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Abstract

Background: Postpartum depression (PPD) is a severe mental disorder that often results in poor maternal-infant attachment
and negatively impacts infant development. Universal screening has recently been recommended to identify women at risk, but
the optimal screening time during pregnancy has not been defined so far. Thus, web-based technologies with widespread use
among women of childbearing age create new opportunities to detect pregnancies with a high risk for adverse mental health
outcomes at an early stage.

Objective: The aim of this study was to stratify the risk for PPD and to determine the optimal screening time during pregnancy
by using a web-based screening tool collecting electronic patient-reported outcomes (ePROs) as the basis for a screening algorithm.

Methods: In total, 214 women were repeatedly tested for depressive symptoms 5 times during and 3 times after pregnancy by
using the Edinburgh Postnatal Depression Scale (EPDS), accessible on a web-based pregnancy platform, developed by the authors
of this study. For each prenatal assessment, the area under the curve (AUC), sensitivity, specificity, and predictive values for
PPD were calculated. Multivariate logistic regression analyses were applied to identify further potential predictors, such as age,
education, parity, relationship quality, and anxiety, to increase predictive accuracy.

Results: Digitally collected data from 214 pregnant women were analyzed. The predictive accuracy of depressive symptoms 3
and 6 months postpartum was reasonable to good regarding the screening in the second (AUC=0.85) and third (AUC=0.75)
trimester. The multivariate logistic regression analyses resulted in an excellent AUC of 0.93 at 3 months and a good AUC of 0.87
at 6 months postpartum.

Conclusions: The best predictive accuracy for PPD has been shown for screening between the 24th and the 28th gestational
week (GW) and seems to be beneficial for identifying women at risk. In combination with the aforementioned predictive factors,
the discriminatory power improved, particularly at 3 months postpartum. Screening for depression during pregnancy, combined
with the women’s personal risk profile, can be used as a starting point for developing a digital screening algorithm. Thereby,
web-based assessment tools constitute feasible, efficient, and cost-effective approaches. Thus, they seem to be beneficial in
detecting high-risk pregnancies in order to improve maternal and infant birth outcomes in the long term.

(JMIR Ment Health 2021;8(12):e26665) doi: 10.2196/26665
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Introduction

The perinatal period represents a period in life where women
turn to digital resources, particularly in the field of medical
health care [1]. The growing supply of e- and mHealth
technologies and the increasing desire to access and monitor
health data generate the need for an empirical proof as
intervention and information tools [2-4].

Vice versa, the assessment of patient-reported outcomes (PROs)
in pregnancy has been shown to be a highly valid method for
data acquisition [5]. Characteristics of female m- and eHealth
seekers during pregnancy encompass a younger age, a lower
self-rated health status, being pregnant for the first time, and
being easily influenced by online sources in terms of pregnancy
[6]. Furthermore, current research has shown that especially
women with a higher risk of depression and anxiety disorders
use pregnancy apps more extensively [7].

According to the literature, especially pregnant women show
increased vulnerability for the onset or relapse of a manifest
depressive disorder during the perinatal period, as pregnancy
and childbirth represent 2 major events in a woman’s life, along
with substantial changes in their responsibilities [8-10]. The
prevalence of postpartum depression (PPD) varies depending
on study type, measurement, time of assessment, and nationality
from 10% to 15% during the first year after childbirth [11-15].
According to the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision
(ICD-10), and the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5), diagnostic criteria, PPD is
diagnosed if symptoms such as sadness, anhedonia, disturbance
in appetite or sleep, fatigue, psychomotor symptoms,
worthlessness/guilt, attention deficits, and suicidality persist
for at least 2 weeks with a peripartum onset [16,17].

Regarding the first days postpartum, PPD must be distinguished
from baby blues. While PPD occurs within the first year
postpartum, baby blues affects 50%-85% of mothers during the
first 10 days postpartum but usually ameliorates within 2 weeks
[18]. Baby blues is characterized by transient mood swings,
tearfulness, and mild depressive symptoms [19,20].

Prior research identified risk factors for PPD, such as a history
of mental disorders, stressful life events, limited social support,
low socioeconomic background, and especially depression and
anxiety, that have been reported to be the strongest predictors
for adverse mental health outcomes in the postpartum period
[21-25].

Suffering from PPD not only constitutes a burden for the
mothers and fam ilies but also has a high impact on early
mother-child interaction and parenting [26,27]. The long-term
effects for the child include impaired mother-child bonding [28]
and cognitive, emotional, and behavioral problems [29,30].

However, PPD often remains undetected and thus untreated as
women who suffer from depressive disorders are sometimes
unable to evaluate their emotions and reluctant to seek support
and help on their own [31,32]. Even though early identification
and support for mothers at risk are crucial to prevent PPD, only
20% of affected women are detected in the perinatal period and

around 10% of those women receive adequate treatment and
support [10,33].

According to the current literature, the most commonly used
screening tool for perinatal depression is the Edinburgh Postnatal
Depression Scale (EPDS) [34]. This self-report questionnaire
contains 10 items measuring depressive symptom severity during
the past week and has been validated for antenatal and postnatal
application [35]. In fast-paced clinical settings, it has been
shown to be practicable, takes less than 5 minutes to complete,
and is highly accepted by women with and without depression
alike [36,37].

Current evidence suggests that there is an overall benefit of
perinatal depression screening [38]. The American College of
Obstetricians and Gynecologists (ACOG) recommends perinatal
screening for depressive symptoms at least once during
pregnancy and after childbirth [39]. However, no optimal
screening time and routine have been established in obstetrical
care so far. There is still uncertainty about which screening tool
provides the best predictive accuracy and how often and at what
time point it should be applied [40,41].

Thus, web-based pregnancy tools provide new opportunities
for real-time data acquisition, including the feasibility to capture
symptom deterioration and upcoming adverse events [6,42,43].
Growing mHealth technologies can be used for prevention and
intervention of depressive disorders at an early stage and may
even reduce barriers to seeking psychotherapeutic support
[44-51]. The feasibility and acceptability of web-based
depression screening by means of the EPDS have been shown
in the previous literature. In comparison to conventional
paper-based methods, patients perceived web-based technologies
as more convenient, discrete, and favorable [52].

Only few studies have assessed whether PPD can be reliably
predicted during pregnancy by using the EPDS. The overall
results show high negative predictive values and specificity but
low positive predictive values and sensitivity with a reasonable
discriminatory power [53]. Although Lau et al [54] first
described a strong correlation among depressive symptoms in
the second trimester and up to 6 weeks postpartum, Meijer et
al [53] and Venkatesh et al [55] assumed that predictive
accuracy is limited but that it can be improved by adding the
history of depression. Both recommend a cut-off threshold of
>5 for initial screening, followed by clinical diagnostics if
positive.

The aim of this study was to longitudinally monitor EPDS scores
by monthly assessments during the second and third trimester
of pregnancy as well as 1 week, 3 months, and 6 months
postnatally. By using this longitudinal approach, this work aimed
to find the best screening time during pregnancy, with the
highest predictive accuracy for PPD, based on the use of a
web-based pregnancy tracking tool. In the next step, we aimed
to refine the discriminatory power by including the women’s
personal risk profiles, such as prenatal maternal anxiety or
depressive symptoms, age, education, parity, or relationship
quality. The absence of a standardized, widely accepted
screening program in routine prenatal care underlines the need
for testing the feasibility and validity of web-based data
acquisition methods.
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Methods

Participants and Study Design
This prospective bicentric study based on electronic
patient-reported outcome (ePRO) questionnaires was conducted
between October 2016 and September 2018 in the maternity
departments of the University Hospitals Heidelberg and
Tuebingen, Germany. In total, 214 pregnant women participated
in the study. Inclusion criteria for recruitment were maternal
age >18 years, sufficient knowledge of the German language,
adequate internet access, and a singleton pregnancy between
the 20th and the 27th gestational week (GW). Exclusion criteria
encompassed a multiple pregnancy and known fetal anomalies
and malformations. After participants provided their written
consent to participate in the study, they completed the first set
of web-based questionnaires on a tablet device on-site after

registration with pseudo-anonymous user credentials on a
self-developed platform called Patient-informiert-interaktiv-Arzt
(patient-informs-interactively-physician [PiiA]; see Figure 1).
At the time of enrollment, trained clinical staff provided
participants assistance. Furthermore, an online tutorial was
provided on the platform explaining the technical use. Further
data acquisition was supposed to take place in the participants’
domestic environment on their preferred device. The participants
received web-based assessments at 8 time points: every 4 weeks
during pregnancy (Prae1=20th, Prae2=24th, Prae3=28th,
Prae4=32nd, and Prae5=36th GW) up to 6 months postpartum
(Post1=7 days, Post2=3 months, and Post3=6 months
postpartum). In addition, 2 days prior to the scheduled
assessment as well as 3 and 5 days afterward, the participants
received an email reminder from the study team to complete
the web-based questionnaires. Furthermore, sociodemographic
and health-related data were obtained by means of ePROs.

Figure 1. Screenshot of the PiiA platform. PiiA: Patient-informiert-interaktiv-Arzt.

To monitor maternal symptoms of depression and anxiety during
the entire antenatal and postnatal period, the EPDS was applied
at every time point, whereas the State-Trait Anxiety Inventory
(STAI) was applied twice, at the 24th and the 32nd GW. The
participants’data were stored pseudo-anonymized and securely
on a local storage device.

Ethics
Ethics approval was obtained from the ethics committee at
Heidelberg University (project no. S158/2016).

Instruments

Edinburgh Postnatal Depression Scale
The EPDS [34] is a widely used screening tool validated for
assessing pre- and postpartum symptoms of depression [35,56].
The 10-item self-report questionnaire measures depressive
symptoms during the past 7 days. Every question is scored from
0 (no depressive symptoms) to 3 (severe depressive symptoms);
thus, the total score varies between 0 and 30. Higher scores
indicate a higher risk of minor or major depression. The
recommended cut-off score is ≥10 points, which predicts minor

depression and has shown good sensitivity and specificity of
0.96 and 1, respectively [57].

