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Abstract

Background Although many conventional healthcare services to prevent postpartum depression are provided face-
to-face, physical and psychosocial barriers remain. These barriers may be overcome by using mobile health services
(mHealth). To examine the effectiveness of mHealth professional consultation services in preventing postpartum
depressive symptoms in real-world settings, we conducted this randomized controlled trial in Japan, where universal
free face-to-face perinatal care is available.

Methods This study included 734 pregnant women living in Yokohama city who could communicate in Japanese,
recruited at public offices and childcare support facilities. The participants were randomized to the mHealth group
(intervention, n=365), where they could use a free app-based mHealth consultation service with gynecologists/
obstetricians, pediatricians, and midwives whenever and as many times as they wanted between 6 p.m.and 10 p.m.
on weekdays throughout their pregnancy and postpartum periods (funded by the City of Yokohama government) or
the usual care group (control, n=369). The primary outcome was the risk of elevated postpartum depressive symp-
toms, defined as Edinburgh Postnatal Depression Scale score >9. Secondary outcomes were self-efficacy, loneliness,
perceived barriers to healthcare access, number of clinic visits, and ambulance usage. All outcomes were collected
three months post-delivery. We also conducted subgroup analyses assessing the differences in the treatment effect
by sociodemographic status.

Results Most women completed all questionnaires (n=639 of 734, response rate: 87%). The mean baseline age was
32.944.2 years, and 62% were primipara. Three months post-delivery, women in the mHealth group had a lower risk
of elevated postpartum depressive symptoms (47/310 [15.2%]) compared to the usual care group (75/329 [22.8%],
risk ratio: 0.67 [95% confidence interval: 0.48-0.93]). Compared with the usual care group, women in the mHealth
group had higher self-efficacy, less loneliness, and fewer perceived barriers to healthcare access. No differences were
observed in the frequency of clinic visits or ambulance usage. Furthermore, in the subgroup analyses, we did not find
differences in the treatment effect by sociodemographic status.

Conclusions Local government-funded mHealth consultation services have a preventive effect on postpartum
depressive symptoms, removing physical and psychological barriers to healthcare access in real-world settings.
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Background

Depression during the perinatal period is a common
disorder in many countries and an estimated global
prevalence of postpartum depression (PPD) is 17.7%
[1]. Perinatal depression can cause maternal self-harm
or suicide™ the leading cause of perinatal death [2—4].
The prevalence of perinatal depression has been exacer-
bated since the outbreak of COVID-19 [5], potentially
owing to reduced interpersonal communication and
face-to-face care related to government recommenda-
tions for physical distancing [6]. Given that maternal
depression can occur throughout the perinatal period
[7], the prevention of depression from the antena-
tal to the postpartum period is becoming increasingly
important.

Although screening and preventive interventions for
depression during the perinatal period have been rec-
ommended and implemented [8—12], most women who
need mental support are undetected and untreated
because of several barriers [13], such as lack of knowl-
edge [14], cost [15], insufficient available time [16], and
fear of stigma [17]. In Japan, a wide range of perina-
tal support is available for all mothers, including free
regular health checks at medical institutions during
pregnancy, cost-free screening for severe depressive
symptoms after delivery, local government-provided
agent visits to mothers’ homes for childcare help, and
universal health insurance coverage [18, 19]. Nonethe-
less, the prevalence of depression in Japan is estimated
to range from 14.0% to 16.3% during pregnancy and
from 11.6% to 15.1% up to three months post-delivery
[20], suggesting the existence of unresolved access bar-
riers to preventive care and the need for innovative
approaches to overcome these barriers among perinatal
women.

Using mobile wireless technologies for public health
(i.e., “mHealth” [21]) can be a valuable option to reduce
such barriers and has been widely implemented in
some healthcare settings [22-24]. Potential benefits
of mHealth consultation services include timeliness of
support, access to healthcare providers without visit-
ing, and a reduced chance of encountering stigma-
related experiences during hospital visits [15, 25]. For
perinatal women, these benefits may have positive
impacts on increasing help-seeking behavior and actual
service use, reducing loneliness and increasing self-
efficacy [26, 27], resulting in the prevention of PPD [11,
13, 28]. Studies have suggested larger access barriers to

healthcare among disadvantaged perinatal women [13,
29]. The benefit of these services on maternal mental
health may be stronger for socioeconomically disad-
vantaged populations.

To the best of our knowledge, no intervention study
has been conducted on the effectiveness of mHealth con-
sultation services in preventing PPD [30, 31]. A recent
review has called for a large randomized controlled trial
investigating mHealth interventions among perinatal
women [32]. We hypothesized that providing mHealth
services offering free and unlimited opportunities for
consultation with maternity and childcare professionals
would have positive effects on maternal mental health
by reducing the aforementioned healthcare access barri-
ers, resolving perinatal concerns, and increasing benefits,
even in settings where universal face-to-face perinatal
mental care is available. As a recent review suggested,
healthcare providers who are non-specialists in mental
health can play an important role in improving perinatal
mental health [30]. Additionally, we hypothesized that
the effects of mHealth services would vary across socio-
economic groups, given the mixed prior findings [33-36].
We conducted a two-arm, parallel-group, randomized,
controlled trial to examine the effectiveness of mHealth
consultation services in preventing PPD and whether the
effects varied across socioeconomic backgrounds.

Methods

Trial design and participants

We conducted a trial in Yokohama, an urban city with
the largest population size (about 3.8 million) among all
municipalities in Japan, where conventional free face-to-
face perinatal care services for all mothers were imple-
mented. We enrolled participants from September 1,
2020-March 7, 2021. Initially, we recruited women in the
first trimester who came to a public ward office to register
their pregnancy status at the Kohoku ward. In November
2020, because of the small sample size, we expanded the
target population—from women in their early pregnancy
to all pregnant women—and added several recruitment
methods, such as announcements on the official website,
recruiting in the mother preparation classes, and distrib-
uting leaflets at public childcare support facilities and
local clinics. In January 2021, we expanded the recruit-
ment field from Kohoku ward to all wards of Yokohama
city. The details of the protocol are described in Addi-
tional file 1, and its changes are provided in Additional
file 2 (Supplementary methods A. Protocol changes).
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The inclusion criteria were i) self-reported pregnancy
whose expected date of delivery was until October 31,
2021; ii) living in Yokohama city; iii) able to communi-
cate in Japanese. Because a recent review suggested the
need for universal prevention strategies [12], no exclu-
sion criteria were established, including current mental
health status. All recruited pregnant women who were
interested accessed the study website, which showed the
study details and participation protocol. This website
explained that only participants assigned to the mHealth
group could use the mHealth services for free and those
assigned to the usual care group could not. Participants
who agreed to participate provided their consent and
their basic personal information on the website.

