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Abstract

Background: Stress and anxiety during pregnancy are extremely prevalent and are associated with numerous poor outcomes,
among the most serious of which are increased rates of preterm birth and low birth weight infants. Research supports that while
in-person mindfulness training is effective in reducing pregnancy stress and anxiety, there are barriers limiting accessihility.

Objective: The aim of this paper is to determine if mindfulness meditation training with the Headspace app is effective for
stress and anxiety reduction during pregnancy.

Methods: A longitudinal, single-arm trial wasimplemented with 20 pregnant women who wereinstructed to practice meditation
via the Headspace app twice per day during the month-long trial. Validated scales were used to measure participant’s levels of
stress and anxiety pre- and postintervention. Physiological measures reflective of stress (heart rate variability and sleep) were
collected viathe Oura Ring.

Results. Statistically significant reductionswerefound in self-reported level s of stress (P=.005), anxiety (P=.01), and pregnancy
anxiety (P<.0001). Hierarchical linear modeling revealed a statistically significant reduction in the physiological data reflective
of stressin 1 of 6 heart rate variability metrics, the low-frequency power band, which decreased by 13% (P=.006). A total of
65% of study participants (n=13) reported their sleep improved during thetrial, and 95% (n=19) stated that |earning mindfulness
helped with other aspects of their lives. Participant retention was 100%, with 65% of participants (n=13) completing about
two-thirds of the intervention, and 50% of participants (n=10) completing =95%.

Conclusions: This study found evidence to support the Headspace app as an effective intervention to aid in stress and anxiety
reduction during pregnancy.

(IMIR Pediatr Parent 2023;6:€53933) doi: 10.2196/53933
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Introduction

Overview

Stress and anxiety during pregnancy are extremely prevalent,
where an estimated 58% of peoplewho are pregnant experience
prenatal stress[1], and 25% experience anxiety [2]. Stress and
anxiety during pregnancy are associated with numerous poor
outcomes, among the most serious areincreased rates of preterm
birth [3] and low birth weight infants [4]. According to the
World Health Organi zation (WHO), preterm birth istheleading
cause of infant morbidity and mortality in children worldwide
[5], with an estimated 15 million preterm infants born annually
[6]. Inthe United States, approximately 11% of infantsare born
preterm [7], leading to societal costs of US $26 hillion each
year [8].

Mind-body practices like yogaand mindfulness meditation are
becoming increasingly popular to manage stress and anxiety.
Mindfulness is the awareness that arises through paying
attention, on purpose, in the present moment, nonjudgmentally
[9]. Thereis evidence that mindfulness meditation training can
have a beneficial impact on reducing perinatal stress [10] and
anxiety [11]. However, in-person instruction has barriers
including accessibility, availability, cost, and time.

Internet mindfulness-based interventions (iMBIs), including
computer and app-based resources, provide a convenient
alternativeto traditional mindfulness classes. Studies examining
the impact of iMBIs during pregnancy found a reduction in
stress[12,13] and anxiety [14,15]. However, limitationsincluded
high attrition, poor adherence, and lack of objective or
physiological measures of stress, like heart rate variability
(HRV) and sleep. Research supports that HRV is an objective,
reliable measure of stress[16]. Sleep isalso reflective of stress,
whereimproved sleep reduces stress[17]. None of the reviewed
studies used top-rated iM Bl slike the Headspace app. Headspace
is among the highest-scoring mindfulness apps based on the
Mobile Application Rating System [18]. The purpose of this
study wasto determineif amore accessible form of mindfulness
meditation training, specifically Headspace, can help reduce
stress and anxiety during pregnancy.

Theoretical Framework

The theoretical framework for this study is based on the
polyvagal theory [19], which postulates that the vagus nerve
has two branches that regulate different physiological states:
the dorsal vagal complex, associated with immobilization
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behaviors (rest or digest and shutdown or freeze), and the ventral
vagal complex, associated with social engagement, calm, and
safety [19]. Relaxation practices like meditation activate the
ventral vagal complex, reducing stress [20], and improving
HRV [21]. Various HRV metrics, which are reflective of vagus
nerve activity, can be extracted. For example, the HRV metric
theroot-mean-sguare of successive differences between adjacent
normal heartbeats (RMSSD) is mediated by the vagus nerve
[22], with higher valuesindicating rel axation and lower mental
stress[23]. TheHRV metric low-frequency (LF), reflectsamix
of the sympathetic and vagal influences on HRV [24], and
lowers with relaxation practices, like mindfulness [25,26].

HRV Changesin Pregnancy

Most HRV metrics decrease throughout pregnancy [27,28]. A
recent study, which evaluated HRV changes during pregnancy
against age-matched nonpregnant controls, found that there was
reduced HRV in the pregnant groups for all trimesters [29]. A
more recent systematic review evaluating 8 research studies
measuring HRV trends across gestation in healthy pregnant
women found further evidence that HRV decreases across
gestation for al HRV metrics but 2. The LF and the LF per
high-frequency (HF) ratio showed an ascending trend from early
to late pregnancy [28]. Despite the variationsin HRV observed
during pregnancy as compared to the nonpregnant population,
several studies have used HRV as a physiological measure of
stress during pregnancy [26,30-32].

Methods

Participants

The study sample consisted of 20 study participants to achieve
80% power with amoderate effect size (0.35) and a of .05. The
inclusion criteriawere (1) pregnant peopleresiding in San Diego
County; (2) age 18-35 years; (3) between 10 and 32 weeks
gestation; (4) ableto read and understand English; and (5) access
to a smartphone, Wi-Fi, email, and able to download apps.
Exclusion criteriawere (1) peoplewho regularly (=3x per week)
engaged in other mindfulness practiceslikeyoga, (2) concurrent
enrollment in a mindfulness meditation class, (3) hearing
impairment, (4) cognitive impairment, (5) chronic health or
pregnancy-related medical condition causing “high risk”
pregnancy, (6) current psychotherapy, (7) current psychoactive
medications, and (8) severe depression or anxiety. A total of 33
people were screened for eigibility, with 8 excluded for
advanced maternal age, and 4 were excluded because they had
passed 32 weeks of gestation (Figure 1).
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Figure 1. CONSORT diagram. CONSORT: Consolidated Standards of Reporting Trials.
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Ethical Consider ations

After theinstitutional review board approval from the University
of California, Irvine (HS# 2021-6664), recruitment flyerswere
posted at maternity clinics, describing the study, and providing
contact information. Once contacted, potential participantswere
sent a recruitment email containing further study details and
instructions to contact the investigator if they met eligibility
criteria. Next, a phone conversation was scheduled to further
assessdigihility, providedetails, and answer questions. During
the call, potential participants were asked to give their verbal
consent for the investigator to further assess their eligibility,
and screen them for severe anxiety and depression. Participants
were informed that all records would be kept confidential and
stored in REDCap (Research Electronic Data Capture;
Vanderbilt University), a Health Insurance Portability and
Accountability Act of 1996 (HIPAA)—compliant web-based
app for managing clinical research data.

