navigate
than when searching the internet. Of 8 studies, 1 (12%) study
did not evaluateinterventions rel ated to child outcomes or parent
knowledge [34].

The remaining (4/8, 50%) studies published in medical fields
measured child health outcomes after the onset of the
intervention. Severa studies have indicated that mobile-based
interventions|ead to significant child outcomes. Of the 8 studies,
1 (12%) study found that although BMI measurements of the
intervention group did not differ significantly from those of the
control group, physical activity levels did improve [41] and 2
(25%) interventions targeting nutrition-related outcomes,
including reduced sugary beverage consumption [39] and
improved child weight [42], found that children met the goals
set during the intervention evaluation. Another study found a
significant improvement in child toothbrushing frequency, and
the gamified version of the intervention was more successful
in controlling plague than the control group [43]. However,
12% (1/8) of studies reported that the intervention had no
significant impact on quantified child outcomes [38], despite
positive experiences reported by parents.

Discussion

Principal Findings

We completed a systematic literature review of mobile-based
health interventions for early childhood health promotion
published within the past 10 years. Of the 15 articles we
reviewed, we found that using mobile-based systemsto deliver
health interventions was generally well accepted by parents of
children <5 years of age. We also found that, when measured,
parenting knowledge of early childhood health topics and
confidence to engage in health-promoting behaviorsimproved.
For child health outcomes, several studies reported that the
intervention did lead to targeted outcomesin child health, which
indicates the potential for population-level improvements. In
this section, we describe the opportunities for intervention
designers and evaluators to critically engage with conceptsin
design practice, risk of technology-generated disparities, and
reporting standardization.
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Progression of Research Studies

The Obesity-Related Behavioral Intervention Trials model
establishes a pathway of phasesthat supports the translation of
information in behavioral and social scienceresearch into health
interventions [45]. Using the Obesity-Related Behavioral
Intervention Trials model, we documented the preparedness of
the systems evaluated in the studies for large-scale phase 3
efficacy testing. In phase 3 efficacy testing or clinical research,
researchers examine the efficacy of interventions and monitor
outcomes in larger, more diverse populations, and over longer
periods. We identified that 53% (8/15) of the studies evaluated
their systems using nonexperimental methods and established
the feasibility of the systems for target populations without
documenting child health outcomes [30-35,37,40]. The
remaining (7/15, 46%) studies conducted early experimental
evaluations of the systems in larger populations and evaluated
related child outcomes [36,38,39,41-44]. However, it is
important to note that of the 6 studiesthat completed large-scale
evaluations, 83% (5/6) of studies were published in medical
fields[37,39,41,42,44], and the other was published in a health
informatics field [36]. This indicates a lack of large-scale
efficacy evaluations of early childhood health technologies in
computing and health informatics fields.

Computing researchers have identified that novel technology
designs often do not reach larger-scal e testing and depl oyment
in larger populations owing to funding constraints, lack of
organizational support to maintain systems, retention of
designersat origina organizations, and incompatibility between
early-stage designsand large-scale clinical evaluation processes
[47]. Multidisciplinary collaboration across computing,
medicine, and health informatics can lead to larger-scale
evaluations, as medical trials are more likely to be funded in
the long-term [7]. Partnerships between these disciplines can
also support higher-quality designs and evaluations as
researchers can be dedicated to 1 area of aproject. For example,
the Text4Baby program included a multiyear collaboration
between computing and medical researchers. This project led
to evaluations specifically for low-income parents and was
evaluated at multiple stages, including a pilot evaluation [48]
and arandomized controlled trial [49]. The Text4Baby program
was aso evaluated across diverse contexts, including
Spanish-speaking parents [48], pregnant people who smoke,
and pregnant and postpartum people from underserved areas
[50]. Chandler et a [51] documented the cultura tailoring
practices for mHealth tools aimed at addressing sexua and
reproductive health outcomes for black and L atinawomen and
identified opportunities to improve long-term outcomes and
address hedlth disparities. In domains other than child
devel opment support, researchers have called for moreimpactful
collaborations between computing and medical researchers.
Calvo et a [52] documented an initiative to bridge researchers
in computing, medicine, and health informatics around the
global mental health epidemic and identified challenges and
solutions related to interdisciplinary collaboration. As the
applications of technology-based interventions for child
development are often novel, thereis an opportunity to recognize
the success of interdisciplinary collaboration in other domains
and set standards for future work in this area. With support
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across these disciplines, the early stages of the design and
evaluation process can include larger and more diverse
populations and introduce multiple dimensions of evaluation
that addressinterface design, population relevance, and clinical
objectives.