Randomization and masking

Participants were randomly assigned (1:1 allocation) to
either the mHealth or usual care group. We used a simple
randomization computer algorithm without any options,
aiming to balance the baseline characteristics. After the
submission of participation agreement forms, assignment
information was immediately provided to the women via
the website. Owing to our study design, the participants
and service providers were aware of the assignment.
The data collector and analyst were blinded to the group
assignments until the primary analyses were completed.

Intervention

The intervention was mHealth consultation services pro-
vided by Kids Public, Inc. The service provider had devel-
oped and offered mHealth consultation services in other
regions but never investigated the effectiveness of their
services in preventing depression before this study. Par-
ticipants in the mHealth group could consult healthcare
professionals free of charge using their mobile device
without restrictions on the frequency, from the time of
assignment until four months after childbirth, funded by
the City of Yokohama. The service included general con-
sultation and emotional support related to pregnancy
and childcare and did not provide formal medical diag-
nosis or prescription. This service was delivered through
the LINE platform—the most popular mobile social net-
work service (used by over 95% of women of childbearing
age in Japan) [37]—or telephone calls. The consultants
were obstetrician—gynecologists, pediatricians, and mid-
wives with at least three years of clinical experience in
maternity or childcare. The consultants provided general
advice to address the participant’s health-related con-
cerns according to the consultants’ medical specializa-
tions. All consultation procedures and general guidelines
followed by consultants are described in Additional file 2
(Supplementary methods B. Intervention details). The
consultants shared supportive communication skills and
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knowledge of preventive care for mental health problems;
however, no procedures on the qualification of their skills
were implemented. mHealth group participants could
book available 10-min consultation times and select their
preferred available consultants and methods (voice call-
ing, text messaging/chat, and video calling) between 6
p-m. and 10 p.m. on weekdays. After childbirth, they
could also have chat consultations with midwives without
booking or time restrictions between 1 p.m. and 5 p.m.
on Mondays, Wednesdays, and Fridays. The service pro-
vider regularly sent magazines to all users with helpful
information on maternity and childcare as a push-type
service, with advice to promote service use for women
who needed help. The service provider had a quality con-
trol team and conducted quality assessments for consult-
ants to improve their services.

Participants assigned to the usual care group were
not provided with the mHealth consultation services.
Instead, they were offered access to a website created by
a research team where they could easily access informa-
tion on pregnancy and childcare provided by the City of
Yokohama or other public organizations, such as national
hospitals.

Outcomes measures

The primary outcome was the risk of elevated postpar-
tum depressive symptoms, which was assessed using the
Japanese version of the Edinburgh Postnatal Depression
Scale (EPDS) [38, 39], a 10-item structured questionnaire
widely used to screen for perinatal depression [10]. Items
were scored from 0 to 3 with the total score ranging from
0 to 30, where higher scores indicated elevated depressive
symptoms and a high risk of PPD. We used a validated
cutoff score of above or equal to nine in the Japanese ver-
sion to define elevated postpartum depressive symptoms
[39]. We also compared the EPDS score as a continuous
variable. The EPDS is also used to screen for elevated
depressive symptoms during pregnancy, with a validated
cutoff score of above or equal to 13 in Japan [40]. We also
used a cut-off score of above or equal to nine to assess
elevated depressive symptoms during pregnancy, refer-
ring to a previous review [20].

The secondary outcomes were self-efficacy, loneli-
ness, perceived barriers to healthcare access, and the
use of medical facilities. Self-efficacy was assessed
using a parenting self-efficacy scale for mothers
with infants [41]. This scale consists of 13 items with
response options ranging from 1 (I do not think so)
to 5 (I think so). The total score ranged from 13 to 65,
with higher scores indicating higher self-efficacy. Reli-
ability and validity have been well evaluated for Japa-
nese mothers [41]. Loneliness was assessed using the
Japanese 3-item version of the University of California,
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Los Angeles Loneliness Scale version 3 [42]. This scale
consists of three items, with four choices per item: 1)
never, 2) rarely, 3) sometimes, and 4) always. The total
score ranged from 4 to 12, with higher scores indicat-
ing increased feelings of loneliness. To assess perceived
barriers to healthcare access, we asked the partici-
pants if they had stopped consulting with healthcare
providers despite their needs during the study period.
We also asked about the extent of eight possible barri-
ers (e.g., reporting that “medical facilities are too far”)
modified from the perceived barriers questionnaire that
may relate to stopping consultation [43]. Four choices
were listed for each reason: never (0 points), rarely (1
point), sometimes (2 points), and often (3 points). The
total score ranged from O to 24, with high scores indi-
cating women perceiving more considerable barriers.
The score for women with no experience of stopping
consultations was zero. The use of medical facilities was
assessed based on participants’ self-report, including
the counts of daytime medical facility visits, in addi-
tion to regular medical checks, night/holiday visits,
ambulance use for their infants, and new clinic vis-
its for mothers’ mental health. The details of all out-
come questionnaires are provided in Additional File
2 (Supplementary methods C. Outcomes measures).
In addition to outcomes pre-determined in the pro-
tocol, we assessed the risk of premature birth (gesta-
tional weeks <37 weeks) and low birth weight (birth
weight <2500 g) as offspring outcomes.

We collected data using a research website and a web-
based self-report questionnaire made using Google
Forms at baseline and three months after childbirth. We
collected personal information, including email address,
age, parity, and family structure as baseline data when
the participants enrolled on the research website. After
the assignment, the research team sent an email to the
participants asking them to answer an online question-
naire to collect additional baseline data, including soci-
odemographic data (trimester, household income, and
education level), EPDS, and any past mental health
problems. We confirmed childbirth days using birth reg-
istrations from the City of Yokohama. If we could not
confirm the childbirth day from the public registration,
we directly asked the participants about their child’s
birthday by email. Three months after childbirth, we sent
the participants an email, asking them to answer a sec-
ond online questionnaire to assess the outcomes. Partici-
pants assigned to the usual care group received 500 JPY
(approximately four USD) vouchers when they answered
the baseline questionnaire after the assignment. All par-
ticipants received 1,500 JPY (approximately 11 USD)
vouchers when they answered the questionnaire three
months after childbirth.
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Statistical analysis

The target sample size was 720 pregnant women, with
360 in each group, to detect an absolute difference of 7%
in the risk of elevated postpartum depressive symptoms
three months after childbirth between the groups. This
calculation was based on the preliminary data of moth-
ers using mHealth services in Yokohama city (proportion
of EPDS >9 before and after using mHealth services; 11%
and 4%, respectively), with 80% power and 5% two-sided
significance level, assuming 30% attrition rate referring
to other internet-based research in Japan [44, 45]. Analy-
ses were conducted according to the intention-to-treat
principle. For the primary and secondary outcomes,
Fisher’s exact tests were performed for binary variables,
and t-tests and Mann—Whitney U tests were performed
for continuous variables to compare the outcomes three
months after childbirth between the groups with com-
plete-case analyses. We used modified Poisson and mul-
tiple linear regression analyses, as appropriate, to obtain
risk ratios and 95% confidence intervals (CIs) for the pri-
mary and secondary outcomes [46].

