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Abstract
Background: There is increasing interest in the development of scalable digital mental health interventions for perinatal
populations to increase accessibility. Mobile behavioral activation (BA) is efficacious for the treatment of perinatal depression;
however, the effect of comorbid anxiety and depression (CAD) on symptom trajectories remains underexplored. This is
important given that at least 10% of women in the perinatal period experience CAD.
Objective: We assessed whether there were differences in symptom trajectories in pregnant participants with CAD as
compared to those with depression only (ie, major depressive disorder [MDD]) during intervention with a BA mobile gaming
app.
Methods: Pregnant adults with either CAD (n=10) or MDD (n=7) used a BA app for 10 weeks and completed biweekly
symptom severity questionnaires for depression and anxiety. We assessed whether baseline diagnoses were associated with
differential symptom trajectories across the study with mixed effects longitudinal models.
Results: When controlling for baseline symptoms, results revealed a significant interaction between baseline diagnosis and the
quadratic component of study week on anxiety (β=.18, SE 0.07; t62=2.61; P=.01), revealing a tendency for anxiety in the CAD
group to increase initially and then decrease at an accelerated rate, whereas MDD symptoms were relatively stable across time.
There was a significant effect of linear time on depression (β=−.39, SE 0.11; t68=−3.51; P=.001), showing that depression
declined steadily across time for both groups. There was a significant effect of baseline diagnosis on depression (β=−8.53, SE
3.93; t13=−2.17; P=.05), suggesting that those with MDD had higher follow-up depression compared to those with CAD when
holding other predictors constant.
Conclusions: The app was beneficial in reducing depression symptoms in perinatal individuals with different comorbidity
profiles. With respect to anxiety symptom trajectories, however, there was more variability. The app may be especially
effective for the treatment of anxiety symptoms among individuals with CAD, as it encourages in-the-moment ecologically
relevant exposure to anxiety-provoking stimuli. Despite no significant group difference in baseline anxiety symptoms, the
MDD group did not have a significant reduction in their anxiety symptoms across the study period, and some individuals had
an increase in anxiety. Findings may point to opportunities for the augmentation of BA gaming apps for those with MDD
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to more effectively target anxiety symptoms. Overall, findings suggest there may be value in considering comorbidities and
individual variations in participants when developing scalable mobile interventions for perinatal populations.

JMIR Form Res 2025;9:e59154; doi: 10.2196/59154
Keywords: perinatal anxiety; perinatal depression; behavioral activation; digital mental health; mobile phone

Introduction
During the perinatal period, 19%‐40% of women experience
anxiety or depression, and at least 10% experience comorbid
anxiety and depression (CAD [1,2]). Despite its prevalence,
CAD in perinatal populations is relatively underexplored
[3]. CAD is associated with greater symptom severity,
decreased treatment response, and longer episode duration
[2-5]. Therefore, more research is needed to assess treatment
considerations for perinatal individuals with CAD.

Behavioral activation (BA) is a behavioral intervention
that aims to boost engagement in pleasurable activities,
emphasizing value-driven behaviors and avoidance reduction,
and is efficacious for the treatment of perinatal depression
and anxiety [6]. While there is a strong need for the treatment
of anxiety and depression in perinatal populations, access to
treatment remains challenging and thus further highlights the
need for scalable treatments that are accessible for use in
ecologically valid settings [7]. Due to accessibility difficul-
ties and maternity health care deserts [8], there is increasing
interest in the development of scalable digital mental health
interventions for perinatal populations [9-13].

Vanderkruik et al’s [14] pilot study on the feasibility
and acceptability of a BA gaming app for pregnant women
suggests its potential to decrease depression symptoms during
pregnancy. However, the effect of comorbidity on symptom
trajectories remains unexplored, and few studies focus on
individual differences in mobile BA treatment outcomes
[14,15]. In this pilot study, we take a hypothesis-generating
approach to assess differences in anxiety and depression
symptom trajectories in participants with either CAD or major
depressive disorder (MDD).

Methods
Recruitment
Participants (pregnant adults, native English speakers,
smartphone users, and at least moderately depressed [14])
were recruited throughout the United States between 2021
and 2022 via clinician referrals, the Massachusetts Gen-
eral Hospital Center for Women’s Mental Health website
[16], and social media advertising. Ineligibility criteria
included imminent risk of self-harm, current substance
abuse, psychotic disorder, or active mania. All participants
(n=18) met the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) criteria for a current major
depressive episode, 10 of whom additionally met criteria for
generalized anxiety disorder (GAD) as assessed by the Mini
International Neuropsychiatric Interview (MINI [17]). One

participant dropped from the study due to active substance
use, resulting in a final sample of 17.

