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Abstract

Postpartum depression (PPD) adversely affects the health and well being
of many new mothers, their infants, and their families. A comprehensive
understanding of biopsychosocial precursors to PPD is needed to solidify
the current evidence base for best practices in translation. We conducted a
systematic review of research published from 2000 through 2013 on biologi-
cal and psychosocial factors associated with PPD and postpartum depressive
symptoms. Two hundred fifteen publications based on 200 investigations
of 151,651 women in the first postpartum year met inclusion criteria. The
biological and psychosocial literatures are largely distinct, and few studies
provide integrative analyses. The strongest PPD risk predictors among bio-
logical processes are hypothalamic-pituitary-adrenal dysregulation, inflam-
matory processes, and genetic vulnerabilities. Among psychosocial factors,
the strongest predictors are severe life events, some forms of chronic strain,
relationship quality, and support from partner and mother. Fully integrated
biopsychosocial investigations with large samples are needed to advance our
knowledge of PPD etiology.
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INTRODUCTION

The birth of a child most often evokes maternal feelings of happiness and joy, but much less
attention is paid to the fact that postpartum depression (PPD) is also present for many new mothers
(Gavin et al. 2005). The conflict between the positive emotions that new mothers often think they
should feel and the reality of depressed mood and anxiety that many of them actually experience
can be confusing and overwhelming. Women may expect that these symptoms will subside without
treatment, and this is generally the case for postpartum blues, a milder mood disruption within the
first 10 days after delivery (Grigoriadis & Romans 2006, O’Hara & Wisner 2014). However, PPD
is a clinical condition that lasts for at least two weeks, creates significantimpairment in functioning,
and typically requires professional treatment [Diagnostic and Statistical Manual of Mental Disorders,
fourth edition, text revision (DSM-IV-TR); Am. Psychiatr. Assoc. 2000].

A large body of empirical studies has examined risk factors for PPD. Current evidence can
be categorized into two categories, biological and psychosocial. For the most part, the biological
research addresses the endocrine system, the immune system, and genetic factors (for reviews, see
Bloch et al. 2003, Brummelte & Galea 2010, Corwin et al. 2010, Corwin & Pajer 2008, Skalkidou
etal. 2012), and the psychosocial literature addresses stressors and interpersonal relationships (for
reviews, see Beck 2001, O’Hara 2009, O’Hara & Swain 1996, Robertson et al. 2004). Review
papers typically concern only one of these bodies of research (for an exception, see Hopkins
et al. 1984). The downside of this bifurcated literature on PPD is that biopsychosocial processes
and interactions are neglected, and integrative models remain underdeveloped and untested. The
present review incorporates the empirical evidence from both research domains in an effort to

Yim et al.
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provide an expanded perspective on PPD risk, to foster integrative work, to provide insight into
biobehavioral mechanisms in PPD etiology, and to identify potential avenues for interventions.

We begin by defining PPD, describing its symptoms and assessment, and specifying how a di-
agnosis is determined for research purposes. We then introduce models of the etiological pathways
leading to PPD. The main body of the review has three sections: (#) biological processes/factors,
including endocrine, immune/inflammatory, and genetic/epigenetic risk factors; (#) psychosocial
processes/factors, including stress and interpersonal risk factors; and (¢) integrative studies. We
conclude with an evaluation of the current state of the literature and suggest promising directions
for future research.

Definitions, Classifications, and Assessment

The same criteria used to diagnose major depressive disorder apply in the postpartum period
(DSM-IV-TR; Am. Psychiatr. Assoc. 2000). A postpartum specifier can be attached to the diagnosis
if symptom onset occurred within four weeks after delivery. In the DSM-5 (Am. Psychiatr. Assoc.
2013), this has been expanded to a “peripartum specifier,” indicating onset at any time during
pregnancy or the first four weeks post partum. The International Statistical Classification of Diseases
and Related Health Problems, 10th revision (ICD-10) (World Health Organ. 1992) lists criteria
for postpartum depressive episodes similar to those in the DSM-IV-TR, but it specifies symptom
onset within six weeks post partum. In empirical research, definitions of the postpartum period are
more variable, including anywhere from the first few hours after delivery up to one year. Symptoms
of postpartum blues, a risk factor for PPD (Dennis 2004), have therefore been included in the
present review.

A complexity given this definition is that PPD can be a first episode of depression (de novo), or
it may be preceded by depressive symptoms in the present pregnancy, in previous pregnancies, or
in previous postpartum periods, and it may also occur within the context of a lifetime history of
depression. In particular, a history of puerperal depression—that is, depression in this or previous
pregnancies and PPD following previous pregnancies—and nonpuerperal depression, anxiety, and
stress typically have moderate to strong associations with PPD (Beck 2001, Grigoriadis & Romans
2006, O’Hara & Swain 1996, Robertson et al. 2004). Thus, although disagreement exists about
whether PPD is a disorder distinct from other depressions, it is unique in at least two ways. First, it
is preceded and accompanied by major biological adaptations that may also affect mood. Second,
PPD not only affects the mother but also adversely affects the newborn’s cognitive, behavioral, and
emotional development (Feldman et al. 2009, Fihrer et al. 2009), with effects potentially lasting
into adolescence (Verbeek et al. 2012).

