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Background: Adverse birth outcomes such as preterm birth and low birth weight are significant public health
concerns and contribute to neonatal morbidity and mortality. Studies have increasingly been exploring the pre-
dictive effects of maternal posttraumatic stress disorder (PTSD) on adverse birth outcomes. However, the biolog-
ical mechanisms by which maternal PTSD affects birth outcomes are not well understood. Allostatic load refers
to the cumulative dysregulations of the multiple physiological systems as a response to multiple social-ecological
levels of chronic stress. Allostatic load has been well documented in relation to both chronic stress and adverse
health outcomes in non-pregnant populations. However, the mediating role of allostatic load is less understood
when it comes to maternal PTSD and adverse birth outcomes.

Objective: To propose a theoretical model that depicts how allostatic load could mediate the impact of maternal
PTSD on birth outcomes.

Method: We followed the procedures for theory synthesis approach described by Walker and Avant (2011), in-
cluding specifying focal concepts, identifying related factors and relationships, and constructing an integrated
representation. We first present a theoretical overview of the allostatic load theory and the other 4 relevant the-
oretical models. Then we provide a brief narrative review of literature that empirically supports the propositions
of the integrated model. Finally, we describe our theoretical model.

Findings/Conclusions: The theoretical model synthesized has the potential to advance perinatal research by de-
lineating multiple biomarkers to be used in future. After it is well validated, it could be utilized as the theoretical
basis for health care professionals to identify high-risk women by evaluating their experiences of psychosocial
and traumatic stress and to develop and evaluate service delivery and clinical interventions that might modify
maternal perceptions or experiences of stress and eliminate their impacts on adverse birth outcomes.

Introduction suggested an inverse association of birth weight with all-cause mortality

in adults (Risnes et al., 2011).

Adverse birth outcomes including preterm birth and low birth weight
are significant public health concerns and contribute to neonatal mor-
bidity and mortality (Lawn et al., 2010, 2006). In 2013, the rates for
preterm birth and low birth weight were 11.4% and 8%, respectively,
in the United States (Martin et al., 2015). Two-thirds of low birth weight
(infants born <2500g) co-occurs with preterm birth (Martin et al.,
2012). Preterm birth has been estimated to cause up to 50% of chil-
dren’s neurodevelopment problems (e.g., low intelligence quotient, and
cerebral palsy; Allen, 2008; Goldenberg et al., 2008; Green et al., 2005;
Latendresse, 2009). Furthermore, a systematic review and meta-analysis
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A growing body of perinatal research has focused on maternal psy-
chosocial and sociodemographic stress and depression and their biolog-
ical pathways leading to adverse birth outcomes (Hellgren et al., 2013;
King et al., 2010; Shea et al., 2007; Voegtline et al., 2013). However,
traumatic stress and its posttraumatic stress disorder (PTSD) sequelae
have been much less frequently studied in relation to adverse birth out-
comes. In a study conducted in a large national sample of 9282 individu-
als aged 18 years and older from the United States, the overall estimated
lifetime prevalence of PTSD was 6.8% (Kessler et al., 2005a) and life-
time prevalence among females was 12.3% in the U.S. National Women’s
Study (Resnick et al., 1993). A recent systematic review showed the
mean prevalence of PTSD in pregnancy was 3.3% (95%CI: 2.44-4.54)
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in community samples and 18.95% (95%CI: 10.62-31.43) in high risk
samples (e.g., women with nausea, vomiting, or hyperemesis, or a his-
tory of child maltreatment) and the average rate for comorbidity of
PTSD and depression was 44.1% in pregnancy in 6 studies (Yildiz et
al., 2017). Thus, considering the impact of maternal pre-existing and
current trauma exposure and PTSD may add better understanding of
the stress-related etiology of adverse birth outcomes than focus on de-
pression alone.

Prior studies reported inconsistent findings with regard to the as-
sociations between maternal PTSD and birth outcomes, which may be
due to small sample sizes, lack of generalizability, and failing to con-
trol for some critical confounding factors including the type of trauma
(e.g., child maltreatment, and intimate partner violence), demographic
stress (e.g., socioeconomic status), co-occurring risk behaviours (e.g.,
tobacco, and drug use), and co-morbidities (e.g., depression) of PTSD
(Berkowitz et al., 2003; Chang et al., 2002; Engel et al., 2005; Lip-
kind et al., 2010; Morland et al., 2007; Rogal et al., 2007; Rosen et
al., 2007; Seng et al., 2001; Xiong et al., 2008). The study by Seng et al.
(2011b) and the two relatively recent studies (Shaw et al., 2014; Yonkers
et al., 2014) addressed several limitations of these previous studies and
consistently found significant relationships between maternal PTSD and
adverse birth outcomes.

Although significant relationships between maternal PTSD and ad-
verse birth outcomes were detected by these more recent studies with
large representative samples (Seng et al., 2011b; Shaw et al., 2014;
Yonkers et al., 2014), it is unclear what plausible biological pathways
are involved via which maternal PTSD affects birth outcomes. Describ-
ing the impact of maternal lifetime PTSD on adverse birth outcomes
and its biological pathways within the context of a theoretical model
could suggest new ways for understanding the etiology of adverse birth
outcomes.

