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Highlighting the Mechanistic Relationship Between
Perinatal Depression and Preeclampsia:
A Scoping Review

Mei Yuan,' Samantha Bedell,* Barbra de Vrijer,>® Genevieve Eastabrook,*?
Jefferson C. Frisbee,* and Stephanie J. Frisbee'***

Abstract

Background: Although there is scientific literature supporting an association between depression and pre-
eclampsia (PE), little is known about the underlying mechanistic pathways that may explain these observed
associations. Thus, this study aimed to outline the relationship between depression and PE, and to highlight
the underlying cardiovascular and metabolic risk factors that are common to both.

Methods: A scoping review of the literature was conducted in Medline, Scopus, and Web of Science.
Results: From 706 articles initially identified, 23 articles met the inclusion criteria and were included in this
review. Although some studies reported a positive association between PE and postpartum depressive symp-
toms, challenges comparing different methodologies, measurement instruments and when measurements
were administered, and patient populations do not permit a decisive conclusion. In addition, very few studies
addressed potential underlying mechanisms that may be contributing to observed associations; thus, a sec-
ondary search was conducted to identify cardiovascular and metabolic risk factors that are common to both
depression and PE.

Conclusion: The cardiovascular and metabolic risk factors (i.e, increased inflammation and oxidative stress and
decreased vascular and endothelial function) common to both depression and PE suggest that these factors may
contribute as underlying mechanisms in both conditions. These similarities underscore the importance to better
understand these mechanisms so preventative and therapeutic strategies could be developed to improve
maternal health.

Keywords: pregnancy; antenatal depression; depressive symptoms; preeclampsia; gestational hypertension;
postpartum depression; cardiovascular disease risk factors
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Background

Hypertensive disorders of pregnancy are a broad spec-
trum of conditions ranging from chronic hypertension
to preeclampsia (PE) and eclampsia. In 2018, ~7% of
all pregnancies in Canada were complicated by hyper-
tensive disorders of pregnancy.' PE is defined as having
hypertension (systolic blood pressure =140 mmHg
and/or diastolic blood pressure =90 mmHg), certain
end-organ dysfunction, and with or without new-
onset proteinuria.”* PE can lead to health consequ-
ences such as long-term end-organ dysfunction, fetal
developmental issues, and even death for both mother
and fetus.” Known risk factors for PE include age, nul-
liparity, chronic hypertension, body mass index (BMI)
>30kg/m?, and preexisting diabetes.* Of concern is
evidence from epidemiologic studies demonstrating the
increased prevalence of these risk factors in women of
childbearing age.>® In Ontario, between 2012 and
2016, 17.8% of mothers with live singleton or twin
births had a prepregnancy BMI >30 kg/m?, and 1.1%
had established chronic hypertension.” Average mater-
nal age has also steadily risen since the mid-1960s, with
the average maternal age at first pregnancy now at
30.8 years.® Additional factors presenting challenges
to pregnant women are mental health concerns, partic-
ularly depression and depressive symptoms. In Canada,
~5% of women have major depressive disorder,” in
Ontario, 7.7% of mothers were affected with depression
during pregnancy,lo 8.6% of women experience post-
partum depressive symptoms,'' and 54.2% of women
who experienced postpartum depression had depres-
sion previously.'®'?

Increasing attention is being paid to the interrela-
tionships between preexisting mental health concerns,
particularly depression, obesity, and PE. For example,
one study reported that, in pregnant women, a one
unit increase in prepregnancy BMI was associated
with ~3% higher odds of antenatal depression.'’
These findings suggest an interplay between physical
and mental health, or risk factors that are similar for
both entities.

Despite known associations between depression
and PE, much less is understood about the possible
mechanistic pathways connecting these two condi-
tions. Thus, the first objective for this study was to
conduct a scoping review to summarize research find-
ings regarding the association between depression
and PE. The secondary objective was to extract infor-
mation from previously reported studies, particularly
related to underlying cardiovascular and metabolic
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risk factors, and integrate this information with the
goal to provide evidence for and insights into the
possible mechanistic pathways connecting depression
and PE.

Methods

Identifying the research question

This scoping review was conducted using the methodo-
logical framework described by Arksey and O’Malley.'*
The primary research question for this scoping review
was, “what is the current evidence for an association
between depression and preeclampsia” As most of
the screening tools used to assess depression during
pregnancy within research are solely to identify those
in need of further clinical assessment, the distinction
between depressive symptoms and clinical diagnosis
of depression is not often made, thus for this scoping
review, the term “depression” includes the entire spec-
trum of the disease. The secondary research question
for this scoping review was, “what information has
been reported that provides insight into pathophysi-
ologic mechanisms that might link depression and
preeclampsia”?