Most reports indicate that 10% to 15% of new mothers experience PPD, with the most recent
meta-analysis estimating the prevalence within three months after delivery at 19.2% for minor and
7.1% for major PPD (Gavin et al. 2005) (see The Importance of Culture sidebar). Comorbidity
studies suggest that PPD is likely to co-occur with other psychiatric disorders that affect women
after birth, most commonly anxiety disorders (Figueira et al. 2009, Le Strat et al. 2011).

The gold standard for diagnosing PPD is a clinical interview, the most well known of which
is the Structured Clinical Interview for the DSM-IV (First et al. 2002). Shorter screening tools,
most prominently the Edinburgh Postnatal Depression Scale (EPDS; Cox et al. 1987) are also
commonly used in research because they are reliable, well validated, and often more practical
and cost-effective in wide screening for PPD risk. In particular, the EPDS has demonstrated a
sensitivity of 95% and specificity of 93% compared to DSM-III criteria (Harris et al. 1989). In
this review, we reserve the term PPD for studies in which a categorical designation was made
based on a diagnostic interview or scores above a specified cutoff on a screener and we refer to
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THE IMPORTANCE OF CULTURE

Most Western societal studies of PPD report PPD incidence of 10% to 15% (Gavin etal. 2005). However, Halbreich
& Karkun’s (2006) review of 143 studies from 40 countries suggests a range of prevalence from almost nonexistent
to well above 50%, which the authors partially attribute to cultural factors including variability in the definition
and expression of depressive symptoms. Other cultural factors are dietary proscriptions and restrictions, sources
and types of stress, social support, parental gender roles, religious customs, and attitudes and norms about mental
health in general. For example, PPD rates are low and symptom onset is delayed in cultures that emphasize
family support to the mother over the first month post partum (Halbreich 2005). Cultural beliefs and values
surrounding childbearing, family structure and function, and the maternal role are also particularly important in
shaping postpartum maternal mental health (Stern & Kruckman 1983). Protective factors, such as cultural rituals
that help mothers, and vulnerability factors, such as cultural devaluing of female children, have been highlighted as
well (Bina 2008). Overall, examinations of a woman’s experience of cultural traditions and her family’s observation
of them have been neglected and are important to include in any complete analysis of PPD.

PPD symptoms when a measure of depressive symptoms was used to produce a continuous score
reflecting number and degree of symptoms. In summary statements we default to the broader
term “PPD symptoms.”

Etiological Models of Postpartum Depression

Classic biological models of PPD can be conceptualized as withdrawal models that concern the
fact that reproductive hormones (Chrousos et al. 1998, Douma et al. 2005) and stress hormones
(Glynn et al. 2013, Kammerer et al. 2006) rise dramatically prior to delivery and then drop sud-
denly at delivery, which is hypothesized to trigger system dysregulation and depressive symptoms
in a subset of vulnerable women. Support for these theories comes from observations of a re-
productive subtype of depression related to hormonal fluctuations during the menstrual cycle,
puberty, pregnancy, the postpartum period, and menopause (e.g., Payne et al. 2009) and from
treatment studies (for a critical review, see Moses-Kolko et al. 2009) and case reports (e.g., Ahokas
et al. 1999) documenting a rapid improvement in symptoms after estradiol administration. (See
Evolutionary Perspectives sidebar.)

In contrast, psychological models such as the stress process model (Pearlin et al. 1981) and
the cognitive behavioral model of PPD (O’Hara et al. 1982) emphasize the deleterious role of
psychological stressors (e.g., father abandonment, financial strain) and underlying cognitive vul-
nerabilities (e.g., negative attributional style) and the ameliorating role of psychosocial resources
(e.g., social support, self-esteem). These theorists have posited that pregnancy, childbirth, and
new parenthood are stressors for many mothers, helping to explain why women may be especially
vulnerable to depression at this life stage. Psychological models have consistently found supportin
the psychological literature and are still quite influential, as is evident from our systematic review.

Biological and psychological theories have guided research and provided insight into an im-
portant piece of the PPD puzzle, but they do not help us understand how psychosocial stress
processes are instantiated in women’s brains and bodies, nor how genetic or epigenetic changes
interact with psychosocial risk factors to influence PPD risk. To bridge this divide, integrated
models have been developed, including the stress vulnerability model, which proposes that stress
can trigger PPD in women with genetic, hormonal, and cognitive vulnerabilities (O’Hara et al.