Participants were instructed to use the app for the 10-week
study period and invited to complete daily “Adventures” (eg,
exercising and cleaning) in their real life to earn points and
progress in the game. Participants completed surveys for
depression and anxiety symptoms biweekly over the 10-week
study period [14].

Ethical Considerations
This study is a secondary analysis of deidentified data from
the parent study. All original study procedures were approved
by the Mass General Brigham institutional review board
(2021P001400). All participants provided informed consent
in the parent study, which stipulated that deidentified data
may be analyzed in secondary analyses without additional
consent. Participants were not provided compensation for
their participation.
Measures
Eligibility was assessed at baseline with the MINI [17], a
semistructured interview conducted by a trained research
assistant [14]. Participant grouping (CAD vs MDD) was
determined at baseline using MINI diagnostic criteria. The
CAD group included individuals who met DSM-5 criteria
for GAD (excessive, difficult to control anxiety and worry
for most days for at least 6 months and 3 of the follow-
ing symptoms: restlessness, being easily fatigued, difficulty
concentrating, irritability, muscle tension, and sleep disturb-
ance [18]) and MDD (a depressed mood for most of the
day or anhedonia for at least 2-weeks, as well as 5 of
the following symptoms: significant unintentional weight
or appetite change, insomnia or hypersomnia, psychomo-
tor agitation or retardation, fatigue, feelings of worthless-
ness or inappropriate or excessive guilt, decreased ability
to concentrate or make decisions, and recurrent thoughts
of death or suicidal ideation [19]). Those in the MDD
group only met the criteria for MDD. Self-reported anxiety
and depression symptoms within the past two weeks were
measured with the Generalized Anxiety Disorder-7 (GAD-7
[18]) and Patient Health Questionnaire-9 (PHQ-9 [14]),
respectively. Study completers were defined as participants
who completed the final assessment at the end of the 10-week
study period. As published previously [14], app engagement
was measured by assessing days using the app (ie, the number
of days a participant logged on) and activities completed (ie,
the total number of activities a participant completed in the
game).
Statistical Analysis
Given the scope of this pilot study, we chose a hypothe-
sis-generating approach with the intent of informing future
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research, though we expected to see less favorable depres-
sion and anxiety symptom trajectories (according to PHQ-9
and GAD-7, respectively) for CAD relative to the MDD
group. The analyses were conducted in R (version 4.3.0;
R Core Team). Demographic variables, group differences
in reductions of anxiety and depression symptoms, app
engagement, study completion, and individual symptom
trajectories by group were analyzed with descriptive statistics.
Independent group t tests (2-tailed) explored differences in
baseline measures of depression and anxiety by baseline
diagnosis.

To assess individual variation in depression and anxi-
ety symptom decreases over time within each group, we
plotted individual participant data to visualize trajectories of
change for anxiety and depression symptoms across time.
To determine whether treatment outcomes changed differen-
tially across time by baseline diagnosis while controlling
for baseline depression and anxiety symptom levels, we
used mixed effects longitudinal models. In separate mod-
els, PHQ-9 and GAD-7 (hereafter referred to as depression
and anxiety symptoms, respectively) were the dependent
variables. We controlled for baseline depression and anxiety
to ensure that trajectories were due to the app and diagnostic

group rather than differences in baseline symptom levels.
Fixed predictors were baseline diagnosis group (CAD vs
MDD), time (linear and quadratic components of the week
in study), baseline depression or anxiety symptoms for the
analysis of their respective dependent variables, and all 2
and 3-way interactions of group, time, and baseline depres-
sion and anxiety symptoms. Participant-level covariates of
baseline age and baseline week gestation were also included
to ensure effects were due to the app and not differences
in age or weeks gestation. The random effect was partic-
ipant intercept. We progressively removed nonsignificant
covariates and higher-order terms and reran the model. We
checked the model residuals to ensure conformance to model
assumptions of normality and calculated the proportion of
variance in the dependent variable attributable to the fixed
effects.

Results
Out of the 17 participants, 59% (n=10) had CAD and 41%
(n=7) had MDD at baseline. Participants were primarily
White, heterosexual, married, employed, and educated, with
private health insurance, as seen in Table 1.