Identifying relevant studies

This scoping review identified, retrieved, and evaluated
information from peer-reviewed scientific articles that
examined the association between depression and
PE in pregnant women. The focus was on studies pub-
lished between 2000 and 2020, as it reflected the most
recently published literature. Two authors performed
the search using a combination of search terms related
to our target group, depression, and PE (Table 1)
within the following international databases: Medline
(2000-April 2020), Scopus (2000-2019), and Web of
Science (2000-2020). The search strategies were lim-
ited to scientific journal articles and English language
only.

Table 1. Keywords and Search Terms Used
in the Database Searches

Target group

or population Issue Outcomes
Pregnant Depression PE
Pregnancy Depressive symptoms

Major depressive symptoms
Prenatal depression
Antenatal depression
Postpartum depression

PE, preeclampsia.
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Selecting the literature

Inclusion and exclusion criteria. Inclusion criteria for
studies included in this scoping review were as follows:
(1) an examination of the associations between depres-
sion and PE during pregnancy and/or postpartum, and
(2) measurement of maternal depression and PE dur-
ing pregnancy and/or postpartum. Studies were exclu-
ded if: (1) depression was pooled with other variables,
such as anxiety, stress, and mood disorder, or the PE
measurement was pooled with perinatal outcomes,
and (2) if the study did not separately assess depression
without antidepressant medication. The exclusion of
these articles allowed for a more focused examination
of the relationships between depression and PE, as
covariates such as antidepressant medication have been
reported to affect either depression or PE. The specific
inclusion and exclusion criteria are given in Table 2.
As we included different types of studies in this scoping
review (primary studies and review studies), and there
is not a single approach to compare the quality of these
different types of studies, we did not include a for-
mal assessment of the methodological quality of the in-
cluded studies. However, we include in the summary
table multiple characteristics of the study, includ-
ing sample size and design, for readers to review and
consider.

Duplicate articles were identified by the search tool
and removed from the database before screening.
A two-step process was performed by two authors
(M.Y. and S.F.) (Fig. 1). During the first stage, the titles
and abstracts of the identified articles were screened
according to the exclusion and inclusion criteria descri-
bed previously. Uncertainty during the initial title and
abstract screening was resolved by consulting the full-
text articles.

Abstracting information and summarizing data from
included studies. Studies that met the inclusion cri-
teria were screened further as full articles. Full-text

Table 2. Inclusion and Exclusion Search Terms in All
Three Databases

Inclusion Exclusion

Neonatal outcomes

Comorbidities (preexisting disease of
liver, kidney, autoimmune disease, etc.)

Human population Drug

Direct measurement of Pharmaceutical
depressive symptoms/PE

Therapy

Treatment

Journal articles
English language
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screening was assessed for final inclusion into the
study, with the selected full-text articles passing an
additional bibliographic reference list check to iden-
tify any additional eligible publications. The articles
reviewed were categorized and summarized depend-
ing upon whether the study assessed the outcomes
of interest during prenatal period (before the birth of
the newborn) or postpartum period (after delivery
of the newborn). Information such as the author, year
of publication, study design, study population, out-
comes, relevant findings, and information about under-
lying cardiovascular or metabolic risk factors examined
was also abstracted.

Supplemental literature search

To better interpret and supplement the information
abstracted from studies included in this scoping review
related to the secondary research question (pathophys-
iologic mechanisms that might link depression and
PE), a supplemental literature search was conducted.
This general search, conducted in PubMed, identified
research studies with information that could better
explain information regarding the underlying mecha-
nisms of depression and PE obtained from studies
included in this scoping review.

Results

Twenty-three articles were included in this scoping
review. Nine studies were conducted in North America,
six in Europe, five in Asia, two in South America, and
one in Africa. Four meta-analyses were included as
they fit the inclusion criteria in addressing the research
question, despite having a few studies within the meta-
analyses that overlapped with those already included
within the review. Twelve studies were published in
the most recent 5 years.

Associations between prenatal depression and PE
during pregnancy

Of all 23 articles reviewed, 13 explored the associa-
tions between prenatal depression and PE during preg-
nancy (Table 3). Some studies reported a significant
positive association between the two factors,'> 2° but
other studies did not observe such associations or rep-
orted associations that were not statistically signifi-
cant.>'~** In a prospective case-control study carried
out in Iran, Kharaghani et al observed that women
with mild depression and severe to moderate depres-
sion had a 1.81-fold and 2.52-fold increased risk of
developing PE, respectively.'” Conversely, Ghaffar et al
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FIG. 1. PRISMA-Sr search strategy. This flowchart displays the search process from identification of
relevant literature to final inclusion of full test articles.
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observed no significant association in hospitalized
women between depression and PE.*' Vollebregt et al
alsoreported no significantassociations between depres-
sion and PE even after adjusting for medical and socio-
environmental factors.”’

