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Abstract

Background: Despite the growing uptake of smart technologies in pediatric type 1 diabetes mellitus (T1DM) care, little is
known about caregiving parents’ skillsto deal with electronic health information sources.

Objective:  We aimed to assess the electronic health literacy of parents caring for children with TIDM and investigate its
associations with disease management and children’s outcomes.

Methods: A cross-sectional survey was performed involving 150 parent-child (8-14 years old with TIDM) dyadsin a university
pediatric diabetology center. Parents’ el ectronic health literacy (eHealth Literacy Scale[eHEALS]), general health literacy (Chew
guestionnaire and Newest Vital Sign [NVS]), and attitudes toward T1IDM care (Parental Self-Efficacy Scale for Diabetes
Management [PSESDM] and Hypoglycemia Fear Survey [HFS]) wereinvestigated. Children’streatment, HbA ;. level, and quality
of life (Pediatric Quality of Life Inventory Diabetes Module [PedsQL Diab] and EQ-5D-Y-3L) were assessed. Multiple linear
regression analysis was performed to investigate the determining factors of 6-month average HbA ;.

Results: Of the 150 children, 38 (25.3%) used a pen, 55 (36.7%) used a pen plus a sensor, 6 (4.0%) used an insulin pump, and
51 (34.0%) used an insulin pump plus a sensor. Parents' average eHEALS score (mean 31.2, SD 4.9) differed significantly by
educational level (P=.04) and the children’s treatment (P=.005), being the highest in the pump + sensor subgroup. The eHEALS
score showed significant Pearson correl ations with the Chew score (r=—0.45; P<.001), NV S score (r=0.25; P=.002), and PSESDM
score (r=0.35; P<.001) but not with the children’s HbA ;. (r=—0.143; P=.08), PedsQL Diab (r=-0.0002; P>.99), and EQ-5D-Y-3L
outcomes (r=-0.13; P=.12). Regression analysis revealed significant associations of the child’s HbA . level with sex (3=0.58;
P=.008), treatment modality (pen + sensor: f=-0.66; P=.03; pump + sensor: 3=—-0.93; P=.007), and parents self-efficacy
(PSESDM; 3=-0.08; P=.001).

Conclusions: Significantly higher parental electronic health literacy was found in TLDM children using a glucose sensor. The
electronic health literacy level was associated with parents’ diabetes management attitude but not with the child's glycemic
control. Studies further investigating the role of parental electronic health literacy in TIDM children managed at different levels
of care and the local context are encouraged.
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Introduction

Type 1 diabetes mellitus (T1DM) is one of the most common
chronic diseases in children, with an increasing incidence and
prevalence globally [1-3], which poses a significant social and
economic burden on pediatric patients, their caregivers, and the
society [4-11]. To reduce the effects of these consequences,
efficient disease management and treatment strategies are
needed.

Pediatric T1DM care has become increasingly
technology-driven, with improved therapeutics, such as
automated insulin delivery systems and continuous glucose
monitoring sensors, being increasingly usedin treatment [12-15].
These advanced technologies have a positive effect on disease
outcomes as they can facilitate reaching glycemic targets and
thus reducing diabetes-related complications[16]. Accordingly,
international treatment guidelines recommend the use of the
most advanced therapeuticsthat are readily available, affordable,
and considered appropriate for pediatric patients with TIDM
to maintain appropriate disease control and improve glycemic
outcomes [17,18]. When introducing a new device into the
treatment, patient and caregiver training is also recommended
for proper device operation and use. Likewise, engagement in
disease management and appropriate behavior are key factors
to obtain the best results and achieve treatment goals. To meet
these expectations, proper education of both patients and
caregivers, considering their interest in and barriers to
technology uptake, is of utmost importance, along with health
literacy improvement, which was found to be associated with
diabetes outcomes [18-24].

As a constantly evolving concept, there is a wide range of
definitions for health literacy [25]. According to the most
common and widely accepted interpretation, health literacy
broadly refers to people’s ability to find, evaluate, understand,
and use health-related information needed to make appropriate
and informed health decisions [26]. As it follows from the
definition, parents must have a certain level of health literacy
to play an effective role in their child’s disease management
and to be able to make informed and responsible health-rel ated
decisions [27]. However, as indicated by Sanders et al [28],
parents often struggle with understanding their child's health
infformation owing to its increasing complexity, with
approximately one-third of parentsin the United States having
insufficient health literacy. [29]. Furthermore, a low level of
parental health literacy is associated with children’s poor health
status [30] and may lead to poor disease outcomes such as
insufficient glycemic control [31].

Owing to the recent significant growth in internet use, changing
consumer habits, and widespread use of digital products,
electronic  information sources and even artificia
intelligence—based technol ogies play an increasingly important
rolein the management of pediatric diabetes[32-35]. In astudy
by Macken et al [36], 43.5% of families of pediatric TADM
patients with internet access used the internet monthly or more
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often to find TADM-related health information. At the same
time, new sources pose challenges for parents, who need the
appropriate abilitiesto deal with health information to manage
their child’s disease properly [28,37]. In relation, the concept
of electronic health literacy has been devel oped, which, building
on general health literacy, can be defined as the ability to seek,
find, understand, and appraise health information from electronic
sources and apply the knowledge gained to address or solve a
health problem [38].

Although the growing importance of health literacy has been
accompanied by an increase in the number of tools used to
measure it, diabetes-specific instruments are rarely available,
which makesit difficult to assess parents’ diabetes-related health
literacy in apediatric setting. In arecent systematic review, out
of 19 condition-specific instruments, 8 were diabetes-specific,
but al were for use in the adult population, and none of them
were designed specifically for TAIDM [39]. The authors also
identified 11 electronic health literacy measurement tools;
however, none of them were diabetes-specific. Furthermore,
only 3 instruments that assess parental hedlth literacy were
identified, but they were not related to pediatric diabetes.
Consistently, in studies examining the association of caregiving
parents general hedlth literacy with their child's diabetes
outcomes and glucose control, parental health literacy was
assessed with general tools such asthe Short Test of Functional
Health Literacy in Adults (S TOFHLA) [31,40], Newest Vital
Sign (NVS) [41,42], Parental Diabetes Numeracy Test (PDNT)
[31], and National Adult Reading Test (NART) [43]. However,
despiteitsincreasing significance, therole of parental electronic
health literacy in pediatric diabetes has not been investigated
extensively, and its associations with the child's disease
characteristics and glycemic outcomes have remained
unexplored.