Table 1. Demographics and participant characteristics.
Comorbid anxiety and
depression (n=10)

Major depressive disorder
(MDD; n=7) Total (N=17)

Age (years), mean (SD) 33.4 (3.0) 35.8 (2.7) 34.4(3.1)
Weeks gestation, mean (SD) 18.1 (8.4) 15.1 (5.9) 16.8 (7.3)
Race or ethnicity, n (%)

White 10 (100) 2 (29) 12 (71)
Black or African American 0 (0) 3 (43) 3 (18)
Asian 0 (0) 2 (29) 2 (12)
Non-Hispanic or Latina 9 (90) 6 (86) 15 (88)
Hispanic or Latina 1 (10) 1 (14) 2 (12)

Sexual orientation, n (%)
Heterosexual 7 (70) 7 (100) 14 (82)
Bisexual 2 (20) 0 (0) 2 (12)
Queer 1 (10) 0 (0) 1 (6)

Marital status, n (%)
Married 9 (90) 3 (43) 12 (71)
Divorced 0 (0) 1 (14) 1 (6)
Never married 1 (10) 3 (43) 4 (24)

Employment status, n (%)
Employed 7 (70) 7 (100) 14 (82)
Student 3 (30) 0 (0) 3 (18)
Disabled or unable to work 0 (0) 0 (0) 0 (0)

Insurance status, n (%)
Private health insurance 10 (100) 6 (86) 16 (94)
Medicaid 0 (0) 1 (14) 1 (6)

Education level, n (%)
Postgraduate training 7 (70) 5 (71) 12 (71)
Bachelor’s degree 3 (30) 1 (14) 4 (24)
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Comorbid anxiety and
depression (n=10)

Major depressive disorder
(MDD; n=7) Total (N=17)

Some college 0 (0) 0 (0) 0 (0)
High school diploma 0 (0) 0 (0) 0 (0)
Some high school 0 (0) 1 (14) 1 (6)

Treatment, n (%)
Psychiatric medication in the last 2 months 6 (60) 2 (29) 8 (47)
Psychosocial treatment in the last 2 months 5 (50) 3 (43) 8 (47)

Table 1 shows the demographics and participant characteris-
tics of our participants in a pilot study conducted between
2021 and 2022 in the United States testing whether baseline
symptom and diagnostic differences influence the symptom
trajectory of pregnant individuals using a BA gaming app for
perinatal depression and anxiety.

There were no significant group differences in age
(meanCAD 33.4, SDCAD 3.0 years and meanMDD 35.8,
SDMDD 2.7 years), baseline weeks gestation (meanCAD
18.1, SDCAD 8.4 and meanMDD 15.1, SDMDD 5.9), or
baseline depression symptoms (meanCAD 12.8, SDCAD 3.3
and meanMDD 11.7, SDMDD 3.5). There was no significant
difference in baseline past 2-week anxiety symptoms

(meanCAD 10.7, SDCAD 2.7 and meanMDD 7.0, SDMDD 2.7;
Table 2). That is, while both diagnostic groups started with
similar past 2-week levels of anxiety, only the CAD group
met full DSM-5 criteria for GAD, which requires a duration
of at least 6 months of symptoms. The CAD group was 3.6
times more likely to be using psychotropic medications (6
out of 10, 60% of participants with CAD, 2 out of 7, 29%
of participants with MDD) though with this sample size, it
did not reach statistical significance (P=.32). The CAD group
was 1.2 times more likely to be in therapy (5 out of 10, 50%
participants with CAD and 3 out of 7, 43% participants with
MDD); findings did not reach significance (P=.63).

Table 2. Mean changes from baseline to follow-up in anxiety and depression for completers.
PHQ-9a (mean, SD) GAD-7b (mean, SD)

Comorbid anxiety and depression
Baseline (n=10) 12.8 (3.7) 10.7 (2.7)
Baseline completers (n=7) 12.7 (3.9) 10.0 (2.9)
Follow-up (n=7) 7.0 (3.4) 6.0 (2.6)
Completers mean change score −5.7 (4.3) −4.0 (4.2)

Major depressive disorder
Baseline (n=7) 11.7 (3.5) 7.0 (2.7)
Baseline completers (n=3) 13.7 (4.5) 7.3 (0.6)
Follow-up (n=3) 7.7 (4.9) 9.7 (6.5)
Completers mean change score −6.0 (1.7) 2.3 (6.5)

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder-7.

Of the 10 participants with CAD, 7 (70%) completed the
last study assessment and of the original 7 participants with
MDD, 3 (43%) completed the last study assessment. Baseline
diagnosis (CAD vs MDD) was not a significant predictor of
whether participants completed the last assessment (β=−1.36,
SE 1.00; z score=−1.35; P=.18). There was also no significant
difference in the number of days using the app between the
CAD group and the MDD group (meanCAD 18.0, SDCAD
16.20; meanMDD 11.6, SDMDD 19.79; t7.04=0.62; P=.56;
95% CI −18.09 to 30.89). There was no significant differ-
ence in the number of tasks completed between the CAD
group and the MDD group (meanCAD 13.22, SDCAD 14.07;
meanMDD 6.0, SDMDD 12.86; t9.08=0.97; P=.36; 95% CI
−9.55 to 23.99).