Pooled analyses from two meta-analyses, Hu et al
(pooled odds ratio [OR] =1.48; 95% confidence inter-
val [CI], 1.04-2.01) and Zhang et al (pooled OR=1.5;
95% CI, 1.10-20.5) reported statistically significant pos-
itive associations between prenatal depressive symp-
toms and PE*** Conversely, Grigoriadis et al did
not observe any statistically significant associations
between exposure to antenatal depressive symptoms
and an increased risk of PE (OR=1.35, 95% CI,
0.95-1.92)."* Summaries and details of these three
meta-analyses are given in Table 4.

Associations between PE

and postpartum depression

Ten of the 23 articles included in this scoping review
investigated associations between diagnosis of PE and
development of postpartum depression (Table 5). Seven
studies reported significant associations between in-
creased prevalence of postpartum depression with the
diagnosis of PE.*** Auger et al observed that
women with PE had a higher incidence of hospitaliza-
tion for depression 28 years after indexed delivery and
that late-onset PE was more consistently associated
with hospitalization for depression within 1-4 years
after pregnancy.’ Similarly, Bergink et al reported an
increased incidence risk ratio of 2.85 (95% CI, 1.84-
4.42) for unipolar depression within 0-3 months post-
partum in women who developed PE.*'

Caropreso et al was the only meta-analysis that
explored the association between PE and postpartum
depression in our search. The analysis reported the
standard mean difference between groups of women
with and without PE as 1.04 (95% CI, 0.22-1.86),
which suggested high severity of depressive symptoms
in women with a history of PE.** Study details of this
meta-analysis are given in Table 6.

Examination of common underlying

cardiovascular and metabolic risk factors

The majority of the articles included in this scoping
review accounted for factors associated with cardio-
vascular risk, such as prepregnancy BMI, smoking,
preexisting hypertension, and diabetes. In the studies
investigating associations between prenatal depression
and PE, the associations observed between depression
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and PE remained after adjusting for these cardiovas-
cular risk covariates.'®'***** In studies assessing the
association between PE and postpartum depression,
three of the nine studies adjusted for the confounding
variable of prepregnancy BMI. As given in Table 5,
all three articles, Auger et al, Mommersteeg et al, and
Chen et al, reported that positive associations between
PE and postpartum depression remained significant
after adjustment for prepregnancy BML>****°

Integration of information from supplemental
literature search

Although all included studies were examined for com-
mon underlying cardiovascular and metabolic risk fac-
tors, it is important to note that none of the studies
reported the magnitude of an independent association
between the covariates and the association between
depression and PE, or more advanced analyses such
as stratification or mediation analysis that might pro-
vide insight into the characteristics underlying the
observed association between PE and depression. Sim-
ilarly, none of the studies specifically assessed potential
common cardiovascular and metabolic risk factors
such as arterial stiffness, endothelial dysfunction, or
obesity between depressive symptoms and PE despite
previous studies suggesting that these factors are asso-
ciated with both PE and depression individually.*®~>*
To provide better insight into possible pathophysio-
logic mechanisms that might link depression and PE,
integration of the results from this scoping review
and information from a supplemental scoping review
focused on BMI, vascular stiffness, endothelial dys-
function, inflammation, and oxidative stress are now
presented.

Body mass index. A high prepregnancy BMI is asso-
ciated with an increased risk of antenatal depression.*’
This is unsurprising as obesity and depression outside
of pregnancy are often linked and are thought to
share similar biological mechanisms.*! In addition,
studies have shown that an elevated BMI increases
the risk for developing PE***; although obesity alone
is not a direct indicator of cardiometabolic health
and recent studies have begun to consider the differ-
ences between “healthy” obesity and obesity with asso-
ciated metabolic abnormalities.*

Arterial stiffness.  Arterial stiffness is a good indicator
of cardiovascular health and common measurements of
arterial stiffness include augmentation index, which
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(i.e., obesity and hypertension)®>%>7? suggest that these

factors may contribute as underlying risk factors
between depression and PE. These similarities under-
score the importance to better understand these mech-
anisms, so preventative and therapeutic strategies
could be developed to improve maternal health.

Discussion

The scoping review addressing the first objective of
this study summarized research findings regarding
the association between depression and PE and found
conflicting results, although these inconsistent results
may reflect the challenges of “standardizing” evalua-
tions during a complex time period. Contextually,
pregnancy can span from conception until the delivery
of the newborn, suggesting various time points where
depressive symptoms can be assessed (i.e., lst, 2nd,
and 3rd trimester). Fluctuating moods and emotions
between different stages of the pregnancy may lead to
varying levels of negative affect and thus rendering
some associations significant and others insignificant.
For this reason, the prevalence of depression in preg-
nancy may be over- or underestimated, depending on
the timing of assessment.