The impact of the therapy on the course of the disease,
complications, and overall life expectancy can be seen only
over a long period, during which a large amount of data is
accumulated. The therapeutic goal is to empower the parents
and treat pediatric patients effectively at home rather than in
the hospital, which is partly to reduce social costs. Hence,
parents have become key players in the management of the
disease, and it is therefore necessary to obtain an insight into
their role in achieving the desired treatment outcome. Given
theincreasing use of digital technol ogiesand the fact that many
of today’s parents, mainly due to their age, have not received
any or sufficient formal training at school on searching and
using electronicinformation, their ability to navigate electronic
health information requires particular attention.

In this study, we sought to fill the gap in the knowledge of this
area. Our primary aim wasto assessthe electronic health literacy
of the parents of children with T1DM, in light of their general
health literacy. Moreover, we intend to investigate the
associations of parents' electronic health literacy with diabetes
management (including treatment types, parental self-reported
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attitudes, and diabetologists' perceptions) and the child'sdisease
outcomes (including medical and patient-reported outcomes).

Methods

Study Design and Participants

A cross-sectional, noninterventional, single-center survey study
was performed in 2021-2022 at a university pediatric
diabetology center in Hungary. Parents or caregivers and their
children with TAIDM attending routine diabetology care were
invited to participate. Adult caregivers (=18 years old) living
part-time with the child and children (8-14 years old) diagnosed
with T1DM for at least 3 months were included. Respondents
were informed that participation was voluntary and that their
data would remain anonymous and impersonal and would be
used solely for scientific purposes. The survey consisted of 3
modules filled in by parents of the child with TIDM (Module
1), the child with TIDM (Module 2), and the child’s treating
diabetologist (Module 3). Module 1 was completed on the
Qualtrics online survey platform. Modules 2 and 3 were
administered on paper, and the responses were digitized and
entered into the Qualtrics system. No personal data were
recorded online.

Ethical Considerations

Written informed consent was obtained from all participants
upon entry into the study. Ethical approval was obtained from
the Hungarian Medical Research Council
(1V/3848-1/2021/EKU; BMEU/1620-1/2022/EK U).

Parents Survey (Module 1): Main Characteristics,
Health Literacy, and Attitudes Toward the Child’s
T1DM

Basic demographic characteristics (sex, age, education,
residence, marital status, and employment), household data
(income and number of persons living in a household), and
childcare circumstances were recorded. Parents' electronic and
genera health literacy and their attitudes toward the child's
diabetes were assessed using standard measurement tools
(eHealth Literacy Scale[eHEALS], Chew questionnaire, NVS
guestionnaire, Parental Self-Efficacy Scale for Diabetes
Management [PSESDM], and Hypoglycemia Fear Survey
[HFS)).

The eHEALS was developed to measure electronic health
literacy, which refers to the respondent’s self-assessed
confidence; knowledge; and ability to find, understand, and use
electronic health information [44]. The self-administered
guestionnaire contains 8 statements on respondents’ awareness
of health resources on the internet (items 1 and 2), internet
searching skills (items 3 and 4), appraisal of health resources
(items 6 and 7), and use of health information (items 5 and 8).
Statements are rated on a5-point Likert scale (possible answers:
1, strongly disagree; 2, disagree; 3, undecided; 4, agree; 5,
strongly agree). Item scores are summed, resulting in a final
score of 8-40, with a higher score indicating better eHealth
literacy. In this study, the validated Hungarian version of the
eHEALS questionnaire was used [45].
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The Chew questionnaireisaprescreening tool to identify people
with low health literacy. It comprises 3 questions concerning
the frequency with which respondents feel confident to fill in
forms independently, need help in interpretation, and have
problems with understanding hospital documents [46,47].
Response options range from 0 (never) to 4 (adways). To
calculate the final score (range 0-12), the values of the answers
are added together. Higher scoresindicate lower health literacy
[48].

The NV S questionnaire was devel oped to identify people with
limited health literacy [49,50]. Respondents are presented with
a nutrition chart and asked 6 questions. Basic reading
comprehension skillsand simple mathematical calculationsare
required to answer. The likelihood that a person has limited
health literacy is determined by the number of correct answers
as follows: 0-1 correct answers indicate a high likelihood of
limited health literacy (50% or more); 2-3 correct answers
indicate a possibility of limited health literacy; and 4-6 correct
answers indicate adequate health literacy.

The PSESDM questionnaire was developed to assess parents
confidence in their ability to effectively manage their child's
diabetes [51]. It consists of 8 statements with which the level
of agreement can be indicated on a 5-point Likert scale (1
[strongly disagree] to 5 [strongly agree]). The fina score is
calculated by adding up the scores of responses, resulting in a
total score of 8-40. A higher score indicates a parent’s greater
confidence in caring for their child’s diabetes.

The HFS measures parents fear of their children’s
hypoglycemic episodes[52]. Thefirst part assessesthe parent’s
actions to avoid hypoglycemia and related problems (10
statements), and the second part assesses the parent’s concerns
about their child’s hypoglycemic episodes (15 statements).
Parents are asked to indicate on a 5-level scale how true the
statement is for them (response options: 0 [never] to 4 [amost
always]). Thefina score (range: 0-100) iscalculated by adding
up the individual scores given for each item. Higher scores
indicate a greater fear of hypoglycemia.

