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Background: Maternal mental health problems often develop prenatally and predict
post-partum mental health. However, the circumstances before and following childbirth
differ considerably. We currently lack an understanding of dynamic variation in the profiles
of depressive and anxiety symptoms over the perinatal period.

Methods: Depressive and anxiety symptoms were self-reported by 980 women at 26-
week pregnancy and 3 months post-partum. We used network analysis of depressive and
anxiety symptoms to investigate if the symptoms network changed during and after
pregnancy. The pre- and post-partum depressive-anxiety symptom networks were
assessed for changes in structure, unique symptom-symptom interactions, central and
bridging symptoms. We also assessed if central symptoms had stronger predictive effect
on offspring’s developmental outcomes outcomes at birth and 24, 54, and 72 months old
than non-central symptoms. Bridging symptoms between negative and positive mental
health were also assessed.

Results: Though the depressive-anxiety network structures were stable during and after
pregnancy, the post-partum network was more strongly connected. The central
depressive-anxiety symptoms were also different between prenatal and post-partum
networks. During pregnancy, central symptoms were mostly related to feeling worthless
or useless; after pregnancy, central symptoms were mostly related to feeling
overwhelmed or being punished. Central symptoms during pregnancy were associated
with poorer developmental outcomes for the child. Anxiety symptoms were strongest
bridging symptoms during and after pregnancy. The interactions between negative and
positive mental health symptoms were also different during and after pregnancy.

Conclusions: The differences between pre- and post-partum networks suggest that the
presentation of maternal mental health problems varies over the peripartum period. This
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variation is not captured by traditional symptom scale scores. The bridging symptoms
also suggest that anxiety symptoms may precede the development of maternal
depression. Interventions and public health policies should thus be tailored to specific
pre- and post-partum symptom profiles.
Keywords: maternal psychopathology, positive mental health, bridging symptoms, perinatal, child development
INTRODUCTION

Maternal depression and anxiety associate with psychosocial
impairments for the mother and predict multiple developmental
outcomes in the offspring [e.g., (1–4)]. The World Health
Organization (5) reported about 10% of women in developed
countries, and 1/3 of women in developing countries suffer from
severe perinatal mental health issues. Moreover, clinical and sub-
clinical levels of maternal symptoms of depression and anxiety
influence the neurodevelopment of the offspring and increase the
risk of future psychopathology for the child (1, 6, 7). The economic
cost of poor prenatal maternal mental health is estimated at £8.1
billion of which 72% is associated with child outcomes (8).

Longitudinal trajectory analyses clearly show that the measures
of maternal distress that predict the increased risk for depression
in the offspring are highly stable over the perinatal period (9–11).
These large cohort analyses reveal that only a small percentage of
mothers show a major change in symptom levels following
parturition. Recent systematic reviews of depressive (12) and
anxiety symptoms (13) over the peripartum period also reveal
that the most commonly reported profiles are those of stable low,
medium, or high symptom levels. This stability is somewhat
surprising, as the demands of motherhood vary considerably
prior to and following childbirth. The post-partum period is a
transition to motherhood with new roles, responsibilities, and
adjustments (14). Even for multiparous mothers, there is a
transition to having an additional child for whom to care (15).

Changes in the social context of motherhood may influence the
presentation of depressive and anxiety symptoms (16). Moreover,
the factors that predict poor prenatal mental health differ from those
of the early post-partum period (17). The demographic variables
associated with depression during pregnancy and post-partum differ
(18). However, studies on pre- and post-partummental health often
report total scores on self-report [e.g., (15)] or clinician-report
symptom questionnaires [e.g., (19)] and do not inform on more
qualitative differences in mental health symptoms. A longitudinal
study on the different anxiety disorders showed that the
presentation of anxiety symptoms changed during the peripartum
phase (19). There is a need to extend analyses beyond scale scores to
provide a deeper analysis of the depressive and anxiety symptoms in
the pre- and post-partum phases of motherhood to advance
interventions tailored to the maternal demands of a dynamic
peripartum period.

An examination of individual depressive-anxiety symptoms
allow us to have a deeper understanding of maternal mental
health across the peripartum period. This study aims to examine
the change in structure of peripartum mental health from the
network perspective. Using the network approach, we can go
g 2
beyond merely looking at how the severity of depressive-anxiety
symptoms change (20) as mothers transit from pregnancy to
motherhood. In this study, we sought to study the reinforcing
loops among symptoms, thus giving us insights into how the
mechanisms of maternal mental health may change with the
external circumstances (21).