862

The definition of the postpartum period varied from
immediately postdelivery, 1-6 months after delivery,
and up to several years after the indexed delivery.
Despite the varying time of assessment, the majority of
the studies reported that there was an increased risk
of experiencing postpartum depression following PE.
These findings aligned with the meta-analysis performed
by Caropreso et al,*> which reported that 8 of 13 stud-
ies observed associations between PE and postpartum
depression or depression outside the perinatal period.

As most of the studies included in our scoping
review were epidemiological and thus only assessed
the prevalence and association of these disorders in
pregnant women, following a secondary literature
search, we outlined some of the cardiovascular and
metabolic factors associated with both pathologies
(e.g., preexisting obesity, increased systemic inflamma-
tion, oxidative stress, vascular changes, and endothelial
dysfunction) that may contribute to the common
underlying etiologies between depression and PE. The
complex relationship between these pathologies and
risk factors are given in Figure 2.

Many of these risk factors interact with one another
and may be linked in a vicious cycle affecting overall
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cardiometabolic health. For example, both PE and
depression are associated with increased rates of obe-
sity and cardiovascular disease, which too share many
of these underlying risk factors.*"**”'~7> There is sub-
stantial evidence from both animal and human studies
that depression and cardiovascular disease are linked
through changes in oxidative stress, hyperactivation
of the hypothalamic-pituitary-adrenal axis and the
immune system.”"”*"7® These changes are also consid-
ered mechanistic links between depression and obe-
sity.*' PE has been associated with an imbalance
between the antioxidant defense system and the pro-
duction of reactive oxygen species, which then leads
to an increase in generalized inflammatory processes
and endothelial dysfunction.”””® Endothelial dysfunc-
tion in women with PE has also been associated with
significantly higher levels of oxidative stress, markers
of systemic inflammation, and overactivation of the
hypothalamic-pituitary-adrenal axis.””*’

Risk factors such as vascular endothelial dysfunction,
as evidenced by reductions to the flow-mediated dila-
tion response, are tightly linked with prooxidant and
proinflammatory environments across a wide of array
of conditions. The “positive feedback loop” that many
investigators have identified in linking elevated oxidant
stress with chronic inflammation can have the impact of
reducing mediators of vascular function such as nitric
oxide and prostacyclin bioavailability and increase vas-
cular production of constrictor metabolites such as
thromboxane A, among other metabolites of arachi-
donic acid. Each of these potential contributors may
act to increase vascular resistance within human sub-
jects and alter patterns of cerebral perfusion—which
has been identified as a likely contributor to cognitive
impairments including depressive symptoms.

In addition, reductions to arterial and vascular wall
distensibility will have significant impacts on the pene-
trance of pulse wave hemodynamics deeper into the
cerebrovascular circulation and has been implicated in
cerebrovascular network remodeling impairing mass
transport and exchange within the microcirculation.
Taken together, this constellation of vascular impair-
ments and elevated risk factor profiles may represent
a significant contributor to the emergence of depres-
sive symptoms, potentially of vascular origin. This is
an area of investigation that will require significantly
more study in the coming years to better understand
how to identify and support women who may be at
higher risk for these conditions and help alleviate sub-
sequent complications.

863

Limitations of this scoping review include restrict-
ing to English-only articles from three databases and
including all eligible studies without evaluation of the
quality or size of the study. In addition, to specifically
assess the association between depression during preg-
nancy and PE, this review excluded any studies that
evaluated the possible mediating effects of antidepres-
sant medications. Strengths of this study include the
differentiation between prenatal and postpartum de-
pression and the abstraction and synthesis of informa-
tion related to potential underlying causal mechanisms.
Previous reviews on this topic have only assessed the
relationship between either prenatal depressive symp-
toms or postpartum depressive symptoms and PE. Fur-
thermore, this scoping review focused on identifying
common underlying cardiovascular risk factors that
may contribute to the relationship between the two
conditions. This is the only scoping review thus far
that investigates the available literature on depression
and PE throughout the perinatal period with consid-
eration for common underlying risk factors.

Conclusion

In conclusion, pregnant women with prenatal depres-
sive symptoms may be at increased risk of developing
PE and women who developed PE are at increased
risk of developing postpartum depressive symptoms.
Moreover, this review highlighted the cardiovascular
and metabolic changes that may be contributing to the
relationship between the two pathologies and may be
useful as early pregnancy indicators of those who are
at a higher risk for adverse pregnancy outcomes.
Although universal screening for prenatal depression
and PE is beneficial and are goals for many obstetrical
settings, an overall assessment of cardiometabolic
health in early pregnancy may be more useful to detect
those who are most at risk for depression and/or PE
and their associated complications.
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Abbreviations Used PPD = postpartum depression
ACOG = American College of Obstetrics and Gynecology PTB = pre-term birth
Aix = augmentation index (indices) PWV = pulse-wave velocity
AOR = adjusted odds ratio RR = relative risk
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