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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. 
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Adverse birth outcomes including preterm birth and low birth weight

re significant public health concerns and contribute to neonatal mor-

idity and mortality ( Lawn et al., 2010 , 2006 ). In 2013, the rates for

reterm birth and low birth weight were 11.4% and 8%, respectively,

n the United States ( Martin et al., 2015 ). Two-thirds of low birth weight

infants born < 2500 g) co-occurs with preterm birth ( Martin et al.,

012 ). Preterm birth has been estimated to cause up to 50% of chil-

ren’s neurodevelopment problems (e.g., low intelligence quotient, and

erebral palsy; Allen, 2008; Goldenberg et al., 2008; Green et al., 2005;

atendresse, 2009 ). Furthermore, a systematic review and meta-analysis
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uggested an inverse association of birth weight with all-cause mortality

n adults ( Risnes et al., 2011 ). 

A growing body of perinatal research has focused on maternal psy-

hosocial and sociodemographic stress and depression and their biolog-

cal pathways leading to adverse birth outcomes ( Hellgren et al., 2013;

ing et al., 2010; Shea et al., 2007; Voegtline et al., 2013 ). However,

raumatic stress and its posttraumatic stress disorder (PTSD) sequelae

ave been much less frequently studied in relation to adverse birth out-

omes. In a study conducted in a large national sample of 9282 individu-

ls aged 18 years and older from the United States, the overall estimated

ifetime prevalence of PTSD was 6.8% ( Kessler et al., 2005a ) and life-

ime prevalence among females was 12.3% in the U.S. National Women’s

tudy ( Resnick et al., 1993 ). A recent systematic review showed the

ean prevalence of PTSD in pregnancy was 3.3% (95%CI: 2.44–4.54)
018 
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n community samples and 18.95% (95%CI: 10.62–31.43) in high risk

amples (e.g., women with nausea, vomiting, or hyperemesis, or a his-

ory of child maltreatment) and the average rate for comorbidity of

TSD and depression was 44.1% in pregnancy in 6 studies ( Yildiz et

l., 2017 ). Thus, considering the impact of maternal pre-existing and

urrent trauma exposure and PTSD may add better understanding of

he stress-related etiology of adverse birth outcomes than focus on de-

ression alone. 

Prior studies reported inconsistent findings with regard to the as-

ociations between maternal PTSD and birth outcomes, which may be

ue to small sample sizes, lack of generalizability, and failing to con-

rol for some critical confounding factors including the type of trauma

e.g., child maltreatment, and intimate partner violence), demographic

tress (e.g., socioeconomic status), co-occurring risk behaviours (e.g.,

obacco, and drug use), and co-morbidities (e.g., depression) of PTSD

 Berkowitz et al., 2003; Chang et al., 2002; Engel et al., 2005; Lip-

ind et al., 2010; Morland et al., 2007; Rogal et al., 2007; Rosen et

l., 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

t al., 2014 ) addressed several limitations of these previous studies and

onsistently found significant relationships between maternal PTSD and

dverse birth outcomes. 

Although significant relationships between maternal PTSD and ad-

erse birth outcomes were detected by these more recent studies with

arge representative samples ( Seng et al., 2011b; Shaw et al., 2014;

onkers et al., 2014 ), it is unclear what plausible biological pathways

re involved via which maternal PTSD affects birth outcomes. Describ-

ng the impact of maternal lifetime PTSD on adverse birth outcomes

nd its biological pathways within the context of a theoretical model

ould suggest new ways for understanding the etiology of adverse birth

utcomes. 