There was no significant difference between the depression
symptom mean change score for completers from baseline to
follow-up for the CAD group compared to the MDD group

(meanCAD −5.7, SDCAD 4.3; meanMDD −6.0, SDMDD 1.7;
t8=0.11; P=.92; 95% CI −5.8 to −6.4). There was also no
significant difference in the anxiety symptom mean change
score for completers from baseline to follow-up for the CAD
group compared to the MDD group (meanCAD −4.0, SDCAD
4.2; meanMDD 2.3, SDMDD 6.5; t8=−1.87; P=.09; 95% CI
−14.1 to 1.5).

When assessing individual-level trajectories of depression
and anxiety symptom scores across study week by partici-
pant, we see within-group variation both for depression and
anxiety symptom scores (Figure 1). In the MDD group, most
individuals’ anxiety symptoms decreased over time, though 1
individual demonstrated an increase in anxiety. The anxiety
of some individuals with CAD increased before decreasing
over time. While overall depression symptoms decreased over
time, a few individuals in both groups displayed increases in
symptoms.
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Figure 1. Individual symptom trajectories of anxiety (GAD-7) and depression (PHQ-9) by baseline diagnosis. Figure 1 shows raw score symptom
trajectories for each participant on anxiety (GAD-7) and depression (PHQ-9) symptoms by baseline diagnosis in a pilot study conducted between
2021 and 2022 in the United States testing whether baseline symptom and diagnostic differences influence symptom trajectory in pregnant
individuals using a behavioral activation gaming app for perinatal depression and anxiety. Red triangles denote the mean score at each study week,
with the red line representing a least squares regression line fit to these means. CAD: comorbid anxiety and depression; GAD-7: Generalized Anxiety
Disorder-7; MDD: major depressive disorder; PHQ-9: Patient Health Questionnaire-9.
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For mixed effects models, nonsignificant higher-order terms
and covariates were removed, and models rerun. Relevant to
the assessment of any association of baseline diagnosis to
change in anxiety across time controlling for baseline anxiety,
there was a significant interaction between baseline diagnosis
and quadratic study week (β=.18, SE 0.07; t62=2.61; P=.01).
This interaction reflects a tendency for the CAD group
anxiety symptoms to increase initially and then decrease
at an accelerated rate, whereas the MDD groups’ anxiety
symptoms were relatively stable across time or even showed
a slight “U” shape pattern across time (Figure 2). Overall,
the fixed effects accounted for 33.9% of the total variance in
the anxiety symptom scores. All other fixed effects of interest
were nonsignificant (Table 3).

For the assessment of baseline diagnosis of depression
across time controlling for baseline depression, there was

a significant effect of linear time on depression symptom
scores (β=−.39, SE 0.11; t68=−3.51; P<.001), showing that
depression symptoms decline steadily across time for both
groups. We also found a significant effect of baseline
diagnosis on depression symptoms at follow-up (β=−8.53,
SE 3.93; t13=−2.17; P=.05), suggesting that being in the
MDD group was associated with slightly higher follow-up
depression symptom scores compared to the CAD groups’
follow-up depression symptom scores across time (Figure 2),
holding other predictors (eg, baseline depression symptoms),
constant. There was also a marginally significant interac-
tion of baseline diagnosis with baseline depression symp-
toms (β=.65, SE 0.31; t13=2.12; P=.054) suggesting that
the difference in follow-up depression scores by baseline
diagnosis difference was slightly stronger among those with
lower baseline depression levels than at higher levels.
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Figure 2. Model fixed effect predicted values of GAD-7 and PHQ-9 over time. Figure 2 shows effects plots from the 2 mixed effects models
predicting anxiety (GAD-7; top panel) and depression (PHQ-9; bottom panel) across time in a pilot study conducted between 2021 and 2022 in the
United States testing whether baseline symptom and diagnostic differences influence symptom trajectory in pregnant individuals using a behavioral
activation gaming app for perinatal depression and anxiety. Predicted values from model fixed effects are shown with 95% confidence bands
around the lines, controlling for baseline symptoms. CAD: comorbid anxiety and depression; GAD-7: Generalized Anxiety Disorder-7; MDD: major
depressive disorder; PHQ-9: Patient Health Questionnaire-9.
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Table 3. Mixed models fixed effects results. Table 3 shows fixed effects results from both mixed effects models in a pilot study conducted between
2021 and 2022 in the US testing whether baseline symptom and diagnostic differences influence symptom trajectory in pregnant individuals using a
behavioral activation gaming app for perinatal depression and anxiety.