Design and Procedure

Potential participantswere screened for severe depression using
the Edinburgh Postnatal Depression Scale (EPDS) [33] and
severe anxiety using the Generalized Anxiety Disorder Scale
(GAD-7) [34]. EDPS scores of 219 and GAD-7 scores of 215
rendered potential participants ineligible. Next, a meeting was
arranged for consent, completion of baseline measures, and
assistance with study apps and materials (M ultimedia A ppendix
1). Participants were loaned an Oura Ring to wear nightly during
the study period. Participants wore the ring for 4 days (2
workdays and 2 days off) prior to starting the intervention to
get a baseline HRV reflective of their stress levels. The
researcher monitored the Oura Ring server throughout the
experiment to assess participant compliance with wearing the
Ouraring, and that data were recorded. Surveys and measures
of stress and anxiety were completed at baseline and study
completion, and measuresfor anxiety were additionally collected
at the study midpoint (Multimedia Appendix 2).

Incentive

As a study incentive, participants each received a 6-month
subscription to the Headspace app, as well as US $50. Once
mid-study surveys were completed, participants received aUS
$15 gift card incentive by email. At study completion, once the
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Excluded (n=13)
8 for advanced maternal age
4 for being >32 weeks of gestation
1 declined due to family issues

participants finished the final study measures, they were
contacted by the investigator to arrange a meeting time and
place to return their Oura Ring and charger and receive their
remaining financial incentive (US $35 gift card).

Materials. Headspace

Participants were instructed to practice meditation with
Headspace twicedaily during the month-longtrial, starting with
“Basics,” followed by “Pregnancy.” “Basics’ contained 30
meditations, between 3 and 20 minutes long, introducing the
essentials of mindfulness meditation. Next, participants were
instructed to complete 30 meditationsin the* Pregnancy” course,
between 10 and 20 minutes long, which focused on the
development of favorable conditions for pregnancy and birth.
The total intervention was 60 meditations for a range of
530-1050 minutes.

Measures
Screening Measures

Screening Tool

A screening tool was used to assess dligibility viatheinclusion
and exclusion criteria.

Severe Depression

Potential study participants were screened for severe depression
using the EPDS|[33]. The EDPS has been validated against both
the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) and the International Classification of
Diseases, Tenth Revision (ICD-10), with high sensitivity and
specificity [35]. Scores of this 10-item scale range from O to
30, with higher scores indicating the presence of depressive
symptoms.

Severe Anxiety

Potential study participants were screened for severe anxiety
using the GAD-7[34]. The GAD-7 assesses the most prominent
diagnostic features from the DSM-5 for generalized anxiety
disorder [36]. The GAD-7 asks respondents to rate how often
they experienced the survey anxiety symptoms within the last
2 weeks. Scoresrange from 0to 21, and scores of 5, 10, and 15
are the respective cut-off points for mild, moderate, and severe
anxiety [34]. The GAD-7 has demonstrated good reliability
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(Cronbach a=.89) and validity in the pregnant population [37].
This measure was additionally used as an anxiety assessment
at baseline and study compl etion.

Other Baseline Measure: Social Support

Social support was assessed using the Multidimensional Scale
of Perceived Social Support (MSPSS) [38]. The M SPSS consists
of 12 questions using a 7-item Likert scale for participant
responses, ranging from “very strongly disagree” (1) to “very
strongly agree” (7), with higher numbers indicating greater
socia support. The M SPSS has shown good-to-excellent internal
reliability with aCronbach a of .81-.98, and test-retest reliability
of 0.92-0.94 [38].

Physiologic Measures and Dependent Variables

Heart Rate Variability

HRV data were collected by the Oura Ring, which wirelessly
syncs data to the Oura app and server. The Oura Ring uses
photopl ethysmography for HRV monitoring, acommonly used
signal inwearabletechnology designed for stress measurement.
Oura Ring measurements of HRV are highly accurate [39].
Various HRV metrics were extracted and analyzed, with each
metric correlating with a physiological representation of stress,
depending on whether their values arelow or high. To evaluate
the impact of an intervention on these metrics, we can observe
if the values increase or decrease. As the most accurate HRV
assessments are recorded with the participant at rest in the supine
position[40], HRV datawere collected during participant sleep
hours.

Sleep

Sleep data were collected by the Oura Ring, which analyzes
sleep by measuring the following: resting heart rate (HR), body
temperature, time spent in specific sleep stages (including light,
deep, and rapid eye movement), and movement [41] via
actigraphy, a validated method of measuring sleep via an
accelerometer [42]. Ouras agorithms combine the
measurements, yielding asleep scoreranging 0-100, with higher
scoresindicating better sleep. Oura Ring measurements of sleep
are highly accurate [43].

Self-Report Measures

General Anxiety and Pregnancy Anxiety and Dependent
Variables

To evaluate anxiety, the GAD-7 (see above) and the
Pregnancy-Related Anxiety Scale (PRAS) [44] wereused. PRAS
is a measure specific to preghancy anxiety (eg, worries about
health during pregnancy and childbirth). This 10-item instrument
used aLikert scale, where participants answered questionswith
options ranging from “never or not at al” (1) to “alot of the
time or very much” (4). Scores range from 0 to 30, with higher
scores indicating greater anxiety. This scale has good internal
reliability, with a Cronbach a of .78 [44].

