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ABSTRACT ARTICLE HISTORY
Objective: Postpartum depression affects around 17% of the women worldwide and has Received 6 June 2022
considerable implications for maternal and child health. While some risk factors have been Accepted 5 August 2023
identified, the association between pregnancy and delivery complications and postpartum KEYWORDS
depres_siop is less well u.nderstc_)od..This study aims to determine whether specific pregnancy Postpartum depression;
complications are associated with risk of postpartum depression symptoms (PPDS). pregnancy complications;
Method: This study analysed a subset of variables collected as part of a larger study exploring cytomegalovirus; foetal
pregnancy circumstances and maternal-foetal health outcomes. Mothers residing in Australia distress; emergency
provided information on their biological children aged 3-13 years. Pregnancy complications caesarean; placenta previa
were analysed using bivariate analyses and binary logistic regression.

Results: Mothers (N = 1,926) reported on N = 3,210 pregnancies (mean number of pregnancies =

1.27, SD=0.97). At the time of childbirth, mothers were on average 30.1 years old (SD =5.14).

Experiencing a pregnancy complication increased the risk of PPDS (X2 =16.45, df=1, p <0.001)

However, logistic regression analyses indicated an increased risk of PPDS was associated with the

specific pregnancy complications of cytomegalovirus (AOR = 7.06, 95% ClI[1.51,32.98]), emergency

caesarean (AOR = 1.67,95% Cl[1.31,2.12]), foetal distress before birth (AOR = 1.49, 95% CI[1.16,1.91]),

induced labour (AOR = 1.55, 95% Cl[1.25,1.91]) and placenta previa (AOR = 2.60, 95% Cl[1.44,4.71]).

Conclusion: Specific pregnancy complications were associated with PPDS, suggesting that

some complications may pose a greater risk for PPDS than others. This study contributes to the

growing understanding of peripartum risk factors for postpartum depression, and suggests

that early clinical identification of at-risk mothers and early prophylactic and supportive care

may be warranted to reduce that risk.

KEY POINTS

What is already known about this topic:

(1) Postpartum depression is a prevalent mental health condition affecting almost 1 in 5
mothers worldwide.

(2) A complicated pregnancy and delivery experience is associated with an increased risk of
adverse psychosocial outcomes, including postpartum depression.

(3) Targeted interventions in the peripartum period for mothers identified to be at higher risk
of postpartum depression may be effective at mitigating the impact.

What this topic adds:

(1) Analysis of distinct and specific pregnancy complications against postpartum depression
symptoms revealed that certain complications had a more significant impact than others in
an Australia-based maternal cohort.

(2) Emergency caesarean delivery, cytomegalovirus, foetal distress, induced labour, and pla-
centa previa were significant predictors of postpartum depression symptom development.

(3) Gestational diabetes, bleeding during pregnancy, low amniotic-fluid index, pre-eclampsia, and
candida infections were not associated with postpartum depression symptoms in this study.

Introduction 17% (Wang et al, 2021). The DSM-5-TR (American

Depression in the postpartum period is a pervasive  Psychiatric Association [APA], 2022) does not recognise
mental health concern, with a global prevalence of postpartum depression as a unique diagnostic
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classification, but rather as Major Depressive Disorder
with a postpartum onset. It is specified that the onset
of a depressive episode must occur within four weeks
of childbirth, however, it has been argued that the
timeframe is too restrictive, with 6- to 12-months
more commonly accepted internationally (American
College of Obstetricians and Gynecologists, 2015;
Austin, 2014). Diagnostic criteria differentiating this
condition from clinical depression include sleep distur-
bance, weight change, unreasonable feelings of guilt
and self-reproach, reduced confidence and loss of
energy separate from associated depression (APA,
2022). Postpartum depression has been linked to com-
promised functioning and interpersonal relations for
mothers, disrupted maternal-foetal bonding and long-
term adverse outcomes for the child (Brake et al.,
2020). Sociodemographic and postpartum variables
have been extensively researched for their impact on
maternal postpartum depression risk in comprehen-
sive reviews (Gastaldon et al., 2022; Ghaedrahmati
et al,, 2017), but research on pregnancy-related and
peripartum risk factors needs elucidation.