Reporting Guidelines

Weidentified that there isinconsistency in the reporting of race
or ethnicity dataand socioeconomic backgroundsin the samples.
Several studiesin thisreview did not report theracial or ethnic
backgrounds of the participants in their samples. In all, 33%
(5/15) of studies did not report socioeconomic data for their
participant samples [31,34,35,38,41]. Researchers have found
that reporting the demographic makeup of research samples
helps illuminate potential disparities in the effectiveness of
novel systems[14]. To address the potential of interventionsto
contributeto intervention-generated inequality, Veinot et al [22]
recommended setting recruiting objectives that lead to testing
in more diverse samples by targeting members of both
disadvantaged and advantaged groupsin early evaluations. We
also identified that thereis consistency in demographic reporting
formats within fields but not across them. To improve the
generalizability of results across fields, researchers might rely
on national guidelines for reporting demographics [53]. In
addition, Siek et al [54] documented that certain racial disparities
within technology use can sometimes be flattened when
differences between groups are not reported or anayzed.
Therefore, consistency in the reporting formats for racia
demographics is necessary. Reporting demographics can aso
support broader research objectives to identify trends in
technology use among specific populations[22]. Assuch, there
is a need for researchers to both report their participant
demographicswith more granularity consistency and document
the effectiveness of systems with attention to the unique
experiences of different racial groups. Improvements in
reporting have the potential to support more accurate and
granular identification of those affected most by hedth
disparities. For example, researchers have identified standards
for demographic reporting that support the accurate
identification of health disparities within public policy [55].

Research Across Fields

The research objectives, methods, and paper formats tended to
be consistent within fields. Among studiesfrom medical fields,
paperstended to be shorter in page length, focused on evaluating
child health outcomes, and used quantitative methods to
experimentally evaluate the effectiveness of the systems.
Computing fieldsfocused on using qualitative research methods
toidentify whether the design of systemswasfeasiblefor target
populations and documented the opinions of participants on
interface and interaction experiences. As expected, studies
published in health informatics fields use a hybrid of methods
from both computing and medical traditions, experimentally
documenting child health outcomes and the feasibility of
systems for deployment in larger populations. Researchers in
computing, health informatics, and medical fields have all
focused on the impact of usability and feasibility on the
long-term effectiveness of interventions [23,56]. Researchers
at the individual level might adopt a mix of qualitative and
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guantitative methods to complete more comprehensive
evaluations of systems; however, interdisciplinary collaboration
isneeded to devel op comprehensive and large-scal e evaluations
[54]. Partnerships between computing, medical, and health
informatics researchers could lead to funding for large and
long-term evaluations, a more comprehensive design process,
and resources designated to developing content that addresses
>1 need in the target population.

Content Development Process Reporting

Reporting content sources support the decision-making process
inuptakefor both parents and pediatricians[4]. For pediatricians
to recommend mHealth systems such that their guidance is
aligned with the guidance from the systems, interventions should
report their content sources and refer to national guidelines for
content [12]. As mentioned in the studies from this review, an
expert review of the content can be helpful inthe design process.
Although each study contributed a technology on a different
topic areain child health (eg, some addressed nutrition, others
addressed physical activity), none of the studiesin this review
developed a technology that comprehensively addressed
anticipatory guidance, devel opment and behavior screening, or
socia determinants of health topics.

The socia determinants of health topics are of particular
importance, as they have the potential to support communities
affected by racial disparities. Theimpact of social determinants
on hedlth content is 2-fold. First, screening for social
determinants of health can illuminate the health risk factorsthat
aredirectly influenced by socia contexts. Garg, Boynton-Jarrett,
and Dworkin maintain that social determinants of health
screening are imperative for identifying how race influences
health outcomes [12]. Within child health promotion, social
determinants of health screening can lead to tailored
recommendations[13]. Second, the social determinantsof health
frameworks can be useful for informing the content of health
technologies through features that are adjacent to core health
guidance. For example, researchers have evaluated consumer
health apps and have identified that the technology literacy,
price, and system demands of mobile apps influence the user
experience [57], which are al related to the social contextsin
which people interact with systems. Thus, social determinants
of heath content can be relevant to both the content and
implementation formats of technology systems.

Design and | mplementation Recommendations

There are several design, evaluation, and implementation
recommendations that arise from the findings of this review
and dign with guidance in avoiding potential
intervention-generated inequalities. Researchers might engage
more diverse populationsin the early design phases of systems
toidentify potential barriersto adherencein later testing phases
and access them in later implementation phases. Computing
researchers have identified that using human-centered
methodologies in the early design and evaluation phases of
system development leads to more effective and sustainable
outcomes [58,59]. Including and reporting both the experiences
of diverse populations and demographic sample makeup can
illuminate potential disparities in health interventions. In this
review, most studies focused on the evaluation of developed

IMIR Pediatr Parent 2022 | vol. 5 | iss. 4 [€37718 | p.249
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING

prototypes and sought to understand how to improve these
designs for later iterations in the target populations. Although
usability and feasibility evaluations are beneficial for
determining goalsfor future designs, understanding the broader
contextsin which people use systems requires further specificity
[23]. Evaluating systems, including specific objectivesto address
the effectiveness of racially diverse communities, can promote
the recognition of racial disparities. For example, Brewer et a
[60] presented several case studies documenting the impact of
context-specific  considerations in  health informatics
interventions related to race and community. The case studies
included in this work highlight strategies for implementation
and design that directly respond to the experiences marginalized
communities have with their health and related technologies.
Unless there are specific objectives for late-stage evaluations
to capture the experiences of underserved populations, these
evaluations cannot respond to technol ogy-generated disparities.