Stress, Dependent Variable

Stress was measured using the Perceived Stress Scale (PSS)
[45], a questionnaire that was designed to measure how
uncontrollable and overloaded participants perceive their lives
to be [45]. The PSS-10 is a 10-item, 5-point Likert scale
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assessment, which asks participants questions based on their
thoughts or feelings over the previous month. Scoresrange from
0 to 40, with higher scores indicating higher stress. The PSS
has good psychometric qualities [45,46], with good internal
consistency and a Cronbach a of .89 [46].

I nvestigator-Developed Items

Investigator-developed items were collected at baseline and
study completion to assess potentially confounding lifestyle
information (medications, substance use, and exercise). An
example Likert-style question used in the exit survey was*“My
exercise level increased during thistrial” with answers ranging
from“strongly disagree” to “ strongly agree,” and an open-ended
guestion asking how learning and practicing mindfulness
meditation helped with other aspects of their life.

Data Analysis

HRV and deep data were abtained from the Oura dashboard
and analyzed. To extract HRV features, we used the interbeat
interval (IBI) data. OuracalculatesHR and IBI using the optical
photopl ethysmography sensor embedded in the Oura Ring.
Time-domain variables (HR, RMSSD, and SD of the IBI of
normal sinus heartbeats, with “normal” referring to the removal
of artifact [SDNN]) were extracted through statistical analysis,
and frequency domain variables (LF, HF power bands, and LF
per HF ratio) were extracted and analyzed by fast Fourier
transform and power spectral density algorithms [16,22]. To
assess potential physiological changes reflective of reduced
stress (HRV and sleep changes over time), hierarchical linear
modeling (HLM) was used.

To evaluate subjective changesin stress, anxiety, and pregnancy
anxiety, the self-report measures (PSS, GAD-7, and PRAS)
were assessed at baseline and study completion. Paired 1-tailed
t tests compared the before and after observations on the same
subjects. Subjective sleep was assessed with a Likert scale
prompt on the postintervention questionnaire: “My sleep
improved during thistrial,” with optionsranging from “ strongly
disagree” to “strongly agree”

Results

Participants

Most study participants were White (n=16, 69.6%), educated
(n=18, 90% compl eted college), with high socia support (n=18,
90%), married (n=15, 75%), working full-time (n=14, 70%),
and an average age of 29.45 years (Table 1). Data on exercise
were collected as an increase in exercise level during the trial
could have been apotentia confounder. At baseline, 50% (n=10)
of the women reported exercising regularly. Use of certain
medications, a cohol, tobacco, recreational drugs, and excessive
caffeine can impact HRV [47], so baseline data on participant
usage were collected. All participants denied taking medications
that are known to impact HRV, and 100% (n=20) of the
participants denied use of alcohol, recreational drugs, tobacco,
and vaping. All participantsindicated they consumed |ow-to-no
caffeine (<1-2 cups per day). At baseline, 60% (n=12) of
participants reported regular stress-management activities (eg,
prayer and massage). Participants' baseline stress and anxiety
levelswere low-to-moderate. Baseline stress (PSS) levelswere
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asfollows: 50% (n=10) had low, 45% (n=9) had moderate, and
5% (n=1) had high stress. Baseline general anxiety (GAD-7)
levels were as follows: 65% (n=13) had mild, 25% (n=5) had
moderate, and 10% (n=2) had severe general anxiety. Baseline

pregnancy anxiety (PRAS) wasinterpreted as mild to moderate
(mean score 10.84, SD 5.2).

Parity and gestation trimester canimpact HRV [27]. Most study
participants were primiparous (n=12), while the remainder were
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multiparous. At the start of the study, 30% of participants (n=6)
were in their first trimester, 55% (n=11) were in their second
trimester, and 15% (n=3) were in their third trimester. During
themonth-longtrial, all participants stayed within aweek range
of their original trimester, except for 3 who changed, 1 from
first to second and 2 from their second to their third trimester.
At study completion, 25% (n=5) were in their first trimester,
50% (n=10) werein their second trimester, and 25% (n=5) were
in their third trimester (Table 1).
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Table 1. Sample baseline characteristics.

Characteristics Values
Age, mean (SD) 29.45 (3.27)
Race or Ethnicity (including dual ethnicity identity), n (%)
White or European American 16 (69.6)
Hispanic or Latino 4(17.4)
Asian or Pacific Islander 2(8.7)
Black or African American 0(0.0)
Other 1(4.3)
Parity, n (%)
Primiparous 12 (60)
Multiparous 8 (40)

Trimester of gestation, n (%)

First trimester 6(30)
Second trimester 11 (55)
Third trimester 3(15)

Education, n (%)

Completed master’s degree or higher 6 (30)
Completed bachelor’s degree 8 (40)
Completed associate degree 4 (20)
Completed high school or equivalent 2(10)
Relationship type, n (%)
Married 15 (75)
Cohabitating 3(15)
Single 2(10)
Employment status, n (%)
Full-time 14 (70)
Part-time 3(15)
Unemployed 3(15)
Exercise, n (%)
Regular exercise 10 (50)
No regular exercise 10 (50)
Denied alcohol, recreational drugs, or vaping 20 (100)

Caffeine, n (%)
Denied caffeine use 7 (35)
Drank 1-2 cups of caffeinated drinks per day 13 (65)

Regular stress-management activities, n (%)

Yes 12 (60)
No 8(40)
Social support, mean (SD) 6.14 (0.73)
High social support 18 (90)
Moderate social support 2(10)
Low social support 0(0)
https.//pediatricsjmir.org/2023/1/e53933 JMIR Pediatr Parent 2023 | vol. 6 | €53933 | p. 6
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HRV

The HLM analysis of the physiological data showed changes
in HRV reflective of reduced stress (Table 2). A total of 1 of 6
HRV metrics, LF, changed in the direction of reduced stress,
lowering by 13% (P=.006). The LF per HF ratio changed in the
direction of reduced stress, decreasing by 2% and trending

Table 2. Results of physiological stress outcome measures.

Balsam et al

toward significance (P=.09). The statistically significant results
in 2 additional HRV metrics, HR and RMSSD, moved in the
opposite direction of what was hypothesi zed, with minimum or
resting HR increasing by 2.3% (P=.007), and RMSSD
decreasing by 9% (P=.007). SDNN (P=.09) and HF (P=.07)
both decreased, moving opposite of the hypothesized direction.