Network Analysis
Network analysis is increasingly used to study psychopathology
[see (22) for review], as it allows for an appreciation of mental
health as an emergent property of the interaction of multiple
symptoms (23, 24). This approach contrasts with the traditional
latent variable analyses that presume an unobserved underlying
psychiatric disorder that affects the presentation of symptoms. In
network analysis, the disorder is the combination of symptoms
and interactions among these symptoms (24). Symptoms that are
strongly connected to each other form strong networks, resulting
in a persistent activation of the network (or disorder) even after
the removal of the initial activation stressor (25). Moreover, due
to the strong interactions among symptoms, mild stressors are
likely to propel the individual into a clinical state of
psychopathology (26).

This symptom-oriented approach extends beyond describing
mental health as sum scores of symptoms to provide deeper
characterization of symptom-symptom interactions that is
fundamental to establishing an evidence-based dimensional
approach to mental health. Effective therapies often
concentrate on a selected number of symptoms, which lead to
improvement in other “untargeted” symptoms and an overall
improvement of mental health (27). This interaction among
symptoms is not aligned with the common cause perspective
that is assumed in computation of sum scores (28). Clinically, an
understanding of such symptom-symptom interactions via
network analyses allows interventions to be tailored for
maximum effectiveness (29).

Depression is a heterogeneous disorder with respect to
etiology (30, 31), symptom profiles (32), and response to
treatment (33). Maternal depression is similarly heterogeneous
in latent profiles of symptoms (34) and trajectories of symptoms
scores [e.g., (35–37)]. An examination of maternal depression
as symptoms allows for a deeper understanding of the
heterogeneity in how the symptoms affect each other.
Moreover, knowing how central symptoms change informs on
the reasons underlying different trajectories and etiological
profiles (38) of psychopathology across the peripartum period,
thus informing intervention programs.

Depression is often comorbid with anxiety symptoms [e.g.,
(39–41)]. This comorbidity extends to women during and after
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pregnancy (42). From the network perspective, comorbid
conditions arise because of bridging symptoms that are strongly
associated with symptoms of both conditions (27, 43). The
identification of bridging symptoms in maternal mental health
allows us to understand why some women exhibit both
depressive and anxiety symptoms. This in turn facilitates the
development of effective interventions for mothers with
comorbid conditions (42). This is essential since comorbid
depressive and anxiety symptoms associate with the worst
neonatal outcomes (44) with greater treatment resistance,
severity of symptoms, and persistence of poor mental health (42).

Present Study
The present study compared maternal depression and anxiety
symptom networks during the prenatal (i.e., 26 weeks gestation)
and postnatal (i.e., 3 months post-partum) periods. We were
interested in changes in the (i) network structures, (ii) symptom-
symptom interactions (i.e., edge weights), (iii) central symptoms as
indicated by the expected influence (EI) indices, and (iv) bridge
symptoms that connected depression and anxiety. We also tested
the validity of central symptoms as predictors of poor child
outcomes. Poor maternal mental health during pregnancy has
strong implications for offspring development. However, if some
symptoms are more central to maternal psychopathology, do these
symptoms have greater impact on fetal and child development?

We were also interested in how specific positive mental health
symptoms may be associated with depressive and anxiety
symptoms. Negative and positive mental health are not merely
opposite ends of a single continuum. They are independent
constructs (45, 46) with distinct consequences on parenting
and child development [see (47) for review]. Past studies also
found enhanced positive mental health when women transit to
motherhood (48, 49). As such, positive mental health symptoms
were subsequently added to the depressive-anxiety networks for
a more comprehensive understanding of maternal mental health
(48) in the current study. This approach allowed for a holistic
perspective on how relationships between negative and positive
mental health changed over time (50). We examined which
positive mental health symptoms were significant bridges (if
any) to the depressive or anxiety symptoms and whether these
bridging symptoms changed after pregnancy.
MATERIALS AND METHODS

Participants
Pregnant women were recruited at ~11-week pregnancy
(N = 1150) at two major public maternity clinics for a
longitudinal birth cohort study [Growing Up in Singapore
Towards Healthy Outcomes, GUSTO; (51)]. Participants who
conceived through in vitro fertilization, had chronic health
conditions, or were pregnant with twins were excluded.
Participants who gave birth prematurely (<36 weeks) were also
excluded. Mental health was assessed at 26 weeks of pregnancy
during routine obstetric visits (n = 1119) and at 3 months post-
partum (n = 774). In the current sample, we also excluded
participants who did not answer the English version of the
Frontiers in Psychiatry | www.frontiersin.org 3
questionnaires (n = 139). Only complete cases of both the pre-
(n = 981) and post-partum (n = 652) measurements were included
in thenetwork analyses (finaln=491; seeTableS1 for demographic
data). Participants were invited to the laboratory with their child
when the child was 24, 54, and 72 months old.