ethods 

We use theory synthesis as a strategy of theory building ( Walker

nd Avant, 2011 ). It offers a way to synthesize existing theories and

mpirical evidence. The steps involved in theory synthesis include: (1)

pecifying focal concepts; (2) identifying related factors and relation-

hips; and (3) constructing an integrated representation. First, to iden-

ify an applicable conceptualization of the relationship between stress

nd health and its neurobiological mechanisms, we undertook a broad

iterature search on PubMed and Google scholar with “stress/traumatic

tress/trauma ”, “health/health outcome/disease ”, “biology ”, and “the-

ry ” as search terms. The theory of allostatic load (AL; McEwen and

tellar, 1993 ) was chosen because it is being applied in relation to stress

roadly defined to include toxic and traumatic stress and thus is useful

or PTSD research ( Shonkoff et al., 2012 ). AL serves as a strong theoreti-

al basis for understanding the complex and multiple biological mecha-

isms of the impact of maternal PTSD on adverse birth outcomes. Based

n the AL theory, we specified focal concepts that could be included in

he synthesized theoretical model. We also reviewed and drew upon 4

revious theoretical models to build our proposed model. Then, to iden-

ify variables related to the focal concepts as well as the relationships

mong variables. We did another broad literature search on PubMed

nd Google scholar with “posttraumatic stress disorder ”, “child mal-

reatment/childhood trauma ”, “stress/traumatic stress/trauma ”, “de-

ression ”, “pregnancy ”, “allostatic load ”, and “preterm birth/low birth

eight/pregnancy complication ” as search terms. Finally, we organized

he concepts into an integrated network and employed a diagram to

olistically depict interrelationships among concepts. 

This article was organized as follows. We first present a theoretical

verview of the AL theory. Then we synthesize the work of 4 authors

 Beckie, 2012; Olson et al., 2015; Premji, 2014; Seng, 2002 ) whose the-

retical models contribute to the model we propose. Synthesis of the

ontributions of the four models and the additional contributions of our

odel are then discussed. A brief narrative review that empirically sup-
206 
orts the propositions of the integrated model is then provided. Finally,

ur theoretical model is described and implications for research, clinical

ractice, service delivery, and policy are discussed. 

heoretical overview 

he AL theory 

The AL theory is a lifespan theory that may provide a theoretical

asis for understanding the relationships between stress, trauma, ma-

ernal PTSD and birth outcomes. AL refers to the accumulated multi-

ystem physiologic dysfunction resulting from chronic or severe stress

hat could ultimately lead to disease ( McEwen, 1998 ). When stress (e.g.,

raumatic life events, child maltreatment) occurs, physiological media-

ors (e.g., glucocorticoid hormones) are produced from multiple systems

e.g., neuroendocrine, immune, and cardiovascular systems) to generate

he physiological adaptations to stress ( McEwen and Wingfield, 2003 ).

he process leading to AL includes three stages: primary mediators, sec-

ndary outcomes, and tertiary outcomes ( McEwen and Seeman, 1999 ).

irst, the neuroendocrine system is activated and primary mediators

i.e., cortisol, epinephrine, norepinephrine) are produced to generate

he acute stress response. Second, the other systems produce physio-

ogical changes to generate a more long-term stress response, which

eads to secondary outcomes including dysregulations in immune (i.e.,

nterleukin-6, C-reactive protein), metabolic (i.e., high density lipopro-

ein, glucosylated hemoglobin, glucose), and cardiovascular (i.e., sys-

olic blood pressure, diastolic blood pressure) systems, and changes in

nthropometric parameters (i.e., body mass index, waist/hip). Finally,

he AL process results in the tertiary outcomes with clinical manifesta-

ion including morbidity and mortality. In response to chronic or severe

tress, these physiological mediators remain at abnormal levels, and this

rocess is termed as AL ( Fig. 1 ). The overexpression to these mediators

as damaging effects on the body systems, leading to diseases (e.g., car-

iovascular diseases, diabetes; McEwen, 2006 ). 