Monitoring parameter or metric Expected direction of changeindicating % changein 4 weeks P value
reduced stress [26]

HRV® metric
Min HR® (resting) ! Increased by 2.3 .007
RMSSD® 1 Decreased by 9 .007
SDNN® t Decreased by 7 09
HE® 1 Decreased by 11 .07
LE ! Decreased by 13 .006
LF per HF ratio l Decreased by 2 .09

Sleep metric
Sleep score 1 Increased by 2 .09

3HRV: heart rate variability.
PHR: heart rate.

CRMSSD: the root mean square of successive differences between adjacent normal heartbeats.
dSDNN: SD of the IBI of normal sinus heartbeats, with “normal” referring to the removal of artifact.

€HF: high-frequency.
LE: | ow-frequency.

Stress

Paired t test analysisyielded statistically significant reductions
in stress (P=.005) from baseline to postintervention (Table 3).

Table 3. Pre- and postintervention mean comparisons for self-report variable.

Measure Pre, mean (SD) Post, mean (SD) P vaue
pss? 14.4 (5.83) 10.25 (5.4) .005
GAD-7° 4.65 (3.25) 2.6(2.93) .01
PRASE 10.84(5.2) 5.9 (3.99) .0001
3PSS: Perceived Stress Scale.
bGAD-7: General Anxiety Disorder Scale.
®PRAS: Pregnancy-related Anxiety Scale.
Other

General Anxiety and Pregnancy Anxiety

Paired t test analysisyielded statistically significant reductions
in anxiety (P=.01) and pregnancy anxiety (P=.0001) from
baseline to postintervention (Table 3).

Sleep

HLM analysis of sleep indicated that sleep score increased by
2%, trending toward significance (P=.09; Table 2), which
reflects decreased stress. On the exit survey, 13 (65%)
participants reported their improved sleep during the trial.
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Regarding potential confounders, none of the study participants
were on medications or used substances that may haveimpacted
their HRV. A total of 9 study participants indicated that their
level of exercise increased during the study period. Of the 13
participants who reported improved sleep during the trial, 6
reported increased exercise.

An exit survey question asked, “Did learning/practicing
mindfulness meditation help with other aspects of your life?’
The overwhelming majority, 19 participants, answered “yes.”
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A total of 17 participants provided narrative details, and a
quasi-qualitative thematic evaluation identified that learning
and practicing mindful ness meditation hel ped study participants
with the following: improved patience, improved perspective,
improved focus, improved conflict management, reduced
emotional reactivity, and a greater focus on self-care. All
participants completed the postintervention assessments,
received their financial incentive, and returned the Oura Rings
and chargers, indicating a 100% retention rate, with no attrition.

Discussion

Principal Findings

This study found evidence to support that the Headspace app
is an impactful mindfulness meditation intervention to aid in
stress and anxiety reduction for the pregnant population. Study
results indicated that LF, 1 of 6 HRV parameters evaluated in
this study, decreased significantly by 13% (P=.006). LF reflects
both sympathetic nervous system (SNS) and parasympathetic
activity, with the SNS and baroreceptor activity playing alarge
role in generating this frequency [22]. A recent systematic
review which included 8 studiesanalyzing HRV among healthy
pregnant women found that L F showed an ascending trend from
early to late pregnancy, indicating that an increase in
sympathetic activity is common in pregnancy [28]. As lower
levels of power in the LF band indicate relaxation and low
mental stress [48], the reduced levels of LF inthistrial support
the efficacy of theintervention for stress reduction among study
participants. Another HRV metric, LF per HF ratio, decreased
by 2%, trending toward significance (P=.09). The LF per HF
ratio isacommonly used index of sympatho-vagal balance and
generally increaseswith stress[23,48]. Therefore, the decreased
value suggests reduced mental stress for study participants.

Intheliterature using HRV metrics as outcome variables, when
one of the metrics changed in the direction expected for a
stress-reducing intervention, the findings were reported as
evidence that the intervention was effective [30,31]. Therefore,
the HRV resultsin this study follow current reporting trends.

In this tria, the HLM analysis indicated that the participants
HR measure changed in the opposite direction of what was
hypothesized, increasing by 2.3% (P=.007). For the general
population, it is expected that a stress-reducing intervention
would cause a decrease in HR. However, during pregnhancy,
there is an expected increase in HR. A recent meta-analysis
evaluating trends in HR among 8317 pregnant women found
that on average, the HR during pregnancy increased by 10%
(7.6 beats per min) [49]. As the increase in HR for this pilot
study population was 2.3% (P=.007), it is possible that the
intervention impacted the participant’'s HR, potentially causing
a smaller increase than would have been expected without a
stress-reducing intervention. It could be that the impact was
less pronounced due to the normal physiological pregnancy
changes impacting HR.

The remaining HRV results in this pilot study were consistent
with current research findings regarding the expected direction
of HRV metrics during pregnancy. A recent study examining
HRV trends across pregnancy compared to unpregnant matched
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controls found that SDNN, RMSSD, LF, and HF metrics
decreased significantly during the second trimester [27]. Half
of the women in this pilot study were in their second trimester,
which could explain the decreased levels of these metrics
observed in this experiment. Furthermore, it has been found
that HRV reduction in pregnancy is more marked for
primiparous versus multiparouswomen [29]. A totd of 12 (60%)
of the women in this pilot study were primiparous, which may
have contributed to the study findings.

A total of 13 (65%) participants reported an improvement in
their sleep during the trial, and the physiological data analysis
found that sleep improved by 2%, trending toward statistical
significance (P=.09). Exercise may have been a confounder, as
exercise is associated with improved sleep and reduced stress
[10] and anxiety [50]. Given that 9 (45%) study participants
reported increased exercise during thetrial, thereis a question
asto whether theimprovement in their stress, anxiety, and sleep
could have been related to exercise. A narrative review which
included 13 studies eval uating mindfulnessinterventions during
pregnancy noted that none of the studies evaluated sleep and
asserted that it isimperative to evaluate sleep in this popul ation
[51]. This study contributesto the literature by including sleep
as an outcome variable and by providing preliminary data that
practicing mindfulness meditation with the Headspace
intervention may improve sleep during pregnancy.