β (SE) t test (df) P value
GAD-7a model

Intercept 5.06 (2.62) 1.93 (15) .07
Baseline diagnosis −1.94 (1.81) −1.07 (32) .29
Timeb .75 (0.44) 1.72 (63) .09
Time2c −.12 (0.04) −2.76 (62) .007
Baseline GAD-7 .53 (0.23) 2.35 (13) .04
Baseline diagnosis timeb −1.24 (0.69) −1.81 (62) .08
Baseline diagnosis time2c .18 (0.07) 2.61 (62) .01

PHQ-9d model
Intercept 4.37 (2.52) 1.73 (12) .11
Baseline diagnosis −8.53 (3.93) −2.17 (13) .049
Baseline PHQ-9 .57 (0.18) 3.07 (11) .01
Time −.39 (0.11) −3.51 (68) .001
Baseline diagnosis baseline PHQ-9 .65 (0.31) 2.12 (13) .054

aGAD-7: Generalized Anxiety Disorder-7.
bTime: linear time.
cTime2: quadratic time.
dPHQ-9: Patient Health Questionnaire-9.
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Discussion
Principal Results
In this pilot study, our objective was to take a hypoth-
esis-generating exploratory approach to assess differences
in anxiety and depression symptom trajectories in partici-
pants with either CAD or MDD. While we expected to
see less favorable depression and anxiety symptom trajec-
tories (according to PHQ-9 and GAD-7, respectively) for
CAD relative to the MDD group, our first main finding
was that anxiety in the CAD group increased initially and
then decreased at an accelerated rate, whereas in the MDD
group, anxiety symptoms remained relatively stable across
time despite no difference in baseline anxiety symptoms. Our
other main finding was that depression symptoms declined
steadily across time for both groups; however, those with
MDD had higher follow-up depression scores compared to
those with CAD, despite no differences in baseline depres-
sion symptoms. Given that there were no group differences
in app engagement, these findings may not be explained
by adherence or engagement. Our findings provide pre-
liminary support for considering individual differences in
baseline diagnostic characteristics when developing person-
alized mobile interventions, particularly in the context of
treating perinatal individuals with psychological comorbidi-
ties.

With respect to the anxiety symptom trajectories, our
findings are in line with the literature showing that compared
to active controls, BA has a large effect on the reduction
of depressive symptoms and a small effect on the reduction
of anxiety symptoms when anxiety is secondary to depres-
sion [20]. In our study, it appears that the BA gaming app
may be associated with a substantial reduction of anxiety
symptoms for individuals with CAD. For these individuals,
it may be that the BA components of the app target avoid-
ance behaviors, which could result in a temporary increase in
anxiety followed by reductions in anxiety potentially due to
increased reward, habituation, and violation of expectations
[6,21]. These findings suggest that the app may be especially
effective for individuals with CAD, as it encourages in-the-
moment ecologically relevant exposure to anxiety-provoking
stimuli [7]. Particularly for individuals with CAD, for whom
daily external stimuli may be especially provoking, the app
may be especially useful and serve as an exposure.

Despite no significant group difference in baseline anxiety,
the MDD group did not have a significant reduction in
their anxiety symptoms across the study period, and some
individuals had an increase in anxiety. Future studies should
explore whether the anxiety experienced by the MDD group
is maintained by other cognitive mechanisms to improve

targeting anxiety symptoms when anxiety symptoms are
secondary to depression symptoms. Findings may point to
opportunities for the augmentation of BA gaming apps for
those with MDD to more effectively target anxiety symptoms.
Future treatment personalization studies should also assess
whether notifying patients of common treatment trajecto-
ries based on baseline presentations may improve treatment
adherence. Findings of individual variability in anxiety and
depression over time point to an opportunity for future more
highly powered studies investigating the risk for increasing
anxiety and depression across treatment during pregnancy.