This cumulative, multisystem framework provides a more significant

nd comprehensive pathway for understanding psychosocial and phys-

ological predictors of health risk than the more common approach of

oncentrating on risks associated with individual systems. A compos-

te measure of biomarkers may be a stronger predictor of adverse birth

utcomes associated with maternal PTSD ( Seeman et al., 2001 ). AL is

ommonly operationalized by combing multiple physiological indica-

ors from different systems into one single summary score. The count-

ased method has been the most frequently used method, but other

coring methods such as the Z -score, canonical correlation, and grade of

embership have been also used to create an AL index. Few studies have

ompared those scoring methods and thus little is known which method

s optimal for use. Additionally, many combinations of biomarkers and

nthropometric indicators have been included in the AL summary mea-

ure. More work is needed to determine the optimal scoring method

nd the best combinations of physiological indicators so that the AL

ummary measure could reliably reflect the multi-system physiological

ysregulations. 

Despite those methodological issues regarding measuring AL, a sub-

tantial number of studies have examined AL levels in relation to stres-

ors or health outcomes using data from large national-level studies in-

luding the MacArthur Study of Successful Aging (MSSA), the Taiwanese

ocial Environment and Biomarkers of Aging Study (SEBAS), and the

ational Health and Nutrition Examination Survey (NHANES). Social

dversity was found to positively correlate with AL summary score

 Chyu and Upchurch, 2011; Gustafsson et al., 2011, 2012; Seeman et

l., 2008 ). In the MacArthur cohort study with a sample of 70–79-year-

ld American adults, baseline AL summary score was highly correlated

ith cardiovascular diseases (CVD), cognitive and physical decline, and

ll-cause mortality over 12 years of follow-up ( Gruenewald et al., 2009;

eeman et al., 2004 , 2001 , 1997 ). AL summary score was also associated

ith 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. 
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6  
009 ). About 35.4% of SES effect on mortality was mediated by the AL

ndex score ( Seeman et al., 2004 ). In the SEBAS, increased AL summary

core was associated with poorer health status (e.g., self-rated health,

ctivities of daily living, mobility) and cognitive impairments ( Seplaki

t al., 2006 ). AL summary score was also associated with increased 3-

ear mortality risk ( Goldman et al., 2006 ). Cross-sectional studies using

he NHANES data examined the association between AL and all-cause

ortality and found AL summary score in relation to increased risk for

ortality ( Borrell et al., 2010; Crimmins et al., 2009 ). Participants with

n AL summary score of 2 and ≥ 3 had mortality rates that were 40%

nd 88% greater than those with a score of ≤ 1 ( Borrell et al., 2010 ).

aken together, AL has been reported in relation to psychosocial and

ociodemographic stress as well as various health outcomes. However,

L remains to be fully applied in the context of women of childbearing

ge and related health outcomes ( Rosemberg et al., 2017 ) 

According to the 2005 March of Dimes Research Agenda for

reterm Birth, preterm birth is conceptualized as a “common, com-

lex disorder ” caused by multiple pathways that involve interactions

mong genetic, environmental, social, and behavioural factors. Ma-

ernal stress and stress-related physiological responses are one of 5

ajor pathways to preterm birth ( Green et al., 2005 ). Maternal psy-

hosocial, emotional, or other environmental stress could increase the

isk of developing preterm birth through several interacting physio-

ogical pathways: (1) neuroendocrine mechanisms via activating the

ctivities of maternal/fetal hypothalamic-pituitary-adrenal (HPA) axes

hat could facilitate premature labour and enhance placental–fetal en-

ocrine activities; (2) immune pathways via maternal/fetal/intrauterine

nflammatory processes, resulting in vulnerability to maternal infec-

ion and promoting preterm birth; and (3) maternal–placental–fetal

ascular mechanisms via the reduction of both uterine and umbil-

cal blood flow. Maternal stress causes the accumulated physiolog-

cal changes from multiple systems including neuroendocrine, im-

une, and cardiovascular and eventually leads to preterm birth,

hich is consistent with the AL theory ( McEwen, 2000 ). Additionally,

iven that immune/inflammatory, abnormal uterine distention, bleed-

ng/thrombophilias, and toxins or hormones are the other 4 pathways

o preterm birth, the cardiovascular and immune/inflammatory dys-

egulations that are parts of AL may also contribute some extent of

tress-related contributions to the immune/inflammatory and bleed-

ng/thrombophilias pathways to prematurity. 