15.4  Yimetal
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EVOLUTIONARY PERSPECTIVES

Why does PPD exist at all? Theoretical perspectives from evolutionary science offer explanations for PPD as
an adaptation to or a byproduct of modern civilization. Hagen (1999) proposed that PPD facilitates maternal
disinvestment in offspring that are unlikely to survive and later reproduce, and it also broadcasts the mother’s
need for support. In line with this view, the present review points to poor infant and maternal health and lack of
social support (father abandonment, poor family support) as predictors of PPD. More recently, Hahn-Holbrook
& Haselton (2014) proposed that current high rates of PPD are a byproduct of major changes in motherhood
over the last century, leading to the conclusion that PPD may be a “disease of civilization.” For example, early
weaning, low omega-3 fatty acid consumption, vitamin D deficiency, sedentary lifestyles, and isolation from family
are more prevalent today than in the past. Each has been associated with increased risk of PPD and with elevated
inflammation.

These two evolutionary perspectives are complementary: The adaptationist perspective is a framework for
understanding why PPD initially served an adaptive purpose, whereas civilization byproduct accounts explain why
PPD is common today even among women with healthy babies and supportive partners.

1991). There is evidence to support this theory (e.g., Ross et al. 2004), although most studies
have relied on family and personal history of depression as proxies for underlying genetic risk.
More recently, Halbreich’s (2005) bio-psycho-social-cultural model overlaid the stress vulner-
ability model with additional biological sophistication and added cultural aspects to the list of
moderating variables. By this account, biological vulnerability is conceptualized as a genetically

derived hypersensitivity to hormonal changes and to dysregulation or impaired adaptation mech-

anisms in the central nervous system. This vulnerability is thought to interact reciprocally with

the environment, both shaping the organism’s responses to environmental challenges and being

shaped by stressors and positive experiences over the life span. Very few studies have attempted
to test these integrated models.

METHODS

Search Strategy

A systematic literature search was performed according to guidelines in the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) statement (Moher et al. 2009).
Searches were conducted in PubMed and PsycINFO. Keywords included combinations of the
words postpartum or postnatal and depression. These terms were combined with broader search

words: biological, psychological, social, and psychosocial, as well as more specific search words:

endocrine, hormone, immune, inflammatory, cytokine, genetic, stress, demands, events, couple

relationship, partner, marital, marriage, close relationship, interpersonal, social, family, social

network, social support, and integration.

Inclusion and Exclusion Criteria

Studies were considered if they were published between January 2000 and December 2013 and
appeared in peer-reviewed, English language journals. For a study to be eligible for inclusion,

four criteria had to be met. First, participants in a study gave birth within the past year. Second,
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assessments of PPD symptoms by clinical interview or questionnaire were done any time between
one day and one year after delivery. Third, a biological measure (reproductive, stress or thyroid
hormones, immune/inflammatory, genetic factors) or psychosocial measure (stress or interper-
sonal factor) was administered at least once during pregnancy and/or within the first year post
partum. Finally, a statistical result indicating the relationship between the predictor (biological or
psychosocial variables) and the outcome (PPD or symptoms thereof) was reported. Single case
studies, treatment and intervention studies, studies on depression during pregnancy, and abortion
studies were not considered. Studies on other psychiatric conditions including postpartum psy-
chosis, anxiety disorders, and posttraumatic stress disorders were excluded, as were mixed samples
when results were not available for PPD as a separate outcome. Studies on nonhuman animals
were also considered to be beyond the scope of this review.

Selected Studies

The search strategy yielded 2,601 hits in PubMed and 2,533 hits in PsycINFO, resulting in 3,597
records after removal of 1,537 duplicates (see Figure 1 for details). Titles and/or abstracts of these
records were screened, and 3,262 did not meet eligibility criteria. Of the remaining 335 full-text
articles, 120 were excluded for various reasons. Among the remaining 215 publications, four pairs
of records provided findings that were based on identical samples. The two papers were treated

2,601 recordsidentil ed 2,533 recordsidentil ed
through PubMed through PsycINFO

\ 4 \ 4
[ 3,597 records after 1,537 duplicates were removed ]

Y
3,597 titlesand/or
[ abstracts screened ]—»[ 3,262 records excluded ]
120 records excluded
* no/inadequate predictor assessment (n = 37)
A 4 - no/inadequate outcome assessment (n = 29)

335 full-text articles « assessment outside del hed time frame (n = 23)
assessed for eligibility * PPD was predictor, not outcome (n = 11)
« intervention study (n=9)
» combined data for mothersand fathers (n= 2)
* inadequate quality (n=9)

L J

Y
215 full-text articles 25 records with sample overlap
based on 200 individual « 8 records based on 4 studies (identical samples)
studiesincluded « 17 records based on 6 studies (sample overlap)

Figure 1

Flow chart following guidelines in the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement
(Moher et al. 2009).

15.6  Yimet al.
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as a single publication and reported in a combined table entry, resulting in a total of 211 table
entries. If samples were overlapping but notidentical, each publication received an individual table
entry. This affected 17 publications from six studies. Thus, our systematic review includes 215
publications from 200 studies, reported in 211 table entries.