Measurements
Depressive and Anxiety Symptoms
Depressive symptoms were assessed with the Beck Depression
Inventory [BDI; (52)] and the Edinburgh Postnatal Depression
Scale [EPDS; (53)]. The BDI consists of 21 sets of descriptions of
depressive symptoms. Each set has four to seven statements
describing the severity of a depressive symptom over the past 2
weeks. Participants selected the statement that best described
how they felt over the past 2 weeks. The EPDS consists of 10
items measuring depressive symptoms. Participants rated the
extent each EPDS item described their feeling for the past week
on a four-point Likert scale. The use of two common depression
scales allow for more comprehensive coverage of perinatal
depressive symptoms as the scales measure different aspects of
depression (54).

Anxiety and positive mental health symptoms were assessed
using the Trait Anxiety subscale of the State-Trait Anxiety
Inventory [STAI; (55)]. STAI has been validated to be a reliable
measurement of maternal anxiety during pregnancy (56). Though
the positively worded items were commonly reversed-coded and
included as part of the measure of anxiety, studies have shown that
these itemsarenotmerely absenceofanxiety; theyare indicatorsof a
positive mental health that is independent from anxiety (57–60).
Preliminary exploratory graph analysis of the STAI items replicated
the two factors model in both prenatal and post-partum
measurements (Figure S1 in Supplementary Material). The two
factors separated the negatively and positively worded items to
different latent clusters. Participants rated on a four-point Likert
scale on how much each item described how they felt in general.

The endorsement rates of the individual BDI, EPDS, and
STAI items are shown in Table S2.

Birth Outcomes
We used gestational age (M = 38.43 weeks, SD = 1.33 weeks), birth
weight (M = 3119.27 grams, SD = 449.09 grams), and birth length
(M = 48.86 cm, SD = 2.31 cm) as indicators of birth outcomes.
Data on gestational age, birth weight and birth length were
retrieved from the hospital delivery records. Gestational age was
determined from the first trimester dating ultrasound scan. The
birth weight and birth length were measured and recorded within
72 hours of birth. These measures were used to examine the
predictive value of central prenatal depressive-anxiety symptoms.

Child Outcomes
Mothers rated their child on the Child Behavioral Checklist
[CBCL; (61)] during the 24-month (2 years old) visit. When the
child was 54 months old (4.5 years), the child’s overall cognitive
ability was assessed on the Kaufman Brief Intelligence Test
[KBIT; second edition; (62)]. At 72 months old (6 years), the
child completed Spatial Working Memory (SWM) and Stop-
Signal Task (SST). See Supplementary Material for more details.
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Statistical Analyses
Symptom Networks
The prenatal and post-partum depressive-anxiety symptom
networks were jointly estimated using the Fused Graphical Lasso
(FGL) in the EstimateGroupNetwork R package (63). The FGL
estimates the two networks simultaneously to exploit similarities
between the networks (64, 65). This joint estimation of the networks
provides a more accurate estimation if the networks are indeed
similar. If the two networks are very different, then the joint
estimation will produce networks similar to independently
estimated networks (66, 67).

The networks were visualized using the R-package qgraph
(68). All edges between the symptoms (i.e., symptom-symptom
interactions) represent partial correlation after controlling for
the other symptoms in the network. The thickness of the edges
represents the strength of the partial correlation (i.e., edge
weight). The placement of the nodes was determined by the
Fruchterman-Reingold algorithm, which placed nodes with the
strongest connections in the center. For visual comparison
purposes, the prenatal and post-partum network layouts were
standardized by taking the average of the two networks’ layouts.
The stability of the networks’ edges was tested with case-
dropping bootstrap on 10,000 bootstrap samples and 150
sampling levels via the bootnet R package (69).