ynthesis of 4 previous theoretical models contributing to the model we 

ropose 

Beckie (2012) proposed a heuristic AL model for understanding cu-

ulative, multisystem physiological consequences of health disparities

hat could ultimately contribute to diseases. In that model, allostatic

hallenges, including child adversity and genetic, environmental, so-

iodemographic, psychosocial, behavioural, and clinical challenges, ini-

iate the AL process involving changes in primary mediators, secondary

utcomes, and tertiary outcomes. According to Beckie’s model, primary

ediators include physiological indicators from neuroendocrine and im-

une/inflammatory systems, secondary outcomes are systemic dysreg-

lations of metabolic, cardiovascular, and inflammatory biomarkers,

nd tertiary outcomes of AL emerge with clinical manifestations such

s physical and mental health problems, quality of life, and mortality.

he model does not focus on any specific health outcome and is not

regnancy-specific, but provides us an organizing, cumulative, and mul-
207 
isystem framework that can be operationalized in research studies and

an be a theoretical basis for proposing a more specific model within

he childbearing context. 

Seng’s (2002) conceptual framework focused on the impact of ma-

ernal PTSD on perinatal outcomes. It posited that PTSD’s effect might

e mediated by behavioural and neuroendocrine alterations. But it did

ot consider the accumulated dysregulations from multiple physiolog-

cal systems that result from maternal traumatic stress and PTSD and

ontribute to adverse perinatal outcomes. The framework was not in-

ormed by the AL theory. 

Olson et al. (2015) and Premji (2014) used the AL theory and con-

tructed theoretical models to link perinatal distress or cumulative life

tressors to birth outcomes through AL. Premji (2014) proposed a theo-

etical model based on the AL theory to understand the contribution of

ultiple forms of maternal perinatal distress on pregnancy outcomes for

omen in low- and middle-income countries. In that theoretical model,

L was considered as a mediating pathway for the link of perinatal dis-

ress to pregnancy outcomes (i.e., still birth, spontaneous abortion, mis-

arriage, and preterm birth) and infant health. Perinatal distress was

efined as the psychological response to episodic (e.g., traumatic life

vents, catastrophic events) stress, chronic stress (e.g., adverse socioeco-

omic, cultural, and environmental phenomena), and pregnancy-related

ood disorders (e.g., depression, anxiety). The author suggested that

ll dimensions of perinatal distress should be captured to examine its

mpact on pregnancy outcomes. Olson et al. (2015) constructed a con-

eptual framework to link transgenerational AL and preterm birth. In

heir model, generational experience is acquired via genetic and epi-

enetic inheritance. Cumulative life stressors (i.e., early life adversity,

ocial context, stress exposure) over the life course cause behavioural,

sychological, and inflammatory stress responses leading to high AL,

nd ultimately increase the risk for preterm birth. 

The two models by Premji (2014) and Olson et al. (2015) applied

he AL theory in the childbearing context to understand the etiologic

ontribution of perinatal distress or cumulative life stressors on birth

utcomes. However they did not consider how the three stages of the

L process (i.e., primary mediators, secondary outcomes, tertiary out-

omes) could be specified for pregnancy. In addition, it has been sug-

ested to distinguish the two levels of mediation (primary mediators and

econdary outcomes) in AL research ( Juster et al., 2010 ). Primary medi-

tors are more related to the stressors and reflect the short-term effects

f stress (i.e., cortisol release from neuroendocrine system), while sec-

ndary outcomes represent the long-term effects of stress and are signs

f dysregulation (i.e., abnormal levels of biomarkers in cardiovascu-

ar, metabolic, and immune systems). Therefore, our newly synthesized

odel of perinatal AL now builds on the 4 aforementioned models by en-

ompassing the different stages of the AL process. Our proposed model

ocuses on the impact of maternal pre-existing and current PTSD —a par-

icularly severe, chronic, and treatable form of stress —and considers the

nfluence of other maternal risk factors on adverse birth outcomes as-

ociated with maternal PTSD. Table 1 provides brief descriptions of the

our approaches to stress-outcome. 