Involving underserved populations in early-stage design
processes can illuminate the influence of racial disparities and
the potential for technology-generated disparities. There is an
opportunity to document the earlier stages of design and use
methods in early-stage processes that promote meaningful
engagement with the target populations. For example,
researchers have relied on design methods that enable target
populations to become cocreators of systems, including
co-design [59] and participatory design [61]. There is a broad
spectrum of participation in target popul ations, extending from
the community level to individualized participation [62].
Early-stage involvement in design processes is crucia to
meaningfully address the risk of technology-generated
disparities, as design specifications born out of conversations
with target populations can respond directly to their unique
needs [14].

Meaningful engagement with communities also extends to
contexts in which they are likely to interact with health
interventions and environmental factors that contribute to the
effectiveness of these systems. Devel oping interventionswithin
the community context can foster awareness of the reality of
how communities experience and interact with technology. For
example, Mufioz and Arriaga [63] documented the preferences
of low-income parents when tracking child development by
using technology. In this work, the researchers met parents at
centers for women, infants, and children and identified
context-driven guidelines for technologies, including sharing
information between multiple caregivers and across generations.
Modifying studies to be culturally aware can foster greater
participation from communities. From the same work by Mufioz
and Arriaga[63], 1 member of thisresearch team spoke Spanish,
the dominant language in this community, and the researchers
included Spanish materials. This led to a substantial increase
in the recruitment of Spanish-speaking parents (nearly doubled).
Researchers have also demonstrated that deploying interventions
in diverse contexts requires attention to the unique community
contexts. Escobedo and Arriaga [64] engaged with parentsin a
neighborhood childcare center, where they evaluated a
milestone-tracking application. In this study, the researchers
collaborated with Spanish-speaking parents and identified that
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officia trandations of developmental milestones from the
Centers for Disease Control did not reflect the Spanish variant
(Mexican Spanish), which is primarily spoken in the United
States. Through careful engagement with communities, both
design and eval uation processes can be responsive to the unique
experiences of diverse communities.

Researchers might also engage families as designers of
technologiesto identify well-suited delivery methods and feature
specifications. Studies have engaged familiesin design practice
and have found that systems are better aligned with family
experience [65]. The user interface and experience can also be
honed through thistype of research engagement [66]. Although
this systematic review did not specifically focus on the design
and evaluation of features in these technologies, researchers
have demonstrated the influence of features on outcomes [67].
Although none of the articles included in this review included
feature-level analyses, including the eval uation of features may
lead to an understanding of what features affect proximal
outcomes.

Limitations

Therearelimitationsto our findings. We did not include articles
that described the components of an mHealth technology or a
study to evaluate it but did not have participant groups using
the technology (eg, study protocols). We aso did not include
studies where mHealth technology was a part of a larger
intervention or studies of technologies developed for parents
of children with specific health conditions, such asautism. This
may exclude technologiesthat address areas of early childhood
health promotion, specifically those covering devel opmental
delays. Finaly, our analysis of thiswork was heavily informed
by Bright Futures Guidelinesfor Health Supervision of Infants,
Children, and Adolescents, which was developed in the United
States and thus could include content that is culturally different
from developmental screening content in other countries. The
Bright Futures guidelines are unique to the developmental
screening processesin the United States, which may frame child
health needs differently than other countries. As such, our
analysis may not reflect each unique context in which these
child health technologies have been devel oped.

Conclusions

We conducted a systematic review of mobile-based technologies
for the promotion of early childhood health. We categorized
studies by field to identify trends in design and evaluation
practices and opportunitiesfor those processesto address health
disparity reduction. More mHealth interventions are needed
that comprehensively addressall areas of early childhood health,
including anticipatory guidance, development and behavior
screening, and the social determinants of health screening. None
of the studies evaluated in this review contributed to a system
that addressed al 3 of these topics. To fully understand the
accuracy of health recommendations and identify reasonsfor a
lack of adherence, it is necessary for early childhood health
promotion tools to comprehensively address all the areas
affecting child health. Without considerations of upstream
factors, intervention risk is less effective, particularly in
underserved populations.
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