The 200 studies report on a total of 151,651 women who were assessed at least once within the
first year post partum (the total includes the highest reported  for each set of overlapping samples).
Sample sizes varied from 16 participants in one influential study (Bloch et al. 2000) to 15,389 in
a report on three large cohorts of women from Australia (Eastwood et al. 2013). On average,
the 49 studies in the biological section included fewer participants (M = 238.0, SD = 353.0;
range: 16-1,804) than the 151 studies in the psychosocial section (M = 954.7, SD = 2,118.0;
range: 35-15,389); the average sample size was smallest among the 11 integrative studies (M =
179.5, SD = 129.0; range: 41-419). Studies were predominantly conducted in North America
(42.2%) and Europe (24.6%), with the remaining studies from Oceania (13.6%), Asia (13.1%),
South America (5.0%), and Africa (1.5%). Considering individual countries, more than one-third
of all studies were conducted in the United States (38.5%), followed by Australia (8.5%), Canada
(7.5%), and the United Kingdom and Brazil (both 4.0%). Almost all studies relied on convenience
samples. Because of space constraints, the detailed table reporting, for each paper, the study design
(longitudinal versus cross-sectional), participant characteristics, predictor(s) including the timing
of their assessment, control variables, measure(s) of PPD including the timing of their assessment,
and relevant results, is presented in Supplement A (follow the Supplemental Material link from
the Annual Reviews home page at http://www.annualreviews.org).

BIOLOGICAL PREDICTORS OF POSTPARTUM DEPRESSION

Normal human pregnancy is characterized by substantial biological changes designed to maintain
the pregnancy, support fetal development, and promote labor, delivery, and lactation. To meet
the often-conflicting needs of the mother and the quickly developing fetus, the female body is
equipped with considerable adaptive capacity. After delivery of the baby and the placenta, the
intricate balance that sustained the maternal-placental-fetal unit throughout gestation is suddenly
obsolete, and the maternal systems undergo dramatic biological changes within the first postnatal
days. Depending in part on how long a woman breastfeeds, the new nonpregnant biological
balance may take many months to establish. Ultimately, these biological adjustments may also
impact maternal mental health.

Partial reviews are available that cover biological processes broadly (Skalkidou et al. 2012,
Wisner & Stowe 1997, Zonana & Gorman 2005), with emphasis on the endocrine system (Bloch
etal. 2003, Brummelte & Galea 2010, McCoy et al. 2003), the immune system (Corwin & Pajer
2008, Kendall-Tuackett 2007) or genetic factors (Corwin et al. 2010). Our systematic review of all
qualified studies on endocrine, immune/inflammatory, and genetic predictors of PPD provides
an up-to-date and comprehensive review of the state of the biological evidence and highlights
intersections with the psychosocial literature.

Review of Endocrine Studies

Within this literature, we reviewed reproductive, stress, and thyroid hormones. Because of space
constraints, and because this literature is conceptually distinct, we provide the review of thyroid
hormones in Supplement B (follow the Supplemental Material link from the Annual Reviews
home page at http://www.annualreviews.org). The Thyroid System sidebar provides a brief
summary of the findings.

www.annualreviews.org * Predictors of Postpartum Depression
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THE THYROID SYSTEM

Symptoms of PPD overlap with those of postpartum thyroiditis, a typically temporary dysregulation of the thyroid
affecting 5% to 7% of women in the first year after delivery (Kennedy et al. 2010). This observation has led
to the development of theories implicating the thyroid system in PPD. For example, it has been suggested that
pregnancy-related changes in the thyroid system may impair the activity of the serotonin system (Hendrick et al.
1998, Upadhyaya et al. 1992) or alter estrogen receptor sensitivity (Sylvén et al. 2013, Vasudevan et al. 2002). A
systematic review of thyroid factors implicated in PPD risk is provided in Supplement B. We identified 11 studies
that tested the link between thyroid antibodies or thyroid hormones and PPD symptoms. Whereas some studies
linked positive antibody status with PPD symptoms, others reported null findings. Similarly, some studies suggest
links between higher TSH and lower T3 and T4 levels with PPD symptoms, as theorized, but larger studies do not
provide evidence of such links. Thyroid markers should not be studied in isolation but rather in interaction with

closely related biological factors, most prominently estrogen.

Reproductive hormones. Reproductive hormones play an important role in orchestrating preg-
nancy, labor, and birth. They have also been implicated in nonpuerperal depression. A review of
30 years of literature finds that mood disturbance is associated with the sudden withdrawal of es-
trogen, estrogen fluctuations, and sustained estrogen deficiencies (Douma et al. 2005). Likewise,
progesterone is thought to be protective against depression because of its anxiolytic and anesthetic
properties (Herrmann & Beach 1978, Itil et al. 1974) and because it modulates serotonergic re-
ceptors (Biegon et al. 1983). Thus, shifts in estrogen and progesterone during pregnancy and post
partum may contribute to PPD (Bloch et al. 2000).