T1DM Children’sSurvey (M odule 2): Health-Related
Quiality of Life

To assess hedlth-related quality of life (HRQoL), participating
children completed 2 validated measurement tools (Pediatric
Quality of Life Inventory [PedsQL] and its Diabetes Module
[PedsQL Diab] and EQ-5D-Y-3L) for evaluating their general
and diabetes-specific quality of life.

The genera module of the 23-item PedsQL assesses the
following domains. physical functioning (“my heath and
activities’ involving 8 questions), emotional functioning (“my
feelings’ involving 5 questions), socia functioning (“my
relationships with others’ involving 5 questions), and school
functioning (“school” involving 5 questions) [53,54]. Questions
are asked for the past month, and responses are given on a
5-point Likert scale (possible answers. O, never; 1, rarely; 2,
sometimes; 3, often; 4, almost always). To calculate the final
score, the answersto each question are transformed into ascale
from 0 to 100 by inverse scoring (i€, the score for each answer
is 0=100, 1=75, 2=50, 3=25, and 4=0), and then, the simple
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arithmetic average of the scores obtained for each answer is
taken. A higher score indicates a better HRQoL .

Version 3.0 of the diabetes module of the PedsQL consists of
28 items and covers the following domains. symptoms of
diabetes (“about my diabetes’ involving 11 questions),
difficultieswith treatment (“treatment I” involving 4 questions),
acceptance of treatment (“treatment 11” involving 7 questions),
worry about the disease (“concerns’ involving 3 questions),
and difficulties with communication (*communication”
involving 3 questions) [55]. Response options and the eval uation
of the questionnaire are the same as described for the general
module. For both the general and diabetes modul es, the validated
Hungarian version of the questionnaire was used in this study
[56,57].

EQ-5D-Y-3L is specifically designed to assess children’s and
adolescents general HRQoL [58,59]. Its descriptive part
contains 5 questions covering the following domains: mobility;
taking care of myself; doing usual activities; feeling pain or
discomfort; and feeling worried, sad, or unhappy. Each domain
is rated on a 3-point Likert scale (1, no problems; 2, some
problems; 3, a lot of problems). In this study, EQ-5D-Y-3L
index valueswere cal cul ated using the Hungarian value set [60].
EQ-5D-Y-3L includesavisua analog scale (EQ VAS) onwhich
respondents canindicate their current health status on avertical
scale ranging from O (worst “health you can imagine”) to 100
(best “health you can imagine”).

Diabetologists Survey (Module 3): Children’s T1DM
Disease Char acteristics, Perceptions of Parents, and
Disease M anagement

Thefollowing medical information was collected from treating
diabetologists: child’s weight, height, duration of disease,
duration of care at the center, route of insulin administration
and blood glucose measurement (treatment modalities. pen
without sensor, pen plus sensor, pump without sensor, and pump
plus sensor), HbA ;. level, TIDM-related serious acute events
(hypoglycemia, hyperglycemia, or other events requiring
medical intervention or acute hospitalization) or device
malfunction in the last 3 months, chronic complications, and
comorbidities. Actua and 6-month average HbA . levels were
recorded as percentage. Treating diabetol ogists were al so asked
about the management of T1IDM (parents’ cooperation, diabetes
knowledge, and knowledge of device use; T1DM being difficult
to treat) with responses given on avisua analog scale (VAYS),
with 0 indicating the worst option and 10 indicating the best
option.

Statistics

Variables were analyzed with descriptive statistical methods
(mean, SD, minimum, maximum, and number of items). The
average eHEALS score of the study sample was compared to
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the previously published Hungarian population norm with the
Welch test. The effect size was measured with Cohen d (small
effect=0.2; medium effect=0.5; large effect=0.8) [61]. Two-way
ANOVA was carried out to test differences by sex, age, and
education.

Subgroup comparisons by sociodemographics, treatment
modalities, and TIDM complications were performed with the
Welch and ANOVA tests.

Correlations between eHEALS and other measures were
assessed by calculating the Pearson correlation coefficient
(>0.5=strong; 0.5-0.3=moderate; <0.3=weak) [62].

Multiplelinear regression analysiswas performed to investigate
the factors determining glucose control (6-month average
HbA,J). A total of 9 regression models were developed to
examine the associations of variables and changes in model
performance. The following explanatory variables were
included: T1DM children’s characteristics (Model 1); parents
demographic characteristics (Model 2); treatment modalities
(Model 3); parental electronic and general health literacy (Model
4: eHEALS; Model 5: Chew; Modd 6: NVS); and parents’
self-reported attitudes toward their child's illness (Model 7:
PSESDM; Model 8: HFS).

The model construction was systematic so that the variables
included in Models 1 to 3 were included in al subsequent
models, whilefor Models4 to 8, the variables mentioned above
were included one by one in amutually exclusive manner. The
final Model 9 included all variables together.

Statistical analysis was performed using Stata 17 software
(StataCorp LCC).

Results

Parents Main Characteristics, Health Literacy, and
Attitudes Toward Their Child’'s T1DM

Altogether 150 parent-child dyads were involved in the study.
Parents' mean age was 42.5 (SD 5.8; range: 19-62) years, and
80.0% (120/150) were women. The sociodemographic
characteristics are summarized in Table 1. Only 2 (1.3%)
caregiverswere not parents, and the majority (144/150, 96.0%)
lived together with the child full-time in the same household.
Moreover, 10 (6.7%) parents had diabetes mellitus themselves.

Thedistribution of responses by eHEAL Sitemsispresentedin
Figure 1 [44]. All 150 parents responded to all items. The
proportion of “strongly agree” responses varied between 15.3%
(23/150) and 26.0% (39/150) (mean 20.7%, SD 3.0%) across
the 8 eHEALS items, indicating remarkable uncertainty of
parents dealing with electronic health information resources,
especialy on having “the skills | need to evaluate the health
resources | find on the internet” (item 6).
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Table 1. Parents demographics, electronic and genera health literacy, and attitudes as a caregiver for a child with type 1 diabetes mellitus.