Networks Comparison
Changes in the general network structure, global network
strength (i.e., overall absolute connectivity among the
symptoms), and edge weights were tested statistically with
1,000 iterations via the NetworkComparisonTest package (70).
As this was an exploratory study with no a-priori hypotheses and
network comparison tests required high statistical power, we did
not adjust for multiple testing to avoid type-II errors inflation
(71). We also computed the Spearman correlation coefficient of
the edge weights between the prenatal and post-partum
networks; the coefficient is a measure of similarity between the
two networks (66, 72). Lastly, we estimated a network of edge
weights difference to visualize the edges that were different
between the prenatal and post-partum networks. The edge
weights in this difference-network represent changes in the
partial correlations of the pairs of symptoms after pregnancy.

Symptom Centrality
EI index was used to identify core symptoms within the network.
Core symptoms are symptoms that are highly connected to other
symptoms and will have higher EI index. There are two types of
EI: one-step (EI1) and two-step (EI2) indices. EI1 is the sum of
the weights of the edges a node has with other nodes directly. It
indicates how influential a node is in affecting its immediate
neighbors. EI2 goes a step further by including the indirect
influence a node can have via its neighbors (73). For example,
node 1 is directly connected to nodes 2 and 3, but nodes 2 and 3
are not connected to each other. A change in node 2 may not
affect node 3 directly, but due to its impact on node 1, node 3 will
change in response to node 2. As such, EI2 assesses the
cumulative influence a symptom has throughout the network
Frontiers in Psychiatry | www.frontiersin.org 4
(74). Both EI1 and EI2 indices were calculated with the
networktools R package (75).

EI index is more appropriate for psychopathology networks
due to the presence of positive and negative correlations (i.e.,
edges) within the networks. The traditional centrality measures,
such as strength, calculates the sum of the absolute value of the
edge weights without taking the sign into consideration (73). For
example, a node with two connections of edge weights -10 and 10
will have a strength index of 20 but an EI1 index of 0. A change in
the said node will not cause cascading change in the network
because of the presence of positive and negative edges with equal
weights. A negative EI1 index indicates that an increase in this
symptom is associated with an overall decrease in the other
symptoms. The EI indices will be highly similar to the strength
index in networks with few negative edges (73).

To assess the validity of symptoms’ EI on the offspring’s
development, we adopted the procedure from Elliot, Jones, and
Schmidt (76). Zero-order spearman correlations between each
symptom at prenatal measurement and each child outcome
measure were calculated. These correlations were interpreted as
the predictive value of the symptom. Simple linear regressions were
then used to assess if symptoms with high EI also had high
predictive value. In each regression, the independent variable was
the prenatal standardized EI1, and the dependent variable was the
predictive value. The beta coefficient indicates that the extent the EI1
of the symptom during pregnancy associates with the predictive
utility of the symptom on offspring development.

Bridging Symptoms
Bridging symptoms are symptoms that connect two
communities (e.g., depression and anxiety) within the network.
Bridge EI indicates how much influence a node (e.g., a depressive
symptom) has on the nodes in the other communities (e.g.,
anxiety symptoms). Bridge EI1 measures the direct influence a
node has on the nodes of the other community. Bridge EI2
includes the secondary, indirect influence a node has via its
immediate neighbors (74). The bridge centrality indices were
calculated via the networktools R package (75). The stability of
the EI1 and bridge EI1 indices were similarly tested with case-
dropping bootstrap (69).
RESULTS

Descriptive Statistics
Table 1 shows the means, standard deviations, and paired t-tests
of the BDI, EPDS, and STAI scale scores. There were significant
differences between prenatal and post-partum depression scales
(ps <.001). However, there were no significant differences in the
STAI negative (i.e., anxiety) and positive scale scores (ps >.50)
between the prenatal and post-partum time points.

Network Structures and Edges
Figure 1 shows the networks of prenatal (Figure 1A) and post-
partum (Figure 1B) depressive and anxiety symptoms. A visual
examination showed that the depressive-anxiety symptoms were
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densely connected in both prenatal and post-partum networks.
There were no significant differences in the structure (p = .28) of
the depressive-anxiety networks between prenatal and post-
partum periods. However, the post-partum network was
significantly more connected (global strength = 19.35) than the
prenatal network (global strength = 18.55, p = .02).