To examine the heterogeneity in the intervention
effects across sociodemographic backgrounds, we con-
ducted subgroup analyses by age (<35 years or older),
parity (primipara or multipara), income (tertile among
participants), education (<16 years or longer), elevated
depressive symptoms at participation (EPDS score<13
or>13), and past mental health problems. As we
expanded the participants from those in the first trimes-
ter to all those pregnant, we conducted an additional
subgroup analysis of trimesters (first trimester vs. second
and third trimesters) besides the prespecified subgroups.

As a sensitivity analysis, we conducted an all-case
analysis with multiple imputations to handle missing
data, using the same model as the primary analysis [47].
Because some participants were included early in their
pregnancy, some missing data due to miscarriage could
not be avoided. The missing values for baseline charac-
teristics and the primary outcome were imputed using
a sequence of independent univariate conditional impu-
tation methods because the missing values showed a
monotone pattern. The model included random assign-
ment indicators, age, parity, household size and calcu-
lated days to birth at participation to impute missing
variables from other baseline variables and EPDS scores
three months post-delivery. We generated 20 simulated
data sets, and the results were combined using Rubin’s
rule to obtain the treatment effect estimate and 95% con-
fidence intervals.

To estimate the complier-average causal effect of
mHealth use, we compared women according to their
actual usage of mHealth based on consultation records
using random allocation as an instrumental variable,
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while accounting for potential selection biases after
randomization [48]. To explore the components of the
mHealth service that contributed to the effects, we com-
pared the primary outcome according to the number of
consultations (once, 2—4 times,>5 times), specialties of
each healthcare consultant, and methods of each con-
sultation type (voice calling, text chat messaging, and
video calling) with adjustment of baseline characteristics
including age, parity, trimester, household size, income,
education, elevated depressive symptoms at baseline,
and past mental health problems. All analyses were per-
formed using Stata software, version 16 (StataCorp), con-
ducted by the first author and the second author, who
was Certificated Senior Epidemiologist by the Japan Epi-
demiological Association.

Project information and funding

This trial was executed under the model project of Social
Impact Bond—one of the styles of Pay for Success policy
constructed by the City of Yokohama—with a business
contract between the City of Yokohama, Kids Public,
Inc., the University of Tokyo, and other stakeholders.
Kids Public, Inc. collected personal information, such as
names and e-mail addresses, as part of their services and
shared this data with the research team under the partici-
pants’ agreement. The research team was solely responsi-
ble for constructing the questionnaire, collecting baseline
and outcome data, conducting the analyses, and drafting
the manuscript. Details of the Pay for Success project are
described in Additional file 2. The study protocol was
approved by the ethical review board of the University of
Tokyo (no. 2019347NI).

Results

A total of 734 women participated. All women were ran-
domly assigned to either the mHealth (n=365) or usual
care (n=369) groups. We confirmed 324 and 341 deliv-
eries from the mHealth and usual care groups, respec-
tively. After randomization, three women withdrew their
participation, and 20 women miscarried. Finally, 310 and
329 women, with a mean age of 32.9+4.1, completed
the outcome questionnaire in both groups, respectively
(response rate: 87%; attrition rate: mHealth group, 15.1%;
usual care group, 10.8%; see Fig. 1). The demograph-
ics and baseline characteristics were similar between
groups (Table 1). At baseline, 5.2% of the mHealth group
and 7.9% of the usual care group had elevated depressive
symptoms using EPDS>13, and 20.7% of the mHealth
group and 21.9% of the usual care group using EPDS >9.
Comparisons of participants who were lost to follow-
up and those who completed the study are illustrated in
Additional file 2: Table S1.
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Women assigned to the mHealth group had a lower
risk of elevated postpartum depressive symptoms (47 of
310 women [15.2%]) compared to the usual care group
(75 of 329 women [22.8%]; relative risk, 0.67 [95% CI,
0.48-0.93]; Table 2). The mean EPDS score was also
lower in the mHealth group compared to the usual
care group (4.7 vs. 5.6, mean difference: -0.84 [-1.5 to
-0.18]). The results did not change in the sensitivity
analysis using multiple imputations for missing data
(relative risk, 0.68 [95% CI, 0.49-0.94]). Compared to
the usual care group, women in the mHealth group
displayed higher parenting self-efficacy (47.9 vs. 46.9,
mean difference: 0.97 [95% CI, -0.05 to 1.98]), lower
loneliness scores (6.78 vs. 7.17, mean difference: -0.39
[95% CI, -0.73 to -0.04]), and lower perceived barri-
ers to healthcare access (4.1 vs. 5.2, mean difference:
-1.05 [95% CI, -2.12 to 0.02]). We found no difference
between the groups in medical facility visits for chil-
dren, ambulance usage for children, and new clinic
visits for mothers’” mental health. We also found no
difference between the groups in the risk of premature
birth and low birth weight offspring outcomes (Addi-
tional file 2: Table S2). We did not find heterogeneity
in the intervention effects among all subgroups (Fig. 2),
including those by income or education level. The addi-
tional subgroup analysis also indicated that findings
did not differ by the participation timing (first trimes-
ter; relative risk=0.72 [95% CI: 0.43-1.19], second and
third trimesters; relative risk=0.63 [95% CI: 0.41-0.97],
P-value for interaction=0.71).