Varigble Value (N=150), eHEALSP (score ~ Chew (scorerange: Nyt (scorerange:  PSESDM® (score  HFS' (score range:
n (%)2 range: 8-40) 0-12)¢ 0-6) range: 8-40) 0-100)¢
Score, Pval- Score, Pva- Score, Pval- Score, Pval- Score, P val-
mean (SD) ;&h mean (SD) ;&h mean (SD) " mean (SD) " mean (SD) "
Sex 40 41 14 .36 .07

Male 30 (20.0) 31.8(4.3) 2.3(1.6) 4.8(1.5) 336 (4.7) 29.7 (13.1)

Femae 120 (80.0) 31.0 (5.0) 2.6(2.1) 4.3(1.8) 32.7 (5.6) 34.7 (12.0)

Age group (years) .50 .58 .09 A3 .55

18-24 1(0.7) 29.0 (0.0) 2.0 (0.0) 2(0.0) 40.0 (0.0) 25.0 (0.0)

25-34 13(8.7) 29.5(6.1) 3.2(2.9) 3.4(1.9) 31.2(7.1) 35.7 (12.4)

35-44 72 (48.0) 31.8(4.5) 2.4(1.8) 45(18) 326(5.2) 35.0 (13.0)

45-54 62 (41.3) 30.9 (5.0) 2.5(2.0) 46(1.7) 336 (5.2) 31.9 (11.4)

55-64 2(1.3) 29.0 (1.4) 4.0 (0.0) 35(2.1) 26,5 (0.7) 30.5 (20.5)
Education (missing=1) .04 <.001 <.001 .006 .24

Primary 15 (10.0) 29.5 (5.6) 3.1(29) 2.7(17) 29.5(6.9) 31.7 (11.0)

Secondary 70 (46.7) 30.5 (4.7) 3.0(1.8) 4.0(1.8) 32.4(5.2) 32.2(115)

Tertiary 64 (42.7) 32.3(4.7) 1.7 (1.5) 5.4 (1.1) 34.2 (4.9) 35.6 (13.4)
Residence 71 .57 .002 .50 .09

Capital 39 (26.0) 31.1(4.8) 2.3(17) 4.9 (16) 334 (5.4) 36.3(12.4)

Town 79 (52.7) 31.0(5.1) 2.5(1.9) 4.6 (1.6) 33.0(5.2) 31.6 (11.3)

Village 32(21.3) 31.8(4.2) 2.8(2.4) 35 (2.0) 31.9(6.0) 35.6 (14.0)
Livingin arelationship .58 .55 .87 34 .56

Yes 128 (85.3) 31.3(4.9) 2.5(2.0) 4.4(18) 33.0(5.4) 33.9(12.7)

No 22 (14.7) 30.7 (4.5) 2.8(2.0) 45(1.8) 319 (5.3) 32.4 (10.4)

Paid work 14 45 A1 .20 .19

Yes 145 (96.7) 314 (4.8) 2.5(1.9) 45(1.7) 33.0(5.3) 33.4(12.3)

No 5(3.3) 26.4 (6.0) 3.6 (3.0) 2.4(2.3) 28.0 (7.4) 41.8 (11.8)
Monthly net income per capita .05 .03 <.001 <.001 .58
(missing=34)

1st quintile 24 (16.0) 295 (5.7) 3.3(25) 3.1(17) 29.5(5.2) 34.7 (10.6)

2nd quintile 17 (11.3) 29.7 (4.4) 33(1.3) 39(17) 31.5(4.7) 30.6 (9.5)

3rd quintile 17 (11.3) 31.1(3.6) 2.5(1.6) 4.9 (1.4) 32.0 (5.0) 32.6 (13.9)

4th quintile 3 (2.0) 30.7 (2.3) 3.7(35) 33(2.1) 30.0 (6.0) 26.0 (8.0)

5th quintile 55 (36.7) 32.5(4.5) 2.0(2.2) 5.2(1.3) 34.3(4.1) 35.0 (14.2)
Livingin thesamehousehold with 40 A9 23 75 .07
the T1IDM' child

Full-time 144 (96.0) 31.1(4.9) 2.6 (2.0) 4.4(1.8) 32.8(5.4) 33.8(12.6)

Pat-time 6 (4.0) 32.8 (4.5) 1.8(L2) 5.2(1.3) 335(4.7) 29.8 (4.1)
Having diabetes .84 .87 .95 42 46

Yes 10 (6.7) 30.8 (6.3) 2.4(2.6) 4.4(2.2) 30.9(7.9) 36.8 (13.5)

No 140 (93.3) 31.2(4.8) 2.5(1.9) 4.4(1.7) 33.0(5.2) 33.4(12.3)

Total sample 312 (4.9) 2.5(2.0) 4.4(1.8) 32.9(5.4) 33.7(12.3)

3percentages may not add up to 100% due to rounding.
PeHEALS: eHedlth Literacy Scale.
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CHigher scores indicate lower literacy levels.

INV'S: Newest Vital Sign.

®PSESDM: Parental Self-Efficacy Scale for Diabetes Management.

"HFs: Hypoglycemia Fear Survey.

9Higher scores indicate greater fear of hypoglycemia.

hDifferences between groups were compared using Welch and ANOVA tests.

IT1DM: type 1 diabetes mellitus.

Figure 1. Distribution of responses by eHealth Literacy Scale (eHEALS) items. 1: “| know what health resources are available on the internet;” 2: “I
know where to find helpful health resources on the internet;” 3: “I know how to find helpful health resources on the internet;” 4: “| know how to use
the internet to answer my questions about health;” 5: “1 know how to use the health information | find on the internet to help me;” 6: “I have the skills
| need to evaluate the health resources | find on the internet;” 7: “I can tell high-quality health resources from low-quality health resources on the

internet;” 8: “| feel confident in using information from the internet to make health decisions’ [44].
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In the total sample, the average parental eHEALS score was
31.2 (SD 4.9), which was significantly higher (P=.002) than
that in the Hungarian general population [45]. The effect size
was small, with a Cohen d of 0.41 (95% CI 0.16-0.67).
Differences were observed between the study sample and the
genera population by sex, age group, and education, but the
2-way ANOVA revea ed no significant associations (Multimedia
Appendix 1) [45].