Methods

We use theory synthesis as a strategy of theory building (Walker
and Avant, 2011). It offers a way to synthesize existing theories and
empirical evidence. The steps involved in theory synthesis include: (1)
specifying focal concepts; (2) identifying related factors and relation-
ships; and (3) constructing an integrated representation. First, to iden-
tify an applicable conceptualization of the relationship between stress
and health and its neurobiological mechanisms, we undertook a broad
literature search on PubMed and Google scholar with “stress/traumatic
stress/trauma”, “health/health outcome/disease”, “biology”, and “the-
ory” as search terms. The theory of allostatic load (AL; McEwen and
Stellar, 1993) was chosen because it is being applied in relation to stress
broadly defined to include toxic and traumatic stress and thus is useful
for PTSD research (Shonkoff et al., 2012). AL serves as a strong theoreti-
cal basis for understanding the complex and multiple biological mecha-
nisms of the impact of maternal PTSD on adverse birth outcomes. Based
on the AL theory, we specified focal concepts that could be included in
the synthesized theoretical model. We also reviewed and drew upon 4
previous theoretical models to build our proposed model. Then, to iden-
tify variables related to the focal concepts as well as the relationships
among variables. We did another broad literature search on PubMed
and Google scholar with “posttraumatic stress disorder”, “child mal-
treatment/childhood trauma”, “stress/traumatic stress/trauma”, “de-
pression”, “pregnancy”, “allostatic load”, and “preterm birth/low birth
weight/pregnancy complication” as search terms. Finally, we organized
the concepts into an integrated network and employed a diagram to
holistically depict interrelationships among concepts.

This article was organized as follows. We first present a theoretical
overview of the AL theory. Then we synthesize the work of 4 authors
(Beckie, 2012; Olson et al., 2015; Premji, 2014; Seng, 2002) whose the-
oretical models contribute to the model we propose. Synthesis of the
contributions of the four models and the additional contributions of our
model are then discussed. A brief narrative review that empirically sup-
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ports the propositions of the integrated model is then provided. Finally,
our theoretical model is described and implications for research, clinical
practice, service delivery, and policy are discussed.

Theoretical overview
The AL theory

The AL theory is a lifespan theory that may provide a theoretical
basis for understanding the relationships between stress, trauma, ma-
ternal PTSD and birth outcomes. AL refers to the accumulated multi-
system physiologic dysfunction resulting from chronic or severe stress
that could ultimately lead to disease (McEwen, 1998). When stress (e.g.,
traumatic life events, child maltreatment) occurs, physiological media-
tors (e.g., glucocorticoid hormones) are produced from multiple systems
(e.g., neuroendocrine, immune, and cardiovascular systems) to generate
the physiological adaptations to stress (McEwen and Wingfield, 2003).
The process leading to AL includes three stages: primary mediators, sec-
ondary outcomes, and tertiary outcomes (McEwen and Seeman, 1999).
First, the neuroendocrine system is activated and primary mediators
(i.e., cortisol, epinephrine, norepinephrine) are produced to generate
the acute stress response. Second, the other systems produce physio-
logical changes to generate a more long-term stress response, which
leads to secondary outcomes including dysregulations in immune (i.e.,
interleukin-6, C-reactive protein), metabolic (i.e., high density lipopro-
tein, glucosylated hemoglobin, glucose), and cardiovascular (i.e., sys-
tolic blood pressure, diastolic blood pressure) systems, and changes in
anthropometric parameters (i.e., body mass index, waist/hip). Finally,
the AL process results in the tertiary outcomes with clinical manifesta-
tion including morbidity and mortality. In response to chronic or severe
stress, these physiological mediators remain at abnormal levels, and this
process is termed as AL (Fig. 1). The overexpression to these mediators
has damaging effects on the body systems, leading to diseases (e.g., car-
diovascular diseases, diabetes; McEwen, 2006).

This cumulative, multisystem framework provides a more significant
and comprehensive pathway for understanding psychosocial and phys-
iological predictors of health risk than the more common approach of
concentrating on risks associated with individual systems. A compos-
ite measure of biomarkers may be a stronger predictor of adverse birth
outcomes associated with maternal PTSD (Seeman et al., 2001). AL is
commonly operationalized by combing multiple physiological indica-
tors from different systems into one single summary score. The count-
based method has been the most frequently used method, but other
scoring methods such as the Z-score, canonical correlation, and grade of
membership have been also used to create an AL index. Few studies have
compared those scoring methods and thus little is known which method
is optimal for use. Additionally, many combinations of biomarkers and
anthropometric indicators have been included in the AL summary mea-
sure. More work is needed to determine the optimal scoring method
and the best combinations of physiological indicators so that the AL
summary measure could reliably reflect the multi-system physiological
dysregulations.