Among the women assigned to the mHealth group,
224 women (72.3%) consulted with healthcare pro-
viders through mHealth once or more. The number
of consultations women received ranged from 0 to 40
(median: 1, mean: 2.8). The consultation topics selected
by participants before consultations widely varied,
including abdominal symptoms, the fetuses, medica-
tion, breastfeeding, skin rashes affecting their children,
and infection-related concerns such as COVID-19. The
consultations categorized under mental health by the
participants were also included, but the proportion was
relatively small (2.3%, 23/1007). All topics by consult-
ants are described in Additional file 2: Table S3. The
result comparing women who used mHealth with other
participants using the instrumental variable method
was consistent with the primary analysis (relative risk,
0.54 [95% CI, 0.31-0.94]). In our exploratory analyses,
women who consulted to 2—4 times, consulted with
midwives once or more, or consulted via chat once or
more tended to have low risks of elevated postpartum
depressive symptoms (Table 3).
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Pregnant women participated voluntarily
n=734

Randomized
n="734

Randomized to the mHealth group
n=365

Randomized to the usual care group
n=369

Withdrawal: n=1
Lost to follow-up: n = 24
Miscarried: n =2

A 4

A

| Withdrawal: n=2
"| Lost to follow-up: n=13

A 4

Answered baseline questionnaire
n=338

Answered baseline questionnaire
n=354

Miscarried: n =11
Childbirth could not be
confirmed: n =3

Y

Miscarried: n =17
Childbirth could not be
confirmed: n =4

Confirmed childbirth
n=324

Confirmed childbirth
n=343

"{ Lost to follow-up: n = 14

A\

—F| Lost to follow-up: n = 14

A 4

Completed outcome questionnaire
three months post-delivery
n=310

Completed outcome questionnaire
three months post-delivery
n=329

Fig. 1 CONSORT Diagram

Discussion

Compared to the participants assigned to the usual care
group, those assigned to the mHealth group—where they
could use mHealth consultation services according to
their needs free of charge—had a lower risk of elevated
postpartum depressive symptoms three months after
delivery. Women assigned to the mHealth group tended
to display higher parenting self-efficacy, lower levels of
loneliness, and fewer perceived barriers to healthcare
access. No differences were observed in the number of
medical facilities used between the groups. Among the
participants in the mHealth group, those who consulted
with midwives and those who used the chat consultations
tended to have a decreased risk of elevated postpartum
depressive symptoms. Importantly, despite the general
concerns that new technology may expand the socioeco-
nomic disparity in health and healthcare use [35, 49, 50],
we did not find any evidence supporting this concern,
demonstrating no differences in the potential interven-
tion effects by income level or educational attainment.

The difference between our findings and those of a
recent study indicating mixed results on the effect of
mHealth-based prevention for PPD may be attributed to
the features of timeliness [31]. Shorey et al. found that an
mHealth app providing psychoeducation and once-a-day
text-based asynchronous communication with midwives
did not have a preventive effect on PPD [51]. Contrast-
ingly, Chan et al. found a lower risk of depressive symp-
toms among women who could use the mHealth app,
which allowed them to access useful information about
pregnancy and childcare and message obstetricians with
questions about these topics [52]. As these studies pro-
vided non-real-time asynchronous communication, the
time intervals of their communications were unclear, and
these lengths may be related to the effect differences.

Compared to these studies, the most remarkable
advantage of our intervention was the timeliness and
appropriateness of the consultation, as the services pro-
vided technology-based interactive, synchronous com-
munication. Although reservations were necessary for
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Table 1 Participants'baseline characteristics
Characteristics mHealth group (n=310) Usual care
group
(n=329)
Maternal age, years
Distribution, no. (%)
20-29 67 (21.6) 67 (20.4)
30-34 138 (44.5) 150 (45.6)
35-45 105 (33.9) 112 (34.0)
Mean [SD] 32.81[4.1] 33.0[4.2]
Married or partnered, no. (%) 309 (99.7) 329 (100)
Primipara, no. (%) 196 (63.2) 198 (60.2)
Gestational age at participation, no. (%)
First trimester (<13 weeks) 129 (41.6) 143 (43.5)
Second trimester (14-27 weeks) 62 (20.0) 71 (21.6)
Third trimester (> 28 weeks) 119 (384) 115 (35.0)
Household size, no. (%)
1 2(0.7) 1(0.3)
2 188 (60.7) 190 (57.8)
>3 120 (38.7) 138 (42.0)
Equivalent household income, no. (%)
Low (2.5 million yen) 102 (32.9) 101 (30.7)
Intermediate (> 2.5 &<4.5 million yen) 159 (51.3) 159 (48.3)
High (> 4.5 million yen) 48 (15.5) 68 (20.7)
Unknown 1(0.3) 1(0.3)
Education, no. (%)
<16 years (Under university) 77 (24.8) 71(21.6)
> 16 years (University or higher) 233(75.2) 258 (784)
Elevated depressive symptoms at baseline, no. (%)
EPDS>13 16 (5.2) 26 (7.9)
EPDS>9 64 (20.7) 72(21.9)
Having past mental health problems, no. (%) 20 (6.5) 35(10.6)

Abbreviations: EPDS Edinburgh Postnatal Depression Scalem, SD standard deviation

consultations, women could consult even after a few
minutes when they needed help if a professional was
available. After childbirth, women could consult with
midwives through text-based chatting without reserva-
tion or time limitations. A participant in the mHealth
group commented in an open-ended questionnaire ask-
ing about the study participation, at three months post-
delivery, that, “When I had concerns or something I did
not know about childcare, I researched these things by
myself, but I could not judge whether the results I found
suited me or determine what I should do. At that time, it
was very reassuring to be able to consult with healthcare
professionals immediately through mHealth service” (All
comments related to the intervention were listed in Addi-
tional file 2: Table S4). During the consultation, women
could communicate bidirectionally to ask about their
concerns and clarify confusion within the service time

limit, obtaining individualized advice [53]. These timely,
individualized support were critical given the continuous
struggles among mothers in childcaring at home [54, 55],
as availability and appropriateness are essential domains
in healthcare access to improve health outcomes [23, 28,
56].