Parents’ average Chew and NV S scores were 2.5 (SD 2.0) and
4.4 (SD 1.8), respectively, indicating adequate general health
literacy in the total sample. Parental self-efficacy regarding
diabetes management was generally high, with an average
PSESDM score of 32.9 (SD 5.4). The average HFS score was
33.7 (SD 12.3).
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Subgroup comparisons by sociodemographic characteristics
revealed that parents health literacy (eHEALS, Chew, and
NVS) and self-efficacy (PSESDM) differed significantly by
their educational level but not their fear of hypoglycemia (HFS)
(Table 1).

Children’sT1DM Disease Characteristicsand HRQoL

Intotal, 150 children (girls: 69/150, 46.0%) were included, with
amean disease duration of 5.3 (SD 2.8) years. Their mean age,
height, and weight were 11.7 (SD 1.9) years, 150.6 (SD 16.4)
cm, and 459 (SD 16.3) kg, respectively. Altogether, 106
(70.7%) children used a glucose sensor. The most frequent
insulin treatment modality was pen plus sensor, followed by
pump plus sensor, pen, and pump (Table 2).
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Table 2. Characteristics of children with type 1 diabetes mellitus and diabetologists' perceptionsin the total sample and by treatment modality.

Variable Total sample (N=150) Pen (n=38) Pen + sensor (n=55) Pump (n=6) Pump + sensor (n=51) P value®
Age (years), mean (SD) 11.7 (1.9) 11.7 (2.0) 11.9(1.9) 11.3(1.6) 11.6 (1.8) .84
Disease duration (years), mean 5.3(2.8) 5.4(3.1) 4.2 (2.3) 7.2(2.8) 6.2 (2.8) <.001
(SD)

Duration of care at the center 4.8 (2.6) 5.2(2.7) 3.7(2.3) 7.0(2.7) 55(2.3) <.001
(years), mean (SD)

Current HbA 1 (%)b' mean (SD) 7.6 (1.4) 8.6 (2.0) 7411 7.2(0.5) 7.2(0.8) <.001
6-month average HbA ;¢ (%)b’ 7.6 (1.3) 8.5(1.9) 7.3(1.0) 7.2(0.5) 7.2(0.7) <.001
mean (SD)

PedsQL® (range: 0-100), mean 81.4(13.2) 78.3(17.8) 81.5(12.0) 86.4 (14.0) 82.9(9.7) .30
(SD)

PedsQL physical subscore (range:  85.7 (13.0) 82.9 (17.6) 87.0 (11.7) 86.5 (11.8) 86.3(10.2) 49
0-100), mean (SD)

PedsQL psychosocia subscore 79.1 (14.7) 75.8 (19.6) 78.6 (13.6) 86.4 (16.1) 81.2 (10.8) 22
(range: 0-100), mean (SD)

PedsQL Di abd (range: 0-100), 74.4 (12.8) 72.0 (15.7) 73.8 (11.6) 84.4(10.1) 75.7 (11.5) ki
mean (SD)

EQ-5D-Y-3L index (range: -0.485 0.940 (0.097) 0.915 (0.119) 0.939 (0.097) 0.964 (0.058) 0.957 (0.077) 21
to 1.000), mean (SD)

Parents cooperation (VASSf),  7.1(24) 4.7 (2.0) 7.7(2.1) 6.5 (1.6) 8.3(1.7) <.001
mean (SD)

Parents' diabetes knowledge 6.9 (2.3) 4.6 (1.7) 7.5(1.9) 5.7 (1.5) 8.1(1.6) <.001
(VAS'), mean (SD)

Parents' device use knowledge 6.2 (2.7) 2.7(1.6) 7.1(1.9) 5.5(1.0) 79(1.7) <.001
(VAS'), mean (SD)

T1DMY being difficult to treat 6.6 (2.4) 4.3(2.0) 7.2(2.2) 5.8 (1.3) 7.7 (1.8) <.001

(VAS'), mean (SD)

Djfferences between treatment modalities were compared with ANOVA.
bA higher HbA 1 level indicates worse glycemic control.

®PedsQL: Pediatric Quality of Life Inventory.

dPedsQL Diab: Pediatric Quality of Life Inventory Diabetes Module.
&VAS: visual analog scale.

"Based on diabetol ogists’ assessments. Lower scores indicate worse cooperation and knowledge, and more difficultiesin treatment.

9T1DM: type 1 diabetes mellitus.

Theaverage EQ-5D-Y-3L index and PedsQL scoreinthesample
were 0.940 (SD 0.097) and 81.4 (SD 13.2), respectively,
indicating that the general HRQoL of children livingwith TIDM
was high. The PedsQL Diab score was moderately low (mean
74.4, SD 12.8).

Any type of comorbidity was observed in 43 children (29 had
T1DM-related thyroid disease; 12 had coeliac disease; and 1
each had growth hormone deficiency, juvenile idiopathic
arthritis, congenital adrenal hyperplasia, and epilepsy). An acute
event requiring a physician or adevice mafunction in the past
3 months was reported in 4 children (3 had a severe
hyperglycemic episode or ketoacidosis and 2 had device
malfunction). T1IDM-related chronic kidney complication was
noted in 1 child.

https://pediatrics.,jmir.org/2024/1/e54807

Children’s characteristics and differences by treatment modality
are presented in Table 2. Both disease duration and time of care
in the pediatric diabetology center were the longest among
patients using an insulin pump (without sensor), while the
highest average HbA . levels were observed in the subgroup
using apen (without sensor). HRQoL results (PedsQL, PedsQL
Diab, and EQ-5D-Y-3L) did not differ significantly across
treatment modality subgroups. No meaningful differenceinthe
occurrence of comorbidities was found across treatment types.