Despite those methodological issues regarding measuring AL, a sub-
stantial number of studies have examined AL levels in relation to stres-
sors or health outcomes using data from large national-level studies in-
cluding the MacArthur Study of Successful Aging (MSSA), the Taiwanese
Social Environment and Biomarkers of Aging Study (SEBAS), and the
National Health and Nutrition Examination Survey (NHANES). Social
adversity was found to positively correlate with AL summary score
(Chyu and Upchurch, 2011; Gustafsson et al., 2011, 2012; Seeman et
al., 2008). In the MacArthur cohort study with a sample of 70-79-year-
old American adults, baseline AL summary score was highly correlated
with cardiovascular diseases (CVD), cognitive and physical decline, and
all-cause mortality over 12 years of follow-up (Gruenewald et al., 2009;
Seeman et al., 2004, 2001, 1997). AL summary score was also associated
with increased frailty 3 years later in these elders (Gruenewald et al.,
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Fig. 1. The allostatic load process.
Note. The solid arrow indicates the causal relationship.

2009). About 35.4% of SES effect on mortality was mediated by the AL
index score (Seeman et al., 2004). In the SEBAS, increased AL summary
score was associated with poorer health status (e.g., self-rated health,
activities of daily living, mobility) and cognitive impairments (Seplaki
et al., 2006). AL summary score was also associated with increased 3-
year mortality risk (Goldman et al., 2006). Cross-sectional studies using
the NHANES data examined the association between AL and all-cause
mortality and found AL summary score in relation to increased risk for
mortality (Borrell et al., 2010; Crimmins et al., 2009). Participants with
an AL summary score of 2 and >3 had mortality rates that were 40%
and 88% greater than those with a score of <1 (Borrell et al., 2010).
Taken together, AL has been reported in relation to psychosocial and
sociodemographic stress as well as various health outcomes. However,
AL remains to be fully applied in the context of women of childbearing
age and related health outcomes (Rosemberg et al., 2017)

According to the 2005 March of Dimes Research Agenda for
Preterm Birth, preterm birth is conceptualized as a “common, com-
plex disorder” caused by multiple pathways that involve interactions
among genetic, environmental, social, and behavioural factors. Ma-
ternal stress and stress-related physiological responses are one of 5
major pathways to preterm birth (Green et al., 2005). Maternal psy-
chosocial, emotional, or other environmental stress could increase the
risk of developing preterm birth through several interacting physio-
logical pathways: (1) neuroendocrine mechanisms via activating the
activities of maternal/fetal hypothalamic-pituitary-adrenal (HPA) axes
that could facilitate premature labour and enhance placental-fetal en-
docrine activities; (2) immune pathways via maternal/fetal/intrauterine
inflammatory processes, resulting in vulnerability to maternal infec-
tion and promoting preterm birth; and (3) maternal-placental-fetal
vascular mechanisms via the reduction of both uterine and umbil-
ical blood flow. Maternal stress causes the accumulated physiolog-
ical changes from multiple systems including neuroendocrine, im-
mune, and cardiovascular and eventually leads to preterm birth,
which is consistent with the AL theory (McEwen, 2000). Additionally,
given that immune/inflammatory, abnormal uterine distention, bleed-
ing/thrombophilias, and toxins or hormones are the other 4 pathways
to preterm birth, the cardiovascular and immune/inflammatory dys-
regulations that are parts of AL may also contribute some extent of
stress-related contributions to the immune/inflammatory and bleed-
ing/thrombophilias pathways to prematurity.

Synthesis of 4 previous theoretical models contributing to the model we
propose

Beckie (2012) proposed a heuristic AL model for understanding cu-
mulative, multisystem physiological consequences of health disparities
that could ultimately contribute to diseases. In that model, allostatic
challenges, including child adversity and genetic, environmental, so-
ciodemographic, psychosocial, behavioural, and clinical challenges, ini-
tiate the AL process involving changes in primary mediators, secondary
outcomes, and tertiary outcomes. According to Beckie’s model, primary
mediators include physiological indicators from neuroendocrine and im-
mune/inflammatory systems, secondary outcomes are systemic dysreg-
ulations of metabolic, cardiovascular, and inflammatory biomarkers,
and tertiary outcomes of AL emerge with clinical manifestations such
as physical and mental health problems, quality of life, and mortality.
The model does not focus on any specific health outcome and is not
pregnancy-specific, but provides us an organizing, cumulative, and mul-

tisystem framework that can be operationalized in research studies and
can be a theoretical basis for proposing a more specific model within
the childbearing context.

Seng’s (2002) conceptual framework focused on the impact of ma-
ternal PTSD on perinatal outcomes. It posited that PTSD’s effect might
be mediated by behavioural and neuroendocrine alterations. But it did
not consider the accumulated dysregulations from multiple physiolog-
ical systems that result from maternal traumatic stress and PTSD and
contribute to adverse perinatal outcomes. The framework was not in-
formed by the AL theory.