Pregnancy complications significantly impact the
physical and mental health of the mother and child,
yet little research exists on the direct risk of preg-
nancy complications on postpartum depression.
A large-scale systematic review by Biaggi et al.
(2016) and an umbrella review by Hutchens and
Kearney (2020) found the risk of depression in the
postpartum period to be increased among mothers
who had experienced pregnancy and/or obstetric
complications; however, these studies investigated
pregnancy complications in aggregate (whether or
not pregnancy and/or obstetric complications were
present) rather than isolating distinct complications.
As there is some nuance to how pregnancy complica-
tions affect maternal health outcomes, specific com-
plications may confer greater risk. A prospective
longitudinal study conducted in the Netherlands
(Blom et al., 2010) found suspicion of foetal distress
before birth to significantly increase postpartum
depression risk, and negative delivery experiences
(e.g., induced labour and emergency caesarean)
were similarly associated with postpartum depression
in an umbrella review (Gastaldon et al., 2022), a Dutch
prospective study (Van der Zee Van den Berg et al,,
2021) and a study examining data extracted from the
Korean National Health Insurance Service-National
Sample Cohort (Nam et al., 2017). Additionally, sys-
tematic reviews have found gestational diabetes
(Azami et al., 2019) and pre-eclampsia (Caropreso
et al., 2020) to be associated with postpartum depres-
sion occurrence. A review by Disha et al. (2022) found

that adverse pregnancy events are also associated
with maternal-foetal infection, which may implicate
conditions such as viral candidiasis and cytomegalo-
virus (CMV), particularly in recognised high-risk preg-
nancies such as in oligohydramnios (low amniotic
fluid) (Taneja et al., 2017).

The implementation of interventions, such as
increased social and parental support, therapeutic
resources and programs and targeted psychological
interventions, have demonstrated improved outcomes
for mothers and families affected by postpartum
depression (Werner et al, 2014; Van der Waerden
et al, 2019). Improved identification of mothers at-
risk of postpartum depression may create new preven-
tive intervention pathways in the peripartum period.

This study aims to investigate whether specific
pregnancy complications contribute to an increased
risk of postpartum depression symptoms (PPDS) in
mothers. Gestational diabetes, candidiasis, oligohy-
dramnios, bleeding during pregnancy, CMV, pre-
eclampsia, foetal distress before birth, induced
labour and emergency caesarean delivery were
investigated for their potential association with
maternal PPDS.

Methods
Participants and procedures

This study analysed a subset of data collected as part of
a larger retrospective investigation into pregnancy,
birth circumstances, and maternal-foetal health out-
comes. One paper has been published based upon
a different subset of variables from this survey, inves-
tigating risk factors for autism spectrum disorder
(Whitely et al., 2021). Following ethical approval from
Swinburne University, an online survey was advertised
in an Australian parenting magazine, on parenting
support forums, and at a homebirth conference in
Victoria, Australia. Biological mothers who had at
least one child aged 3-13 years were invited to parti-
cipate. The age range reflected requirements in the
original study to 1) encapsulate the typical diagnostic
age range of autism spectrum disorder and 2) to mini-
mise the effect of memory bias among respondents.
While advertising was largely directed at an Australian
audience, it did not preclude the participation of
mothers residing internationally.

Measures

The survey comprised four sections asking after the
demographic and health information of the



biological parents, pregnancy histories of the biolo-
gical mothers, birth and early feeding history of
each participating child and health outcomes of
each participating mother and child. The survey
asked mothers to identify whether they had experi-
enced various complications during or following
birth from a list by ticking a checkbox for each
reported pregnancy/birth. Additionally, an open
text box was provided for the mother to specify
any other complications experienced that were not
included in the list. For the outcome variable of
postpartum depression, it was noted that some
women had self-diagnosed experiencing depression
following the birth of their child. As it was not
possible to separate women who self-diagnosed
postpartum depression versus those who were for-
mally diagnosed, we refer to the outcome variable
as postpartum depression symptoms (PPDS), which
is defined as the presence/absence of formal or self-
diagnosed postpartum depression.

PPDS was characterised as a binary variable (0=
no, 1 =yes), as were the following predictors: bleed-
ing during pregnancy, CMV, emergency caesarean,
induced labour, gestational diabetes, oligohydram-
nios, placenta previa, pre-eclampsia, multiple birth
delivery and candida infections. An overall “preg-
nancy complications” binary variable was created,
where a “yes” was defined as the presence of one
or more pregnancy or obstetric complications
endorsed from the list provided in the survey
(bleeding during pregnancy, CMV, gestational dia-
betes, oligohydramnios, placenta previa, preeclamp-
sia and candida infection) and/or “other”
complication/s entered via text box (e.g., anaemia,
obstetric cholestasis, hypertension). Conversely,
a “no” response was defined by the absence of
any pregnancy complications endorsed or entered
in the text box by the mother.