Reproductive hormones increase over the course of pregnancy to a degree that is unparalleled
by any other neuroendocrine events (e.g., menstruation, puberty, menopause) in the life span
of a healthy female. Most prominently, estriol increases by approximately 1,000-fold (Speroff
et al. 1983). Estradiol increases approximately 50-fold, progesterone 10-fold, (T'ulchinsky et al.
1972), and prolactin 7-fold (Bloch et al. 2003); testosterone shows modest increases compared to
prepregnancy levels (Bammann et al. 1980), and oxytocin increases just before parturition (Leake
et al. 1981). Most hormones return to prepregnancy levels within one to two weeks (Bloch et al.
2003). However, in breastfeeding women, prolactin remains elevated, and breastfeeding bouts
trigger acute increases in both prolactin and oxytocin, while estradiol and progesterone levels are
suppressed during lactation amenorrhea (Battin et al. 1985).

Estrogens. The strongest evidence that estrogen withdrawal plays a causal role in PPD comes
from Bloch et al.’s (2000) double-blind pregnancy-simulation study in which synthetic estradiol
and progesterone were administered and then withdrawn, triggering symptoms of depression in
the eight women with a history of PPD but not in the eight women without a history of PPD.
Of note, at no time were group differences in estradiol or progesterone levels observed, nor was
either hormone correlated with EPDS scores. This small but influential landmark study suggests
that women with a history of PPD may be differentially sensitive to the mood-destabilizing effects
of changes in gonadal steroids and that the assessment of estradiol and progesterone levels may
not be an appropriate measure to adequately reflect the processes through which these hormones
impact PPD development.

Accordingly, little support exists for the association of the magnitude of the perinatal estrogen
drop or perinatal estrogen levels with PPD. In a study of 70 mothers without a psychiatric history,

Yim et al.
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O’Keane et al. (2011) found no link between the severity of postpartum blues symptoms and
the magnitude of the estriol drop between 36 weeks’ gestational age (GA) and the first week
post partum. Two smaller studies not selecting for psychiatric history also report the lack of an
association between late-pregnancy levels of estradiol (Chatzicharalampous et al. 2011, Ingram
et al. 2003) or the magnitude of the estradiol drop (Chatzicharalampous et al. 2011) and PPD
symptoms within six months post partum.

All nine studies on endogenous estrogen and PPD symptoms obtained a measure postpar-
tum, hypothesizing that if estradiol is psycho-protective, lower naturally occurring estrogen levels
should be associated with PPD symptoms. However, the majority of studies report null results or
point to higher estradiol as a risk factor. The largest study of 192 new mothers at five days post
partum found that mothers with a PPD diagnosis had higher levels of plasma estradiol on the third
but not the first day after birth compared to healthy controls (Klier et al. 2007). Another study
found a link between higher estradiol and a concurrent PPD diagnosis within the first six months
post partum (Epperson et al. 2006). Neither study controlled for breastfeeding, which is a viable
confounding variable associated with both lower rates of PPD (Dennis & McQueen 2009) and
higher levels of estradiol (Battin et al. 1985). The one study that did find evidence for a psycho-
protective effect of postpartum estrogen was also the lone study measuring the estrogen subtype
estriol (O’Keane etal. 2011). In that study, blues symptoms within the first week post partum were
inversely correlated with estriol levels. All other studies failed to detect a link between postpar-
tum levels of estradiol and PPD symptoms (Chatzicharalampous et al. 2010, Hohlagschwandtner
et al. 2001, Ingram et al. 2003, Nappi et al. 2001, Okun et al. 2011, Stuebe et al. 2013). In sum,
little evidence supports estrogen withdrawal theories, and biological vulnerability models remain
largely untested.

Progesterone. Similarly, few studies implicate progesterone withdrawal in PPD risk. Proges-
terone levels after 36 weeks’ GA were not associated with PPD symptoms in three small studies
(Chatzicharalampous etal. 2011, Ingram et al. 2003, O’Keane et al. 2011). Moreover, two of these
studies found no evidence that the magnitude of the perinatal progesterone drop predicted PPD
symptoms (Chatzicharalampous et al. 2011, O’Keane et al. 2011).

If progesterone is psycho-protective, women with higher naturally occurring levels of proges-
terone post partum may experience lower rates of PPD symptoms. Consistent with this hypothesis,
alongitudinal study of 54 mothers found that progesterone levels within 12 to 48 hours after birth,
butnotat I or 4 weeks post partum, were inversely related to PPD symptoms 6 months after deliv-
ery (Ingram et al. 2003). Three small studies report on the absence of a link between progesterone
and concurrent symptoms of depression between 1 and 17 weeks post partum (Nappi et al. 2001,
Okun et al. 2011, Stuebe et al. 2013). In sum, little evidence suggests that progesterone in late
pregnancy or post partum predicts PPD symptoms, but studies have been small, and moderators
associated with vulnerability to hormone changes remain untested.

Prolactin. Few studies addressed the role of prolactin for PPD risk, and most assessed prolactin
post partum. One exception is the Ingram et al. (2003) study of 54 mothers that reports lower
prolactin at 36 weeks’ GA with higher likelihood of PPD symptoms at six months post partum.
However, this association did not hold after controlling for progesterone and stressful life events.
Moreover, no significant association between PPD symptoms and the magnitude of the perinatal
prolactin drop was observed.