Regarding our hypothesis that the CAD group may
have less favorable depression symptom trajectories, we
instead found that depression symptoms decreased linearly
across time for both groups and that the MDD group had
higher depression symptom scores at follow-up compared
to the CAD groups’ follow-up symptoms, suggesting that
the app may be beneficial in reducing depression in peri-
natal individuals with different comorbidity profiles. These
findings are in line with results from traditional and mobile
BA interventions that BA is efficacious for the reduction of
depressive symptoms (eg, [6,20,22]) even for individuals with
different comorbidity profiles.
Limitations
This pilot study has several limitations (eg, modest sample
size and no control group; discussed further in Vanderkruik
et al [14]). Future fully powered studies should consider
app engagement when assessing differences in symptom
trajectories by baseline diagnosis. Due to the small sample
size and lack of a control group, the results should be
interpreted with caution and be considered as hypothesis
generating.
Conclusions
The findings provide preliminary support for considering
individual differences and comorbidities when developing
scalable mobile interventions for perinatal populations. This
pilot study has potentially important broad implications.
Demand for treatment, particularly in perinatal populations,
is high and yet can be hard to access for a variety of
reasons, including the fact that many traditional interventions
require presence in a formal and controlled therapy environ-
ment. This study represents an initial step toward developing
scalable interventions and highlights the need to consider
baseline differences in future studies that may personal-
ize the app experience to increase adherence and effective-
ness. Further research involving an adequately powered
randomized controlled trial may further illuminate individual
differences affecting the impact of mobile interventions.

Acknowledgments
The authors would like to thank all study participants for their participation in this study. This study was funded by the Harvard
Medical School Kaplen Fellowship on Depression to RV at the MGH Center for Women’s Mental Health. Generative artificial
intelligence was not used for this paper.
Authors’ Contributions

JMIR FORMATIVE RESEARCH Hamlett et al

https://formative.jmir.org/2025/1/e59154 JMIR Form Res 2025 | vol. 9 | e59154 | p. 7
(page number not for citation purposes)

https://formative.jmir.org/2025/1/e59154


LSC, RV, and GEH contributed to the study conception and design. Material preparation and data collection were performed
by RV, LAK, and CF. Analyses were performed by GEH and CS. JJL provided consultation. The first draft of the paper was
written by GEH with contributions from RV and CS, and all authors commented on previous versions of the study. All authors
read and approved the final paper. Funding was acquired by RV, and supervision was provided by JJL, RP, RJM, LSC, and
RV.
Conflicts of Interest
LSC, as of February 26, 2024, receives research support as an employee of Massachusetts General Hospital (MGH) and
works with the MGH National Pregnancy Registry. The current sponsors of MGH National Pregnancy Registry are Alkermes,
Inc. (2016 to present); Dr. Reddy’s Laboratories, Inc. (2023 to present); Eisai Inc. (2022 to present); Otsuka America
Pharmaceutical, Inc. (2008 to present); Supernus Pharmaceuticals (2021 to present); and Teva Pharmaceutical Industries Ltd.
(2018 to present). As an employee of MGH, LSC works with the MGH
Clinical Trials Network and Institute, which has had research funding from multiple pharmaceutical companies and the
National Institute of Mental Health. LSC reports other research support from National Institutes of Health and SAGE
Therapeutics but no support from advisory or consulting roles, no speaking fees or honoraria, no royalties or patents, and no
other income. RV, as of March 14, 2024, receives research support as an employee of MGH and works on projects funded
by The J Willard and Alice S Marriott Foundation and the National Eating Disorder Association. RV consults for the World
Health Organization and Soulside, Inc.
References
1. Dennis CL, Falah-Hassani K, Shiri R. Prevalence of antenatal and postnatal anxiety: systematic review and meta-

analysis. Br J Psychiatry. May 2017;210(5):315-323. [doi: 10.1192/bjp.bp.116.187179] [Medline: 28302701]
2. Falah-Hassani K, Shiri R, Dennis CL. The prevalence of antenatal and postnatal co-morbid anxiety and depression: a

meta-analysis. Psychol Med. Sep 2017;47(12):2041-2053. [doi: 10.1017/S0033291717000617] [Medline: 28414017]
3. Goodman JH, Tyer-Viola L. Detection, treatment, and referral of perinatal depression and anxiety by obstetrical

providers. J Womens Health (Larchmt). Mar 2010;19(3):477-490. [doi: 10.1089/jwh.2008.1352]
4. Cuijpers P, Miguel C, Ciharova M, et al. Psychological treatment of depression with other comorbid mental disorders:

systematic review and meta-analysis. Cogn Behav Ther. May 2023;52(3):246-268. [doi: 10.1080/16506073.2023.
2166578] [Medline: 36718645]

5. Hopwood M. Anxiety symptoms in patients with major depressive disorder: commentary on prevalence and clinical
implications. Neurol Ther. Apr 2023;12(Suppl 1):5-12. [doi: 10.1007/s40120-023-00469-6] [Medline: 37115459]

6. Dimidjian S, Goodman SH, Sherwood NE, et al. A pragmatic randomized clinical trial of behavioral activation for
depressed pregnant women. J Consult Clin Psychol. 2017;85(1):26-36. [doi: 10.1037/ccp0000151]