An age split was introduced to maternal age at
birth (advanced maternal age =35years), with
advanced maternal age quantified as a binary vari-
able (0=no, 1=yes). The age split is reflective of
Australian clinical standards for advanced maternal
age classification (Australian Institute of Health and
Welfare, 2021). A binary multiple births variable (0 =
no, 1 =yes) was also created by combining all cases
of twins and triplets. Foetal distress before birth had
three responses (0=no, 1=yes, 2=unknown), as
did education level (0 =year 12 or lower, 1=trade/
diploma, 2 = University) and current employment of
the mother (0 = unemployed/unpaid work [including
voluntary and at-home duties], 1=employed, 2=
student).
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Statistical analysis

Multicollinearity among the predictors was examined
through the variance inflation factor (VIF). The VIF
values for this dataset was less than 3, indicating no
strong correlation was present between the predic-
tors. Chi-square statistics were performed to identify
the associations between specific pregnancy compli-
cations and PPDS, and Cramér’s V to quantify the size
of the effect, where values greater than 0.5 indicated
a moderate-to-large effect and values below 0.1 were
considered weak. A multivariate binary logistic
regression was conducted to determine the effect
of pregnancy complications against PPDS occurrence,
with the statistical significance level set to 0.05.
Model fit was evaluated using the Hosmer-
Lemeshow test, pseudo R? and model classification
statistics. The data were analysed using IBM
SPSS (v.28).

Results
Mother and pregnancy characteristics

In total, 2,473 biological mothers responded to the
survey, providing data on 4,306 pregnancies.
Pregnancies where the child was aged outside the 3-
13 years of age criteria at the time of survey comple-
tion (n=223) were excluded from analysis in accor-
dance with the inclusion criteria set by the original
study. For analysis, only complete sets of data were
retained with 820 incomplete cases excluded, for
a completion rate just over 80%. The remaining preg-
nancies (N = 3,263) comprised 3,105 singletons, 51 sets
of twins and one set of triplets. For analysis, each set of
multiple births was treated as a single pregnancy
(rather than two or three separate pregnancies for
twins and triplets respectively). This resulted in a final
sample of 1,926 mothers reporting on 3,210
pregnancies.

Most mothers (n=2511, 78.2%) resided in Australia,
followed by the United States (n =338, 110.5%), Canada
(n =148, 4.6%) and the United Kingdom (n =119, 4.6%).
Mothers reported on an average of 1.7 pregnancies (SD =
0.82, range = 1-5). At the time of childbirth, mothers had
an average age of 30.1 years (SD =5.14, age range = 15-
46). The children had an average age of 6.3 years (SD =
2.84, age range = 3-13) at the time of the survey. Of the
N=3,210 pregnancies included in the study, PPDS was
reported by mothers in association with 16.5% (n=531)
of the pregnancies. Table 1 displays the characteristics of
the mothers and pregnancies for the total sample (N=
3,210) and PPDS subgroup (n=531).
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Binary logistic regression

The association between sociodemographic variables
and pregnancy complications with PPDS was explored
using bivariate analyses (chi-square tests and Cramér’s
V). The results of these analyses are presented in Table 1,
and show that advanced maternal age, multiple-birth
delivery, bleeding during pregnancy, CMV, emergency
caesarean, foetal distress before birth, induced labour,
oligohydramnios and placenta previa were significant,
however, all Cramér's V effect sizes were below 0.1
except induced labour (V= 0.100), emergency caesarean
(V=0.112) and foetal distress before birth (V=0.108)
indicating a small effect on PPDS. The results also
demonstrated that there was a significant association
between pregnancy complications as a singular variable
and PPDS (x*’=1645, df=1, p<0.01, V=0.071).
A subsequent binary logistic regression was conducted
to investigate the effect of individual pregnancy com-
plications on PPDS, with the results displayed in Table 2.

Hosmer and Lemeshow goodness-of-fit results indi-
cated that the regression model was a good fit for the

Nagelkerke = 0.059), however, the model correctly
classified 83.4% of cases. A significant decrease in
PPDS risk was identified for mothers who were
employed at the time of survey completion (AOR =
0.80, 95% CI[0.65,0.97]), as well as for advanced mater-
nal age (AOR=0.72, 95% Cl[0.56,0.93]). PPDS was sig-
nificantly more likely to be associated with a multiple
birth pregnancy than singleton pregnancy (AOR = 2.28,
95% Cl[1.23,4.24]).