Participants were asked to complete 60 meditations, for atotal
range of 530-1050 minutes of meditation. A total of 13 of 20
participants completed >65% of the intervention, with 10 of
those participants completing 295% of the intervention. This
supports the acceptability and feasibility of Headspace as a
mindful ness meditation intervention for this popul ation.

Conclusion, Study Strengths, and Limitations

The use of technology viathe Oura Ring and Headspace enabled
the collection of objective data (HRV, deep, and
intervention-time usage), which contributed to validity. Using
the OuraRing to collect HRV datayielded approximately 3000
data points per individual, reducing the standard error in the
results, and contributing to the overall study strength. The study
design included best practices related to HRV collection, and
the inclusion of recommended HRV variables [52]. That the
study participants did not partake of potentially confounding
substances (eg, alcohol and tobacco) was a strength, aswas the
collection of data that were potential confounders. There was
a 100% participant retention rate, and adherence to the
intervention was very good, providing support for thefeasibility
of this study design, and the usability and feasibility of the
intervention.

The study may have been underpowered due to the sample size
and potential lack of time engaging with the intervention to
achieve significant findings in some HRV metrics. The sample
popul ation was homogenous, consisting of predominantly White,
educated, women of low to moderate stress, and who
self-selected to participate, which limits the generalizability of
study results. Future research needs to be done with a more
diverse study sample. Participants may have been influenced
by the recommendations provided by the Oura Ring app.
Subjective sleep was not evaluated with a validated scale and
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the qualitative analysis may have been biased asthe investigator
was the sole interpreter. The GAD-7 assesses anxiety within
the past 2 weeks. Recommendationsfor future research include
a stronger study design, such as a randomized controlled trial
(RCT) with a mixed methods component; for the RCT to have
controls that are matched by factors that impact HRV (parity,
gestational age, and maternal age); inclusion of a validated

Balsam et al

and having alarge enough sample sizeto independently analyze
HRV trends per trimester. This study adds to the body of
scientific knowledge supporting that mindfulness meditation,
and specifically the Headspace app, is an effective iMBI for
stress and anxiety reduction among the pregnant population.
While future research is necessary, this pilot study showed
promising initial results.

self-report sleep measure; objective collection of exercise data;

Acknowledgments

We thank Headspace, the study participants, and the dedicated librarian at the University of California, Irvine, Stephen Clancy,
for their support. We would also like to thank the providers at West Coast Obstetrics and Gynecology, Best Start Birth Center,
and Inge Taylor, Certified Nurse-Midwife for assistance with recruitment. With gratitude for the analytical support provided by
Salar Hashemitaheri, and for the financial support received from emeritus faculty member at San Diego State University, Dr
Betty L Broom, the California State University Chancellor’s Doctoral Incentive Program, the University of California, Irvine
Graduate Division, and the Sue & Bill Gross School of Nursing.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Instructions and product information.
[PDFE File (Adobe PDF File), 75 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Study timeline.
[PDFE File (Adobe PDF File), 39 KB-Multimedia Appendix 2]

References

1. StoneSL, Diop H, Declercq E, Cabral HJ, Fox MPB, Wise LA. Stressful events during pregnancy and postpartum depressive
symptoms. JWomens Health (Larchmt). 2015;24(5):384-393 [ FREE Full text] [doi: 10.1089/jwh.2014.4857] [Medline:
25751609]

2. FiedT. Prenatal anxiety effects: areview. Infant Behav Dev. 2017;49:120-128 [doi: 10.1016/j.infbeh.2017.08.008] [Medline:
28886563]

3. Schetter CD, Rahal D, Ponting C, Julian M, Ramos|, Hobel CJ, et a. Anxiety in pregnancy and length of gestation: findings
from the healthy babies before birth study. Health Psychol. 2022;41(12):894-903 [ FREE Full text] [doi: 10.1037/hea0001210]
[Medline: 36154104]

4. LimaSAM, El Dib RP, Rodrigues MRK, Ferraz GAR, Molina AC, Neto CAP, et a. Istherisk of low birth weight or
preterm labor greater when maternal stress is experienced during pregnancy? A systematic review and meta-analysis of
cohort studies. PLoS One. 2018;13(7):€0200594 [ FREE Full text] [doi: 10.1371/journal .pone.0200594] [Medline: 30048456]

5. PerinJ, Mulick A, Yeung D, Villavicencio F, Lopez G, Strong KL, et al. Global, regional, and national causes of under-5
mortality in 2000-19: an updated systematic analysis with implications for the Sustainable Development Goals. Lancet
Child Adolesc Health. 2022;6(2):106-115 [FREE Full text] [doi: 10.1016/S2352-4642(21)00311-4] [Medline: 34800370]

6.  Walani SR. Global burden of preterm birth. Int J Gynaecol Obstet. 2020;150(1):31-33 [FREE Full text] [doi:
10.1002/ijgo.13195] [Medline: 32524596]

7. Hamilton BE, Martin JA, Osterman MJ. Births: provisional datafor 2021. Centers for Disease Control and Prevention.
2022. URL: https://stacks.cdc.gov/view/cdc/116027 [accessed 2023-12-08]

8.  Frey HA, Klebanoff MA. The epidemiology, etiology, and costs of preterm birth. Semin Fetal Neonatal Med.
2016;21(2):68-73 [doi: 10.1016/j.siny.2015.12.011] [Medline: 26794420]

9. Kabat-Zinn J. Wherever You Go, There You Are: Mindfulness Meditation in Everyday Life. New York. Hachette Books;
2009.