State-Trait Anxiety Inventory
The STAI [58] is used to assess anxiety as a temporary condition
(State-Trait Anxiety Inventory, state scale [STAI-S]) as well as
general anxiety as a personal trait (State-Trait Anxiety Inventory,
trait scale [STAI-T]). In this study, the German versions of the
STAI-T as well as the STAI-S were administered [59]. The
questionnaire contains 20 items measured on a 4-point Likert
scale from 1 (low) to 4 (high). Total scores vary from 20 to 80.
In previous studies, the STAI has shown good discriminatory
and predictive validity in perinatal populations [60]. The
recommended cut-off score of >40 reached a sensitivity of
80.95%, a specificity of 79.75%, and a positive predictive value
of 51.5% [61].

Questionnaire on Relationship Quality
The questionnaire on relationship quality
(Partnerschaftsfragebogen [PFB]) [62,63] was applied to assess
the participants’ self-rated relationship quality and satisfaction
with their partners. The questionnaire encompasses 3 scales:
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(1) tenderness, (2) communication, and (3) conflict behavior.
Each subscale contains 10 items measured on a 4-point Likert
scale. While higher scores on the conflict behavior scale indicate
less satisfaction, higher scores on the tenderness and
communication scales indicate a higher relationship quality. In
a representative study conducted on a German population, good
to very good reliability was achieved for all 3 subscales (conflict
behavior: α=.88; tenderness: α=.91; communication: α=.85;
total scale: α=.93) [64].

Statistical Analyses
Descriptive statistics, including mean scores, absolute and
relative frequencies, and standard deviations, were used to
analyze demographic variables of the entire study sample. The
prevalence of antenatal and postnatal depressive symptoms
(EPDS ≥ 10) was calculated at each point of assessment. To
evaluate the discriminatory power of the EPDS, we constructed
receiver-operating characteristic (ROC) curves for each of the
relevant assessment times (5 antenatal assessments vs 3 postnatal
assessments) by plotting sensitivity against 1-specificity for all
possible cut-off values. Afterward, the respective area under
the curve (AUC) was calculated for each ROC curve. A high
AUC indicates a good selection of women with PPD symptoms
as distinguished from those without. A widely used classification
of the AUC is as follows: ≤0.50: useless (worse than a coin
flip); 0.50-0.70: poor; 0.70-0.80: reasonable; 0.80-0.90: good;
and >0.90: excellent [65]. Moreover, specificity, sensitivity,
and positive and negative predictive values for specific cut-offs
of the EPDS were calculated.

The predictive value of the EPDS was investigated by using
multivariate logistic regression models. Here, the models were
adjusted for the following factors [21-23]: age (in years), EPDS
score at the best predictive time point of assessment during
pregnancy, educational level, parity (previous births), general
anxiety (STAI), and partnership quality (PFB). The models
were described by odds ratios (ORs, 95% CI), P values, and the
AUC compared to the AUC based on the respective best EPDS
score.

P values were set at <.05. All analyses were performed using
the statistics software R [66] based on the packages pROC [67]
and PRROC [68].

Results

Sociodemographic and Birth-Specific Characteristics
In total, 214 women aged 22-44 years (mean age 33.5 years)
completed the self-report questionnaires provided on the
web-based pregnancy platform PiiA and were included in the
analyses. The majority of the participants were married or in a
relationship and well educated with a higher socioeconomic
status. More than half of the women already had at least 1 child
and were working part-time during pregnancy. About 14% of
the children were born prematurely, and 48.6% were delivered
vaginally without complications. Table 1 shows the
sociodemographic data and further sample characteristics in
detail.
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Table 1. Distribution of sociodemographic and birth-specific variables (N=214).

Mean, n (%)Characteristic

Relationship status

154 (72.0)Married

52 (24.3)In a relationship

5 (2.3)Without a partner

3 (1.4)Missing data

Parity

85 (39.7)0

124 (57.9)1+

5 (2.3)Missing data

Graduation

7 (3.3)No degree

74 (34.6)General or intermediate degree

25 (11.7)Advanced technical certificate

101 (47.2)A level

4 (1.9)Other

3 (1.4)Missing data

Employment of participants at time of recruitment

3 (1.4)Full-time

171 (79.9)Part-time

29 (13.6)Unemployed

11 (5.1)Missing data

Monthly family income

20 (9.4)<€1000 (<US $1130.01)

60 (28.0)€1000-€2000 (US $1130.01-$2260.03)

41 (19.2)€2000-€3000 (US $2260.03-$3390.04)

84 (39.3)>€3000 (>US $3390.04)

9 (4.2)Missing data

GWa of delivery

30 (14.0)<38th GW

162 (75.7)≥38th GW

22 (10.3)Missing data

Mode of delivery

104 (48.6)Vaginal delivery

34 (15.9)Planned cesarean section

47 (22.0)Unplanned cesarean section

18 (8.4)Forceps delivery or vacuum extraction

11 (5.1)Missing data

aGW: gestational week.

JMIR Ment Health 2021 | vol. 8 | iss. 12 | e26665 | p. 5https://mental.jmir.org/2021/12/e26665
(page number not for citation purposes)

Haßdenteufel et alJMIR MENTAL HEALTH

XSL•FO
RenderX

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


Prevalence of Depressive Symptoms Pre- and
Postnatally
During pregnancy, a reasonable number of women in our study
sample were at risk for a depressive episode (EPDS ≥ 10): 12.6%
(22/175) at the 20th GW, 25% (48/192) at the 24th GW, 18.2%
(36/198) at the 28th GW, 13.2% (27/205) at the 32nd GW, and
18.3% (33/180) at the 36th GW. After childbirth, 18.5%
(34/184) of the women showed an increased risk for PPD 7 days
postpartum, 9.6% (13/136) at 3 months postpartum, and 13.2%
(18/136) at 6 months postpartum.

Predictive Value of PPD Symptoms
Table 2 presents the results of ROC analysis. The best predictive
values according to the risk of PPD symptoms 7 days
postpartum (Post1) are shown in the 32nd GW (Prae4). The
AUC was reasonable (0.76), and the specificity and negative
predictive value for a cut-off of 10 were high at 93.0% and

87.1%, respectively, while the sensitivity and positive predictive
values were moderate at 60.8% and 85.1%, respectively.
Regarding depressive symptoms 3 months postpartum (Post2),
the AUC had good predictive accuracies in the 24th (Prae2;
AUC=0.85) and 28th (Prae3; AUC=0.84) GW, showing once
again high specificity (80.4% vs 84.5%) and negative predictive
values (98.0% vs 96.0%) and lower sensitivity (83.3% vs 64.3%)
and positive predictive values (27.0% vs 36.0%).Regarding the
last measurement 6 months postpartum (Post3), the best
predictive accuracy was found in the 28th GW (Prae3), with a
reasonable AUC of 0.75, high specificity (84.5%), high negative
predictive value (93.9%), moderate sensitivity of 60.0% and
low positive predictive value of 34.0%.

The highest AUC values for the respective postnatal assessments
are presented in Figure 2. The dots indicate the EPDS cut-off
value of 10.

Table 2. Area under the curve for prediction of postpartum depression (EPDSa≥10) by means of depressive symptoms assessed during pregnancy.

AUC at 36th GWAUC at 32nd GWAUC at 28th GWAUC at 24th GWAUCc at 20th GWdPPDb

0.760.76 e0.640.690.737 days

0.790.740.84 e0.85 e0.793 months

0.700.720.75 e0.740.706 months

aEPDS: Edinburgh Postnatal Depression Scale.
bPPD: postpartum depression.
cAUC: area under the curve.
dGW: gestational week.
eAll values in italics are significant.

Figure 2. Highest AUC values for each postnatal assessment and the respective prenatal assessment including sensitivity and specificity. AUC: area
under the curve; circle, cross, and triangle: respective optimal cut-off points (according to the Youden index); GW: gestational week; PPD: postpartum
depression (at 7 days, 3 months, and 6 months postpartum).
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Detecting Predictors for Postnatal Depression
Multivariate logistic regression analyses revealed that postnatal
symptoms of depression (assessed at 7 days postpartum) were
significantly predicted by the depression scores during
pregnancy (assessed at the 32nd GW, P<.001). Depressive
symptoms 3 months postpartum were also predicted by prenatal
depressive symptoms (assessed at the 24th GW, P=.02).
Furthermore, the factor parity showed a significant influence
(P=.049).

In the regression model regarding the time point at 6 months
postpartum, the depression score during pregnancy at the 28th
GW showed a highly significant impact (P=.001). The variable

trait anxiety (STAI-T), assessed at 24 and 28 weeks prenatally,
showed a tendency (P=.12) to increase but did not become
statistically significant. Furthermore, in the multivariate models
for PPD, the AUCs could be even improved by including the
aforementioned factors compared to the univariate models. At
3 months postpartum, an excellent AUC of 0.93 in the
multivariate model versus 0.85 in the univariate model was
found. At 6 months postpartum, we found an AUC of 0.87 in
the multivariate model versus 0.75 in the univariate model.
Hence, the results of the multivariate logistic regression models
show the best predictive accuracy for PPD for screening between
the 24th and the 28 GW and are displayed in Table 3.

Table 3. Uni- and multivariate logistic regression models for the potential confounders age, prenatal depression, state and trait anxiety, education,
parity, and partnership quality at 1 week, 3 months, and 6 months postpartum.