The predictors that were significantly associated
with PPDS risk in the regression model included CMV
(AOR =7.06, 95% CI[1.51,32.98]), emergency caesarean
section (AOR=1.67, 95% Cl[1.31,2.12]), foetal distress
before birth (AOR=1.49, 95% ClI[1.16,1.91]), induced
labour (AOR=1.55, 95% CI[1.25,1.91]) and placenta
previa (AOR = 2.60, 95% CI[1.44,4.71]). Gestational dia-
betes (AOR =0.99, 95% CL[0.60,1.62]), bleeding during
pregnancy (AOR=1.04, 95% Cl[0.74,1.45]), oligohy-
dramnios (AOR=1.41, 95% Cl[0.72,2.76]), pre-
eclampsia (AOR = 0.90, 95% ClI[0.55,1.45]), and candida
infections (AOR = 1.17, 95% Cl[0.83,1.64]) were not sig-
nificantly associated with PPDS in this study, neither

data, x* (7)=6.243, p=0.512. The pseudo R? values
were relatively low (Cox and Snell=0.035,

was pregnancy complications as a singular variable
(AOR =1.15, 95% Cl[0.84, 1.56]).

Table 1. Participant characteristics for the total sample (N =3,210) and PPDS subgroup (n=531) and results of the bivariate
analyses between sociodemographic factors and pregnancy complications against mothers PPDS.
Postpartum depression symptoms, n (%)

Total sample (n (%) Yes No p-value Cramér's V

Sociodemographic factors

Maternal age at childbirth 0.022 0.041
>35 years of age 656 (20.4) 89 (16.8) 442 (83.2)

Education level 0.069 0.041
Year 12 and below 464 (14.5) 91 (17.1) 440 (82.9)
Trade, Diploma or TAFE 815 (25.4) 142 (26.7) 389 (73.3)
University level 1931 (60.2) 298 (56.1) 233 (43.9)

Mother employment status 0.048 0.048
Employed 2050 (63.9) 316 (59.5) 215 (40.5)
Unemployed/Unpaid 1085 (33.8) 204 (38.4) 327 (61.6)
Student 75 (2.3) 11 (2.7) 520 (97.9)

Multiple births 52 (1.6) 16 (3.0) 515 (97.0) 0.013 0.049

Predictors
Pregnancy complications 1162 (36.2) 233 (43.9) 298 (56.1) <0.001 0.071
Bleeding during pregnancy 378 (11.8) 77 (14.5) 454 (85.5) 0.039 0.038
@\ 7 (0.2) 4(0.8) 527 (99.2) 0.017 0.051
Emergency caesarean section 519 (16.2) 135 (25.4) 396 (74.6) <0.001 0.112
Foetal distress before birth 508 (15.8) 131 (24.7) 400 (75.3) <0.001 0.108
Gestational diabetes 120 (3.7) 25 (4.7) 506 (95.3) 0.210 0.023
Induced labour 817 (25.5) 187 (35.2) 344 (64.8) <0.001 0.100
Oligohydramnios 51 (1.6) 14 (2.6) 517 (97.4) 0.054 0.037
Placenta previa 56 (1.7) 20 (3.8) 511 (96.2) <0.001 0.069
Preeclampsia 129 (4.0) 28 (5.3) 503 (94.7) 0.115 0.028
Candidiasis 411 (12.8) 80 (15.1) 451 (84.9) 0.088 0.030

CMV = Cytomegalovirus.

Frequency and percentage of “yes” responses for the total sample (N =3,210).

bFrequency and percentage of “yes” and “no” responses to sociodemographic and pregnancy-and-obstetric complications in the subgroup of participants
where PPDS was reported as present (n =531).

“Pregnancies where one or more complication was present during a single pregnancy.
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Table 2. Associations between specific pregnancy complications and postpartum depression symptoms: results from the multi-

variate binary logistic regression model.

Slope (Beta coefficient) AOR (95% CI) Wald Statistic p-value
Sociodemographic factors
Advanced maternal age (=35 years of age) 0.33 0.72 (0.56,0.93) 6.40 0.011
Education level®
Trade, Diploma, TAFE 0.15 1.16 (0.88,1.52) 1.15 0.283
University Degree 0.05 1.05 (0.84,1.32) 0.21 0.651
Employment status
Employed 0.23 0.80 (0.65,0.97) 4.98 0.026
Unemployed/Unpaid 0.22 0.80 (0.41,1.57) 0.42 0.517
Multiple births 0.83 2.28 (1.23,4.24) 6.81 0.009
Predictors
Pregnancy complications® 0.14 1.15 (0.84,1.56) 0.74 0.390
Bleeding during pregnancy 0.04 1.04 (0.74, 1.45) 0.04 0.838
cmv 1.95 7.06 (1.51,32.98) 6.18 0.013
Emergency caesarean section 0.51 1.67 (1.31, 2.12) 17.46 <0.001
Foetal distress before birth 0.40 1.49 (1.16, 1.91) 9.86 0.0002
Gestational diabetes 0.01 0.99 (0.60, 1.62) 0.00 0.964
Induced Labour 0.44 1.55 (1.25, 1.91) 16.30 <0.001
Oligohydramnios 0.34 1.41 (0.72,2.76) 0.99 0.321
Placenta previa 0.96 2.60 (1.44,4.71) 10.05 0.002
Preeclampsia 0.1 0.90 (0.55, 1.45) 0.12 0.657
Candidiasis 0.153 1.17 (0.83, 1.64) 0.77 0.381
Constant 1.87 0.154 279.9 <0.001