7. Ebrahimi OV, Asmundson GJG. Scaling up psychological interventions into the daily lives of patients with anxiety and
related disorders. J Anxiety Disord. Aug 2024;106(102916). [doi: 10.1016/j.janxdis.2024.102916] [Medline: 39178811]

8. DiPietro Mager NA, Zollinger TW, Turman JE Jr, Zhang J, Dixon BE. Routine healthcare utilization among
reproductive-age women residing in a rural maternity care desert. J Community Health. Feb 2021;46(1):108-116. [doi:
10.1007/s10900-020-00852-6] [Medline: 32488525]

9. Hadfield H, Wittkowski A. Women’s experiences of seeking and receiving psychological and psychosocial interventions
for postpartum depression: a systematic review and thematic synthesis of the qualitative literature. J Midwife Womens
Health. Nov 2017;62(6):723-736. [doi: 10.1111/jmwh.12669]

10. Chen C, Wang X, Xu H, Li Y. Effectiveness of digital psychological interventions in reducing perinatal depression: a
systematic review of meta-analyses. Arch Womens Ment Health. Aug 2023;26(4):423-439. [doi: 10.1007/s00737-023-
01327-y] [Medline: 37231116]

11. Lara-Cinisomo S, Ramirez Olarte A, Rosales M, Barrera AZ. A systematic review of technology-based prevention and
treatment interventions for perinatal depression and anxiety in Latina and African American women. Matern Child
Health J. Feb 2021;25(2):268-281. [doi: 10.1007/s10995-020-03028-9] [Medline: 33389589]

12. Lewkowitz AK, Whelan AR, Ayala NK, et al. The effect of digital health interventions on postpartum depression or
anxiety: a systematic review and meta-analysis of randomized controlled trials. Am J Obstet Gynecol. Jan
2024;230(1):12-43. [doi: 10.1016/j.ajog.2023.06.028]

13. Franco P, Olhaberry M, Muzard A, Harismendy Á, Kelders S. Developing a guided web app for postpartum depression
symptoms: user-centered design approach. JMIR Form Res. Aug 19, 2024;8(1):e56319. [doi: 10.2196/56319] [Medline:
39159447]

14. Vanderkruik RC, Ferguson C, Kobylski LA, et al. Testing a behavioral activation gaming app for depression during
pregnancy: multimethod pilot study. JMIR Form Res. Jan 26, 2024;8:e44029. [doi: 10.2196/44029] [Medline: 38277191]

JMIR FORMATIVE RESEARCH Hamlett et al

https://formative.jmir.org/2025/1/e59154 JMIR Form Res 2025 | vol. 9 | e59154 | p. 8
(page number not for citation purposes)

https://doi.org/10.1192/bjp.bp.116.187179
http://www.ncbi.nlm.nih.gov/pubmed/28302701
https://doi.org/10.1017/S0033291717000617
http://www.ncbi.nlm.nih.gov/pubmed/28414017
https://doi.org/10.1089/jwh.2008.1352
https://doi.org/10.1080/16506073.2023.2166578
https://doi.org/10.1080/16506073.2023.2166578
http://www.ncbi.nlm.nih.gov/pubmed/36718645
https://doi.org/10.1007/s40120-023-00469-6
http://www.ncbi.nlm.nih.gov/pubmed/37115459
https://doi.org/10.1037/ccp0000151
https://doi.org/10.1016/j.janxdis.2024.102916
http://www.ncbi.nlm.nih.gov/pubmed/39178811
https://doi.org/10.1007/s10900-020-00852-6
http://www.ncbi.nlm.nih.gov/pubmed/32488525
https://doi.org/10.1111/jmwh.12669
https://doi.org/10.1007/s00737-023-01327-y
https://doi.org/10.1007/s00737-023-01327-y
http://www.ncbi.nlm.nih.gov/pubmed/37231116
https://doi.org/10.1007/s10995-020-03028-9
http://www.ncbi.nlm.nih.gov/pubmed/33389589
https://doi.org/10.1016/j.ajog.2023.06.028
https://doi.org/10.2196/56319
http://www.ncbi.nlm.nih.gov/pubmed/39159447
https://doi.org/10.2196/44029
http://www.ncbi.nlm.nih.gov/pubmed/38277191
https://formative.jmir.org/2025/1/e59154


15. Mancinelli E, Dell’Arciprete G, Pattarozzi D, Gabrielli S, Salcuni S. Digital behavioral activation interventions during
the perinatal period: scoping review. JMIR Pediatr Parent. Feb 28, 2023;6:e40937. [doi: 10.2196/40937] [Medline:
36853756]