mpirical basis for main propositions 

aternal PTSD, AL, pregnancy complications, and adverse birth outcomes 

In a national sample of U.S. adults, lifetime, past-12 month, and past-

 month PTSD prevalences were much higher among women than men
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Table 1 

Brief descriptions of the 4 theoretical models. 

Models Purposes Main predictors Moderators Mediators Outcomes 

Beckie (2012 ) To apply the AL theory to 

examine the dysregulated 

physiological stress 

responses and to predict 

diverse health outcomes. 

Allostatic challenges including 

genetic, environmental, 

biographical, psychosocial, 

behavioural, and clinical 

challenges and childhood 

adversity 

– Primary mediators from 

neuroendocrine and 

immune/inflammatory 

system and secondary 

outcomes from metabolic 

and cardiovascular systems 

and inflammatory proteins 

Mental and physical health, 

quality of life, and mortality 

Seng (2002 ) To describe the effects of 

lifetime violence and PTSD 

on childbearing women 

Lifetime violence and PTSD Non-modifiable factors and 

co-occurring risks, life event 

stress factors, and modifiable 

health care related factors 

Behavioural and 

neuroendocrine alterations 

Adverse maternal and fetal 

outcomes 

Premji (2014 ) To explicate the causal links of 

perinatal distress to preterm 

birth and infant health in 

low- and middle-income 

countries. 

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) 

Prior context (e.g., childhood 

stress, history of depression, 

age) 

AL Pregnancy outcomes (i.e., still 

birth, spontaneous abortion, 

miscarriage, and preterm 

birth) and infant health 

Olson et al. 

(2015 ) 

To understand the 

transgenerational links of 

cumulative life stressors to 

preterm birth. 

Cumulative life stressors (i.e., 

early life adversity, social 

context, stress exposure) 

Generational programming in 

connection with genetic and 

epigenetic signatures 

Behavioural, psychological, 

and inflammatory stress 

responses; AL 

Preterm birth 

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

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. 
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 Kilpatrick et al., 2013 ). The prevalence of PTSD was particularly higher

n African American pregnant women than their non-African American

regnant counterparts ( Seng et al., 2011a ). Although previous findings

ere inconsistent due to some limitations, three relatively recent stud-

es with large representative samples consistently found PTSD as a se-

ere, chronic form of disordered stress regulation might be associated

ith increased risk of adverse birth outcomes ( Seng et al., 2011b; Shaw

t al., 2014; Yonkers et al., 2014 ). The recent study by Shaw et al.

2017) also found women with current PTSD diagnosis had elevated risk

f pregnancy complications (e.g., preeclampsia, gestational diabetes).

reeclampsia has been reported as the primary maternal cause of med-

cally indicated preterm birth ( Ananth and Vintzileos, 2006 ) and gesta-

ional diabetes as a risk factor of preeclampsia were also found in rela-

ion to increased risk of medically induced premature delivery ( Institute

f Medicine, 2007 ). 

Applying AL theory to the childbearing context, we posit that ma-

ernal pre-existing and current PTSD as a chronic stress could initiate

he activities of multiple physiological systems. Dysregulated produc-

ion of primary mediators gives rise to secondary outcomes including

hanges in immune, metabolic, and cardiovascular systems, and anthro-

ometric parameters. The overall accumulated physiological dysregula-

ion could either directly result in quaternary outcomes (e.g., preterm

irth and low birth weight) or indirectly lead to pregnancy-specific ter-

iary outcomes (e.g., preeclampsia, gestational diabetes, infection, and

remature rupture of membrane) that ultimately cause quaternary out-

omes. Overall, it can be theoretically posited that AL could mediate

he relationships between maternal PTSD and birth outcomes ( Fig. 2 ).

s a biologically mediated pathway between stress and health, AL can

e a possible contributor to adverse birth outcomes in women with

TSD. 