The edges were stable with correlation stability (CS) indices of
0.40 (prenatal network) and 0.42 (post-partum network), exceeding
the recommended threshold of 0.25 (69). The edge weights in the
prenatal and post-partum depressive-anxiety networks were
significantly correlated (rs = .84, p <.001); the edges in the two
networks were highly similar. Thirty-nine edges were statistically
significant (ps < 0.05). Adapting the procedure from Fried et al. (66),
we estimated a network based on differences of edge weights
between the jointly estimated prenatal and post-partum
depressive-anxiety networks (Figure 2). The strongest positive
difference edge was B14 (“Worthlessness”)-B06 (“Punishment
feelings”) with a difference of 0.11; this edge was stronger in the
post-partum network. The strongest negative difference edge was E5
(“Have felt scared or panicky for no very good reason”)- E4 (“Have
been anxious or worried for no good reason”) with a difference
of -0.17.

Symptoms Centrality
The one-step EI indices of the prenatal (CS-EI1 = 0.35) and post-
partum (CS-EI1 = 0.40) depressive-anxiety networks exceeded the
recommended threshold and were thus stable. The prenatal and
post-partum symptom one-step (r = 0.85, p <.001) and two-step (r =
0.90, p <.001) EI indices (Figure 3) were significantly correlated,
suggesting an overall temporal stability of the symptom-symptom
connectivity within the depressive-anxiety networks.

However, there were notable changes in the EI indices of specific
symptoms. The permutation hypothesis test revealed seven
symptoms that showed significant changes (p <.05) in EI1 (Table
2). In addition, of the top five prenatal and post-partum symptoms
with the highest EI1 indices, four of themwere different (Table S3 in
Supplementary Material). During pregnancy, the top five symptoms
were “B03:PastFailure,” “B14:Worthlessness,”“E08: Ihave felt sador
miserable,” “S25: I feel like a failure,” and “S31: I have disturbing
thoughts.” After pregnancy, the five symptoms with highest EI1
values were “B06: Punishment feelings,” “B19: Concentration
difficulty,” “E08: I have felt sad or miserable,” “S28: I feel that
difficulties are piling up so that I cannot overcome them,” and “S40:
I get in a state of tension/turmoil as I think over my recent concerns
andinterests.”Thesechanges incentral symptomssuggestedachange
in the depressive-anxiety profiles before and after delivery.
Frontiers in Psychiatry | www.frontiersin.org 5
Predictive Value of Central Symptoms
The predictive values of symptoms were derived from zero-order
correlations between ratings of individual symptoms and the
respective birth (Table S4) and child outcomes (Table S5).
Higher absolute predictive values indicate a stronger association
between the rating of the maternal depressive-anxiety symptom and
offspring development. The predictive values were regressed on the
corresponding prenatal symptom EI index (EI1) as a test for the
predictive value of symptom centrality.

EI1 of symptoms during pregnancy was significantly associated
with the predictive value of gestational age (b = -0.43, p = .005;
Figure 4) but not with the predictive values of birth weight (b =
-0.03, p = .86) nor birth length (b = -0.30, p = .055). EI1 of the
prenatal depressive-anxiety symptoms were significantly associated
with the internalizing (b = 0.59, p <.001) and externalizing (b = 0.47,
p = .002) symptoms of the child at 24 months old, composite IQ
score at 54 months old (b = -0.38, p = .014), and spatial working
memory errors at 72 months old (b = 0.52, p <.001). There was no
significant association with stop-signal-task performance of the
child at 72 months (b = 0.03, p = .84). In general, symptoms that
were higher in EI during pregnancy were associated with poorer
birth and child outcomes.

Bridging Symptoms
Depressive-Anxiety Symptoms
Bridge EI indicates that the number and strength of direct (bEI1)
and indirect (bEI2) connections a symptom have with symptoms
from another community (e.g., depressive symptom with anxiety
symptoms). There were significant correlations between the bridge
EI indices of the prenatal and post-partum depressive-anxiety
symptoms (bEI1: r = .74, p <.001; bEI2: r = .84, p <.001; Figure
S3). We extracted the top five bridging symptoms (i.e., 90th

percentile) in the prenatal and post-partum depressive-anxiety
networks (Figure 4). Four of the five symptoms were anxiety
symptoms in both the prenatal and post-partum networks. Only
the symptom “S38: I take disappointments so keenly that I can’t put
them out of my mind” remained as the top five bridging symptoms
during and after pregnancy. The strongest depressive bridging
symptom was “B05: Guilty feelings” (0.28) and the strongest
anxiety bridging symptom was “S25: I feel like a failure” (0.38).
After pregnancy, the strongest depressive symptomwas “E03: I have
blamed myself unnecessarily when things went wrong” (0.31) and
the strongest anxiety bridging symptom was “S28: I feel that
difficulties are piling up so that I cannot overcome them” (0.36).
Changes in strong bridging symptoms suggest that the symptom
(e.g., depressive symptom) that affected or was affected by
TABLE 1 | Mean, standard deviation (SD), cronbach alphas (a), and t-test results of mental health scale scores.