Diabetologists' Perceptions of Parents and Disease
M anagement

In the total sample, the average scoresfor parents’ cooperation,
diabetes knowledge, device use knowledge, and difficulty in
managing the child's disease were 7.1 (SD 2.4), 6.9 (SD 2.3),
6.2 (SD 2.7), and 6.6 (SD 2.4), respectively. The relationship
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of these characteristics with parental age showed a
nonsignificant concave pattern (Multimedia Appendix 2).
Parents' cooperation with their child's diabetes management
and disease-rel ated knowledge (both of diabetesand device use)
significantly differed by treatment modality (being the highest
in the pump + sensor subgroup, followed by the pen + sensor
subgroup). Treating the child’s T1DM wasfound to be the least
difficult in the pump + sensor subgroup and the most difficult
in the pen (without a sensor) subgroup (Table 2).

Holgyesi et a

Analysisby Treatment Modality and T1DM
Complications

Parents health literacy and attitudes toward their child's
diabetes by major subgroups are presented in Table 3. The
eHEALS score differed significantly by treatment modality,
being the highest in the pump + sensor subgroup, followed by
the pen + sensor, pen (without sensor), and pump (without
sensor) subgroups. However, no differences were detected in
terms of the occurrence of serious acute events, device
malfunction, or prevalent comorbidities.

Table 3. Parents health literacy and attitudes toward their child's diabetes by major subgroups.

Varigble Value eHEALS? Chen® NV S PSESDM¢ HFS®f
(N=150), n
Score, P val- Score, P val- Score, P val- Score, P val- Score, P val-
mean ued mean ued mean ued mean ued mean (SD) 9
(SD) (SD) (SD) (SD)
Treatment modality .005 .09 <.001 .002 .32
Pen 38 29.5(5.0) 3.2(25) 3.4(2.0) 30.3(5.7) 33.5(12.7)
Pen + sensor 55 31.7(5.0) 2.4(1.8) 4.6 (1.6) 329(5.2) 35.0(11.8)
Pump 6 27.0(5.3) 2.7 (1.9) 3.8(2.6) 33.0(4.9) 39.8(7.3)
Pump + sensor 51 32.4(4.0) 22 (1.7) 51(1.3) 34.7 (4.7) 31.6(13.0)
Any acute TIDM M_related event requiring 34 35 04 31 049
medical intervention or adevicemalfunction
in thelast 3 months
Yes 4 29.8(2.6) 15(1.9 15@1.7) 28.5(7.3) 27.8(4.3)
No 146 31.2(4.9 2.6 (2.0) 45(1.7) 33.0(5.3) 33.8(12.5)
Any comor bidity .76 .87 .64 .93 A7
Yes 43 31.0(5.0) 2.6(1.8) 45(1.6) 32.8(5.5) 32.6 (10.4)
No 104 31.3(4.9) 25(2.1) 4.4(18) 32.8(5.4) 34.1(13.2)
Total sample 31.2(4.9 2.5(2.0) 4.4(1.8) 329(5.4) 33.7(12.3)

%HEALS: eHealth Literacy Scale.

bHigher scores indicate lower literacy levels.

°NVS: Newest Vital Sign.

dPSESDM: Parentdl Self-Efficacy Scale for Diabetes Management.
®HFS: Hypoglycemia Fear Survey.

ingher scores indicate greater fear of hypoglycemia.

9IDifferences between groups were compared using Welch and ANOVA tests.

hT1DM: type 1 diabetes mellitus.

"The events reported by the diabetol ogists were hyperglycemia or ketoacidosis requiring medical intervention and device malfunction.

Parents NVS and PSESDM scores differed significantly by
treatment modality, but there were no differences in the Chew
and HFS scores. Parents whose children experienced any
T1DM-related serious acute event or device malfunction in the
last 3 months had lower general health literacy (NV'S) and lower
fear of hypoglycemia (HFS). The Chew score showed no
significant difference by subgroups.

Correlations Between eHEAL S and Other M easures

The correlation of the parental eHEALS score was moderate
with the Chew score (r=—0.45; P<.001) and weak withtheNVS
score (r=0.25; P=.002). Moreover, a moderate positive

https://pediatrics.,jmir.org/2024/1/e54807

correlation was seen with the PSESDM score (r=0.35; P<.001)
but not with the HFS score (r=—0.03; P=.70). Regarding
children’s TIDM outcomes, the parental eHEALS score did
not correlate significantly with children’s 6-month HbA ;.. level
(r=-0.143; P=.08) and HRQoL outcomes (PedsQL Diab:
r=—0.0002; P>.99; EQ-5D-Y-3L: r=-0.13; P=.12). Significant
but low or moderate correlations were observed between the
eHEALS score and how diabetologists perceived parents
cooperation (r=0.19; P=.02), diabetes knowledge (r=0.36;
P<.001), device use knowledge (r=0.34; P<.001), and level of
difficulty in managing the disease (r=0.22; P=.008). Theresults
are shown in Figure 2.
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Figure 2. Correlation of parents’ electronic health literacy with child-related outcome measures and diabetologists assessment scores (Pearson
correlation). eHEALS: eHealth Literacy Scale; HFS: Hypoglycemia Fear Survey; NVS: Newest Vital Sign; PedsQL Diab: Pediatric Quality of Life
Inventory Diabetes Module; PSESDM: Parental Self-Efficacy Scale for Diabetes Management; VAS: visual analog scale. * P<.05.
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Regression Results

The determinants of glucose control in different regression
models are presented in Table 4. Neither parental electronic and
genera health literacy (eHEALS, Chew, and NV S) nor fear of
hypoglycemia (HFS) showed a significant association with the
child’s 6-month HbA . level. The final model (Model 9) that

https://pediatrics.jmir.org/2024/1/e54807
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RenderX

included all variables explained 47.0% of the total variance in
HDbA ., which was significantly associated with the child's sex
(girls having a higher HbA,. compared to boys), treatment
modality (pen + sensor and pump + sensor users having alower
HbA ;. compared to pen users), and parental self-efficacy in
managing their child's diabetes (PSESDM; a higher parental
self-efficacy was associated with alower child HbA ;.. level).
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Table 4. Determinants of glucose control (6-month average HbA 1) in different regression models (N=150).