PPD 6 monthsPPD 3 monthsPPDa 7 daysVariable

P valueOR (95% CI)P valueOR (95% CI)P valueORb (95% CI)

.801.02 (0.87-1.20).141.16 (0.96-1.44).620.97 (0.87-1.08)Age

.001 d1.24 (1.09-1.43).01 d1.38 (1.12-1.83)<.001 d1.41 (1.23-1.65)EPDSc

.831.179 (0.253-5.728).771.30 (0.22-9.05).470.69 (0.25-1.87)Education

.961.043 (0.194-5.868).05 d0.118 (0.002-.855).621.318 (0.451-4.032)Parity

.960.998 (0.906-1.08).691.064 (0.922-1.132).821.007 (0.949-1.067)STAI-Se

.121.083 (0.985-1.211).311.064 (0.951-1.213).120.953 (0.895-1.012)STAI-Tf

.741.348 (0.230-8.699).51.967 (0.303-16.477).220.500 (0.163-1.509)PFBg

—0.87—0.93 d—i0.82Multivariate AUCh

—0.75—0.85—0.76Univariate AUC

aPPD: postpartum depression.
bOR: odds ratio.
cEPDS: Edinburgh Postnatal Depression Scale.
dAll values in italics are significant.
eSTAI-S: State-Trait Anxiety Inventory, state scale.
fSTAI-T: State-Trait Anxiety Inventory, trait scale.
gPFB: Partnerschaftsfragebogen.
hAUC: area under the curve.
iNot applicable.

Discussion

Principal Findings
Due to the high prevalence of PPD and the high percentage of
women who remain undiagnosed and untreated, this study aimed
to define the optimal time point for web-based self-report
screening for women at risk of PPD during pregnancy. We
increased the impact of our results by conducting a prospective
longitudinal study with a detailed assessment of maternal
symptoms of depression at 8 follow-up assessments from the
20th GW onward up to 6 months postpartum, accessible on the
self-developed web-based platform PiiA. We could also prove
that the inclusion of further personal factors can significantly
improve the accuracy of predicting PPD symptoms, which can

potentially be used as a starting point for developing a screening
algorithm.

Implementation of an Online-Based
Pregnancy-Screening Tool Using ePROs
The antenatal period represents a window of opportunity for
adapting a healthy lifestyle, on the one hand, and to successfully
integrate technology in clinical care, on the other hand.

Thus, the implementation of a web-based screening algorithm
to detect women at risk should be a common aim for the health
benefit of both expecting mothers and their offspring [38].
Previous research has already shown that electronic data
acquisition represents equal validity and reliability compared
to paper-based methods [69,70]. Furthermore, a personalized
lifestyle intervention or psychoeducational treatment approach
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in order to improve health-related behavior seems to be
beneficial, especially among women with mild-to-moderate
symptoms of depression or anxiety [71]. Former studies have
reported higher compliance rates, optimized cost efficiency,
and better overall mental health outcomes due to web-based
therapeutic tools compared to traditional practices [72]. Even
a short-term electronic mindfulness-based intervention program
resulted in reduced anxiety levels in pregnant woman after just
1 week of use [73].

However, due to the rising amount of easily accessible
web-based sources, there are also existing tools without
scientific evaluation and a considerable risk of misinformation
[74,75]. Only an estimated marginal amount of 6% of the
available health-related apps are validated in a scientific manner
[76]. Thus, due to the evolving digitalization in medicine, there
is an emerging need to test web-based tools for reliability and
internal consistency before integrating into standard clinical
practice. However, the presented results prove that web-based
screening for detecting early symptoms of depression and
anxiety by means of the EPDS is suitable. In a further approach,
the EPDS should be implemented in web-based format at best
into routine clinical obstetrical care. Hence, this could be the
first step toward the establishment of a standardized screening
algorithm for adverse mental health outcomes in the peripartum
period.

Prevalence of Depressive Symptoms During the Course
of Pregnancy Until 6 Months Postpartum
In this prospective cohort study, we found that a high percentage
of women who developed PPD symptoms already showed
significantly higher antenatal EPDS scores. These findings are
in line with previous studies showing that depressive symptoms
may be more common during than after pregnancy [77,78].
Regarding merely the period of pregnancy, the highest
prevalence rates were found at the 24th GW, initially followed
by a decrease and then an increase at the end of pregnancy.
These findings are comparable to the prevalence rates reported
by Bennet et al [79]. Using an exploratory approach, Lau et al
[54] (2010), who observed the same phenomenon, suggested
that the relatively high prevalence of depressive symptoms
during the second trimester might be caused by a high
percentage of affected women who are undiagnosed and
untreated [80,81]. Likewise, the possible persistence of
pregnancy-related physical adverse events that can negatively
affect mental health and the discontinuation of antidepressant
medication that may lead to recurrent depression are conceivable
[81,82].

Consistent with previous studies, we found that the proportion
of women with depressive symptoms in the postpartum period
(34/184, 18.5%) was similar to that in the third trimester
(33/180, 18.3%). The increasing number of women who show
depressive symptoms in the third trimester of pregnancy might
be explained by greater physical discomfort, increased anxiety
about the upcoming childbirth, and transition into a new role
as a mother [83]. After delivery, the high prevalence of
depressive symptoms can be explained by the onset of baby
blues shortly after childbirth [84]. Baby blues being a transient
condition, the prevalence of depressive symptoms in our sample

decreased 3 months postpartum to 9.8% and increased slightly
once again 6 months postpartum to 13.2%. These findings are
in line with the results of a review published in 2018, in which
an increase in depressive symptoms 6 months postpartum was
reported and may reflect the added stress due to caring for a
newborn and the constant demands of the infant [85]. A similar
prevalence of PPD measured by the EPDS (cut-off > 10) was
found in another German sample: 20.4% at 2 weeks postpartum,
15.8% at 6 weeks postpartum, and 15.4% 3-5 months postpartum
[13,86].

Predictive Accuracy of PPD Symptoms
The predictive accuracy for PPD 1 week postpartum increases
with the progress of pregnancy, with the best results at the 32nd
and the 36th GW. These findings imply that assessing depressive
symptoms in late pregnancy gives a more precise prediction of
depressive symptoms after childbirth. An explanation of that
finding might be the higher level of distress and anxiety toward
childbirth and parenthood, which can continue up to a few days
after childbirth, representing the baby blues [84]. Although baby
blues is a rather transient condition, the prediction of PPD
symptoms 3 and 6 months postpartum is of higher clinical
relevance.

Referring to depressive symptoms 3 months postpartum, the
antenatal depressive symptoms, assessed at the 24th and the
28th GW, showed good discriminatory power. Although the
positive predictive value was low, with only 27%-36% of
positively screened women, indeed, presenting depressive
symptoms 3 months postpartum, the negative predictive value
was remarkably high, between 96% and 98%. Thus, women
with a negative screening between the 24th and the 28th GW
are quite unlikely to develop PPD 3 months postpartum.

The assessment of antenatal depressive symptoms at the 28th
GW showed the most promising results in predicting depressive
symptoms 6 months postpartum. The test criteria are similar to
3 months postnatally with high specificity (84.5%) and negative
predictive value (93.9%) and lower sensitivity (60%) and
positive predictive value (34%).

In conclusion, our findings show that predictive accuracy is
highest in the period between the 24th and the 28th GW among
all other time points of assessment during pregnancy.

According to the overall discriminatory power and predictive
accuracy of the antenatal EPDS scores, previous research has
shown similar AUC values ranging from 0.66 to 0.78 [53-55].
All of these studies have in common a high specificity and
negative predictive values but present lower sensitivities and
positive predictive values. To increase the negative predictive
value and not to miss a woman at risk, Meijer et al [53] and
Venkatesh et al [55] recommend a lower cut-off of 5 for the
initial screening. Thus, negative results would indicate a low
risk for developing PPD, while positive results would require
further observation. However, this may cause a high number of
false-positive cases and require increased clinical effort
[15,22,53].

Our findings suggest that antenatal screening using the EPDS
between the 24th and the 28th GW is the best predictor for
depressive symptoms 3-6 months postpartum. This time interval
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also showed the highest prevalence rates of antenatal depressive
symptoms among our study cohort. This is in line with the study
of Lau et al [54] confirming the strong relationship between the
EPDS score in the second trimester and 6 weeks postpartum.
In contrast to our findings, however, Meijer et al [53] assumed
that the time point of screening, whether it is in the first, second,
or third trimester, does not show any influence regarding the
predictive accuracy.

Further Potential Predictors for PPD Symptoms
Previous studies have shown that a better predictive power for
PPD can be achieved by combining antenatal EPDS scores with
other potential factors, such as partner support or a prior history
of depression [22,55].

Our results show that prenatal symptoms of depression,
measured by the EPDS, constitute strong independent predictors
of PPD at all postnatal times of assessment. This finding
confirms once again the strong association between ante- and
postnatal depressive symptoms.

In addition, we detected parity as another marginally significant
predictor for PPD 3 months postpartum. Regarding parity as a
predictor for PPD, previous studies have reported heterogeneous
findings. Giving birth for the first time is often considered a
risk factor for PPD in the first month postpartum. One reason
may be that women are confronted with totally changed living
conditions and insecurities owing to their inexperience in
parenting, while already experienced mothers are usually more
familiar and have adapted to their new role [87-89]. Other
studies, in contrast, have reported multiparity being a risk factor
for PDD as caring for more than 1 child can lead to additional
stress and may overwhelm mothers in their everyday life [78,90].
These heterogenous findings imply that the influence of parity
cannot be generalized and that further research in this field is
required.

Regarding the relationship between antenatal anxiety and
postpartum depression, inconsistent findings have been reported
in the current literature so far. Multiple studies have shown that
perinatal anxiety and depression often occur simultaneously.
In addition, early symptoms of depression, anxiety, and distress
predict impending mental health problems during and after
pregnancy [83,91]. Both trait as well as state anxiety have been
shown to be significant and independent risk factors for PPD
in previous research [53]. In the study of Grant et al [61], anxiety
was more than sixfold increased among participants diagnosed
with PPD (OR 6.12). In contrast, however, our findings
presented no significant impact of anxiety on PPD and are thus
in accordance with other studies. In the work of Austin et al
[92], for instance, the STAI showed no significant association
with PPD after controlling for antenatal depression scores on
the EPDS. More recent prospective studies are in line with our
results, confirming once again the heterogeneous impact of
anxiety during pregnancy on postpartum mental health [93,94].