16. Women's mental health across the life cycle. Massachusetts General Hospital Center for Women’s Mental Health. URL:
https://womensmentalhealth.org/ [Accessed 2024-10-01]

17. Lecrubier Y, Sheehan D, Weiller E, et al. The MINI International Neuropsychiatric Interview (MINI). A short diagnostic
structured interview: reliability and validity according to the CIDI. Eur psychiatr. 1997;12(5):224-231. [doi: 10.1016/
S0924-9338(97)83296-8]

18. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med. May 22, 2006;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

19. Löwe B, Unützer J, Callahan CM, Perkins AJ, Kroenke K. Monitoring depression treatment outcomes with the patient
health questionnaire-9. Med Care. Dec 2004;42(12):1194-1201. [doi: 10.1097/00005650-200412000-00006] [Medline:
15550799]

20. Stein AT, Carl E, Cuijpers P, Karyotaki E, Smits JAJ. Looking beyond depression: a meta-analysis of the effect of
behavioral activation on depression, anxiety, and activation. Psychol Med. Jul 2021;51(9):1491-1504. [doi: 10.1017/
S0033291720000239] [Medline: 32138802]

21. Hamlett GE, Foa EB, Brown LA. Exposure therapy and its mechanisms. In: Milad MR, Norrholm SD, editors. Fear
Extinction: From Basic Neuroscience to Clinical Implications. Springer International Publishing; 2023:273-288. [doi: 10.
1007/78542023428]

22. Dahne J, Wahlquist AE, Kustanowitz J, et al. Behavioral activation-based digital smoking cessation intervention for
individuals with depressive symptoms: randomized clinical trial. J Med Internet Res. Nov 1, 2023;25:e49809. [doi: 10.
2196/49809] [Medline: 37910157]

Abbreviations
BA: behavioral activation
CAD: comorbid anxiety and depression
DSM-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
GAD: generalized anxiety disorder
GAD-7: Generalized Anxiety Disorder-7
MDD: major depressive disorder
MINI: Mini International Neuropsychiatric Interview
PHQ-9: Patient Health Questionnaire-9

Edited by Amaryllis Mavragani; peer-reviewed by Martha Zimmermann; submitted 29.04.2024; final revised version
received 01.11.2024; accepted 05.11.2024; published 14.01.2025

Please cite as:
Hamlett GE, Schrader C, Ferguson C, Kobylski LA, Picard R, Locascio JJ, McNally RJ, Cohen LS, Vanderkruik R
Considering Comorbidities and Individual Differences in Testing a Gaming Behavioral Activation App for Perinatal
Depression and Anxiety: Open Trial Pilot Intervention Study
JMIR Form Res 2025;9:e59154
URL: https://formative.jmir.org/2025/1/e59154
doi: 10.2196/59154

© Gabriella E Hamlett, Chloe Schrader, Craig Ferguson, Lauren A Kobylski, Rosalind Picard, Joseph J Locascio, Richard J
McNally, Lee S Cohen, Rachel Vanderkruik. Originally published in JMIR Formative Research (https://formative.jmir.org),
14.01.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information, a
link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR FORMATIVE RESEARCH Hamlett et al

https://formative.jmir.org/2025/1/e59154 JMIR Form Res 2025 | vol. 9 | e59154 | p. 9
(page number not for citation purposes)

https://doi.org/10.2196/40937
http://www.ncbi.nlm.nih.gov/pubmed/36853756
https://womensmentalhealth.org/
https://doi.org/10.1016/S0924-9338(97)83296-8
https://doi.org/10.1016/S0924-9338(97)83296-8
https://doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171
https://doi.org/10.1097/00005650-200412000-00006
http://www.ncbi.nlm.nih.gov/pubmed/15550799
https://doi.org/10.1017/S0033291720000239
https://doi.org/10.1017/S0033291720000239
http://www.ncbi.nlm.nih.gov/pubmed/32138802
https://doi.org/10.1007/78542023428
https://doi.org/10.1007/78542023428
https://doi.org/10.2196/49809
https://doi.org/10.2196/49809
http://www.ncbi.nlm.nih.gov/pubmed/37910157
https://formative.jmir.org/2025/1/e59154
https://doi.org/10.2196/59154
https://formative.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://formative.jmir.org
https://formative.jmir.org/2025/1/e59154

	Considering Comorbidities and Individual Differences in Testing a Gaming Behavioral Activation App for Perinatal Depression and Anxiety: Open Trial Pilot Intervention Study
	Introduction
	Methods
	Recruitment
	Ethical Considerations
	Measures
	Statistical Analysis

	Results
	Discussion
	Principal Results
	Limitations
	Conclusions