Holgyesi et a

Variable Model

M1 M2 M3 M4 M5 M6 M7 M8 M9
Age (child) 0051 0121  00% 0091 0099 009 0091 009  0.082
Sex (child) (reference: boy)

Girl 0.277 05122  0469° 0495  0459% 04708 0550°  0467°  0578°
T1DME duration 00374 0105 0100 0093 0112 0103 0104 0100  0.102
Duration of care at the center 0192 0084 0106 0120 0097 0105 0089 0107 0100
Age (parent) —° -0007% -0016° -0014% -0012% -0016% -0026° -0.016 -0.023¢
Sex (parent) (reference: male)

Female — -00519  -0.110¢ -0085® -0117 -01109 -0149 -0.108¢ -0.109¢
Education (reference: primary)

Secondary — -0851%9 -03649 -0357¢ -0318¢ -0370 -0379% -0362¢ -0.321¢

Tertiary — -1.369°¢ 07319 -0762 -0768° -07519 -0706% -0.726% -0.762¢
Residence (reference: capital)

Town - -0178 0001 _goped 0005  _goosd 0037 o1 -0.012¢

Village — -0285¢ -0123¢ -0178¢ -0105¢ -0119 -01319 -0123% -0.181¢
Income — 0001 0000 0000 0000 0000 0000 0000  0.000
Living in the same household (reference: full-time)

Part-time — -0207" -0158¢ -0198% -0082% -0170% -0282% -0.1619 -0.322¢
Treatment modality (reference: pen)

Pen + sensor — — -0.7452¢ 075424 075429 -075139 -0643%¢ -0.746%¢ -0.66071

Pump - - -1.269%¢ -1149%  -121429 -127139 124079 -1270*¢ -1018

Pump + sensor - - -1.081°¢ -1.081%¢ -1007°9 -1001°¢ -0.919°¢ -1083°¢ -0.927"¢
cHEALS — — — 0024  — — — — 0.034
Chew — — — — -0063¢ — — — -0.061¢
NSO — — — — — 0012  — — 0.015
PSESDMM — — — — — — -0.06824 — -0.0820d
HFS — — — — — — — 0000 —0004¢
Constant 6074 6744 7264 6510 7259 7232 9742 7280 9317
R? 0126 0328  03% 0402 0403 039 0444  039% 0470

3p<.05.
bp< 01.

°T1DM: type 1 diabetes mellitus.

dNegative coefficients represent a decrease in the HbA 1 level for a1 unit increase in a given variable, which consequently represents an improvement

in glucose control.

SVariable was not part of the model.
feHEALS: eHedlth Literacy Scale.
INVS: Newest Vital Sign.

PPSESDM: Parental Self-Efficacy Scale for Diabetes Management.

IHFS: Hypoglycemia Fear Survey.
Ip<.001.
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Discussion

In this cross-sectional clinical study, we investigated the
electronic health literacy of parents caring for children with
T1DM, using the eHEAL S self-reported measurement tool, and
results were analyzed alongside their general health literacy.
Associations of eHEAL Swith disease management and disease
outcomeswere also investigated. Onthe eHEAL S questionnaire,
parents reported substantial problems with finding,
understanding, and using electronic health information.
Regarding disease management, eHEALS scores differed
significantly according to the children’s treatment modality,
being the highest in the pump + sensor subgroup, and there was
a significant association of eHEALS scores with parents
self-efficacy in managing diabetes (PSESDM) and the
diabetologists perceptions of parents as TIDM caregivers.
Regarding disease outcomes, we found no significant
associationswith parental eHEAL S scores. Regression analysis
revealed that the 6-month average HbA ;. level was associated
with the child’s sex, treatment modality, and PSESDM score,
but not with the electronic and general health literacy scores.
To our knowledge, thisisthe first study to investigate parental
electronic hedlth literacy (eHEALS) in pediatric TIDM.

Comparisons with the international literature are hampered by
thelack of electronic health literacy studiesin this patient group
and the variability of the general health literacy measurement
toolsused. In our study, more educated parents had significantly
higher ectronic (eHEALS) and genera (Chew and NV S) hedth
literacy, and these 2 differed significantly by income level as
wdll. In contrast, previous studiesinvolving young children [31]
and adolescents [40] have reported no significant differences
in parents' general health literacy (assessed by the S TOFHLA)
by sociodemographic subgroups. Moreover, Al-Abdulrazzaq
et al [41] found no association between parents NV S scoreand
their educational level in avalidation study of the Arabic version
of the NVS. Parental self-efficacy in the child's diabetes
management (PSESDM) showed an increasing trend by
educational level and income in our study, but parental fear of
hypoglycemia (HFS) did not differ by sociodemographic
subgroups. Marchante et a [51] reported that PSESDM was
associated with the child’'s sex. In the study by Amiri et a [63],
neither parental self-efficacy (assessed by the Self-Efficacy for
Diabetes Scal e-Parent questionnaire) nor the HFS score differed
significantly by demographic characteristics. These controversia
results regarding the role of sociodemographics in parental
health literacy and caregiver attitude need further investigation
in large epidemiological studies. We consider it important to
highlight the femal e dominance of parents (80%) in our sample.
We acknowledge that we could have obtained different results
in other care settings and that the child’'s TIDM might affect
the quality of life and employment perspectives of other family
members. These points definitely deserve further exploration.
Nevertheless, our results suggest that mothers play a key role
inthe TADM care of their children. It istherefore worth paying
particular attention to their electronic health literacy, capability,
and willingness to operate modern devices, considering their
preferences, and measuring how they can benefit from new
digital technologies.