According to the previous literature, an older maternal age and
a higher educational level are associated with a decreased risk
of PPD [95,96]. However, we did not find any significant effects
of age and education at any time of assessment. This may be
due to the fact that our study group was at a marginally older

age and consisted of well-educated women, predominantly. In
our study group, the quality of partnership measured by the PFB
did not show any significant impact as a predictor for PPD
either. The majority of our participants live together with their
partners and probably consider their social support as sufficient.

The discriminatory power improved significantly by including
all these personal risk factors in the model, so the multivariate
AUC resulted in excellent and good values for depressive
symptoms 3 and 6 months postpartum.

Although the EPDS is a simple and universally applicable
screening tool, every patient should be considered individually
with a different and unique psychosocial risk profile. By paying
attention to and screening for additional risk factors, more
women at risk can be identified than by merely using the EPDS.

Strengths and Limitations
One strength of our study is the prospective longitudinal and
innovative design, including frequent and repeated measures of
depressive symptoms (8 assessments: 5 prenatally and 3
postnatally), whereas previous studies have analyzed only 1
time point in the postpartum period.

All of the applied questionnaires are internationally established
and were provided as online questionnaires. The online
assessments were easily accessible, universally applicable, and
cost efficient. Furthermore, the participants were able to
complete the questionnaires comfortably in their home
environment, which may have had positive effects on their
compliance and may have reduced their barriers to reporting
mental health symptoms and personal information about
emotions, partnership, etc, due to the greater privacy and easy
access allowed by using their own personal computer or
smartphone.

Another strength of our study is that we assessed not only
symptoms of depression in detail but also anxiety symptoms,
which is often a comorbid condition [91,97]. Thus, we were
able to control for confounding effects of anxiety. Additionally,
we distinguished between state, trait, and pregnancy-related
anxiety to capture a large variety of mental affections. Beyond
this, we assessed a broad range of further possible confounding
factors that might contribute to the prediction of PPD.

A limitation of our study is the well-known fact that the EPDS
is a screening tool and does not generate a valid DSM-5
diagnosis. Those women who scored ≥10 on the EPDS are only
at higher risk for minor or major depression but still require
established clinical diagnostic testing to confirm the presence
of PDD. Furthermore, different cut-off thresholds are validated
in studies and clinical screening. Regarding a cut-off of ≥10,
the sensitivities range from 59% to 100% and the specificities
range from 44% to 97% [98]. For antenatal use, however, lower
cut-off values have to be considered [99]. Still, a universal and
established cut-off point is lacking, which contributes to the
difficult comparability among previous studies. However, the
EPDS is capable of capturing even subclinical depressive
symptoms, which also potentially impacts clinical outcomes
[100].
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As we could not distinguish between women who were
depressive or nondepressive at baseline, there is also a risk of
a self-selection bias, as mentally affected women are more likely
to refuse a study participation [101]. Regarding the self-report
data acquisition used in our study, there are diverging findings
in previous research concerning accuracy and validity. Former
research has claimed that the use of ePRO parameters can lead
to response and recall bias and thus to a loss of validity, as
affective symptoms are often overestimated [102,103]. Other
studies, in contrast, are providing evidence of good reliability
of self-administered questionnaires in clinical practice [104,105].

Our study group consisted of mostly well-educated women with
a higher socioeconomic status, and nearly all are married or in
a partner relationship. Therefore, these findings can only be
generalized to a limited extent. Despite these limitations, our
results provide valuable information of substantial clinical
importance.

This is the first essential measure before creating a digital
screening algorithm and implementing real-time PRO-derived
data into clinical care in order to capture adverse mental and
physical health symptoms as early as possible.

Conclusion
Based on our results, we determined the best predictive accuracy
of digital, self-report screening for PPD during pregnancy to

be between the 24th and the 28th GW. Although the EPDS may
not be sufficient for predicting PPD alone, and some new risk
factors may contribute after childbirth, the predictive accuracy
achieved an excellent value, especially in combination with the
women’s personal factors, such as anxiety, age, education,
parity, and partnership support. Systematic antenatal screening
is important to identify the proportion of women at risk as early
as possible and thus avoid the detrimental consequences of
untreated depression for both mother and child. Therefore,
increased awareness of affective disorders during and after
pregnancy is needed. It is crucial to implement a valid online
screening tool for symptoms of depression in clinical routine,
and establishing a routine screening program between the 24th
and the 28th GW might be most promising to identify both
women at risk for depression during pregnancy and a high
proportion of women at risk for PPD. Therefore, our results
have the potential to be used as a starting point for developing
a screening algorithm for perinatal depression. As the pregnancy
period is an emerging target for health interventions, the clinical
implementation of a tracking and screening tool regarding
mental symptoms from the beginning of pregnancy seems to
be applicable and beneficial. In the next stage of development,
therapeutic and educational treatment modalities based on the
upcoming possibilities due growing e- and mHealth technologies
should be incorporated.

Acknowledgments
The University Hospitals of Heidelberg and Tübingen kindly provided patient-related data for the analysis. The study was funded
by grants from the Deutsche Gesellschaft für Psychosomatische Frauenheilkunde und Geburtshilfe (DGPFG). The funders had
no role in the design, analysis, interpretation of data, or the preparation, review, or approval of the manuscript.

Authors' Contributions
KL, KH, CES, SW, and MF wrote and edited the manuscript and interpreted the data; SW, MW, and CES developed the study
concept, supervised the project, and wrote the manuscript; KH, KL, LMM, KB, MG, and CES performed data collection and
project management; and MF analyzed the data and edited the manuscript.

Conflicts of Interest
None declared.

References

1. Bert F, Gualano MR, Brusaferro S, De Vito E, de Waure C, Torre G, et al. Pregnancy e-health: a multicenter Italian
cross-sectional study on internet use and decision-making among pregnant women. J Epidemiol Community Health 2013
Sep 26;67(12):1013-1018. [doi: 10.1136/jech-2013-202584] [Medline: 24072743]

2. Eysenbach G, Diepgen TL. The role of e-health and consumer health informatics for evidence-based patient choice in the
21st century. Clin Dermatol 2001;19(1):11-17. [doi: 10.1016/s0738-081x(00)00202-9] [Medline: 11369478]

3. Lupton D, Pedersen S. An Australian survey of women's use of pregnancy and parenting apps. Women Birth 2016
Aug;29(4):368-375. [doi: 10.1016/j.wombi.2016.01.008] [Medline: 26874938]

4. Wellde PT, Miller LA. There's an app for that!: new directions using social media in patient education and support. J Perinat
Neonatal Nurs 2016;30(3):198-203. [doi: 10.1097/JPN.0000000000000177] [Medline: 27465449]

5. Elliott JP, Desch C, Istwan NB, Rhea D, Collins AM, Stanziano GJ. The reliability of patient-reported pregnancy outcome
data. Popul Health Manag 2010 Feb;13(1):27-32. [doi: 10.1089/pop.2009.0008] [Medline: 20158321]

6. Wallwiener S, Müller M, Doster A, Laserer W, Reck C, Pauluschke-Fröhlich J, et al. Pregnancy eHealth and mHealth: user
proportions and characteristics of pregnant women using web-based information sources-a cross-sectional study. Arch
Gynecol Obstet 2016 Nov 15;294(5):937-944. [doi: 10.1007/s00404-016-4093-y] [Medline: 27084763]

7. Mo Y, Gong W, Wang J, Sheng X, Xu DR. The association between the use of antenatal care smartphone apps in pregnant
women and antenatal depression: cross-sectional study. JMIR Mhealth Uhealth 2018 Nov 29;6(11):e11508 [FREE Full
text] [doi: 10.2196/11508] [Medline: 30497996]

JMIR Ment Health 2021 | vol. 8 | iss. 12 | e26665 | p. 10https://mental.jmir.org/2021/12/e26665
(page number not for citation purposes)

Haßdenteufel et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1136/jech-2013-202584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24072743&dopt=Abstract
http://dx.doi.org/10.1016/s0738-081x(00)00202-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11369478&dopt=Abstract
http://dx.doi.org/10.1016/j.wombi.2016.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26874938&dopt=Abstract
http://dx.doi.org/10.1097/JPN.0000000000000177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27465449&dopt=Abstract
http://dx.doi.org/10.1089/pop.2009.0008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20158321&dopt=Abstract
http://dx.doi.org/10.1007/s00404-016-4093-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084763&dopt=Abstract
https://mhealth.jmir.org/2018/11/e11508/
https://mhealth.jmir.org/2018/11/e11508/
http://dx.doi.org/10.2196/11508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30497996&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Goodman JH, Guarino A, Chenausky K, Klein L, Prager J, Petersen R, et al. CALM pregnancy: results of a pilot study of
mindfulness-based cognitive therapy for perinatal anxiety. Arch Womens Ment Health 2014 Oct;17(5):373-387 [FREE
Full text] [doi: 10.1007/s00737-013-0402-7] [Medline: 24449191]

9. Dunkel Schetter C, Tanner L. Anxiety, depression and stress in pregnancy: implications for mothers, children, research,
and practice. Curr Opin Psychiatry 2012 Mar;25(2):141-148 [FREE Full text] [doi: 10.1097/YCO.0b013e3283503680]
[Medline: 22262028]

10. Marcus SM. Depression during pregnancy: rates, risks and consequences; Motherisk Update 2008. Can J Clin Pharmacol
2009;16(1):e15-e22. [Medline: 19164843]