10. GuoPR, Zhang X, LiuN, Wang J, Chen D, Sun'W, et al. Mind-body interventions on stress management in pregnant women:
asystematic review and meta-analysis of randomized controlled trials. J Adv Nurs. 2021;77(1):125-146 [doi:
10.1111/jan.14588] [Medline: 33048358]

https://pediatrics,jmir.org/2023/1/€53933 JMIR Pediatr Parent 2023 | vol. 6 | €53933 | p. 9

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=pediatrics_v6i1e53933_app1.pdf&filename=606155da548cb6bf3ce53c29b1456de5.pdf
https://jmir.org/api/download?alt_name=pediatrics_v6i1e53933_app1.pdf&filename=606155da548cb6bf3ce53c29b1456de5.pdf
https://jmir.org/api/download?alt_name=pediatrics_v6i1e53933_app2.pdf&filename=5e615df56480cb94c22fb547bf421dce.pdf
https://jmir.org/api/download?alt_name=pediatrics_v6i1e53933_app2.pdf&filename=5e615df56480cb94c22fb547bf421dce.pdf
https://europepmc.org/abstract/MED/25751609
http://dx.doi.org/10.1089/jwh.2014.4857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25751609&dopt=Abstract
http://dx.doi.org/10.1016/j.infbeh.2017.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28886563&dopt=Abstract
https://europepmc.org/abstract/MED/36154104
http://dx.doi.org/10.1037/hea0001210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36154104&dopt=Abstract
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0200594
http://dx.doi.org/10.1371/journal.pone.0200594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30048456&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-4642(21)00311-4
http://dx.doi.org/10.1016/S2352-4642(21)00311-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34800370&dopt=Abstract
https://obgyn.onlinelibrary.wiley.com/doi/epdf/10.1002/ijgo.13195
http://dx.doi.org/10.1002/ijgo.13195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32524596&dopt=Abstract
https://stacks.cdc.gov/view/cdc/116027
http://dx.doi.org/10.1016/j.siny.2015.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26794420&dopt=Abstract
http://dx.doi.org/10.1111/jan.14588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33048358&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Balsam et al

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Zarengjad M, Yazdkhasti M, Rahimzadeh M, Mehdizadeh Tourzani Z, Esmaelzadeh-Saeieh S. The effect of

mindful ness-based stress reduction on maternal anxiety and self-efficacy: a randomized controlled trial. Brain Behav.
2020;10(4):e01561 [FREE Full text] [doi: 10.1002/brb3.1561] [Medline: 32162450]

Matvienko-Sikar K, Dockray S. Effects of anovel positive psychological intervention on prenatal stress and well-being: a
pilot randomised controlled trial. Women Birth. 2017;30(2):€111-e118 [doi: 10.1016/j.wombi.2016.10.003] [Medline:
27810284]

Krusche A, Dymond M, Murphy SE, Crane C. Mindfulness for pregnancy: arandomised controlled study of online
mindfulness during pregnancy. Midwifery. 2018;65:51-57 [doi: 10.1016/j.midw.2018.07.005] [Medline: 30099285]
Silang KA, Sohal PR, Bright KS, Leason J, Roos L, Lebel C, et al. eHealth interventions for treatment and prevention of
depression, anxiety, and insomnia during pregnancy: systematic review and meta-analysis. IMIR Ment Health.
2022;9(2):€31116 [FREE Full text] [doi: 10.2196/31116] [Medline: 35188471]

YangM, JiaG, Sun S, YeC, Zhang R, Yu X. Effects of an online mindfulnessintervention focusing on attention monitoring
and acceptance in pregnant women: a randomized controlled trial. J Midwifery Womens Health. 2019;64(1):68-77 [doi:
10.1111/jmwh.12944] [Medline: 30695166]

KimHG, Cheon EJ, Bai DS, Lee YH, Koo BH. Stressand heart rate variability: ameta-analysisand review of theliterature.
Psychiatry Investig. 2018;15(3):235-245 [FREE Full text] [doi: 10.30773/pi.2017.08.17] [Medline: 29486547]

Scott AJ, Webb TL, Martyn-St James M, Rowse G, Weich S. Improving sleep quality leads to better mental health: a
meta-analysis of randomised controlled trials. Sleep Med Rev. 2021;60:101556 [FREE Full text] [doi:
10.1016/j.smrv.2021.101556] [Medline: 34607184]

Mani M, Kavanagh DJ, Hides L, Stoyanov SR. Review and evaluation of mindful ness-based iPhone apps. IMIR Mhealth
Uhealth. 2015;3(3):e82 [FREE Full text] [doi: 10.2196/mhealth.4328] [Medline: 26290327]

Porges SW. Orienting in a defensive world: mammalian modifications of our evolutionary heritage. a polyvagal theory.
Psychophysiology. 1995;32(4):301-318 [doi: 10.1111/].1469-8986.1995.tb01213.x] [Medline: 7652107]

Porges SW. Vagal pathways: portals to compassion. In: Seppald EM, Simon-Thomas E, Brown SL, Worline MC, Cameron
CD, Doty JR, editors. The Oxford Handbook of Compassion Science. New York, NY, US. Oxford University Press;
2017:189-202

Christodoulou G, Salami N, Black DS. The utility of heart rate variability in mindfulness research. Mindfulness.
2020;11(3):554-570

Shaffer F, Ginsberg JP. An overview of heart rate variability metrics and norms. Front Public Health. 2017;5:258 [FREE
Full text] [doi: 10.3389/fpubh.2017.00258] [Medline: 29034226]

Taelman J, Vandeput S, Vlemincx E, Spaepen A, Van Huffel S. Instantaneous changesin heart rate regul ation due to mental
load in simulated office work. Eur J Appl Physiol. 2011;111(7):1497-1505 [doi: 10.1007/s00421-010-1776-0] [Medline:
21188414]

Immanuel S, TeferraMN, Baumert M, Bidargaddi N. Heart rate variability for evaluating psychological stress changesin
healthy adults: a scoping review. Neuropsychobiology. 2023;82(4):187-202 [EREE Full text] [doi: 10.1159/000530376]
[Medline: 37290411]

Tung YH, Hsieh JC. The impacts of mindfulness on heart rate variability: a brief review. Int J Pharma Med Biol Sci.
2019;8(4):132-137 [FREE Full text] [doi: 10.18178/ijpmbs.8.4.132-137]

Teckenberg-Jansson P, Turunen S, Polkki T, Lauri-HaikalaMJ, Lipsanen J, Henelius A, et al. Effects of live music therapy
on heart rate variability and self-reported stress and anxiety among hospitalized pregnant women: arandomized controlled
trial. Nord JMusic Ther. 2019;28(1):7-26 [doi: 10.1080/08098131.2018.1546223]

Sarhaddi F, Azimi |, Axelin A, Niela-Vilen H, Liljeberg P, Rahmani AM. Trendsin heart rate and heart rate variability
during pregnancy and the 3-month postpartum period: continuous monitoring in a free-living context. IMIR Mhealth
Uhealth. 2022;10(6):€33458 [FREE Full text] [doi: 10.2196/33458] [Medline: 35657667]