https://pediatrics.,jmir.org/2024/1/e54807
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Our study revesled significantly higher parental electronic health
literacy (eHEALYS) in children using adigital sensor to measure
their blood glucose level. The results suggest that parental
electronic health literacy might affect the choice of insulin
administration and glucose measurement mode. This choice
may depend on various factors, including the judgement of the
treating diabetologist, reimbursement rules, availability of
devices, and access to devices, as well as on the acceptability
of different treatment modalities (ie, parental consent and the
child's preferences). Further studiesinvolving pediatric diabetes
care providers from different levels and diverse patient groups
are encouraged to explorein depth the decision-making process.
Parents average NVS score also differed significantly by
treatment groups, suggesting that general health literacy
(focusing on skills for both words and numbers) might play a
significant role in treatment decisions. Thisisin contrast with
findings by Pulgaron et a [31], as parents reading and
numeracy abilities were not associated with treatment
modalities. However, it isimportant to note that much younger
(aged 3-9 years; mean age 6.8 years) TIDM children were
involved in their study.

HbA . is an important indicator of TIDM management. We
found no significant correlation with parental eHEALS and
Chew scores, but there were weak and moderate rel ationships
with parental general health literacy (NVS) and sdlf-efficacy
(PSESDM), respectively. In the study by Pulgaron et a [31],
parents numeracy skills were negatively correlated with the
child’'s HbA . level (r=—0.52), which strengthens our results
with the NV'S measure that also has a strong humerical focus.
However, 2 other studiesfound no association between parental
health literacy (S TOFHLA and NVS) and the child's HbA .
level [40,41]. Ross et a [43] reported that glycemic disease
control wasworsefor those children whose caregivers had lower
literacy skills as measured by the National Adult Reading Test
(NART).

An important observation of our study was that parental
electronic and general health literacy scores and parental fear
of hypoglycemia were not associated with the child’s HbA .
level in the regression analyses, and contributed minimally to

the total variance explained (R?), indicating that these factors
have a negligible effect on the child's glucose control. We also
found that apart from the child’'s sex and parents PSESDM
score, only pen + sensor and pump + sensor treatment modalities
remained significantly associated with the HbA . level in the
final regression model, when all relevant variables were added
together. Thus, adigital glucose sensor can have a meaningful
positive effect on the child’'s glucose control. Our observations
are consistent with previously published results. In most
previousstudies, higher HbA ;. levelswere found among female
young children than among mal e children both at diagnosisand
during treatment [64]. Pulgaron et a [31] reported that parents
numeracy skills could significantly predict HbA,., but the
significance was lost when parents’ education was added as a
covariate in the regression analysis. In their final model, only
parental self-efficacy regarding diabetes management (Perceived
Diabetes Self-Management Scale) remained a significant
predictor of HbA .. Furthermore, Al-Abdulrazzaq et a [41]
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found that adequate health literacy was inversely associated
with optimal HbA,. levels, but adjusting for the treatment
regimen cancelled its significant effect. Wethink, however, that
the child’s HbA . level is multifactorial, and not al relevant
factors were taken into account in our research. For instance,
at this university-based center, patients are closely monitored
and have opportunities for consultation with highly qualified
pediatric diabetol ogists and amultidisciplinary team. Thistight
control may partly balance the differences in parental disease
management capabilities in terms of HbA,. outcome. It is
necessary to note that we ran the regression for HbA ,, but itis
not the only significant outcome of the disease. The benefits of
new digital technologies, if used by properly trained users with
great digital skills, can also be seen in areas not covered in our
study. For instance, the possibility of remote control of the
child’s status might put the parents into a much better position
in terms of feeling more safe and flexible in managing other
family members and their own life. It would be worth also
investigating how the electronic hedth literacy of main
caregivers (mothers in our study) impacts long-term
management decisions and disease outcomes in the patient’s
later adolescence and adulthood.

Some limitations of our study have to be mentioned. First, this
was a single-center cross-sectional study in a university clinic,
which limits the generalizability of our results. It would be
interesting to investigate whether therole of eHEAL Sfor HbA ;.
levelsissimilarly negligiblein jurisdictionswhere parents have
less access to resources and high-quality, personalized,
family-centered diabetology care [65], and are more reliant on
information from the internet. It would be worthwhile to also
assess in afollow-up study how parents' digital health literacy
changes with digital device use and participation in diabetes

Holgyesi et a

care. Second, the tools used to measure parental health literacy
were not specific to diabetes. Therefore, we may not have been
ableto capture al relevant aspects of parental knowledge. Third,
only 4 children had serious acute events requiring medical
intervention or device malfunction in the past 3 months. Hence,
the importance of parental electronic health literacy in acute
events needs further research. Fourth, only 6 children used an
insulin pump without a sensor, which limitsthe generalizability
of the results of this subgroup. Our study showed that disease
duration and follow-up at this university-based clinic were the
longest for this subgroup. Discussions with treating
diabetol ogists confirmed that these patients have usually been
using pump treatment for a long time and often struggle with
switching from conventional blood glucose measurement to
Sensor measurement.

Thisfirst exploratory study providesinsightsinto the electronic
health literacy of parents caring for their child with TIDM.
Parents' educational level was identified as an important
sociodemographic factor affecting parental electronic health
literacy and attitudes toward their child’s diabetes. Meaningful
differences in parental eHEALS and NV S scores were found
by treatment modality, suggesting that parental electronic and
genera health literacy may be important factors in treatment
decisions. In addition to being a male child, higher parental
self-efficacy in diabetes management and sensor use were
positively associated with better child glucose control. However,
alack of adirect association between this core outcome and
parental electronic and genera health literacy raises the issue
of further influencing factors not considered in this study, as
well as the need for diabetes-specific electronic health literacy
measurement tools. Further prospective multicenter studies
involving heterogeneous settings and care providers are
recommended to strengthen and refine our observations.
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