Prolactin has anxiolytic properties and is thought to contribute to the stress-buffering effects
of lactation consistently observed in studies of humans and rats (T'orner & Neumann 2002).
Therefore, higher basal levels post partum may be protective against PPD onset. In line with this
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view, two studies with partially overlapping samples found that women in the highest decile on the
Profile of Mood States-Depression subscale between four and six weeks post partum had lower
levels of prolactin compared to the other women in the sample (Groér 2005, Groer & Morgan
2007). However, a study of 48 women found no association between PPD symptoms and prolactin
atbaseline and in response to breastfeeding at two and eight weeks post partum (Stuebe etal. 2013).
One study suggests no prospective link between prolactin in the first week post partum and PPD
symptoms at six months (Ingram et al. 2003). In sum, although data are mixed, it is noteworthy
that the two largest studies suggest an inverse association between PPD and prolactin.

Oxytocin. One prospective study of 73 Swiss women who were symptom free at the time of
recruitment found that lower oxytocin levels between 21 and 32 weeks” GA predicted more PPD
symptoms within the first two weeks post partum (Skrundz et al. 2011). Lower baseline oxytocin
at two and eight weeks was also associated with concurrent symptoms of PPD in a study of 48 US
women (Stuebe etal. 2013). In that study, lower oxytocin released in association with breastfeeding
or pumping was also linked with more symptoms at eight weeks but not at two weeks post partum.
A cross-sectional study of 35 women with and without cocaine use during pregnancy found no
evidence for such a link between 1 and 11 months post partum (Light et al. 2004), but these latter
findings should be considered in light of the small sample, the unique population, and the large
window for PPD assessment. In sum, this small literature suggests that lower levels of oxytocin in
pregnancy or post partum may be a risk factor for PPD.

Testosterone. A prospective study of 57 women provided no evidence that testosterone levels
late in pregnancy or the magnitude of the perinatal drop were associated with PPD symptoms in
the first four postpartum days or at six weeks post partum (Chatzicharalampous et al. 2011). That
study also reports on the absence of a link between concurrently assessed testosterone and PPD
symptoms within the first four days and at six weeks post partum. In contrast, a correlational
study of 193 women suggests a positive association between testosterone and PPD symptoms
within the first three postpartum days (Hohlagschwandtner et al. 2001).

Summary. The empirical evidence does not support a role for estrogen or progesterone with-
drawal in the development of PPD symptoms, but studies have not tested moderators of biological
vulnerability such as a history of depression or life stress. Furthermore, associations of estrogen or
progesterone post partum with PPD symptoms were either significant in the unexpected direction
or nonsignificant, with one notable exception for estriol. Conclusions about prolactin and testos-
terone are limited by the paucity of available studies, but a small but fairly consistent literature
links lower perinatal oxytocin to more PPD symptoms. For prolactin, significant inverse corre-
lations only emerged when assessments were made approximately four to six weeks post partum.
Breastfeeding was not carefully controlled in most studies.

Stress hormones. The negative mood, cognitive difficulties, and heightened anxiety that are
characteristic of depressive disorders are hypothesized to involve dysregulation of the body’s
stress response systems such that affective and biological stress responses occur in disproportion
to events or persist for extended periods of time (Ehlert et al. 2001). Stress hormones, in particular
those of the hypothalamic-pituitary-adrenal (HPA) axis, have been implicated in nonpuerperal
depression (Bao etal. 2008, Gold & Chrousos 2002). In principle, stress hormones follow a pattern
similar to reproductive hormones, such that they increase over the course of pregnancy and then
drop after delivery. However, the neuropeptide corticotropin-releasing hormone (CRH) increases
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exponentially over the course of pregnancy (McLean et al. 1995, Sandman et al. 2006), reaching
levels observed only under conditions of stress in the median eminence, a local portal system
connecting the hypothalamus with the pituitary gland (Lowry 1993). This exponential increase
occurs because CRH, which is typically released by the hypothalamus, is also produced by the
placenta (Sasaki et al. 1984). Because cortisol stimulates placental CRH production (Sandman
et al. 2006), a positive feed-forward loop is established. Thus, (stress-related) cortisol increases
early in pregnancy may result in accelerated CRH increases throughout pregnancy.