Scale Prenatal Post-partum Paired t-test

Mean SD a Mean SD a t df p

BDI 8.46 6.04 .86 7.37 6.58 .89 3.73 490 <.001
EPDS 6.90 4.41 .84 6.14 4.49 .84 3.88 490 <.001
STAI-negative 17.76 4.72 .84 17.84 5.23 .87 -0.35 490 .71
STAI-positive 27.08 5.10 .91 27.20 5.49 .91 -0.52 490 .60
August 2020 | V
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BDI, Beck Depression Inventory; EPDS, Edinburgh Postnatal Depression Scale; STAI, State-Trait Anxiety Inventory trait subscale. Negative refers to negatively worded items and is an
indicator of anxiety level. Positive refers to positively worded items and is an indicator of positive mental health.
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A

B

FIGURE 1 | Prenatal (A) and post-partum (B) depressive-anxiety symptoms networks (jointly estimated). Weak edges with weights less than 0.05 are not shown.
Blue edge represents positive association between the pair of symptoms (or nodes). Red edge represents negative association between the symptoms. The
thickness of the edge represents the strength of association.
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symptoms of another disorder (e.g., anxiety) was different across the
peripartum period.

Negative and Positive Symptoms
We were also interested in the symptoms that bridged the
negative (i.e., depression and anxiety) and positive dimensions
of mental health. Bridge EI indices were calculated with negative
mental health (i.e., depression and anxiety) symptoms as one
community and the positive mental health symptoms as the
other community. The prenatal and post-partum bridge EI
indices of the negative and positive mental health symptoms
were significantly correlated (bEI1: r = .90, p <.001; bEI2: r = .93,
p <.001; Figure S4). During pregnancy, the strongest bridging
symptoms for negative and positive mental health were “E08: I
have felt sad or miserable” (bEI1 = -0.35) and “S34: I make
decisions easily” (bEI1 = -0.70), respectively. After pregnancy,
the strongest negative and positive mental health bridging
symptoms were “B04: Loss of Pleasure” (bEI1 = -0.46) and
“S27: I am calm, cool, and collected” (bEI1 = -0.64),
respectively. The associations between negative and positive
mental health changed across the peripartum period.
DISCUSSION

This study examined the networks of prenatal and post-partum
depressive-anxiety symptoms. The symptom network analysis
provided a deeper understanding of the dynamic changes in
maternal symptoms of depression and anxiety occurring across
the pre- and post-partumperiods. Despite the profound differences
in maternal circumstances and demands across the peripartum
period, this analysis is, to our knowledge, the first to describe
Frontiers in Psychiatry | www.frontiersin.org 7
variation in symptom profiles. Our analysis demonstrates the use
of symptom network analysis to conceptualize maternal mental
health as an emergent construct of interrelated and mutually
reinforcing symptoms. The results demonstrate that the
circumstance of motherhood associated with changes in the
presentation of maternal mental health symptoms.

Network Structure
While there was no change in the structure of the depressive-
anxiety symptoms during and after pregnancy, the strength of
the connections between the symptoms was stronger post-
partum. The increased connectivity may reflect the mutual
reinforcement of depression and anxiety symptoms over the
course of pregnancy and motherhood. Connections among the
symptoms will become stronger as they keep reinforcing each
other over time (77, 78). Anxiety symptoms during pregnancy
predicted depressive symptoms post-partum; prenatal depressive
symptoms likewise predicted post-partum anxiety symptoms
(79). Similar results of decreasing depressive symptom score
with increased connectivity between symptoms have been
demonstrated in a general psychiatric sample (28). Clinically,
this finding supports the notion of treating depressive-anxiety
symptoms prenatally, as the denser post-partum network
suggests poorer prognosis after pregnancy. Stronger feedback
among the post-partum symptoms may result in greater
vulnerability to clinical levels of depression or anxiety with
poorer recovery prospects (80).