11. Gavin NI, Gaynes BN, Lohr KN, Meltzer-Brody S, Gartlehner G, Swinson T. Perinatal depression: a systematic review of
prevalence and incidence. Obstet Gynecol 2005 Nov;106(5 Pt 1):1071-1083. [doi: 10.1097/01.AOG.0000183597.31630.db]
[Medline: 16260528]

12. Woody CA, Ferrari AJ, Siskind DJ, Whiteford HA, Harris MG. A systematic review and meta-regression of the prevalence
and incidence of perinatal depression. J Affect Disord 2017 Sep;219:86-92 [FREE Full text] [doi: 10.1016/j.jad.2017.05.003]
[Medline: 28531848]

13. Reck C, Struben K, Backenstrass M, Stefenelli U, Reinig K, Fuchs T, et al. Prevalence, onset and comorbidity of postpartum
anxiety and depressive disorders. Acta Psychiatr Scand 2008 Dec;118(6):459-468. [doi: 10.1111/j.1600-0447.2008.01264.x]
[Medline: 18840256]

14. Underwood L, Waldie K, D'Souza S, Peterson ER, Morton S. A review of longitudinal studies on antenatal and postnatal
depression. Arch Womens Ment Health 2016 Oct;19(5):711-720. [doi: 10.1007/s00737-016-0629-1] [Medline: 27085795]

15. O'Hara MW, McCabe JE. Postpartum depression: current status and future directions. Annu Rev Clin Psychol 2013;9:379-407.
[doi: 10.1146/annurev-clinpsy-050212-185612] [Medline: 23394227]

16. Uher R, Payne JL, Pavlova B, Perlis RH. Major depressive disorder in DSM-5: implications for clinical practice and research
of changes from DSM-IV. Depress Anxiety 2014 Jun;31(6):459-471. [doi: 10.1002/da.22217] [Medline: 24272961]

17. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. URL: https://doi.
org/10.1176/appi.books.9780890425596 [accessed 2021-02-01]

18. Matthey S. Using the Edinburgh Postnatal Depression Scale to screen for anxiety disorders. Depress Anxiety 2008
Nov;25(11):926-931. [doi: 10.1002/da.20415] [Medline: 18041072]

19. Henshaw C. Mood disturbance in the early puerperium: a review. Arch Womens Ment Health 2003 Aug;6 Suppl 2:S33-S42.
[doi: 10.1007/s00737-003-0004-x] [Medline: 14615921]

20. Beck CT. Postpartum depression: it isn't just the blues. Am J Nurs 2006 May;106(5):40-50; quiz 50. [doi:
10.1097/00000446-200605000-00020] [Medline: 16639243]

21. Beck CT. Predictors of postpartum depression: an update. Nurs Res 2001;50(5):275-285. [doi:
10.1097/00006199-200109000-00004] [Medline: 11570712]

22. Milgrom J, Gemmill AW, Bilszta JL, Hayes B, Barnett B, Brooks J, et al. Antenatal risk factors for postnatal depression:
a large prospective study. J Affect Disord 2008 May;108(1-2):147-157. [doi: 10.1016/j.jad.2007.10.014] [Medline: 18067974]

23. Hein A, Rauh C, Engel A, Häberle L, Dammer U, Voigt F, et al. Socioeconomic status and depression during and after
pregnancy in the Franconian Maternal Health Evaluation Studies (FRAMES). Arch Gynecol Obstet 2014 Apr;289(4):755-763.
[doi: 10.1007/s00404-013-3046-y] [Medline: 24121691]

24. Bauer AE, Maegbaek ML, Liu X, Wray NR, Sullivan PF, Miller WC, et al. Familiality of psychiatric disorders and risk of
postpartum psychiatric episodes: a population-based cohort study. Am J Psychiatry 2018 Aug 01;175(8):783-791 [FREE
Full text] [doi: 10.1176/appi.ajp.2018.17111184] [Medline: 29730937]

25. Haßdenteufel K, Feißt M, Brusniak K, Lingenfelder K, Matthies LM, Wallwiener M, et al. Reduction in physical activity
significantly increases depression and anxiety in the perinatal period: a longitudinal study based on a self-report digital
assessment tool. Arch Gynecol Obstet 2020 Jul;302(1):53-64. [doi: 10.1007/s00404-020-05570-x] [Medline: 32372342]

26. Field T. Postpartum depression effects on early interactions, parenting, and safety practices: a review. Infant Behav Dev
2010 Feb;33(1):1-6 [FREE Full text] [doi: 10.1016/j.infbeh.2009.10.005] [Medline: 19962196]

27. Milgrom J, Westley DT, Gemmill AW. The mediating role of maternal responsiveness in some longer term effects of
postnatal depression on infant development. Infant Behav Dev 2004 Dec;27(4):443-454. [doi: 10.1016/j.infbeh.2004.03.003]

28. Dubber S, Reck C, Müller M, Gawlik S. Postpartum bonding: the role of perinatal depression, anxiety and maternal-fetal
bonding during pregnancy. Arch Womens Ment Health 2015 Apr;18(2):187-195. [doi: 10.1007/s00737-014-0445-4]
[Medline: 25088531]

29. Goodman SH, Rouse MH, Connell AM, Broth MR, Hall CM, Heyward D. Maternal depression and child psychopathology:
a meta-analytic review. Clin Child Fam Psychol Rev 2011 Mar;14(1):1-27. [doi: 10.1007/s10567-010-0080-1] [Medline:
21052833]

30. Netsi E, Pearson RM, Murray L, Cooper P, Craske MG, Stein A. Association of persistent and severe postnatal depression
with child outcomes. JAMA Psychiatry 2018 Mar 01;75(3):247-253 [FREE Full text] [doi:
10.1001/jamapsychiatry.2017.4363] [Medline: 29387878]

31. Whitton A, Warner R, Appleby L. The pathway to care in post-natal depression: women's attitudes to post-natal depression
and its treatment. Br J Gen Pract 1996;46:2. [doi: 10.1007/springerreference_180417]

JMIR Ment Health 2021 | vol. 8 | iss. 12 | e26665 | p. 11https://mental.jmir.org/2021/12/e26665
(page number not for citation purposes)

Haßdenteufel et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/24449191
http://europepmc.org/abstract/MED/24449191
http://dx.doi.org/10.1007/s00737-013-0402-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24449191&dopt=Abstract
http://europepmc.org/abstract/MED/22262028
http://dx.doi.org/10.1097/YCO.0b013e3283503680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22262028&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19164843&dopt=Abstract
http://dx.doi.org/10.1097/01.AOG.0000183597.31630.db
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16260528&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0165-0327(17)30723-1
http://dx.doi.org/10.1016/j.jad.2017.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28531848&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0447.2008.01264.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18840256&dopt=Abstract
http://dx.doi.org/10.1007/s00737-016-0629-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27085795&dopt=Abstract
http://dx.doi.org/10.1146/annurev-clinpsy-050212-185612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23394227&dopt=Abstract
http://dx.doi.org/10.1002/da.22217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24272961&dopt=Abstract
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
http://dx.doi.org/10.1002/da.20415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18041072&dopt=Abstract
http://dx.doi.org/10.1007/s00737-003-0004-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14615921&dopt=Abstract
http://dx.doi.org/10.1097/00000446-200605000-00020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16639243&dopt=Abstract
http://dx.doi.org/10.1097/00006199-200109000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11570712&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2007.10.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18067974&dopt=Abstract
http://dx.doi.org/10.1007/s00404-013-3046-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24121691&dopt=Abstract
http://europepmc.org/abstract/MED/29730937
http://europepmc.org/abstract/MED/29730937
http://dx.doi.org/10.1176/appi.ajp.2018.17111184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29730937&dopt=Abstract
http://dx.doi.org/10.1007/s00404-020-05570-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32372342&dopt=Abstract
http://europepmc.org/abstract/MED/19962196
http://dx.doi.org/10.1016/j.infbeh.2009.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19962196&dopt=Abstract
http://dx.doi.org/10.1016/j.infbeh.2004.03.003
http://dx.doi.org/10.1007/s00737-014-0445-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25088531&dopt=Abstract
http://dx.doi.org/10.1007/s10567-010-0080-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21052833&dopt=Abstract
http://europepmc.org/abstract/MED/29387878
http://dx.doi.org/10.1001/jamapsychiatry.2017.4363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29387878&dopt=Abstract
http://dx.doi.org/10.1007/springerreference_180417
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Dennis C, Chung-Lee L. Postpartum depression help-seeking barriers and maternal treatment preferences: a qualitative
systematic review. Birth 2006 Dec;33(4):323-331. [doi: 10.1111/j.1523-536x.2006.00130.x]

33. Marcus SM, Heringhausen JE. Depression in childbearing women: when depression complicates pregnancy. Prim Care
2009 Mar;36(1):151-65, ix [FREE Full text] [doi: 10.1016/j.pop.2008.10.011] [Medline: 19231607]

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

35. Murray D, Cox JL. Screening for depression during pregnancy with the Edinburgh Depression Scale (EDDS). J Reprod
Infant Psychol 1990 Apr;8(2):99-107. [doi: 10.1080/02646839008403615]

36. Brealey SD, Hewitt C, Green JM, Morrell J, Gilbody S. Screening for postnatal depression: is it acceptable to women and
healthcare professionals? A systematic review and meta‐synthesis. J Reprod Infant Psychol 2010 Nov;28(4):328-344.
[doi: 10.1080/02646838.2010.513045]

37. Gemmill AW, Leigh B, Ericksen J, Milgrom J. A survey of the clinical acceptability of screening for postnatal depression
in depressed and non-depressed women. BMC Public Health 2006 Aug 17;6:211 [FREE Full text] [doi:
10.1186/1471-2458-6-211] [Medline: 16914061]

38. Reilly N, Kingston D, Loxton D, Talcevska K, Austin M. A narrative review of studies addressing the clinical effectiveness
of perinatal depression screening programs. Women Birth 2020 Feb;33(1):51-59. [doi: 10.1016/j.wombi.2019.03.004]
[Medline: 30954483]

