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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: Theaim of this study was to stratify the risk for PPD and to determine the optimal screening time during pregnancy
by using aweb-based screening tool collecting el ectronic patient-reported outcomes (ePROs) asthe basisfor a screening algorithm.

Methods: Intotal, 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 aweb-based pregnancy platform, devel oped 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: Digitaly collected datafrom 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 agood 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 seemsto 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 beneficia in
detecting high-risk pregnancies in order to improve maternal and infant birth outcomesin the long term.

(IMIR Ment Health 2021;8(12):€26665) 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 sourcesin termsof 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 eventsin awoman’slife, 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 Satistical Classification of
Diseases and Related Health Problems, Tenth Revision
(ICD-10), and the Diagnostic and Satistical Manual of Mental
Disorders, Fifth Edition (DSM-5), diagnostic criteria, PPD is
diagnosed if symptoms such as sadness, anhedonia, disturbance
in appetite or deep, fatigue, psychomotor symptoms,
worthlessness/guilt, attention deficits, and suicidality persist
for at least 2 weeks with a peripartum onset [16,17].

Regarding thefirst days postpartum, PPD must be distinguished
from baby blues. While PPD occurs within the first year
postpartum, baby blues affects 50%-85% of mothersduring the
first 10 days postpartum but usually ameliorateswithin 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 socia 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 aso has a high impact on early
mother-child interaction and parenting [26,27]. The long-term
effectsfor 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
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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 isthe 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, takesless than 5 minutesto 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
Obstetriciansand Gynecol ogists (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
caresofar. Thereisstill uncertainty about which screening tool
providesthe 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 dataacquisition, including the feasibility to capture
symptom deterioration and upcoming adverse events[6,42,43].
Growing mHealth technol ogies 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, pati ents 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 areasonable
discriminatory power [53]. Although Lau et a [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 a [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.

Theaim of thisstudy wasto 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 thislongitudinal approach, thiswork 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. Intotal, 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
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registration with pseudo-anonymous user credentials on a
self-devel oped platform called Patient-infor miert-interaktiv-Ar zt
(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 (Prael=20th, Prae2=24th, Prae3=28th,
Prae4=32nd, and Prae5=36th GW) up to 6 months postpartum
(Postl=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.

2 = = -

In den letzten sieben Tagen konnte ich lachen und das Leben von der sonnigen Seite

sehen

In den letzten sieben Tagen konnte ich mich so richtig auf etwas freuen

To monitor maternal symptoms of depression and anxiety during
the entire antenatal and postnatal period, the EPDSwas applied
at every time point, whereas the State-Trait Anxiety Inventory
(STAI) was applied twice, at the 24th and the 32nd GW. The
participants’ datawere stored pseudo-anonymized and securely
on alocal 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 isscored 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 scoreis=10 points, which predicts minor
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depression and has shown good sensitivity and specificity of
0.96 and 1, respectively [57].

State-Trait Anxiety | nventory

The STAI [58] isused to assess anxiety asatemporary condition
(State-Trait Anxiety Inventory, state scale [STAI-S]) aswell as
general anxiety asapersonal 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 scoresvary 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%, aspecificity of 79.75%, and apositive 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 scaleindicate
less satisfaction, higher scores on the tenderness and
communication scalesindicate a higher relationship quality. In
arepresentative study conducted on a German population, good
to very good reliability was achieved for al 3 subscales (conflict
behavior: 0=.88; tenderness. a=.91;, communication: a=.85;
total scale: a=.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 assessmentsvs 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 agood sel ection of women with PPD symptoms
asdistinguished 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.
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The predictive value of the EPDS was investigated by using
multivariate logistic regression models. Here, the models were
adjusted for thefollowing factors[21-23]: age (inyears), 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 oddsratios (ORs, 95% Cl), 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

Sociodemogr aphic 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 magjority 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).