Removing psychological barriers to healthcare may
be another critical mechanism for preventing post-
partum depressive symptoms. Using the mHealth app
can be a strategy to overcome fear of stigma or judg-
ment in vulnerable populations [13, 16, 57]. For exam-
ple, women could consult on sensitive issues, such as
depressive mood or low motivation to raise children,
without seeing anyone or suffering emotional distress
due to judgment [58, 59]. Studies suggest that text mes-
saging is an acceptable way to consult people with men-
tal health issues [60, 61]. In our study, chat consultation
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Table 2 Primary and secondary outcomes by groups
Outcome mHealth Usual care Relative risk® Mean difference® PValue
group group (n=329) (95% Cl) (95% ClI)
(n=310)
Primary outcome, no. (%) or mean [SD]
Elevated postpartum depressive symptoms (EPDS >9) 47/310(15.2) 75/329 (22.8) 0.67(048-093) - 02
Scores of EPDS 4.7 [3.9] 561[4.5] - -0.84 (-1.5t0-0.18) 01
Secondary outcome, no. (%) or mean [SD]
Parenting self-efficacy 47916.2] 46.9 [6.8] - 0.97 (-0.05 to 1.98) 06
Loneliness 6.78 [2.2] 7.1712.3] - -0.39 (-0.73 t0 -0.04) 03
Barriers to healthcare access 4.1 [6.6] 521[7.1] - -1.05(-2.12t0 0.02) .05
Number of medical service usage for their children
Clinic visits during daytime 1.2[1.6] 1.301.8] - -0.11 (-0.38t0 0.15) 40
Clinic visits during night/holiday 0.09 [0.63] 0.08 [0.60] - 0.008 (-0.09t0 0.10) 87
Ambulance use 0.04[0.19] 0.02 [0.16] - 0.01 (-0.01 t0 0.04) 30
New visits to a psychiatric/psychosomatic clinic 2/310 (0.65) 9/329 (2.74) 0.24(0.05-1.08) - 06
Abbreviations: EPDS Edinburgh Postnatal Depression Scale, C/ confidence interval, SD standard deviation
2 Relative risks were calculated using modified Poisson regression models
b Mean differences were calculated using linear regression models
mHealth Usual care P-value for
Subgroup group group Relative risk (95% confidence interval) interaction
no. of events/total no.
Maternal age | 13
< 35 years 31/205 58/217 —— 0.57 (0.38-0.84)
2 35 years 16/105 17/112 » 1.00 (0.54-1.88)
Primipara .54
Yes 31/196 51/198 —— 0.61 (0.41-0.92)
No 16/114 24/131 - 0.77 (0.43-1.37)
Equivalent household income R95)
Low (< 2.5 milion yen) 17/102 26/101 = 0.65 (0.37-1.12)
Intermediate (> 2.5 & < 4.5 milion yen) 22/159 33/159 L 0.67 (0.41-1.09)
High (> 4.5 milion yen) 8/48 15/68 - 0.76 (0.35-1.64)
Education .80
< 16 years 12/77 18/71 - 0.61 (0.32-1.18)
2 16 years 35/233 57/258 — 0.68 (0.46-1.00)
Elevated depressive symptoms at participation 43
Yes 6/16 18/26 1 0.54 (0.27-1.07)
No 41/294 57/303 — 0.74 (0.51-1.07)
Having mental health problem history 73
Yes 6/20 17/35 0.62 (0.29-1.31)
No 41/290 58/294 —— 0.72 (0.50-1.03)
All participants 47/310 75/329 —— 0.67 (0.48-0.93)
T T T
0.25 0.5 1.0 2.0
mHealth better Usual care better

Fig. 2 Subgroup analysis: relative risks of elevated postpartum depressive symptoms per participants’ characteristics. Abbreviation: EPDS,

Edinburgh Postnatal Depression Scale

was most preferred and used, and women who con-
sulted by chat tended to display a lower risk of elevated
depressive symptoms than those who consulted using
other methods. Well-designed mHealth interven-
tions can be effective not only for privileged popula-
tions but also for resource-limited, socioeconomically

vulnerable populations [33, 34, 62]. Because our user-
friendly intervention was acceptable and worked well
for overcoming psychological barriers for most moth-
ers, our results might provide evidence of a preventive
effect on depressive symptoms regardless of socioeco-
nomic status [59, 63].
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Table 3 Risk of elevated postpartum depressive symptoms (EPDS > 9) by mHealth use status
Using mHealth mHealth non-use or in Relative risk? (95% Cl) PValue
consultation usual care group
Using any type of mHealth consultation 27/224 (12.1) 95/415 (22.9) 0.57 (0.38-0.84) 005
Total number of consultations®
1 9/67 (13.4) - 0.69 (0.36-1.31) 26
2-4 5/89 (5.6) - 0.27 (0.12-0.64) 003
>5 13/68 (19.1) - 0.82(0.48-1.42) 48
Specialty of consultants (at least once)®
Midwife 22/175(12.6) 100/464 (21.6) 0.61(0.40-0.94) 02
Obstetrics—gynecologist 15/111 (13.5) 107/528 (20.3) 0.69 (041-1.17) 17
Pediatrician 13/83 (15.7) 109/556 (19.6) 0.81(0.47-1.40) 46
Method of consultations (at least once)®
Chat message consultation 22/200 (11.0) 100/439 (22.8) 0.51(0.34-0.79) 002
Voice call consultation 16/80 (20.0) 106/559 (19.0) 1.04 (0.66-1.66) 86
Video call consultation 2/10 (20.0) 120/629 (19.1) 1.18 (0.32-4.37) 81

Abbreviations: EPDS Edinburgh Postnatal Depression Scale, Cl confidence interval

@ Modified Poisson regression analysis with baseline adjustment was used to calculate relative risks. The adjustment variables were age, parity, trimester, household
size, income, education, elevated depressive symptoms at baseline, and past mental health problems

b The explanatory variables were the total number of consultations, while the reference category was no mHealth consultation usage

€ Relative risks were calculated separately for each consultant specialty. The participants were counted in each consultant category

9 Relative risks were calculated separately for each consultation method. The participants were counted in each method of consultation category

Other potential mechanisms include enhanced parent-
ing self-efficacy [27, 64, 65] and reduced loneliness via
the mHealth consultation. Conducting this study during
the COVID-19 pandemic may have highlighted partici-
pants’ loneliness [66]. Our intervention may offer ideal
connections with healthcare providers, contributing to
alleviating loneliness and depressive symptoms [6, 11].
The fact that there was no difference in medical facil-
ity usage might mean that our intervention worked, not
by promoting advanced psychological treatment, but by
pausing the progression of depressive symptoms without
additional healthcare services.

This study has several limitations. First, the generaliz-
ability of our findings is limited given that our study par-
ticipants were only Japanese speakers having Internet
access and almost all participants were over 20 years of
age with a partner. The lack of clear standardized pro-
cedures during consultations also limits generalizability.
When implementing similar services that this study eval-
uated, the content should be arranged according to the
setting in which they are implemented. We also note that
the effect size of the service shown in this study may vary
depending on the setting. As our study participants had
a higher percentage of elevated depressive symptoms at
baseline compared to the previous review, partially due
to the COVID-19 pandemic, the intervention effect may
differ in situations outside the pandemic. Second, the
attrition rate (13%) may lead to biased results, although
sensitivity analysis with multiple imputations showed

nearly the same results. Third, we did not use a formal
clinical diagnosis of PPD as the primary outcome; how-
ever, the EPDS is a well-validated scale for the diagnos-
tic interview for depression around the world [67], and
is the best available patient-reported screening measure
for PPD [68]. Fourth, while most of the participants were
Japanese, our data did not allow us to assess the effect dif-
ference across race/ethnicity because such information
was not obtained in our study. Fifth, we also could not
distinguish women who had a history of mental health
problems before pregnancy from those who developed
depression during perinatal periods, limiting further
exploration of effect heterogeneities by the type of pre-
vious mental health problems. Sixth, we did not analyze
implementation costs. Performing a cost-effective analy-
sis and comparing it with other interventions is desirable.
Finally, because the details of the consultation and the
provider’s answer were unknown, the components of the
communication that contributed to alleviating depressive
symptoms and why they worked need to be explored.