Olson et al. (2015) and Premji (2014) used the AL theory and con-
structed theoretical models to link perinatal distress or cumulative life
stressors to birth outcomes through AL. Premji (2014) proposed a theo-
retical model based on the AL theory to understand the contribution of
multiple forms of maternal perinatal distress on pregnancy outcomes for
women in low- and middle-income countries. In that theoretical model,
AL was considered as a mediating pathway for the link of perinatal dis-
tress to pregnancy outcomes (i.e., still birth, spontaneous abortion, mis-
carriage, and preterm birth) and infant health. Perinatal distress was
defined as the psychological response to episodic (e.g., traumatic life
events, catastrophic events) stress, chronic stress (e.g., adverse socioeco-
nomic, cultural, and environmental phenomena), and pregnancy-related
mood disorders (e.g., depression, anxiety). The author suggested that
all dimensions of perinatal distress should be captured to examine its
impact on pregnancy outcomes. Olson et al. (2015) constructed a con-
ceptual framework to link transgenerational AL and preterm birth. In
their model, generational experience is acquired via genetic and epi-
genetic inheritance. Cumulative life stressors (i.e., early life adversity,
social context, stress exposure) over the life course cause behavioural,
psychological, and inflammatory stress responses leading to high AL,
and ultimately increase the risk for preterm birth.

The two models by Premji (2014) and Olson et al. (2015) applied
the AL theory in the childbearing context to understand the etiologic
contribution of perinatal distress or cumulative life stressors on birth
outcomes. However they did not consider how the three stages of the
AL process (i.e., primary mediators, secondary outcomes, tertiary out-
comes) could be specified for pregnancy. In addition, it has been sug-
gested to distinguish the two levels of mediation (primary mediators and
secondary outcomes) in AL research (Juster et al., 2010). Primary medi-
ators are more related to the stressors and reflect the short-term effects
of stress (i.e., cortisol release from neuroendocrine system), while sec-
ondary outcomes represent the long-term effects of stress and are signs
of dysregulation (i.e., abnormal levels of biomarkers in cardiovascu-
lar, metabolic, and immune systems). Therefore, our newly synthesized
model of perinatal AL now builds on the 4 aforementioned models by en-
compassing the different stages of the AL process. Our proposed model
focuses on the impact of maternal pre-existing and current PTSD—a par-
ticularly severe, chronic, and treatable form of stress—and considers the
influence of other maternal risk factors on adverse birth outcomes as-
sociated with maternal PTSD. Table 1 provides brief descriptions of the
four approaches to stress-outcome.

Empirical basis for main propositions
Maternal PTSD, AL, pregnancy complications, and adverse birth outcomes

In a national sample of U.S. adults, lifetime, past-12 month, and past-
6 month PTSD prevalences were much higher among women than men
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Table 1

Brief descriptions of the 4 theoretical models.
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Models

Purposes

Main predictors

Moderators

Mediators

Outcomes

Beckie (2012)

Seng (2002)

Premji (2014)

Olson et al.
(2015)

To apply the AL theory to
examine the dysregulated
physiological stress
responses and to predict
diverse health outcomes.

To describe the effects of
lifetime violence and PTSD
on childbearing women

To explicate the causal links of
perinatal distress to preterm
birth and infant health in
low- and middle-income
countries.

To understand the
transgenerational links of
cumulative life stressors to

Allostatic challenges including
genetic, environmental,
biographical, psychosocial,
behavioural, and clinical
challenges and childhood
adversity

Lifetime violence and PTSD

Episodic (e.g., traumatic life
events, catastrophic events)
and chronic stress (e.g.,
adverse socioeconomic,
cultural, and environmental
phenomena) and
pregnancy-related mood
disorders (e.g., depression,
anxiety)

Cumulative life stressors (i.e.,
early life adversity, social
context, stress exposure)

Non-modifiable factors and
co-occurring risks, life event
stress factors, and modifiable
health care related factors

Prior context (e.g., childhood
stress, history of depression,
age)

Generational programming in
connection with genetic and
epigenetic signatures

Primary mediators from
neuroendocrine and
immune/inflammatory
system and secondary
outcomes from metabolic
and cardiovascular systems
and inflammatory proteins

Behavioural and
neuroendocrine alterations

AL

Behavioural, psychological,
and inflammatory stress
responses; AL

Mental and physical health,
quality of life, and mortality

Adverse maternal and fetal
outcomes

Pregnancy outcomes (i.e., still
birth, spontaneous abortion,
miscarriage, and preterm
birth) and infant health

Preterm birth

preterm birth.

Note. AL, allostatic load; PTSD, posttraumatic stress disorder.

Adverse birth
outcomes

4

Maternal PTSD

Allostatic load

—_—

<

Fig. 2. The mediating role of allostatic load in the link between maternal PTSD
and adverse birth outcomes.

Note. PTSD, posttraumatic stress disorder.

The solid arrow indicates the causal relationship.

(Kilpatrick et al., 2013). The prevalence of PTSD was particularly higher
in African American pregnant women than their non-African American
pregnant counterparts (Seng et al., 2011a). Although previous findings
were inconsistent due to some limitations, three relatively recent stud-
ies with large representative samples consistently found PTSD as a se-
vere, chronic form of disordered stress regulation might be associated
with increased risk of adverse birth outcomes (Seng et al., 2011b; Shaw
et al.,, 2014; Yonkers et al., 2014). The recent study by Shaw et al.
(2017) also found women with current PTSD diagnosis had elevated risk
of pregnancy complications (e.g., preeclampsia, gestational diabetes).
Preeclampsia has been reported as the primary maternal cause of med-
ically indicated preterm birth (Ananth and Vintzileos, 2006) and gesta-
tional diabetes as a risk factor of preeclampsia were also found in rela-
tion to increased risk of medically induced premature delivery (Institute
of Medicine, 2007).