CMV = Cytomegalovirus; AOR = Adjusted Odds Ratio; Cl = Confidence Interval; Wald Statistic = Wald chi-square test.

2Year 12 or below is treated as the reference category.
BStudent is treated as the reference category.

“Pregnancies where one or more complication was present during a single pregnancy.

Discussion

This study explored the association between specific
pregnancy complications and PPDS occurrence.
Several pregnancy complications significantly predicted
PPDS, namely CMV, emergency caesarean, foetal dis-
tress before birth, induced labour and placenta previa.
Maternal employment and advanced maternal age sig-
nificantly reduced PPDS risk whereas a multiple birth
delivery was associated with over twice the risk of PPDS.

While pregnancy complications as a single variable
was associated with PPDS, in line with prior reviews
(Biaggi et al., 2016; Hutchens & Kearney, 2020), it was
not a significant predictor in the multivariate model.
This may indicate that some specific pregnancy com-
plications pose a greater risk than others. Notably,
mothers who had CMV presented with over seven-
times the risk of PPDS compared to mothers who did
not; to our knowledge, this direct relationship has not
previously been explored. Placenta previa significantly
predicted the occurrence of PPDS, which accords with
a recent cross-sectional study in Taiwan (Lin et al,
2022), but this association otherwise does not appear
to have been fully investigated in the published
literature.

Consistent with the literature (Blom et al, 2010;
Gastaldon et al., 2022; Nam et al,, 2017), foetal distress
and induced labour increased PPDS risk. An association
between altered birth plan (such as induced or emer-
gency delivery) and negative maternal psychosocial

outcomes, including postpartum depression, was dis-
cussed by Benton et al. (2019); this study may provide
further support for this relationship. Emergency caesar-
ean likewise increased risk of PPDS occurrence in this
cohort, which is consistent with findings from a larger
review study (Gastaldon et al., 2022), a retrospective study
(Tonei, 2019) and a prospective investigation into the
effect of unplanned caesarean on mother-and-infant
bonding and consequent adverse postpartum depressive
outcomes (Doblin et al., 2023). Contrary to expectations,
gestational diabetes was not associated with
a significantly increased risk of PPDS in this study, nor
were candida infections. However, the incidence of these
predictors was lower in this sample compared with
Australian population rates (Australian Institute of
Health and Welfare, 2019), consequently there may have
been insufficient power to detect an association.

These results need to be viewed in consideration of the
study limitations. The study was based on a retrospective,
self-report survey on pregnancy and obstetric histories
and consequently, recall bias may have been a factor.
Also, mothers were asked whether they experienced
postpartum depression as a complication following the
birth of their child/children, rather than whether they
were formally diagnosed with postpartum depression.
Therefore, it was not possible to separate respondents
who were formally diagnosed with postpartum depres-
sion from those who self-diagnosed. Underdiagnosis of
postpartum depression due to a multitude of factors
including comorbid hormonal fluctuations, disrupted
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sleep and stigma-associated under-reporting is a notable,
ongoing concern in maternal healthcare (Thomson &
Sharma, 2017). Therefore, the aforementioned limitations
may potentially be more inclusive of mothers affected by
depression symptoms following childbirth. Additionally,
maternal access to pregnancy and birthing health records
may have been limited, and as the survey was anon-
ymous, it was not possible to cross-reference the self-
reported data with hospital records. Finally, mothers
were not asked whether they had previously received
a postpartum depression diagnosis for a pregnancy that
fell outside the inclusion criteria of the original study.
Consequently, it was not possible to control for a prior
diagnosis of postpartum depression in the analysis.

Future studies would benefit from exploring addi-
tional, potentially confounding and/or mediating fac-
tors such as indicators of lower socioeconomic status,
infant health conditions, antepartum maternal mental
health, preterm labour, common infections and the
effect of severity and co-occurrence of obstetric com-
plications. Nevertheless, this study contributes to the
knowledge base of peripartum risk factors for postpar-
tum depression and suggests that early identification
of at-risk mothers and efforts to reduce the likelihood
of postpartum depression may be warranted.
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