Characteristic Mean, n (%)

Relationship status

Married 154 (72.0)
In arelationship 52 (24.3)
Without a partner 5(2.3)
Missing data 3149
Parity
0 85(39.7)
1+ 124 (57.9)
Missing data 5(2.3)
Graduation
No degree 7(3.3)
General or intermediate degree 74 (34.6)
Advanced technical certificate 25(11.7)
A level 101 (47.2)
Other 4(1.9)
Missing data 3(1.4)

Employment of participantsat time of recruitment

Full-time 3(14)
Part-time 171 (79.9)
Unemployed 29 (13.6)
Missing data 11(5.2)

Monthly family income

<€1000 (<US $1130.01) 20 (9.4)
€1000-€2000 (US $1130.01-$2260.03) 60 (28.0)
€2000-€3000 (US $2260.03-$3390.04) 41 (19.2)
>£3000 (>US $3390.04) 84 (39.3)
Missing data 9(4.2)

GW? of delivery

<38th GW 30 (14.0)
>38th GW 162 (75.7)
Missing data 22(10.3)

Mode of delivery
Vagina delivery 104 (48.6)
Planned cesarean section 34 (15.9)
Unplanned cesarean section 47 (22.0)
Forceps delivery or vacuum extraction 18(8.4)
Missing data 11(5.2)

3GW: gestational week.
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Prevalence of Depressive Symptoms Pre- and
Postnatally

During pregnancy, areasonable number of women in our study
samplewereat risk for adepressive 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 presentsthe 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 (Praed). 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
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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%.

Thehighest AUC va uesfor the respective postnatal assessments
are presented in Figure 2. The dots indicate the EPDS cut-off
value of 10.

Table 2. Areaunder the curve for prediction of postpartum depression (EPDS%10) by means of depressive symptoms assessed during pregnancy.

PPDP AUCE at 20th GWY AUC at 24th GW AUC at 28th GW AUC at 32nd GW AUC at 36th GW
7 days 0.73 0.69 064 0.76€ 0.76
3 months 0.79 0.85° 0.84°¢ 0.74 0.79
6 months 0.70 0.74 0.75¢ 0.72 0.70

3EPDS: Edinburgh Postnatal Depression Scale.
bppD: postpartum depression.

CAUC: area under the curve.

dew: gestational week.

€All valuesin italics are significant.

Figure 2. Highest AUC vaues 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 Predictorsfor Postnatal Depression

Multivariate logistic regression analysesrevealed 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 al so 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). Thevariable

Haldenteufe et al

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, theresults of the multivariatelogistic 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.

Variable PPD?7 days PPD 3 months PPD 6 months
OR® (95% C) Pvdue  OR(95%Cl) Pvaue  OR(95%Cl) P value

Age 0.97 (0.87-1.08) 62 1.16 (0.96-1.44) 14 1.02 (0.87-1.20) .80
EPDS® 1.41(1.23-1.65) <.001¢ 1.38(1.12-1.83) 0149 1.24 (1.09-1.43) 0019
Education 0.69 (0.25-1.87) A7 1.30 (0.22-9.05) 77 1.179 (0.253-5.728) 83
Parity 1.318 (0.451-4.032) 62 0.118 (0.002-.855) 059 1.043 (0.194-5.868) 96
STAI-SE 1.007 (0.949-1.067) 82 1.064 (0.922-1.132) .69 0.998 (0.906-1.08) 96
STAIT 0.953 (0.895-1.012) 12 1.064 (0.951-1.213) 31 1.083 (0.985-1.211) 12
PFBY 0.500 (0.163-1.509) 22 1.967 (0.303-16.477) .5 1.348 (0.230-8.699) 74
Multivariate AUC" 082 — 0.93¢ - 0.87 -
Univariate AUC 0.76 — 0.85 — 0.75 —

3PPD: postpartum depression.

POR: odds ratio.