Corticotropin-releasing hormone. A prospective study of 100 women found accelerated CRH
trajectories between 23 and 26 weeks” GA and higher CRH levels between 18 weeks’ GA and the
end of pregnancy among women with PPD symptoms at 9 weeks post partum (Yim et al. 2009).
Similarly, a prospective study of 210 pregnant women found more pronounced increases in CRH
from 29 to 37 weeks” GA and higher absolute levels at 37 weeks’” GA with PPD symptoms at
8 weeks post partum (Hahn-Holbrook et al. 2013). An earlier finding by Rich-Edwards et al.
(2008), however, suggests a lack of association between CRH levels between 25 and 37 weeks’ GA
and PPD symptoms at 6 months post partum. Glynn & Sandman (2014) reconcile these seemingly
contradictory findings by showing a significant association of CRH levels and trajectories with
PPD symptoms at 3 months but not at 6 months post partum. Meltzer-Brody et al. (2011) report
the absence of a link between CRH before 20 weeks’ and between 24 and 29 weeks” GA and
PPD symptoms at 12 weeks and 1 year post partum. However, their study used a less validated
assay technique, and, as Glynn & Sandman (2014) point out, that study also failed to detect the
well-established link between CRH and gestational length (McLean et al. 1995, Sandman et al.
2006). Only one study assessed the magnitude of the perinatal CRH drop and found larger CRH
decreases from 36 weeks’ GA to the first week post partum with less pronounced PPD symptoms
(O’Keane etal. 2011), contradicting the withdrawal hypothesis. None of the studies assessing CRH
post partum report a significant link with PPD symptoms (O’Keane etal. 2011, Stuebe etal. 2013).

Adrenocorticotropic hormone. The emerging link between CRH in pregnancy and PPD symp-
toms does not replicate for adrenocorticotropic hormone (ACTH). Yim et al. (2009) found higher
baseline levels of ACTH at 25 (but not at 15, 19, 31, and 37) weeks’ GA in women with PPD
symptoms at 9 weeks post partum compared to those without, but this association did not hold
after controlling for CRH. Similarly, Glynn & Sandman (2014) report on the absence of a link
between ACTH assessed repeatedly in pregnancy and PPD symptoms at 3 and 6 months post
partum. One study tested the link between PPD symptoms and the magnitude of the perinatal
ACTH drop and reports null findings (O’Keane et al. 2011). Two studies assessed baseline levels
of ACTH after birth, with one confirming null findings at 4 to 6 weeks post partum (Groér 2005),
and the other reporting higher ACTH with more symptoms in the first postnatal week (O’Keane
etal. 2011).

Finally, a study using treadmill exercise as a stressor to elicit ACTH responses did not find
differences in ACTH reactivity between women with and without PPD symptoms at 6 and
12 weeks post partum (Jolley et al. 2007). However, the ACTH-to-cortisol regression line
differed, such that cases showed higher ACTH with lower cortisol levels at each assessment.

g-Endorphin. One study tested the link between p -endorphin in pregnancy and PPD symptoms
and suggests the absence of an overall effect (Yim etal. 2010). However, among women who report
being euthymic at 25 weeks’ GA, those with higher f-endorphin levels across pregnancy were
more likely to experience symptoms at 9 weeks post partum. This finding highlights the importance
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of studying subgroups of women and lends support to the CRH literature that found the time
around 25 weeks’ GA to be a crucial one in predicting PPD risk.

Cortisol. Studies of cortisol fairly consistently report null findings'. Only two studies, both con-
ceptualizing PPD as a categorical variable and both assessing cortisol post partum, found significant
associations with PPD symptoms. Groer & Morgan (2007) found that salivary (but not serum)
cortisol was positively associated with PPD symptoms at four to six weeks post partum. Taylor
etal. (2009) documented the absence of an expected free cortisol increase within 30 minutes after
waking in symptomatic women, indicating an impairment in HPA axis sensitivity to endogenous
stimuli (i.e., waking up) in symptomatic women.

Two studies tested the link between cortisol responses to external stimuli and PPD symptoms.
Women with more pronounced cortisol responses to an acute psychosocial laboratory stressor
between 13 and 31 weeks’ GA had greater PPD symptoms 2 to 27 days following delivery (Nierop
etal. 2006). The same study yielded null findings for baseline cortisol levels, suggesting that stress
reactivity may be more important in the pathophysiology leading to PPD than baseline hormone
levels. However, a small study of 22 new mothers using treadmill exercise as a stressor did not
find differences in cortisol reactivity between women with and without PPD symptoms at 6 and
12 weeks post partum (Jolley et al. 2007).

Catecholamines. One study suggests a link between higher peripheral norepinephrine (but not
epinephrine) levels and PPD symptoms assessed concurrently between 1 and 11 months post
partum in 35 new mothers, 10 of whom used cocaine during pregnancy (Light et al. 2004). The
small sample size, the unique population, and the large postpartum time frame in this study make
it impossible to draw inferences at this time.

Summary. Emerging evidence indicates that accelerated CRH trajectories and higher levels of
CRH in mid-to-late pregnancy may be predictive of PPD symptoms during the first few postpar-
tum months. This association does not seem to extend to other HPA axis hormones. The finding
from the B -endorphin literature that associations may emerge for subgroups of individuals holds
promise. The majority of studies on postpartum stress hormones yielded null findings. The few
studies assessing stimulated HPA axis activity suggest that stress reactivity may be an important
area for future research.