Conclusions

This was the first randomized controlled trial to
investigate the effectiveness of mHealth consultation
services in preventing PPD during the COVID-19 pan-
demic. Our study showed the considerable potential
of mHealth interventions and possible mechanisms to
prevent PPD and ensure equity in services in real-world
settings. Removing physical and psychosocial barriers
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to healthcare through mHealth can be a valuable option
to improve perinatal mental health in local govern-
ment policies. Future studies should explore the effec-
tive components of mHealth consultation and detailed
mechanisms for preventing PPD and evaluate whether
these services reduce the disparity in PPD onset across
socioeconomic statuses [34, 63].

Abbreviations
EPDS Edinburgh Postnatal Depression Scale
PPD Postpartum depression

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512916-023-02918-3.

Additional file 1. Study protocol.

Additional file 2: Protocol changes. Intervention details. Outcome
measures. Details of the Pay for Success project. Table S1. Comparisons
of participants who were lost to follow-up and those who completed the
study. Table S2. Offspring outcomes. Table S3. Consultation topics by
consultants. Table S4. Comments to the study in an open-ended ques-
tionnaire at three months post-delivery.

Acknowledgements

Mitsuru Nakao, Co-Governance and Creation Division, Policy Bureau, the City
of Yokohama; Naoya Hashimoto, Kids Public, Inc,; and Daisuke Shigemi, Kids
Public, Inc,, discussed how to implement this study in a real-world setting with
our study team. Yuji Watanabe, the City of Yokohama; Kenta Tamura, the City
of Yokohama; and Toru Nagami, the City of Yokohama, assisted with recruit-
ment and birthday confirmation. Hanae Nagata, MD, MPH; Kaori Sumino,
MPH; Keiko Ueno, MD, MPH, PhD; Minami Koda, MPH; Saki Nakamura, MPH;
and Hisako Ogasawara, MD, MPH, supported the improvement of the online
questionnaires.

Authors’ contributions

YA and NK had full access to all the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis. Concept and
design: YA, MH, DN1, SK, and NK. Data acquisition, analysis, or interpretation

of data: YA, MH, KI, and NK. Drafting of the manuscript: YA, MH, and KI. Critical
revision of the manuscript for important intellectual content: DN1, SK, DN2, HH,
and NK. Statistical analysis: YA and MH. All authors read and approved the final
manuscript.

Funding

This trial was funded by the City of Yokohama. The service provider, Kids
Public, Inc. offered the mobile health consultation service funded by the City
of Yokohama. This work was supported by the Japan Society for the Promo-
tion of Science (No. 26670306, 18H04071). Before the study was constructed,
the University of Tokyo, the City of Yokohama, and Kids Public Inc. discussed
the study design. The research team coordinated with members of the City
of Yokohama to recruit participants. Kids Public Inc. collected participants’
personal information and shared it with the research team (with participants’
consent). Only the research team created the study protocol, collected data
at baseline, and three months after delivery, analyzed the data, and edited
the manuscript. The City of Yokohama and Kids Public Inc. had the opportu-
nity to conduct a fact-check of the manuscript before submission; however,
the authors had full editorial control of the manuscript and provided final
approval for all content.

Availability of data and materials
The data are available from the corresponding author on reasonable request.

Page 10 of 12

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the principles of the Declara-
tion of Helsinki and relevant local/international guidelines. The study protocol
was approved by the ethical review board of the University of Tokyo (no.
2019347NI). All participants provided informed consent to participate in this
study by submitting an online form.

Consent for publication
Not applicable.

Competing interests
DN2 reports personal fees from Startia, Inc.; en-power, Inc; MD.net; and AIG
General Insurance Company, Ltd. outside the submitted work.

Author details

'Department of Health and Social Behavior, Graduate School of Medicine, The
University of Tokyo, Tokyo, Japan. “Department of Social Epidemiology, Gradu-
ate School of Medicine and School of Public Health, Kyoto University, Kyoto,
Japan. *Department of Medical Statistics, Research & Development Center,
Osaka Medical and Pharmaceutical University, Osaka, Japan. “Department

of Oral Health Promotion, Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University, Tokyo, Japan. >Department of Mental
Health, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan.
SInstitute for Future Initiatives, The University of Tokyo, Tokyo, Japan.

Received: 27 December 2022 Accepted: 1 June 2023
Published online: 26 June 2023

References

1. Hahn-Holbrook J, Cornwell-Hinrichs T, Anaya I. Economic and health
predictors of national postpartum depression prevalence: a systematic
review, meta-analysis, and meta-regression of 291 studies from 56 coun-
tries. Front Psychiatry. 2017,8:248.

2. Orsolini L, Valchera A, Vecchiotti R, Tomasetti C, lasevoli F, Fornaro M, et al.
Suicide during perinatal period: epidemiology, risk factors, and clinical
correlates. Front Psychiatry. 2016;7:138.

3. Takeda S, Takeda J, Murakami K, Kubo T, Hamada H, Murakami M,
et al. Annual Report of the Perinatology Committee, Japan Society of
Obstetrics and Gynecology, 2015: proposal of urgent measures to reduce
maternal deaths. J Obstet Gynaecol Res. 2017;43:5-7.

4. Slomian J, Honvo G, Emonts P, Reginster JY, Bruyére O. Consequences of
maternal postpartum depression: a systematic review of maternal and
infant outcomes. Womens Health (Lond). 2019;15:1745506519844044.

5. Hessami K, Romanelli C, Chiurazzi M, Cozzolino M. COVID-19 pandemic
and maternal mental health: a systematic review and meta-analysis. J
Matern Fetal Neonatal Med. 2022;35(20):4014-4021.

6. Tsuno K, Okawa S, Matsushima M, Nishi D, Arakawa Y, Tabuchi T. The effect
of social restrictions, loss of social support, and loss of maternal auton-
omy on postpartum depression in 1 to 12-months postpartum women
during the COVID-19 pandemic. J Affect Disord. 2022,307:206-14.

7. Wisner KL, Sit DK, McShea MC, Rizzo DM, Zoretich RA, Hughes CL, Eng
HF, Luther JF, Wisniewski SR, Costantino ML, et al. Onset timing, thoughts
of self-harm, and diagnoses in postpartum women with screen-positive
depression findings. JAMA Psychiat. 2013;70(5):490-8.

8. Bauer A Knapp M, Parsonage M. Lifetime costs of perinatal anxiety and
depression. J Affect Disord. 2016;192:83-90.

9. US Preventive Services Task Force, Curry SJ, Krist AH, Owens DK, Barry
MJ, Caughey AB, et al. Interventions to prevent perinatal depression:

US Preventive Services Task Force recommendation statement. JAMA.
2019;321:580-7.