®EPDS: Edinburgh Postnatal Depression Scale.
9All valuesin italics are significant.

eSTAI-S: State-Trait Anxiety Inventory, state scale.
fSTAI-T: State-Trait Anxiety Inventory, trait scale.
9PFB: Partnerschaftsfragebogen.

RAUC: areaunder the curve.

'Not 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 theimpact 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-devel oped 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

https://mental .jmir.org/2021/12/e26665

potentially be used asa starting point for developing ascreening
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 aweb-based screening algorithm
to detect women at risk should be acommon 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 heath-related behavior seems to be
beneficial, especialy 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
ashort-term el ectronic mindful ness-based i ntervention program
resulted in reduced anxiety levelsin pregnant woman after just
1 week of use[73].

However, due to the rising amount of easily accessible
web-based sources, there are aso 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, dueto 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 s suitable. In afurther 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 outcomesin the peripartum
period.

Prevalence of Depressive SymptomsDuringthe Course
of Pregnancy Until 6 Months Postpartum

In this prospective cohort study, we found that ahigh percentage
of women who developed PPD symptoms already showed
significantly higher antenatal EPDS scores. These findings are
inlinewith 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 a [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 |ead 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 symptomsin 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 atransient
condition, the prevalence of depressive symptomsin our sample
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decreased 3 months postpartum to 9.8% and increased dlightly
once again 6 months postpartum to 13.2%. These findings are
in line with the results of areview 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 theinfant [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. Thesefindingsimply that ng depressive
symptomsin late pregnancy gives a more precise prediction of
depressive symptoms after childbirth. An explanation of that
finding might bethe higher level of distress and anxiety toward
childbirth and parenthood, which can continue up to afew 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 resultsin predicting depressive
symptoms 6 months postpartum. Thetest criteriaare 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 a [53] and
Venkatesh et a [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. Thistimeinterval
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also showed the highest prevalence rates of antenatal depressive
symptoms among our study cohort. Thisisinlinewith the study
of Lau et al [54] confirming the strong rel ationship between the
EPDS score in the second trimester and 6 weeks postpartum.
In contrast to our findings, however, Meijer et a [53] assumed
that thetime point of screening, whether itisinthefirst, second,
or third trimester, does not show any influence regarding the
predictive accuracy.

Further Potential Predictorsfor PPD Symptoms

Previous studies have shown that a better predictive power for
PPD can be achieved by combining antenatal EPDS scoreswith
other potential factors, such as partner support or aprior history
of depression [22,55].

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

In addition, we detected parity asanother 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 arisk factor
for PDD as caring for more than 1 child can lead to additional
stressand may overwhelm mothersin their everyday life[78,90].
These heterogenous findings imply that the influence of parity
cannot be generalized and that further research in thisfield is
required.

Regarding the relationship between antenatal anxiety and
postpartum depressi on, inconsi stent findings have been reported
inthe 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 aswell as state anxiety have been
shown to be significant and independent risk factors for PPD
in previousresearch [53]. Inthe study of Grant et a [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 &
[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
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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
partnersand probably consider their socia 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 adifferent and unique psychosocial risk profile. By paying
attention to and screening for additional risk factors, more
women at risk can beidentified than by merely using the EPDS.

Strengthsand Limitations

One strength of our study is the prospective longitudina 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 persona information about
emotions, partnership, etc, due to the greater privacy and easy
access dlowed 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
ableto control for confounding effects of anxiety. Additionally,
we distinguished between state, trait, and pregnancy-related
anxiety to capture alarge 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 onthe 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, auniversal 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 potentialy impacts clinical outcomes
[1200].
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As we could not distinguish between women who were
depressive or nondepressive at baseline, there is also a risk of
asdlf-selection bias, asmentally affected women are morelikely
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 questionnairesin clinical practice[104,105].

Our study group consisted of mostly well-educated women with
a higher socioeconomic status, and nearly al 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 essentiadl 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
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