Symptoms Centrality
There were qualitative differences in core depressive-anxiety
symptoms across the peripartum periods as demonstrated in
the change of the top central symptoms. This finding adds to the
FIGURE 2 | Network of differences in edge weights between the prenatal and post-partum depressive-anxiety networks. Blue edge denotes this edge was stronger
in post-partum network than prenatal network. Red edge denotes this edge was stronger in the prenatal network. Weak differences with edge weight less than 0.05
are not shown here.
August 2020 | Volume 11 | Article 785

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Phua et al. Peripartum Depressive-Anxiety Networks
evidence from other studies reporting differences in pre- and
post-partum depression profiles with the structured clinical
interview (81, 82). During pregnancy, the cognitive-affective
symptoms were more central. These symptoms were related to
feeling worthless, agonizing over past failures, or having
disturbing thoughts. This finding is consistent with reports
describing that affective symptoms were more indicative of
prenatal depression than were other symptoms (83). After
pregnancy, the sense of being overwhelmed or being punished
Frontiers in Psychiatry | www.frontiersin.org 8
were most central in the depressive-anxiety network. The
struggles of meeting the heightened demands of being a
mother, together with a sense of incompetence or feelings of
being punished for being a bad mother, are core features of post-
partum depression (84). These findings suggest that negative
self-perceptions (e.g., low self-esteem and self-blame) may be
targets for clinical consideration during pregnancy, but skill-
based interventions that help mothers cope with the demands of
parenthood may be more important post-partum.
FIGURE 3 | Z scores of the one-step and two-step expected indices of depressive and anxiety symptoms in the prenatal and post-partum networks. See Figure 1
for the wordings of the symptoms.
August 2020 | Volume 11 | Article 785

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Phua et al. Peripartum Depressive-Anxiety Networks
Predictive Value
We also tested the predictive value of centrality on birth and child
outcomes. Central depressive-anxiety symptoms (i.e., higher EI
values) during pregnancy were associated with worse birth and
development outcomes for the child, including lower gestational
age, higher internalizing and externalizing problems, lower IQ
score, and poorer spatial working memory. The detrimental effect
of poor prenatal mental health on birth and child outcomes is well
documented. The current study shows that not all mental health
symptoms are equal in their impact on the offspring. As central
symptoms, the sense of failure or worthlessness may be targets for
more effective prenatal interventions. However, as this is an
associative study, randomized controlled trials targeting specific
symptom features will be necessary for more definitive conclusions
on whether intervening on prenatal mental health symptoms that
are high in centrality is more effective than interventions on less
central symptoms.

Bridging Symptoms
Bridging symptoms are symptoms strongly associated with other
symptoms of the other “condition”. In the depressive-anxiety
networks, most of the top bridging symptoms were anxiety
symptoms. This corroborates with increasing findings of
anxiety disorders preceding the development of comorbid
depressive conditions (42). A meta-analysis similarly showed
that anxiety disorders were slightly stronger predictors for
depression than vice versa (85). Despite the impact of anxiety
on developing comorbid depression, maternal anxiety has not
been emphasized as heavily as depression in both literature and
clinical practice (86, 87).

The top bridging symptoms were different during and after
pregnancy. During pregnancy, the top bridging symptoms were
related to feelings of guilt, nervousness, or being a failure. After
pregnancy, the top bridging symptoms were related to self-blame,
feeling overwhelmed, and excessive worries. This finding is
consistent with the idea that the core features of post-partum
depression derive from the difficulty in meeting heightened
demands of motherhood, sense of incompetence, and inadequacy
(84). Since comorbid depression and anxiety have the worst
Frontiers in Psychiatry | www.frontiersin.org 9
prognosis and impact on offspring development (42, 44), there is
clearly a need to prevent maternal anxiety from feeding into
depressive symptoms. However, the clinically relevant maternal
anxiety symptoms differ during and after pregnancy due to the
change in circumstances.

The top bridging symptoms between negative and positive
mental health also change during and after pregnancy. During
pregnancy, the top positive bridging symptom was being able to
make decisions easily. After pregnancy, the top positive bridging
symptom was being able to remain calm and collected, consistent
with the need to meet increased demands of motherhood. Bassi
et al. (48) also found slightly different positive mental health
symptoms associated with prenatal and post-partum depression.
During pregnancy, in preparation for the arrival of the child,
there is a demand for planning and decisions. However, after
pregnancy, taking care of a newborn results in a sudden increase
in demands (88). Positive mental health is a strong protective
factor against the development of mental health problems [e.g.,
(89–91)]. The identification of positive bridging symptoms
allows us to take a proactive approach, through public health
promotion efforts, in preventing maternal mental health issues
arising from pregnancy or childrearing stresses.