Sharifiheris Z, Rahmani A, Onwuka J, Bender M. The utilization of heart rate variability for autonomic nervous system
assessment in healthy pregnant women: systematic review. JMIR Bioinform Biotech. 2022;3(1):e36791 [FREE Full text]
[doi: 10.2196/36791]

Solanki JD, Desai FH, Desai KH. Heart rate variability is reduced in normal pregnancy irrespective of trimester: a
cross-sectional study from Gujarat, India. JFamily Med Prim Care. 2020;9(2):626-631 [FREE Full text] [doi:
10.4103/jfmpc.jfmpc_1123 19] [Medline: 32318393]

Muthukrishnan S, Jain R, Kohli S, Batra S. Effect of mindfulness meditation on perceived stress scores and autonomic
function tests of pregnant Indian women. J Clin Diagn Res. 2016;10(4): CC05-CCO08 [FREE Full text] [doi:
10.7860/JCDR/2016/16463.7679] [Medline: 27190795]

Hayase M, Shimada M. Effects of maternity yoga on the autonomic nervous system during pregnancy. J Obstet Gynaecol
Res. 2018;44(10):1887-1895 [doi: 10.1111/j0g.13729] [Medline: 30019537]

Niela-Vilén H, Auxier J, Ekholm E, Sarhaddi F, Mehrabadi MA, Mahmoudzadeh A, et al. Pregnant women's daily patterns
of well-being before and during the COV ID-19 pandemic in Finland: longitudinal monitoring through smartwatch technol ogy.
PL0OS One. 2021;16(2):e0246494 [FREE Full text] [doi: 10.1371/journal.pone.0246494] [Medline: 33534854]

https://pediatrics.,jmir.org/2023/1/€53933 JMIR Pediatr Parent 2023 | vol. 6 | €53933 | p. 10

(page number not for citation purposes)


https://europepmc.org/abstract/MED/32162450
http://dx.doi.org/10.1002/brb3.1561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32162450&dopt=Abstract
http://dx.doi.org/10.1016/j.wombi.2016.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27810284&dopt=Abstract
http://dx.doi.org/10.1016/j.midw.2018.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30099285&dopt=Abstract
https://mental.jmir.org/2022/2/e31116/
http://dx.doi.org/10.2196/31116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35188471&dopt=Abstract
http://dx.doi.org/10.1111/jmwh.12944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30695166&dopt=Abstract
https://europepmc.org/abstract/MED/29486547
http://dx.doi.org/10.30773/pi.2017.08.17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29486547&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1087-0792(21)00141-6
http://dx.doi.org/10.1016/j.smrv.2021.101556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34607184&dopt=Abstract
https://mhealth.jmir.org/2015/3/e82/
http://dx.doi.org/10.2196/mhealth.4328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26290327&dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8986.1995.tb01213.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7652107&dopt=Abstract
https://europepmc.org/abstract/MED/29034226
https://europepmc.org/abstract/MED/29034226
http://dx.doi.org/10.3389/fpubh.2017.00258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29034226&dopt=Abstract
http://dx.doi.org/10.1007/s00421-010-1776-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21188414&dopt=Abstract
https://karger.com/nps/article/82/4/187/845046/Heart-Rate-Variability-for-Evaluating
http://dx.doi.org/10.1159/000530376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37290411&dopt=Abstract
https://www.ijpmbs.com/uploadfile/2019/0927/20190927053000884.pdf
http://dx.doi.org/10.18178/ijpmbs.8.4.132-137
http://dx.doi.org/10.1080/08098131.2018.1546223
https://mhealth.jmir.org/2022/6/e33458/
http://dx.doi.org/10.2196/33458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35657667&dopt=Abstract
https://bioinform.jmir.org/2022/1/e36791
http://dx.doi.org/10.2196/36791
https://europepmc.org/abstract/MED/32318393
http://dx.doi.org/10.4103/jfmpc.jfmpc_1123_19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32318393&dopt=Abstract
https://europepmc.org/abstract/MED/27190795
http://dx.doi.org/10.7860/JCDR/2016/16463.7679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27190795&dopt=Abstract
http://dx.doi.org/10.1111/jog.13729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30019537&dopt=Abstract
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0246494
http://dx.doi.org/10.1371/journal.pone.0246494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33534854&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Balsam et al

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edinburgh Postnatal
Depression Scale. Br J Psychiatry. 1987;150:782-786 [doi: 10.1192/bjp.150.6.782] [Medline: 3651732]

Spitzer RL, Kroenke K, Williams JBW, Léwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med. 2006;166(10):1092-1097 [FREE Full text] [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]
Smith-Nielsen J, Matthey S, Lange T, Vaaver MS. Validation of the Edinburgh Postnatal Depression Scale against both
DSM-5 and ICD-10 diagnostic criteria for depression. BMC Psychiatry. 2018;18(1):393 [EREE Full text] [doi:
10.1186/s12888-018-1965-7] [Medline: 30572867]

American Psychiatric Association. Diagnostic and statistical manual of mental disorders. BMC Med. 2013;17:133-137
Gong LL, Xie XY, Liu ST, HuWH, NiuYJ, Sun'Y, et al. Reliability and validity of generalized anxiety disorder 7-item
scale in early pregnant women. Reprod Dev Med. 2022;6(4):249-253 [doi: 10.1097/RD9.0000000000000046]

Zimet GD, Powell SS, Farley GK, Werkman S, Berkoff KA. Psychometric characteristics of the multidimensional scale
of perceived social support. J Pers Assess. 1990;55(3-4):610-617 [doi: 10.1080/00223891.1990.9674095] [Medline:
2280326]

Cao R, Azimi |, Sarhaddi F, Niela-Vilen H, Axelin A, Liljeberg P, et al. Accuracy assessment of Oura Ring nocturnal heart
rate and heart rate variability in comparison with electrocardiography in time and frequency domains: comprehensive
analysis. JMed Internet Res. 2022;24(1):€27487 [FREE Full text] [doi: 10.2196/27487] [Medline: 35040799]

Herbell K, Zauszniewski JA. Reducing psychological stressin peripartum women with heart rate variability biofeedback:
asystematic review. JHolist Nurs. 2019;37(3):273-285 [doi: 10.1177/0898010118783030] [Medline: 29944076]