10. O'Connor E, Rossom RC, Henninger M, Groom HC, Burda BU. Primary care
screening for and treatment of depression in pregnant and postpartum
women: evidence report and systematic review for the US Preventive
Services Task Force. JAMA. 2016;315:388-406.


https://doi.org/10.1186/s12916-023-02918-3
https://doi.org/10.1186/s12916-023-02918-3

Arakawa et al. BMC Medicine

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

(2023) 21:221

Dennis CL, Dowswell T. Psychosocial and psychological interventions

for preventing postpartum depression. Cochrane Database Syst Rev.
2013;2013:CD001134.

Yasuma N, Narita Z, Sasaki N, Obikane E, Sekiya J, Inagawa T, et al. Ante-
natal psychological intervention for universal prevention of antenatal
and postnatal depression: a systematic review and meta-analysis. J Affect
Disord. 2020;273:231-9.

Fonseca A, Gorayeb R, Canavarro MC. Women's help-seeking behaviours
for depressive symptoms during the perinatal period: socio-demographic
and clinical correlates and perceived barriers to seeking professional help.
Midwifery. 2015;31:1177-85.

Kingston D, Austin MP, Heaman M, McDonald S, Lasiuk G, Sword W, et al.
Barriers and facilitators of mental health screening in pregnancy. J Affect
Disord. 2015;186:350-7.

Viveiros CJ, Darling EK. Barriers and facilitators of accessing perinatal
mental health services: the perspectives of women receiving continuity
of care midwifery. Midwifery. 2018;65:8-15.

Goodman JH. Women'’s attitudes, preferences, and perceived barriers to
treatment for perinatal depression. Birth. 2009;36:60-9.

Dennis CL, Chung-Lee L. Postpartum depression help-seeking barriers
and maternal treatment preferences: a qualitative systematic review.
Birth. 2006;33:323-31.

Nobuya U. The perinatal care system in Japan. JMAJ. 2011;54:234-40.
Tachibana'Y, Koizumi N, Mikami M, Shikada K, Yamashita S, Shimizu M,

et al. An integrated community mental healthcare program to reduce
suicidal ideation and improve maternal mental health during the
postnatal period: the findings from the Nagano trial. BMC Psychiatry.
2020;20:389.

Tokumitsu K, Sugawara N, Maruo K, Suzuki T, Shimoda K, Yasui-Furukori
N. Prevalence of perinatal depression among Japanese women: a meta-
analysis. Ann Gen Psychiatry. 2020;19:41.

Executive Board. mHealth: use of mobile wireless technologies for public
health. Geneva: World Health Organization; 2016. https://apps.who.int/
iris/handle/10665/250808.

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. JMIR
Ment Health. 2022;9:e31116.

Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, et al. The effective-
ness of mobile-health technology-based health behaviour change or dis-
ease management interventions for health care consumers: a systematic
review. PLOS Med. 2013;10:1001362.

Marcolino MS, Oliveira JAQ, D'Agostino M, Ribeiro AL, Alkmim MBM,
Novillo-Ortiz D. The impact of mhealth interventions: systematic review
of systematic reviews. JMIR MHealth UHealth. 2018;6:e23.

Yee L, Taylor S, Young M, Williams M, Niznik C, Simon M. Evaluation of a
text messaging intervention to support self-management of diabetes
during pregnancy among low-income, minority women: qualitative
study. JMIR Diabetes. 2020;5:17794.

Harrison V, Moulds ML, Jones K. Perceived social support and prenatal
wellbeing; The mediating effects of loneliness and repetitive negative
thinking on anxiety and depression during the COVID-19 pandemic.
Women Birth. 2022;35:232-41.

Leahy-Warren P, McCarthy G, Corcoran P. First-time mothers: social sup-
port, maternal parental self-efficacy and postnatal depression. J Clin Nurs.
2012;21:388-97.

Levesque JF, Harris MF, Russell G. Patient-centred access to health care:
conceptualising access at the interface of health systems and popula-
tions. Int J Equity Health. 2013;12:18.

Levy LB, O'Hara MW. Psychotherapeutic interventions for depressed,
low-income women: a review of the literature. Clin Psychol Rev.
2010;30:934-50.

Singla DR, Lawson A, Kohrt BA, Jung JW, Meng Z, Ratjen C, et al. Imple-
mentation and effectiveness of nonspecialist-delivered interventions for
perinatal mental health in high-income countries: A systematic review
and meta-analysis. JAMA Psychiat. 2021,78:498-509.

Sakamoto JL, Carandang RR, Kharel M, Shibanuma A, Yarotskaya E, Basar-
gina M, et al. Effects of mhealth on the psychosocial health of pregnant
women and mothers: a systematic review. BMJ Open. 2022;12:056807.

32.

33

34.

36.

37.

38

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 11 of 12

Singla DR, Savel K, Dennis CL, Kim J, Silver RK, Vigod S, Dalfen A, Meltzer-
Brody S. Scaling up Mental Healthcare for Perinatal Populations: Is
Telemedicine the Answer? Curr Psychiatry Rep. 2022;24(12):881-7.
Chou WY, Prestin A, Lyons C, Wen KY. Web 2.0 for health promotion:
Reviewing the current evidence. Am J Public Health. 2013;103:€9-18.
Latulippe K, Hamel C, Giroux D. Social health inequalities and ehealth: a
literature review with qualitative synthesis of theoretical and empirical
studies. J Med Internet Res. 2017;19:e136.

. Veinot TC, Mitchell H, Ancker JS. Good intentions are not enough: how

informatics interventions can worsen inequality. J Am Med Inform Assoc.
2018;25:1080-8.

Goto R, Watanabe Y, Yamazaki A, Sugita M, Takeda S, Nakabayashi M, et al.
Can digital health technologies exacerbate the health gap? A clustering
analysis of mothers’ opinions toward digitizing the maternal and child
health handbook. SSM Popul Health. 2021;16:100935.

Institute for information and communication policy: Survey on informa-
tion and communication media usage time and information behavior in
FY2021. [Japanese only] https://www.soumu.go.jp/iicp/research/results/
media_usage-time.html. Accessed 26 Dec 2022.

Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression.
Development of the 10-item Edinburgh Postnatal Depression Scale. Br J
Psychiatry. 1987;150:782-6.

Okano T. Validation and reliability of Japanese version of EPDS (Edin-
burgh Postnatal Depression Scale). Arch Psychiatr Diagn Clin Eval.
1996;7:525-33.

Usuda K, Nishi D, Okazaki E, Makino M, Sano Y. Optimal cut-off score of
the Edinburgh Postnatal Depression Scale for major depressive episode
during pregnancy in Japan. Psychiatry Clin Neurosci. 2017,71:836-42.
Midori K. Development of a parenting self-efficacy scale and its reliability
and validity. J Child Health. 2011;70:27-38.