Limitations and Future Research
The network analyses conducted in this study were correlational
and exploratory. As such, we cannot ascertain the directionality
of the symptom-symptom interaction. A highly influential or
central symptom may be a target for intervention because it
affects many symptoms. However, a symptom may be
statistically central as a result of being a common consequence
of other symptoms. Future research on maternal mental health
networks will benefit from directed networks estimated from
longitudinal data of at least three time points. Moreover, this
study is a between-subject design. Within-subject design with
intensive sampling is required to determine if the results can be
generalized to individuals. This exploratory analysis provides
plausible hypotheses for future studies.

The current sample was limited to complete cases, as the
network comparison tests did not allow for missing values. The
use of complete cases may have introduced biases to the analyses
[e.g., (92, 93)]. Moreover, there may be sampling bias due to
attrition as mothers with higher depressive-anxiety symptoms
are more likely to drop out of research studies (56). Replication
and the use of multiple imputations in network analyses are
necessary for more definitive conclusions on the symptom
profiles of pre- and postnatal maternal mental health.

Our research used self-reported depression and anxiety scales.
Future research should include others-reported or clinician-
reported questionnaires to provide a more comprehensive
understanding of maternal mental health. Self-reported (e.g.,
BDI) and clinician-reported (e.g., structured clinical interview for
DSM-IV) questionnaires often have different items, thus covering
different aspects of depression or anxiety (94). Moreover, both
individual and clinician provide different clinically significant
information regarding the person’s mental health (95, 96).

Our research does not inform on etiology. However, it does
provide a framework for such analyses. Future research should
TABLE 2 | One-step EI z-scores and p values of depressive-anxiety symptoms that
were significantly different (p <.05) between the prenatal and post-partum timepoints.

Symptom Expected influence (z score) p

Prenatal Post-partum

B06: Punishment feelings 0.77 1.23 .002
B18: Changes in appetite 0.38 0.56 .026
B19: Concentration difficulty 0.98 1.10 .026
B20: Tiredness or fatigue 0.78 1.05 .006
B21: Loss of interest in sex 0.25 0.47 .049
E05: I have felt scared or panicky
for no very good reason.

0.89 0.59 .002

S40: I get in a state of tension/
turmoil as I think over my recent
concerns and interests.

0.89 1.13 .037
The p values were based on permutation hypothesis test of difference in raw one-step EI
indices between prenatal and post-partum networks that were individually estimated.
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include relevant environmental (e.g., traumatic life events),
biological (e.g., polygenic risk score), cognitive (e.g., sensitivity to
negative information), or cultural (e.g., cultural attitudes toward
parenting) etiologies in the maternal mental health networks.
Symptomology networks allow for a deeper analysis into the
mechanisms that affect maternal mental health. For example,
experiencing a death in the family may trigger specific depressive
symptoms, such as insomnia or excessive crying, which activate
other depressive symptoms. Such external events may also affect
maternal mental health by lowering the threshold with which
particular triggers activate mental health symptoms (97).
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CONCLUSION

This study expands the peripartum mental health literature by
examining maternal depression and anxiety at the symptoms
level. A symptom network perspective allows a more detailed
description of the nuances of maternal mental health at different
stages of motherhood reflected in unique symptom-symptom
interactions. The differences in symptom-symptom interactions,
central, and bridging symptoms between pre- and post-partum
suggest that maternal mental health during and after pregnancy
may have different presentations and etiologies. This deep
A

B

FIGURE 4 | Symptoms that bridged maternal depression and anxiety in the prenatal (A) and post-partum (B) networks. Only the five symptoms with strongest
bridge EI are shown.
August 2020 | Volume 11 | Article 785

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Phua et al. Peripartum Depressive-Anxiety Networks
phenotyping approach potentially forms the basis for future
research on biological, cultural, and experiential (e.g.,
socioeconomic status and past trauma) mechanisms underlying
prenatal and post-partum mental health and may be useful for
targeted interventions. This study suggested the importance of
managing prenatal anxiety symptoms to prevent the
development of comorbid disorders. This study also suggested
that skill-based interventions may be more relevant post-partum
than prenatal.
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