Sleep score. Oura. 2023. URL: https://support.ouraring.com/hc/en-us/articles/360025445574- Sl eep-Score#01GM EO6X T88
60V SY 3DV 6FD54VW [accessed 2023-11-20]

Smith MT, McCrae CS, Cheung J, Martin JL, Harrod CG, Heald JL, et al. Use of actigraphy for the evaluation of sleep
disorders and circadian rhythm sleep-wake disorders: an American Academy of Sleep Medicine clinical practice guideline.
JClin Sleep Med. 2018;14(7):1231-1237 [FREE Full text] [doi: 10.5664/jcsm.7230] [Medline: 29991437]

de Zambotti M, Rosas L, Colrain IM, Baker FC. The sleep of the ring: comparison of the OURA sleep tracker against
polysomnography. Behav Sleep Med. 2019;17(2):124-136 [FREE Full text] [doi: 10.1080/15402002.2017.1300587]
[Medline: 28323455]

Rini CK, Dunkel-Schetter C, Wadhwa PD, Sandman CA. Psychological adaptation and birth outcomes: the role of personal
resources, stress, and sociocultural context in pregnancy. Health Psychol. 1999;18(4):333-345 [doi:
10.1037//0278-6133.18.4.333] [Medline: 10431934]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav. 1983;24(4):385-396
[Medline: 6668417]

Roberti W, Harrington LN, Storch EA. Further psychometric support for the 10-item version of the perceived stress scale.
Jof College Counseling. 2011;9(2):135-147 [doi: 10.1002/j.2161-1882.2006.tb00100.x]

Heart rate variability. Oura. 2020. URL : https://support.ouraring.com/hc/en-us/articles/360025441974-An-1 ntroduction-to-
Heart-Rate-Variability [accessed 2020-11-15]

Delaney JP, Brodie DA. Effects of short-term psychological stress on thetime and frequency domains of heart-rate variability.
Percept Mot Skills. 2000;91(2):515-524 [doi: 10.2466/pms.2000.91.2.515] [Medline: 11065312]

Loerup L, Pullon RM, Birks J, Fleming S, Mackillop LH, Gerry S, et al. Trends of blood pressure and heart rate in normal
pregnancies. a systematic review and meta-analysis. BMC Med. 2019;17(1):167 [EREE Full text] [doi:
10.1186/s12916-019-1399-1] [Medline: 31506067]

Kandola A, Stubbs B. Exercise and anxiety. In: Xiao J, editor. Physical Exercise for Human Health. Singapore. Springer;
2020:345-352

Lucenal, Frange C, Pinto ACA, Andersen ML, Tufik S, Hachul H. Mindfulnessinterventions during pregnancy: anarrative
review. J Integr Med. 2020;18(6):470-477 [doi: 10.1016/j.joim.2020.07.007] [Medline: 32798196]

Laborde S, Mosley E, Thayer JF. Heart rate variability and cardiac vagal tone in psychophysiological
research—recommendations for experiment planning, data analysis, and data reporting. Front Psychol. 2017;8:213 [FREE
Full text] [doi: 10.3389/fpsyq.2017.00213] [Medline: 28265249]

Abbreviations

DSM-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
EPDS: Edinburgh Postnatal Depression Scale

GAD-7: Generalized Anxiety Disorder Scale

HF: high-frequency

HIPAA: Health Insurance Portability and Accountability Act of 1996

HLM: hierarchical linear modeling

HR: heart rate

HRV: heart rate variability

IBI: interbeat interval

https://pediatrics.,jmir.org/2023/1/€53933 JMIR Pediatr Parent 2023 | vol. 6 | €53933 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1192/bjp.150.6.782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3651732&dopt=Abstract
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/410326
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-018-1965-7
http://dx.doi.org/10.1186/s12888-018-1965-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30572867&dopt=Abstract
http://dx.doi.org/10.1097/RD9.0000000000000046
http://dx.doi.org/10.1080/00223891.1990.9674095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2280326&dopt=Abstract
https://www.jmir.org/2022/1/e27487/
http://dx.doi.org/10.2196/27487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35040799&dopt=Abstract
http://dx.doi.org/10.1177/0898010118783030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29944076&dopt=Abstract
https://support.ouraring.com/hc/en-us/articles/360025445574-Sleep-Score#01GME06XT8860VSY3DV6FD54VW
https://support.ouraring.com/hc/en-us/articles/360025445574-Sleep-Score#01GME06XT8860VSY3DV6FD54VW
https://europepmc.org/abstract/MED/29991437
http://dx.doi.org/10.5664/jcsm.7230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29991437&dopt=Abstract
https://europepmc.org/abstract/MED/28323455
http://dx.doi.org/10.1080/15402002.2017.1300587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28323455&dopt=Abstract
http://dx.doi.org/10.1037//0278-6133.18.4.333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10431934&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6668417&dopt=Abstract
http://dx.doi.org/10.1002/j.2161-1882.2006.tb00100.x
https://support.ouraring.com/hc/en-us/articles/360025441974-An-Introduction-to-Heart-Rate-Variability
https://support.ouraring.com/hc/en-us/articles/360025441974-An-Introduction-to-Heart-Rate-Variability
http://dx.doi.org/10.2466/pms.2000.91.2.515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11065312&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-019-1399-1
http://dx.doi.org/10.1186/s12916-019-1399-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31506067&dopt=Abstract
http://dx.doi.org/10.1016/j.joim.2020.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32798196&dopt=Abstract
https://europepmc.org/abstract/MED/28265249
https://europepmc.org/abstract/MED/28265249
http://dx.doi.org/10.3389/fpsyg.2017.00213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28265249&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING Balsam et al

ICD-10: International Classification of Diseases, Tenth Revision

iMBI: internet mindfulness-based intervention

LF: low-frequency

MSPSS: Multidimensional Scale of Perceived Socia Support

PRAS: Pregnancy-Related Anxiety Scale

PSS: Perceived Stress Scale

RCT: randomized controlled trial

REDCap: Research Electronic Data Capture

RMSSD: root mean square of successive differences between adjacent normal heartbeats
SDNN: SD of the IBI of normal sinus heartbeats, with “normal” referring to the removal of artifact
SNS: sympathetic nervous system

WHO: World Health Organization
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