Applying AL theory to the childbearing context, we posit that ma-
ternal pre-existing and current PTSD as a chronic stress could initiate
the activities of multiple physiological systems. Dysregulated produc-
tion of primary mediators gives rise to secondary outcomes including
changes in immune, metabolic, and cardiovascular systems, and anthro-
pometric parameters. The overall accumulated physiological dysregula-
tion could either directly result in quaternary outcomes (e.g., preterm
birth and low birth weight) or indirectly lead to pregnancy-specific ter-
tiary outcomes (e.g., preeclampsia, gestational diabetes, infection, and
premature rupture of membrane) that ultimately cause quaternary out-
comes. Overall, it can be theoretically posited that AL could mediate
the relationships between maternal PTSD and birth outcomes (Fig. 2).
As a biologically mediated pathway between stress and health, AL can
be a possible contributor to adverse birth outcomes in women with
PTSD.

To our knowledge, there are only three studies exploring the link be-
tween AL and adverse birth outcomes, but the results were inconsistent.
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Findings from the Bogalusa Heart Study suggested that AL was not asso-
ciated with preterm birth or low birth weight in black and white women
(Wallace et al., 2013). On the other hand, a case-control study using
the National Health and Nutrition Examination Survey (NHANES) data
demonstrated that non-pregnant women with history of small for gesta-
tional age or preterm birth had higher AL levels compared to those with
normal birth outcomes (Hux et al., 2014). Another study by Wallace and
Harville (2013) conducted in New Orleans found negative associations
of AL with gestational age among 42 women. Each of these three studies
had methodological limitations that may explain the incongruent find-
ings: the AL data was collected before pregnancy (Wallace et al., 2013)
or during non-pregnancy (Hux et al., 2014), or the sample size was small
(Wallace and Harville, 2013). Except for the three studies, a study using
data from the Prenatal Exposures and Preeclampsia Prevention (PEPP)
study found women with higher AL had increasing odds of developing
preeclampsia (Hux and Roberts, 2015). In summary, there are incon-
sistencies with study results with one study finding non-significant as-
sociations between preconception AL and preterm birth and low birth
weight; another finding significant associations but AL data was not col-
lected during pregnancy; and the other two studies reporting significant
associations between pregnancy AL and gestational age and preeclamp-
sia.

Although only a few studies tested AL levels in relation to birth out-
comes, AL shows promise as a theoretical framework for predicting birth
outcomes (Olson et al., 2015; Premji, 2014; Shannon et al., 2007). Ele-
vated cortisol levels as the primary indictor of AL have been well docu-
mented in women with adverse birth outcomes (Braig et al., 2015; Goed-
hart et al., 2010). Premji (2014) reviewed studies that examined the
relationship between prenatal stress, biomarkers of stress, and preterm
birth and found individual biomarkers from neuroendocrine, immune,
and cardiovascular systems were associated with preterm birth. Olson et
al. (2015) also reviewed animal studies that demonstrated the impact of
stress, stress hormones, and inflammatory mediators on preterm birth.

No studies have examined AL in relation to PTSD among pregnant
women. But one study with mothers of pediatric cancer survivors as
a high-stress population indicated elevated AL levels in women with
high-stress histories, particularly those with PTSD (Glover et al., 2006),
suggesting there is a relationship between PTSD and AL in a female
population. However, no studies have investigated AL as a pathway for
the impact of maternal PTSD on birth outcomes. Thus, future studies are
needed to test whether AL can serve as a potential contributor to adverse
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birth outcomes in women with PTSD. Building a theoretical model is the
first step in establishing this line of research.

Child maltreatment, IPV, SES, depression, pregnancy-related distress, and
risk behaviours

Some maternal risk factors including child maltreatment, intimate
partner violence (IPV), low SES, depression, pregnancy-related distress,
and risk behaviours may influence the impact of maternal PTSD on
birth outcomes. Child maltreatment is a common trauma occurring in
early life. It has been found to pose the greatest risk for PTSD during
pregnancy (Seng et al., 2009). The associations between PTSD and ad-
verse birth outcomes were stronger in pregnant women with histories of
child maltreatment than other types of trauma (Seng et al., 2011b). I[PV
against women has been recognized as a global problem due to its detri-
mental effect on women and their children (Koenig et al., 2006). IPV as
an adulthood trauma is a strong predictor of PTSD in women (Gobin
et al., 2013). Sociodemographic disadvantage including low SES has
great influence on individual’s health (Kawada, 2014; Leng et al., 2015).
DiGrande et al. (2008) found that lower SES could increase risk for PTSD
among residents highly exposed to the 9/11 terrorist attacks. Both IPV
exposure and lower SES were found in relation to adverse birth out-
comes (Smith et al., 2007; Watson and Taft, 2013). Thus, child mal-
treatment, IPV, and low SES as chronic stress could increase the risk of
maternal PTSD that eventually contributes to adverse birth outcomes.
Maternal PTSD likely serves as a crucial mediator for the impact of the
three chronic stressors on adverse birth outcomes.