39. American College of Obstetricians and Gynecologists. Committee opinion no. 630: screening for perinatal depression.
Obstet Gynecol 2015;125(630):1268-1271 [FREE Full text] [doi: 10.1097/01.AOG.0000465192.34779.dc]

40. Knights JE, Salvatore ML, Simpkins G, Hunter K, Khandelwal M. In search of best practice for postpartum depression
screening: is once enough? Eur J Obstet Gynecol Reprod Biol 2016 Nov;206:99-104. [doi: 10.1016/j.ejogrb.2016.08.030]
[Medline: 27664907]

41. Milgrom J, Gemmill AW. Screening for perinatal depression. Best Pract Res Clin Obstet Gynaecol 2014 Jan;28(1):13-23.
[doi: 10.1016/j.bpobgyn.2013.08.014] [Medline: 24095728]

42. Goetz M, Müller M, Matthies LM, Hansen J, Doster A, Szabo A, et al. Perceptions of patient engagement applications
during pregnancy: a qualitative assessment of the patient's perspective. JMIR Mhealth Uhealth 2017 May 26;5(5):e73
[FREE Full text] [doi: 10.2196/mhealth.7040] [Medline: 28550005]

43. Basch E, Deal AM, Kris MG, Scher HI, Hudis CA, Sabbatini P, et al. Symptom monitoring with patient-reported outcomes
during routine cancer treatment: a randomized controlled trial. J Clin Oncol 2016 Feb 20;34(6):557-565 [FREE Full text]
[doi: 10.1200/JCO.2015.63.0830] [Medline: 26644527]

44. Van Dijk MR, Huijgen NA, Willemsen SP, Laven JS, Steegers EA, Steegers-Theunissen RP. Impact of an mHealth platform
for pregnancy on nutrition and lifestyle of the reproductive population: a survey. JMIR Mhealth Uhealth 2016 May
27;4(2):e53 [FREE Full text] [doi: 10.2196/mhealth.5197] [Medline: 27234926]

45. Rathbone AL, Prescott J. The use of mobile apps and SMS messaging as physical and mental health interventions: systematic
review. J Med Internet Res 2017 Aug 24;19(8):e295 [FREE Full text] [doi: 10.2196/jmir.7740] [Medline: 28838887]

46. van den Heuvel JF, Groenhof TK, Veerbeek JH, van Solinge WW, Lely AT, Franx A, et al. eHealth as the next-generation
perinatal care: an overview of the literature. J Med Internet Res 2018 Jun 05;20(6):e202 [FREE Full text] [doi:
10.2196/jmir.9262] [Medline: 29871855]

47. Firth J, Torous J, Nicholas J, Carney R, Pratap A, Rosenbaum S, et al. The efficacy of smartphone-based mental health
interventions for depressive symptoms: a meta-analysis of randomized controlled trials. World Psychiatry 2017
Oct;16(3):287-298 [FREE Full text] [doi: 10.1002/wps.20472] [Medline: 28941113]

48. Lindhiem O, Bennett CB, Rosen D, Silk J. Mobile technology boosts the effectiveness of psychotherapy and behavioral
interventions: a meta-analysis. Behav Modif 2015 Nov;39(6):785-804 [FREE Full text] [doi: 10.1177/0145445515595198]
[Medline: 26187164]

49. Bowers K, Laughon SK, Kim S, Mumford SL, Brite J, Kiely M, et al. The association between a medical history of depression
and gestational diabetes in a large multi-ethnic cohort in the United States. Paediatr Perinat Epidemiol 2013 Jul;27(4):323-328
[FREE Full text] [doi: 10.1111/ppe.12057] [Medline: 23772933]

50. Hussain-Shamsy N, Shah A, Vigod SN, Zaheer J, Seto E. Mobile health for perinatal depression and anxiety: scoping
review. J Med Internet Res 2020 Apr 13;22(4):e17011 [FREE Full text] [doi: 10.2196/17011] [Medline: 32281939]

51. Rebello TJ, Marques A, Gureje O, Pike KM. Innovative strategies for closing the mental health treatment gap globally.
Curr Opin Psychiatry 2014 Jul;27(4):308-314. [doi: 10.1097/YCO.0000000000000068] [Medline: 24840160]

52. Kingston D, Austin M, Veldhuyzen van Zanten S, Harvalik P, Giallo R, McDonald SD, et al. Pregnant women's views on
the feasibility and acceptability of web-based mental health e-screening versus paper-based screening: a randomized
controlled trial. J Med Internet Res 2017 Apr 07;19(4):e88 [FREE Full text] [doi: 10.2196/jmir.6866] [Medline: 28389421]

53. Meijer JL, Beijers C, van Pampus MG, Verbeek T, Stolk RP, Milgrom J, et al. Predictive accuracy of Edinburgh Postnatal
Depression Scale assessment during pregnancy for the risk of developing postpartum depressive symptoms: a prospective
cohort study. BJOG 2014 Dec;121(13):1604-1610. [doi: 10.1111/1471-0528.12759] [Medline: 24703235]

JMIR Ment Health 2021 | vol. 8 | iss. 12 | e26665 | p. 12https://mental.jmir.org/2021/12/e26665
(page number not for citation purposes)

Haßdenteufel et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1523-536x.2006.00130.x
http://europepmc.org/abstract/MED/19231607
http://dx.doi.org/10.1016/j.pop.2008.10.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19231607&dopt=Abstract
http://dx.doi.org/10.1192/bjp.150.6.782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3651732&dopt=Abstract
http://dx.doi.org/10.1080/02646839008403615
http://dx.doi.org/10.1080/02646838.2010.513045
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-6-211
http://dx.doi.org/10.1186/1471-2458-6-211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16914061&dopt=Abstract
http://dx.doi.org/10.1016/j.wombi.2019.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30954483&dopt=Abstract
https://journals.lww.com/greenjournal/Fulltext/2015/05000/Committee_Opinion_No__630__Screening_for_Perinatal.47.aspx
http://dx.doi.org/10.1097/01.AOG.0000465192.34779.dc
http://dx.doi.org/10.1016/j.ejogrb.2016.08.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27664907&dopt=Abstract
http://dx.doi.org/10.1016/j.bpobgyn.2013.08.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24095728&dopt=Abstract
https://mhealth.jmir.org/2017/5/e73/
http://dx.doi.org/10.2196/mhealth.7040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28550005&dopt=Abstract
http://europepmc.org/abstract/MED/26644527
http://dx.doi.org/10.1200/JCO.2015.63.0830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26644527&dopt=Abstract
https://mhealth.jmir.org/2016/2/e53/
http://dx.doi.org/10.2196/mhealth.5197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27234926&dopt=Abstract
https://www.jmir.org/2017/8/e295/
http://dx.doi.org/10.2196/jmir.7740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28838887&dopt=Abstract
https://www.jmir.org/2018/6/e202/
http://dx.doi.org/10.2196/jmir.9262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29871855&dopt=Abstract
https://doi.org/10.1002/wps.20472
http://dx.doi.org/10.1002/wps.20472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28941113&dopt=Abstract
http://europepmc.org/abstract/MED/26187164
http://dx.doi.org/10.1177/0145445515595198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26187164&dopt=Abstract
http://europepmc.org/abstract/MED/23772933
http://dx.doi.org/10.1111/ppe.12057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23772933&dopt=Abstract
https://www.jmir.org/2020/4/e17011/
http://dx.doi.org/10.2196/17011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32281939&dopt=Abstract
http://dx.doi.org/10.1097/YCO.0000000000000068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24840160&dopt=Abstract
https://www.jmir.org/2017/4/e88/
http://dx.doi.org/10.2196/jmir.6866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28389421&dopt=Abstract
http://dx.doi.org/10.1111/1471-0528.12759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24703235&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


54. Lau Y, Wong DFK, Chan KS. The utility of screening for perinatal depression in the second trimester among Chinese: a
three-wave prospective longitudinal study. Arch Womens Ment Health 2010 Apr;13(2):153-164 [FREE Full text] [doi:
10.1007/s00737-009-0134-x] [Medline: 20058040]

55. Venkatesh KK, Kaimal AJ, Castro VM, Perlis RH. Improving discrimination in antepartum depression screening using the
Edinburgh Postnatal Depression Scale. J Affect Disord 2017 May;214:1-7. [doi: 10.1016/j.jad.2017.01.042] [Medline:
28260619]

56. Matthey S, Henshaw C, Elliott S, Barnett B. Variability in use of cut-off scores and formats on the Edinburgh Postnatal
Depression Scale: implications for clinical and research practice. Arch Womens Ment Health 2006 Nov;9(6):309-315. [doi:
10.1007/s00737-006-0152-x] [Medline: 17013761]

57. Bergant AM, Nguyen T, Heim K, Ulmer H, Dapunt O. German language version and validation of the Edinburgh Postnatal
Depression Scale. Dtsch Med Wochenschr 1998 Jan 16;123(3):35-40. [doi: 10.1055/s-2007-1023895] [Medline: 9472218]

58. Spielberger C, Gorsuch R, Lushene R. Manual for the State-Trait Anxiety Inventory. Palo Alto: Consulting Psychologist
Press; 1970:1-1.

59. Laux L, Glanzmann P, Schaffner P, Spielberger C, editors. Das State-Trait-Angstinventar: STAI; theoretische Grundlagen
und Handanweisung. Weinheim: Beltz Test; 1981.