Review of Immune/Inflammatory Studies

The immune system’s function is to protect the body from pathogenic organisms and foreign
substances by attacking what it identifies as foreign while recognizing and protecting what it
identifies as self. During pregnancy, this task is complicated by the genetically distinct fetus, which
carries paternal antigens that are foreign to the maternal immune system but that nevertheless
should not be attacked by it (Zenclussen 2013). The exact mechanism by which the developing fetus
is tolerated by the maternal immune system is not completely understood, but evidence suggests
that this process involves a shift in the inflammatory balance of the innate immune system (Corwin
& Pajer 2008, Elenkov & Chrousos 2002).

!"These nonsignificant findings are not further discussed here, but studies are included in Supplement A (see table entries
#7,14, 15, 35,48, 201, 206 for cortisol in pregnancy, entries #35, 204 for the perinatal cortisol drop, and entries #14, 16, 20,
26,27, 34-36, 44, 201, 204 for cortisol post partum).
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The innate immune system is regulated by an intricate balance of proinflammatory cytokines
[e.g., interleukin (IL)-6, IL-1B, tumor necrosis factor-alpha (TINF-a)] that initiate the inflamma-
tory response and anti-inflammatory cytokines (e.g., IL.-10) counteracting these effects. Pregnancy
is characterized by moderate increases in IL-6 and unchanged levels of IL-10 until 35 weeks” GA,
followed by a sevenfold increase in IL-6 and an approximate 50% increase in IL-10 by the time
of delivery (Kronborg et al. 2011). In the first few days after delivery, this proinflammatory state
is further enhanced (Maes et al. 2000) and is not unlike that characteristic of depression. Height-
ened inflammation associated with psychological or biological stressors or sickness is consistently
associated with depressive symptoms in nonpuerperal cases of depression (Raison et al. 2006).
Because of these parallels, the proinflammatory state that is characteristic of late pregnancy and
the early postpartum period has been argued to be of relevance for PPD (Kendall-Tackett 2007).
We identified 11 studies investigating the link between immune/inflammatory risk factors and
PPD.

Cytokines. Most studies assessed proinflammatory cytokines around the time of delivery and
PPD symptoms within the first six weeks post partum. For example, a study of 91 women showed
that those whose depressive symptoms increased over the first few days after delivery had higher
levels of IL-6 and the IL-6 receptor (Maes et al. 2000). Another small study linked depressive
symptoms with increased levels of IL-13 and with the absence of the expected declines in IL-6
concentrations over the first four weeks after birth (Corwin et al. 2008). Boufidou et al. (2009)
report in 56 mothers that IL-6 and TNF-a at the time of labor are positively correlated with
EPDS scores within the first four days and six weeks post partum, although some associations
were significant in cerebrospinal fluid but not in maternal peripheral blood. Although these three
studies suggest an exaggerated inflammatory response with PPD symptoms, others, including
some with larger sample sizes, suggest no link between PPD symptoms and proinflammatory
cytokines during labor (Skalkidou et al. 2009) or within the first months post partum (Groer &
Morgan 2007, Okun et al. 2011, Scrandis et al. 2008).

Two publications with overlapping samples, both reporting on approximately 200 women,
tested the association between IL-10 (an anti-inflammatory cytokine) and IFN-y (interferon
gamma, a facilitator of the inflammatory response) and symptoms of PPD at four to six weeks post
partum. Women scoring in the highest decile of the Profile of Mood States-Depression subscale,
an unspecific measure of PPD symptoms, had lower IFN-y levels and a lower IFN-y :IL-10 ratio,
the latter indicating suppressed cellular immunity among symptomatic mothers (Groer & Morgan
2007). Findings further highlight the importance of breastfeeding, as IFN-y levels were correlated
with depressive symptoms among exclusively formula-feeding mothers but not among exclusively
breastfeeding mothers (Groer & Davis 2006). IL-10 was not associated with PPD symptoms in
either study.

C-reactive protein. Two studies assessed C-reactive protein (CRP), an overall marker of sys-
temic inflammation. The larger study of 1,053 women found no link between CRP on the second
postnatal day and PPD risk assessed concurrently and at 8 and 32 weeks post partum (Albacar
et al. 2010). In contrast, a study of 27 women at high risk for PPD showed a positive association
between CRP and the likelihood of developing PPD in the first five postnatal days but not between
five and six weeks post partum (Scrandis et al. 2008).

Summary. Studies examining inflammatory processes in the context of PPD have yielded in-
consistent results. Among the studies yielding significant findings, most provide evidence for an

exaggerated proinflammatory response in women with depressive symptoms. However, many
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studies had very small sample sizes and used unspecific screeners for depression. We surmise that
future work on inflammatory processes in the context of PPD symptoms may be one of the most
exciting areas of empirical investigation.

Review of Genetic and Epigenetic Studies

Many studies and meta-analytic reviews have investigated the role of genetics in major depression
in the general population (Flint & Kendler 2014), and studies on the contribution of epigenetic
factors have gained much momentum (Sun et al. 2013, Toyokawa et al. 2012). In comparison,
studies addressing genetic and epigenetic contributions to PPD remain rare. The largest of these
studies is an association study of 508 polymorphisms in 44 genes conducted on 1,804 new mothers
from Spain (