PTSD is frequently comorbid with depression and risk behaviours
(e.g., tobacco, and drug use; Creamer et al., 2001; Kessler et al., 2005b,
1995; Lopez and Seng, 2014; Yildiz et al., 2017). Pregnancy-related
distress such as anxiety refers to women’s fear about unintended preg-
nancy, their infants’ health, their own health, and delivery. Depression,
risk behaviours, and pregnancy-related distress have been identified as
maternal risk factors for poor birth outcomes (Andres and Day, 2000;
Cnattingius, 2004; Goldenberg et al., 2008; Orr and Miller, 1995; Schet-
ter and Tanner, 2012). But the potential interactions between those ma-
ternal risk factors and PTSD on adverse birth outcomes are unknown.
Given the high comorbidity of PTSD and those risk factors, they may
serve as moderators to strengthen the negative effect of maternal PTSD
on birth outcomes.

Furthermore, some literature reviews also support the relationships
between child maltreatment, IPV, low SES, depression, and risk be-
haviours and higher levels of AL (Danese and McEwen, 2012; Dowd
et al., 2009; McEwen, 2003; McEwen and Tucker, 2011; Weiss, 2007).
Taken together, it can be hypothesized that child maltreatment, IPV, and
low SES as chronic stress could increase the risk of developing mater-
nal PTSD. Depression, risk behaviours, and pregnancy-related distress
as moderators could enhance the impact of maternal PTSD on AL that
eventually contribute to poor birth outcomes (Fig. 3). Including those
maternal risk factors in the theoretical model could add our understand-
ing of the associations between maternal PTSD and adverse birth out-
comes.

Explication of a new perinatal AL theoretical model

The perinatal AL theoretical model was constructed by integrating
elements of the 4 existing theoretical models (Beckie, 2012; Seng, 2002;
Premji, 2014; Olson et al., 2015) and limited empirical evidence. The
AL theoretical framework by Beckie (2012) depicts that allostatic chal-
lenges could lead to tertiary outcomes through the accumulated mul-
tisystem physiological dysfunctions including changes in primary me-
diators and secondary outcomes. The focal concepts in the theoretical
framework include allostatic challenges, primary mediators, secondary
outcomes, and tertiary outcomes. Applying the theoretical framework
in the childbearing context, we included not only the same concepts but
also added quaternary outcomes as a new concept in our model based
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upon empirical evidence. Therefore, the focal concepts within our syn-
thesized model are allostatic challenges, primary mediators, secondary
outcomes, tertiary outcomes, and quaternary outcomes.

The variables related to those focal concepts were included in our
model based on the 4 previous models and empirical evidence. Con-
sistent with the conceptual framework by Seng (2002), our model fo-
cuses on maternal pre-existing and current PTSD as a primary allo-
static challenge. We also included child maltreatment, IPV, SES, ma-
ternal depression, pregnancy-related distress, and risk behaviours (i.e.,
tobacco, alcohol, and drug use) as other allostatic challenges in our
model, which is congruent with the previous models (Beckie, 2012;
Premji, 2014; Olson et al., 2015). Primary mediators are physiological
indicators from neuroendocrine system such as cortisol, epinephrine,
and norepinephrine. Secondary outcomes are physiological indicators
from immune, metabolic, and cardiovascular systems (e.g., c-reactive
protein, glucose, blood pressure) and anthropometric parameters (e.g.,
body mass index, waist/hip ratio). The tertiary outcomes are pregnancy-
specific, including preeclampsia, gestational diabetes, infections, and
premature rupture of membrane, and the quaternary outcomes are ad-
verse birth outcomes (i.e., preterm birth and low birth weight).

Child maltreatment, IPV, low SES are antecedents of PTSD; mater-
nal depression, pregnancy-related distress, and risk behaviours serve as
moderators for the impact of maternal PTSD on birth outcomes; and
primary mediators, secondary outcomes, and tertiary outcomes play a
mediating role in the impact of maternal PTSD on birth outcomes. Be-
cause the proposed model focused on the impact of maternal PTSD and
its pathways on adverse birth outcomes, the direct links from mater-
nal depression, pregnancy-related distress, and risk behaviours to ad-
verse birth outcomes were not taken into account. The depiction of the
proposed new perinatal AL model was as follows: Child maltreatment,
IPV, low SES as chronic stress could increase the risk for developing
PTSD. As a result of maternal PTSD, the dysregulated production of
primary mediators (e.g., cortisol, epinephrine, norepinephrine) leads to
secondary outcomes including dysegulations in immune, metabolic, and
cardiovascular systems, and changes in anthropometric parameters. The
accumulated multisystem physiological dysregulations could either di-
rectly cause quaternary outcomes of poor birth outcomes (i.e., preterm
birth and low birth weight) or indirectly result in tertiary outcomes
(i.e., preeclampsia, gestational diabetes, infection, premature rupture
of membrane) that eventually lead to quaternary outcomes. Depression
comorbidity, pregnancy-related distress, and risk behaviours as moder-
ators could strengthen the impact of maternal PTSD on birth outcomes
through the AL process. According to the model by Olson et al. (2015),
intergenerational patterns (i.e., genetics and epigenetics) also play a sig-
nificant role in the pathway from maternal PTSD to adverse birth out-
comes. The synthesized model is depicted in Table 2 and Fig. 4.