60. Meades R, Ayers S. Anxiety measures validated in perinatal populations: a systematic review. J Affect Disord 2011
Sep;133(1-2):1-15. [doi: 10.1016/j.jad.2010.10.009] [Medline: 21078523]

61. Grant K, McMahon C, Austin MP. Maternal anxiety during the transition to parenthood: a prospective study. J Affect
Disord 2008 May;108(1-2):101-111 [FREE Full text] [doi: 10.1016/j.jad.2007.10.002] [Medline: 18001841]

62. Hahlweg K. Fragebogen zur Partnerschaftsdiagnostik (FPD). Handanweisung: Hogrefe, Verlag für Psychologie; 1996.
63. Hahlweg K. Fragebogen zur Partnerschaftsdiagnostik (FPD). Göttingen: Hogrefe; 1996.
64. Hinz A, Stöbel-Richter Y, Brähler E. Der Partnerschaftsfragebogen(PFB): Normierung und soziodemographische

Einflussgrößen auf die Partnerschaftsqualität. Diagnostica 2001 Jul;47(3):132-141. [doi: 10.1026//0012-1924.47.3.132]
65. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver operating characteristic (ROC) curve. Radiology

1982 Apr;143(1):29-36. [doi: 10.1148/radiology.143.1.7063747] [Medline: 7063747]
66. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R Foundation for Statistical

Computing; 2019.
67. Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez J, et al. pROC: an open-source package for R and S+ to

analyze and compare ROC curves. BMC Bioinform 2011 Mar 17;12:77 [FREE Full text] [doi: 10.1186/1471-2105-12-77]
[Medline: 21414208]

68. Grau J, Grosse I, Keilwagen J. PRROC: computing and visualizing precision-recall and receiver operating characteristic
curves in R. Bioinformatics 2015 Aug 01;31(15):2595-2597 [FREE Full text] [doi: 10.1093/bioinformatics/btv153] [Medline:
25810428]

69. Wallwiener M, Matthies L, Simoes E, Keilmann L, Hartkopf AD, Sokolov AN, et al. Reliability of an e-PRO tool of EORTC
QLQ-C30 for measurement of health-related quality of life in patients with breast cancer: prospective randomized trial. J
Med Internet Res 2017 Sep 14;19(9):e322 [FREE Full text] [doi: 10.2196/jmir.8210] [Medline: 28912116]

70. Matthies LM, Taran F, Keilmann L, Schneeweiss A, Simoes E, Hartkopf AD, et al. An electronic patient-reported outcome
tool for the FACT-B (Functional Assessment of Cancer Therapy-Breast) questionnaire for measuring the health-related
quality of life in patients with breast cancer: reliability study. J Med Internet Res 2019 Jan 22;21(1):e10004 [FREE Full
text] [doi: 10.2196/10004] [Medline: 30668517]

71. Postpartum Depression: Action Towards CausesTreatment (PACT) Consortium. Heterogeneity of postpartum depression:
a latent class analysis. Lancet Psychiatry 2015 Jan;2(1):59-67 [FREE Full text] [doi: 10.1016/S2215-0366(14)00055-8]
[Medline: 26359613]

72. Simon GE, Ludman EJ. It's time for disruptive innovation in psychotherapy. Lancet 2009 Aug 22;374(9690):594-595. [doi:
10.1016/S0140-6736(09)61415-X] [Medline: 19699995]

73. Goetz M, Schiele C, Müller M, Matthies LM, Deutsch TM, Spano C, et al. Effects of a brief electronic mindfulness-based
intervention on relieving prenatal depression and anxiety in hospitalized high-risk pregnant women: exploratory pilot study.
J Med Internet Res 2020 Aug 11;22(8):e17593 [FREE Full text] [doi: 10.2196/17593] [Medline: 32780023]

74. Connor K, Wambach K, Baird MB. Descriptive, qualitative study of women who use mobile health applications to obtain
perinatal health information. J Obstet Gynecol Neonatal Nurs 2018 Nov;47(6):728-737. [doi: 10.1016/j.jogn.2018.04.138]
[Medline: 29856963]

75. O'Donnell BE, Lewkowitz AK, Vargas JE, Zlatnik MG. Examining pregnancy-specific smartphone applications: what are
patients being told? J Perinatol 2016 Oct;36(10):802-807. [doi: 10.1038/jp.2016.77] [Medline: 27195980]

76. Martínez-Pérez B, de la Torre-Díez I, López-Coronado M. Mobile health applications for the most prevalent conditions by
the World Health Organization: review and analysis. J Med Internet Res 2013 Jun 14;15(6):e120 [FREE Full text] [doi:
10.2196/jmir.2600] [Medline: 23770578]

77. Alder J, Fink N, Bitzer J, Hösli I, Holzgreve W. Depression and anxiety during pregnancy: a risk factor for obstetric, fetal
and neonatal outcome? A critical review of the literature. J Matern Fetal Neonatal Med 2007 Mar;20(3):189-209. [doi:
10.1080/14767050701209560] [Medline: 17437220]

JMIR Ment Health 2021 | vol. 8 | iss. 12 | e26665 | p. 13https://mental.jmir.org/2021/12/e26665
(page number not for citation purposes)

Haßdenteufel et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/20058040
http://dx.doi.org/10.1007/s00737-009-0134-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20058040&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2017.01.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28260619&dopt=Abstract
http://dx.doi.org/10.1007/s00737-006-0152-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17013761&dopt=Abstract
http://dx.doi.org/10.1055/s-2007-1023895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9472218&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2010.10.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21078523&dopt=Abstract
https://doi.org/10.1016/j.jad.2007.10.002
http://dx.doi.org/10.1016/j.jad.2007.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18001841&dopt=Abstract
http://dx.doi.org/10.1026//0012-1924.47.3.132
http://dx.doi.org/10.1148/radiology.143.1.7063747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7063747&dopt=Abstract
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-12-77
http://dx.doi.org/10.1186/1471-2105-12-77
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21414208&dopt=Abstract
http://europepmc.org/abstract/MED/25810428
http://dx.doi.org/10.1093/bioinformatics/btv153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25810428&dopt=Abstract
https://www.jmir.org/2017/9/e322/
http://dx.doi.org/10.2196/jmir.8210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28912116&dopt=Abstract
https://www.jmir.org/2019/1/e10004/
https://www.jmir.org/2019/1/e10004/
http://dx.doi.org/10.2196/10004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30668517&dopt=Abstract
http://europepmc.org/abstract/MED/26359613
http://dx.doi.org/10.1016/S2215-0366(14)00055-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26359613&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(09)61415-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19699995&dopt=Abstract
https://www.jmir.org/2020/8/e17593/
http://dx.doi.org/10.2196/17593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32780023&dopt=Abstract
http://dx.doi.org/10.1016/j.jogn.2018.04.138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29856963&dopt=Abstract
http://dx.doi.org/10.1038/jp.2016.77
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27195980&dopt=Abstract
https://www.jmir.org/2013/6/e120/
http://dx.doi.org/10.2196/jmir.2600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23770578&dopt=Abstract
http://dx.doi.org/10.1080/14767050701209560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17437220&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


78. Banti S, Mauri M, Oppo A, Borri C, Rambelli C, Ramacciotti D, et al. Compr Psychiatry 2011 Jul;52(4):343-351. [doi:
10.1016/j.comppsych.2010.08.003] [Medline: 21683171]

79. Bennett HA, Einarson A, Taddio A, Koren G, Einarson TR. Prevalence of depression during pregnancy: systematic review.
Obstet Gynecol 2004 Apr;103(4):698-709. [doi: 10.1097/01.AOG.0000116689.75396.5f] [Medline: 15051562]

80. Andersson L, Sundström-Poromaa I, Bixo M, Wulff M, Bondestam K, åStröm M. Point prevalence of psychiatric disorders
during the second trimester of pregnancy: a population-based study. Am J Obstet Gynecol 2003 Jul;189(1):148-154. [doi:
10.1067/mob.2003.336] [Medline: 12861154]

81. Cohen LS, Altshuler LL, Harlow BL, Nonacs R, Newport DJ, Viguera AC, et al. Relapse of major depression during
pregnancy in women who maintain or discontinue antidepressant treatment. JAMA 2006 Feb 01;295(5):499-507. [doi:
10.1001/jama.295.5.499] [Medline: 16449615]

82. Mongini F, Keller R, Deregibus A, Raviola F, Mongini T, Sancarlo M. Personality traits, depression and migraine in women:
a longitudinal study. Cephalalgia 2003 Apr 17;23(3):186-192. [doi: 10.1046/j.1468-2982.2003.00519.x] [Medline: 12662185]

83. Rallis S, Skouteris H, McCabe M, Milgrom J. A prospective examination of depression, anxiety and stress throughout
pregnancy. Women Birth 2014 Dec;27(4):e36-e42. [doi: 10.1016/j.wombi.2014.08.002] [Medline: 25240846]

84. Reck C, Stehle E, Reinig K, Mundt C. Maternity blues as a predictor of DSM-IV depression and anxiety disorders in the
first three months postpartum. J Affect Disord 2009 Feb;113(1-2):77-87. [doi: 10.1016/j.jad.2008.05.003] [Medline:
18573539]

85. Shorey S, Chee CYI, Ng ED, Chan YH, Tam WWS, Chong YS. Prevalence and incidence of postpartum depression among
healthy mothers: a systematic review and meta-analysis. J Psychiatr Res 2018 Sep;104:235-248. [doi:
10.1016/j.jpsychires.2018.08.001] [Medline: 30114665]

86. Weidner K, Bittner A, Pirling S, Galle M, Junge-Hoffmeister J, Einsle F, et al. Was hält Schwangere gesund? Protektive
Faktoren für postpartale Depression. Z Psychosom Med Psychother 2013 Oct 01;59(4):391-407. [doi:
10.13109/zptm.2013.59.4.391]

87. Räisänen S, Lehto SM, Nielsen HS, Gissler M, Kramer MR, Heinonen S. Risk factors for and perinatal outcomes of major
depression during pregnancy: a population-based analysis during 2002-2010 in Finland. BMJ Open 2014 Nov
14;4(11):e004883 [FREE Full text] [doi: 10.1136/bmjopen-2014-004883] [Medline: 25398675]