Arimoto A, Tadaka E. Reliability and validity of Japanese versions of the
UCLA loneliness scale version 3 for use among mothers with infants and
toddlers: a cross-sectional study. BMC Womens Health. 2019;19:105.
Takada M, Kondo N, Hashimoto H, Committee JSDM. Japanese study on
stratification, health, income, and neighborhood: study protocol and
profiles of participants. J Epidemiol. 2014;24:334-44.

Imamura K, Kawakami N, Furukawa TA, Matsuyama Y, Shimazu A,
Umanodan R, Kawakami S, Kasai K. Does Internet-based cognitive
behavioral therapy (iCBT) prevent major depressive episode for workers?
A 12-month follow-up of a randomized controlled trial. Psychol Med.
2015;45(9):1907-17.

Nishi D, Imamura K, Watanabe K, Obikane E, Sasaki N, Yasuma N, Sekiya Y,
Matsuyama Y, Kawakami N. Internet-based cognitive-behavioural therapy
for prevention of depression during pregnancy and in the post partum
(iPDP): a protocol for a large-scale randomised controlled trial. BMJ Open.
2020;10(5):e036482.

Zou G. A modified poisson regression approach to prospective studies
with binary data. Am J Epidemiol. 2004;159:702-6.

White IR, Horton NJ, Carpenter J, Pocock SJ. Strategy for intention to
treat analysis in randomised trials with missing outcome data. BMJ.
2011;342:d40.

Little RJ, Rubin DB. Causal effects in clinical and epidemiological studies
via potential outcomes: concepts and analytical approaches. Annu Rev
Public Health. 2000;21:121-45.

Naoki K, Chie K, Yuiko N. Understanding the role of Internet access on
health and health equity toward healthy ageing in the western Pacific
Region. 2021.

Kontos EZ, Bennett GG, Viswanath K. Barriers and facilitators to home
computer and internet use among urban novice computer users of low
socioeconomic position. J Med Internet Res. 2007;9:e31.

Shorey S, Lau Y, Dennis CL, Chan YS, Tam WWS, Chan YH. A randomized-
controlled trial to examine the effectiveness of the "Home-but not
Alone” mobile-health application educational programme on parental
outcomes. J Adv Nurs. 2017;73:2103-17.

Chan KL, Leung WC, Tiwari A, Or KL, Ip P. Using smartphone-based psy-
choeducation to reduce postnatal depression among first-time mothers:
randomized controlled trial. JMIR MHealth UHealth. 2019;7:e12794.
Horwitz LI, Detsky AS. Physician communication in the 21st century: to
talk or to text? JAMA. 2011,305:1128-9.


https://apps.who.int/iris/handle/10665/250808
https://apps.who.int/iris/handle/10665/250808
https://www.soumu.go.jp/iicp/research/results/media_usage-time.html
https://www.soumu.go.jp/iicp/research/results/media_usage-time.html

Arakawa et al. BMC Medicine

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

(2023) 21:221

Sword W, Busser D, Ganann R, McMillan T, Swinton M. Women's care-
seeking experiences after referral for postpartum depression. Qual Health
Res. 2008;18:1161-73.

Rose J."Never enough hours in the day”: employed mothers’ perceptions
of time pressure. Aust J Soc Issues. 2017;52:116-30.

Jung J, Karwal EK, McDonald S, Turner T, Chou D, Vogel JP. Prevention and
control of non-communicable diseases in antenatal, intrapartum, and
postnatal care: a systematic scoping review of clinical practice guidelines
since 2011. BMC Med. 2022;20:305.

Alonso J, Buron A, Rojas-Farreras S, de Graaf R, Haro JM, de Girolamo G,

et al. Perceived stigma among individuals with common mental disor-
ders. J Affect Disord. 2009;118:180-6.

Lingley-Pottie P, McGrath PJ. Distance therapeutic alliance: the partici-
pant’s experience. ANS Adv Nurs Sci. 2007;30:353-66.

Verhoeks C, Teunissen D, van der Stelt-Steenbergen A, Lagro-Janssen A.
Women's expectations and experiences regarding e-health treatment: A
systematic review. Health Informatics J. 2019;25:771-87.

Berrouiguet S, Baca-Garcia E, Brandt S, Walter M, Courtet P. Fundamentals
for future mobile-health (mhealth): a systematic review of mobile phone
and web-based text messaging in mental health. J Med Internet Res.
2016;18:135.

Bhat A, Mao J, Unitzer J, Reed S, Unger J. Text messaging to support

a perinatal collaborative care model for depression: a multi-methods
inquiry. Gen Hosp Psychiatry. 2018;52:14-20.

Grossman LV, Masterson Creber RM, Benda NC, Wright D, Vawdrey

DK, Ancker JS. Interventions to increase patient portal use in vul-

nerable populations: a systematic review. J Am Med Inform Assoc.
2019;26(8-9):855-70.

Lee EW, McCloud RF, Viswanath K. Designing effective ehealth interven-
tions for underserved groups: five lessons from a decade of ehealth inter-
vention design and deployment. J Med Internet Res. 2022;24:e25419.
Folkman S, Lazarus RS, Gruen RJ, DelLongis A. Appraisal, coping, health
status, and psychological symptoms. J Pers Soc Psychol. 1986;50:571-9.
Glanz K, Rimer BK, Viswanath K. Health behavior: theory, research, and
practice. 5th ed. San Francisco: Jossey-Bass, a Wiley brand; 2015.

Basu A, Kim HH, Basaldua R, Choi KW, Charron L, Kelsall N, et al. A cross-
national study of factors associated with women’s perinatal mental
health and wellbeing during the COVID-19 pandemic. PLoS One.
2021;16:20249780.

Levis B, Negeri Z, Sun Y, Benedetti A, Thombs BD, DEPRESsion Screen-

ing Data (DEPRESSD) EPDS Group. Accuracy of the Edinburgh Postnatal
Depression Scale (EPDS) for screening to detect major depression among
pregnant and postpartum women: systematic review and meta-analysis
of individual participant data. BMJ. 2020;371:m4022.

Sultan P, Ando K, Elkhateb R, George RB, Lim G, Carvalho B, et al. Assess-
ment of patient-reported outcome measures for maternal postpartum
depression using the consensus-based standards for the selection of
health measurement instruments guideline: a systematic review. JAMA
Netw Open. 2022;5:e2214885.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Effectiveness of mHealth consultation services for preventing postpartum depressive symptoms: a randomized clinical trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Trial design and participants
	Randomization and masking
	Intervention
	Outcomes measures
	Statistical analysis
	Project information and funding

	Results
	Discussion
	Conclusions
	Anchor 19
	Acknowledgements
	References