Evaluation of the new perinatal AL theoretical model

This new perinatal AL theoretical model consists of concepts and
variables across psychosocial, behavioural, psychopathological, and
neurobiological perspectives. It is challenging to build bridges between
different sciences. The complexity of neurobiological systems makes it
even more challenging to understand the nature of the relationships. The
proposed new model presented causal links from maternal stress to birth
outcomes through AL, but the inter-relationships among concepts and
variables may be more complex. Multiple physiological indicators from
different body systems might be interrelated in a non-linear network and
impose non-linear effects on health (Misra et al., 2013). In our model,
maternal stress/PTSD causes complications in labour/pregnancy, but in
turn perinatal complications as a type of trauma may increase the risk
for developing PTSD (Andersen et al., 2012). Thus, much work is still
needed to better understand the inter-relationships among different con-
cepts. The proposed new model needs to be validated and continuously
modified based on empirical evidence. The contribution of our model is
to provide an explanatory framework and a direction for future research
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Maternal risk
behaviors

Chronic stress > VAN . Adverse birth
(CM, IPV, SES) ~| Maternal PTSD —| Allostatic load F——) outcomes

Maternal
depression and
pregnancy-
specific distress

Fig. 3. The influence of chronic stress, maternal risk behaviours, depression, and pregnancy-specific distress on the link between maternal PTSD and adverse birth
outcomes.

Note. CM, child maltreatment; IPV, intimate partner violence; SES, socioeconomic status; PTSD, posttraumatic stress disorder.

The solid arrow indicates the causal relationship; the dotted arrow indicates moderating role.

Table 2
The new perinatal allostatic load model.
Model Purpose Main predictors  Antecedents Moderators Mediators Outcomes
New proposed To understand pathway PTSD Chronic stress (i.e. Depression, pregnancy-specific Primary mediators from Quaternary outcomes (preterm
model through which maternal CM, IPV, Low SES) distress, and risk behaviours neuroendocrine system (e.g. birth and low birth weight)
PTSD results in adverse (i.e., tobacco, alcohol, and cortisol, E, NE), secondary
birth outcomes drug use) outcomes from immune,

metabolic, and
cardiovascular systems, and
anthropometric parameters,
and tertiary outcomes (i.e.
preeclampsia, GD, infection,
and PROM)

Note. PTSD, posttraumatic stress disorder; CM, child maltreatment; IPV, intimate partner violence; SES, socioeconomic status; E, epinephrine; NE, norepinephrine;
GD, gestational diabetes; PROM, premature rupture of membrane.

| AL challenges Primary mediator ~ Secondary outcome Tertiary outcome  Quaternary outcome

Maternal risk

behaviors
Immune
(IL-6. CRP) Tertiary outcome
3 (preeclampsia, GD,
Metabolic |} 21 e Forom) [
Chroni (HDL,HbA1c,
ronie . Glucose) Adverse
stress” || Matemal | & _.Jf Neuroendocrine ] | * pirth
(CM, IPV, PTSD [w | (Cortisol, E, NE) Cardiovascalar | ctomes
SES) (SBP, DBP)
Anthropometric
(W/H, BMI)
Maternal
depression and
pregnancy-

specific distress

* Intergenerational patterns (i.e., genetics and epigenetics) may also play a role.

Fig. 4. The theoretical model for understanding the link between maternal PTSD and adverse birth outcomes.

Note. CM, child maltreatment; IPV, intimate partner violence; SES, socioeconomic status; PTSD, posttraumatic stress disorder; E, epinephrine; NE, norepinephrine;
IL-6, interleukin-6; CRP, C-reactive protein; HDL, high density lipoprotein; HbAlc, glucosylated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood
pressure; W/H, waist/hip; BMI, body mass index; GD, gestational diabetes; PROM, premature rupture of membrane.

The solid arrow indicates the causal relationship; the dotted arrow indicates moderating role.
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to further explore the potential mechanisms for the impact of maternal
PTSD on adverse birth outcomes.