88. Iwata H, Mori E, Sakajo A, Aoki K, Maehara K, Tamakoshi K. Prevalence of postpartum depressive symptoms during the
first 6 months postpartum: association with maternal age and parity. J Affect Disord 2016 Oct;203:227-232. [doi:
10.1016/j.jad.2016.06.002] [Medline: 27295378]

89. Glavin K, Smith L, Sørum R. Prevalence of postpartum depression in two municipalities in Norway. Scand J Caring Sci
2009 Dec;23(4):705-710. [doi: 10.1111/j.1471-6712.2008.00667.x] [Medline: 19490523]

90. Sword W, Landy CK, Thabane L, Watt S, Krueger P, Farine D, et al. Is mode of delivery associated with postpartum
depression at 6 weeks: a prospective cohort study. BJOG 2011 Jul;118(8):966-977. [doi: 10.1111/j.1471-0528.2011.02950.x]
[Medline: 21489126]

91. Skouteris H, Wertheim EH, Rallis S, Milgrom J, Paxton SJ. Depression and anxiety through pregnancy and the early
postpartum: an examination of prospective relationships. J Affect Disord 2009 Mar;113(3):303-308. [doi:
10.1016/j.jad.2008.06.002] [Medline: 18614240]

92. Austin M, Tully L, Parker G. Examining the relationship between antenatal anxiety and postnatal depression. J Affect
Disord 2007 Aug;101(1-3):169-174. [doi: 10.1016/j.jad.2006.11.015] [Medline: 17196663]

93. Cox JL, Connor YM, Henderson I, McGuire RJ, Kendell RE. Prospective study of the psychiatric disorders of childbirth
by self report questionnaire. J Affect Disord 1983 Feb;5(1):1-7. [doi: 10.1016/0165-0327(83)90030-7] [Medline: 6220039]

94. Kumar R, Robson KM. A prospective study of emotional disorders in childbearing women. Br J Psychiatry 1984
Jan;144:35-47. [doi: 10.1192/bjp.144.1.35] [Medline: 6692075]

95. Chien L, Tai C, Yeh M. Domestic decision-making power, social support, and postpartum depression symptoms among
immigrant and native women in Taiwan. Nurs Res 2012;61(2):103-110. [doi: 10.1097/NNR.0b013e31824482b6] [Medline:
22307142]

96. Abdollahi F, Sazlina S, Zain AM, Zarghami M, Asghari Jafarabadi M, Lye M. Postpartum depression and
psycho-socio-demographic predictors. Asia Pac Psychiatry 2014 Dec;6(4):425-434. [doi: 10.1111/appy.12152] [Medline:
25262614]

97. Masi G, Millepiedi S, Mucci M, Poli P, Bertini N, Milantoni L. Generalized anxiety disorder in referred children and
adolescents. J Am Acad Child Adolesc Psychiatry 2004 Jun;43(6):752-760. [doi: 10.1097/01.chi.0000121065.29744.d3]
[Medline: 15167092]

98. Gibson J, McKenzie-McHarg K, Shakespeare J, Price J, Gray R. A systematic review of studies validating the Edinburgh
Postnatal Depression Scale in antepartum and postpartum women. Acta Psychiatr Scand 2009 May;119(5):350-364. [doi:
10.1111/j.1600-0447.2009.01363.x] [Medline: 19298573]

99. Kozinszky Z, Dudas RB. Validation studies of the Edinburgh Postnatal Depression Scale for the antenatal period. J Affect
Disord 2015 May 01;176:95-105. [doi: 10.1016/j.jad.2015.01.044] [Medline: 25704562]

JMIR Ment Health 2021 | vol. 8 | iss. 12 | e26665 | p. 14https://mental.jmir.org/2021/12/e26665
(page number not for citation purposes)

Haßdenteufel et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.comppsych.2010.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21683171&dopt=Abstract
http://dx.doi.org/10.1097/01.AOG.0000116689.75396.5f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15051562&dopt=Abstract
http://dx.doi.org/10.1067/mob.2003.336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12861154&dopt=Abstract
http://dx.doi.org/10.1001/jama.295.5.499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16449615&dopt=Abstract
http://dx.doi.org/10.1046/j.1468-2982.2003.00519.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12662185&dopt=Abstract
http://dx.doi.org/10.1016/j.wombi.2014.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25240846&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2008.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18573539&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2018.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30114665&dopt=Abstract
http://dx.doi.org/10.13109/zptm.2013.59.4.391
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=25398675
http://dx.doi.org/10.1136/bmjopen-2014-004883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25398675&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2016.06.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27295378&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-6712.2008.00667.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19490523&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-0528.2011.02950.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21489126&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2008.06.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18614240&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2006.11.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17196663&dopt=Abstract
http://dx.doi.org/10.1016/0165-0327(83)90030-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6220039&dopt=Abstract
http://dx.doi.org/10.1192/bjp.144.1.35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6692075&dopt=Abstract
http://dx.doi.org/10.1097/NNR.0b013e31824482b6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22307142&dopt=Abstract
http://dx.doi.org/10.1111/appy.12152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25262614&dopt=Abstract
http://dx.doi.org/10.1097/01.chi.0000121065.29744.d3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15167092&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0447.2009.01363.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19298573&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2015.01.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25704562&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


100. Matthies LM, Wallwiener S, Müller M, Doster A, Plewniok K, Feller S, et al. Maternal self-confidence during the first four
months postpartum and its association with anxiety and early infant regulatory problems. Infant Behav Dev 2017
Nov;49:228-237. [doi: 10.1016/j.infbeh.2017.09.011] [Medline: 28987983]

101. van de Loo KFE, Vlenterie R, Nikkels SJ, Merkus PJFM, Roukema J, Verhaak CM, et al. Depression and anxiety during
pregnancy: the influence of maternal characteristics. Birth 2018 Dec;45(4):478-489. [doi: 10.1111/birt.12343] [Medline:
29517137]

102. Silva MMDJ, Nogueira DA, Clapis MJ, Leite EPRC. Anxiety in pregnancy: prevalence and associated factors. Rev Esc
Enferm USP 2017 Aug 28;51:e03253 [FREE Full text] [doi: 10.1590/S1980-220X2016048003253] [Medline: 28902327]

103. Evenson KR, Chasan-Taber L, Symons Downs D, Pearce EE. Review of self-reported physical activity assessments for
pregnancy: summary of the evidence for validity and reliability. Paediatr Perinat Epidemiol 2012 Sep;26(5):479-494 [FREE
Full text] [doi: 10.1111/j.1365-3016.2012.01311.x] [Medline: 22882792]

104. Kominiarek MA, Balmert LC, Tolo H, Grobman W, Simon M. A feasibility study of activity tracking devices in pregnancy.
BMC Pregnancy Childbirth 2019 Nov 04;19(1):401 [FREE Full text] [doi: 10.1186/s12884-019-2557-3] [Medline: 31684889]

105. Zimmerman M, Ruggero CJ, Chelminski I, Young D, Posternak MA, Friedman M, et al. Developing brief scales for use
in clinical practice: the reliability and validity of single-item self-report measures of depression symptom severity,
psychosocial impairment due to depression, and quality of life. J Clin Psychiatry 2006 Oct 15;67(10):1536-1541. [doi:
10.4088/jcp.v67n1007] [Medline: 17107244]

Abbreviations
ACOG: American College of Obstetricians and Gynecologists
AUC: area under the curve
DSM-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
EPDS: Edinburgh Postnatal Depression Scale
ePRO: electronic patient-reported outcome
GW: gestational week
ICD-10: International Statistical Classification of Diseases and Related Health Problems, Tenth Revision
OR: odds ratio
PFB: Partnerschaftsfragebogen
PiiA: Patient-informiert-interaktiv-Arzt
PPD: postpartum depression
ROC: receiver operating characteristic
STAI: State-Trait Anxiety Inventory
STAI-S: State-Trait Anxiety Inventory, state scale
STAI-T: State-Trait Anxiety Inventory, trait scale

Edited by J Torous; submitted 20.12.20; peer-reviewed by S Brucker, S Shorey; comments to author 29.01.21; revised version received
11.02.21; accepted 23.07.21; published 10.12.21

Please cite as:
Haßdenteufel K, Lingenfelder K, Schwarze CE, Feisst M, Brusniak K, Matthies LM, Goetz M, Wallwiener M, Wallwiener S
Evaluation of Repeated Web-Based Screening for Predicting Postpartum Depression: Prospective Cohort Study
JMIR Ment Health 2021;8(12):e26665
URL: https://mental.jmir.org/2021/12/e26665
doi: 10.2196/26665
PMID:

©Kathrin Haßdenteufel, Katrin Lingenfelder, Cornelia E Schwarze, Manuel Feisst, Katharina Brusniak, Lina Maria Matthies,
Maren Goetz, Markus Wallwiener, Stephanie Wallwiener. Originally published in JMIR Mental Health (https://mental.jmir.org),
10.12.2021. 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 Mental Health, is properly cited. The complete bibliographic information, a
link to the original publication on https://mental.jmir.org/, as well as this copyright and license information must be included.

JMIR Ment Health 2021 | vol. 8 | iss. 12 | e26665 | p. 15https://mental.jmir.org/2021/12/e26665
(page number not for citation purposes)

Haßdenteufel et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.infbeh.2017.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28987983&dopt=Abstract
http://dx.doi.org/10.1111/birt.12343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29517137&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0080-62342017000100444&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/S1980-220X2016048003253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28902327&dopt=Abstract
http://europepmc.org/abstract/MED/22882792
http://europepmc.org/abstract/MED/22882792
http://dx.doi.org/10.1111/j.1365-3016.2012.01311.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22882792&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-019-2557-3
http://dx.doi.org/10.1186/s12884-019-2557-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31684889&dopt=Abstract
http://dx.doi.org/10.4088/jcp.v67n1007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17107244&dopt=Abstract
https://mental.jmir.org/2021/12/e26665
http://dx.doi.org/10.2196/26665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