Implications for research

The theoretical model synthesized in this paper is useful for its poten-
tial to advance perinatal research. It will enable researchers to concur-
rently examine maternal stress and physiological responses that influ-
ence birth outcomes. Based on the theoretical model, prospective studies
with multiple biological and psychosocial measures of PTSD and mater-
nal risk factors (i.e., child maltreatment, IPV, lower SES, depression,
pregnancy-related distress, risk behaviours) may add new knowledge
about the etiologic contributions of psychosocial processes to adverse
birth outcomes. Several steps need to be taken to advance application of
the theoretical model in perinatal research. First, the selection of phys-
iological indicators that have the most predictive performance on birth
outcomes and the timing of data collection during pregnancy need to
be determined. Many combinations of biomarkers and anthropometric
parameters have been used to create the AL score. There is no validated
gold standard measure of AL, and this is especially true in pregnancy. Se-
lection of AL indicators should be determined with careful consideration
for pregnancy physiology to avoid the inclusion of indictors that are not
relevant to physiological dysregulation or exclusion relevant measures.
It is essential to develop a panel of optimal and valid AL indicators that
can be included as part of routine prenatal care in the future. Due to the
changing levels of physiological measures across pregnancy, it is also
unknown the optimal timing of data collection. Multiple assessments
across pregnancy take a lot of time, efforts, and financial resources and
may lead to lots of missing data as well. The challenges increase when
dealing with high risk and vulnerable pregnant women. It would be
feasible if we could determine the optimal timing of data collection at
which largest individual differences (variances) can be tested. There-
fore, future studies are needed to determine the best combination of
AL indicators and the optimal timing of specimen collection. Second,
the optimal AL scoring method needs to be determined. Despite con-
tinued work using various scoring methods to construct the AL index,
few studies focused on validating the AL index and comparing which
method is optimal to capture the multiple and inter-connected feature
of AL and summarize such information into one cumulative index. Such
comparative data remains sparse and the question of how best to score
AL remains to be addressed. The lack of comparative analyses of the re-
liability of different AL measures among pregnant women represents a
gap in the current research on maternal stress and birth outcomes. Thus,
more comparative work is clearly needed to compare the explanatory
powers and predictive abilities of distinct scoring approaches and to de-
termine the optimal scoring approach before the theoretical model can
be reliably and validly applied to perinatal outcome research. Lastly, af-
ter these methodological issues are addressed, prospective studies with
multiple biological and psychosocial measures of stress are needed to
test the theoretical model. The proposed model needs to be modified
and validated to sort out all the relationships among concepts and vari-
ables.

Potential implications for clinical practice

Although more work is needed to modify and validate the proposed
theoretical model, it may still have a few potential implications for clin-
ical practice. First, the model may be applied to clinical practice to help
health care providers perceive the association between maternal chronic
stress, health alterations that accumulate and interact, and adverse birth
outcomes and recognize the impact of maternal chronic stress on adverse
birth outcomes.

Second, it may advance early identification of women at risk for ad-
verse birth outcomes. Brief effective screening tools for maternal chronic
stress such as PTSD, depression, pregnancy-related distress, history of
child maltreatment, and IPV could be designed and included in prenatal
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care to identify vulnerable women. The summary measure of the ac-
cumulated physiological dysregulations may provide us not only with
insights into the biological mechanisms contributing to adverse birth
outcomes but also with screening tools to identify women at risk for ad-
verse birth outcomes. It may offer an objective and quantifiable indica-
tor of adverse birth outcomes. Most of AL indicators such as BMI, blood
pressure, and pulse are routine clinical assessments and thus are feasible
to be measured. Therefore, evaluating women’s experiences of chronic
stress and levels of physiological indicators could be added to existing
screening assessments to improve the accuracy for identifying high-risk
women for adverse birth outcomes. After the majority of women who
subsequently report adverse birth outcomes can be identified so that
they can receive appropriate care to mitigate their pregnancy risks. An
acceptably accurate screening tool will allow health care providers to
objectively assess a pregnant woman’s overall risk and provide health
care according to her risk level.

Third, it may provide valuable insights into preventions and inter-
ventions that aim to reduce adverse birth outcomes. Considering the
effects of maternal chronic stress on mother and infant health, health
care providers including obstetricians and midwives, need to be aware
of those chronic stressors, especially PTSD and depression. Appropri-
ate mental health care and education about how to identify and reduce
stress should be provided for high-risk women in the prenatal period in
order to address stress dysregulation and improve both maternal well
being and infant outcomes. Since mental health care services may be
nonexistent or limited and predominantly hospital based (Saxena et al.,
2011), consideration should be given to developing or strengthening
local mental health care services that will serve women during the peri-
natal period. Additionally, women at risk for adverse birth outcomes
that are identified by highly accurate screening tools should be targeted
for more intensive supervision and appropriate levels of prenatal care.
Effective interventions such as some stress reduction techniques should
also be designed and evaluated to prevent adverse birth outcomes. If an
effective intervention to prevent or delay adverse birth outcomes were
lacking, any screening test would likely be of no clinical utility. Only
when the use of a highly accurate screening tool and subsequent effec-
tive interventions has been evaluated to significantly reduce the occur-
rence of adverse birth outcomes should the screening tool be included
in routine prenatal care.

Conclusion

The proposed theoretical model could provide a direction for re-
searchers to further explore the biological mechanisms by which ma-
ternal chronic stress such as PTSD leads to adverse birth outcomes. Ex-
ploring the contribution of maternal chronic stress to adverse birth out-
comes within the context of a theoretical model could provide evidence
for health care professionals to identify individuals at risks for adverse
birth outcomes, and thus determine what diagnosis, prevention, or treat-
ment are good for pregnant women to prevent those adverse outcomes.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.midw.2018.04.002.
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