To our knowledge, there are only three studies exploring the link be-

ween AL and adverse birth outcomes, but the results were inconsistent.
208 
indings from the Bogalusa Heart Study suggested that AL was not asso-

iated 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

he National Health and Nutrition Examination Survey (NHANES) data

emonstrated that non-pregnant women with history of small for gesta-

ional age or preterm birth had higher AL levels compared to those with

ormal birth outcomes ( Hux et al., 2014 ). Another study by Wallace and

arville (2013) conducted in New Orleans found negative associations

f AL with gestational age among 42 women. Each of these three studies

ad methodological limitations that may explain the incongruent find-

ngs: the AL data was collected before pregnancy ( Wallace et al., 2013 )

r 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

ata from the Prenatal Exposures and Preeclampsia Prevention (PEPP)

tudy found women with higher AL had increasing odds of developing

reeclampsia ( Hux and Roberts, 2015 ). In summary, there are incon-

istencies with study results with one study finding non-significant as-

ociations between preconception AL and preterm birth and low birth

eight; another finding significant associations but AL data was not col-

ected during pregnancy; and the other two studies reporting significant

ssociations between pregnancy AL and gestational age and preeclamp-

ia. 

Although only a few studies tested AL levels in relation to birth out-

omes, AL shows promise as a theoretical framework for predicting birth

utcomes ( Olson et al., 2015; Premji, 2014; Shannon et al., 2007 ). Ele-

ated cortisol levels as the primary indictor of AL have been well docu-

ented in women with adverse birth outcomes ( Braig et al., 2015; Goed-

art et al., 2010 ). Premji (2014) reviewed studies that examined the

elationship between prenatal stress, biomarkers of stress, and preterm

irth and found individual biomarkers from neuroendocrine, immune,

nd cardiovascular systems were associated with preterm birth. Olson et

l. (2015) also reviewed animal studies that demonstrated the impact of

tress, stress hormones, and inflammatory mediators on preterm birth. 

No studies have examined AL in relation to PTSD among pregnant

omen. But one study with mothers of pediatric cancer survivors as

 high-stress population indicated elevated AL levels in women with

igh-stress histories, particularly those with PTSD ( Glover et al., 2006 ),

uggesting there is a relationship between PTSD and AL in a female

opulation. However, no studies have investigated AL as a pathway for

he impact of maternal PTSD on birth outcomes. Thus, future studies are

eeded to test whether AL can serve as a potential contributor to adverse
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irth outcomes in women with PTSD. Building a theoretical model is the

rst step in establishing this line of research. 

hild maltreatment, IPV, SES, depression, pregnancy-related distress, and 

isk behaviours 

Some maternal risk factors including child maltreatment, intimate

artner violence (IPV), low SES, depression, pregnancy-related distress,

nd risk behaviours may influence the impact of maternal PTSD on

irth outcomes. Child maltreatment is a common trauma occurring in

arly life. It has been found to pose the greatest risk for PTSD during

regnancy ( Seng et al., 2009 ). The associations between PTSD and ad-

erse birth outcomes were stronger in pregnant women with histories of

hild maltreatment than other types of trauma ( Seng et al., 2011b ). IPV

gainst women has been recognized as a global problem due to its detri-

ental effect on women and their children ( Koenig et al., 2006 ). IPV as

n adulthood trauma is a strong predictor of PTSD in women ( Gobin

t al., 2013 ). Sociodemographic disadvantage including low SES has

reat influence on individual’s health ( Kawada, 2014; Leng et al., 2015 ).

iGrande et al. (2008) found that lower SES could increase risk for PTSD

mong residents highly exposed to the 9/11 terrorist attacks. Both IPV

xposure and lower SES were found in relation to adverse birth out-

omes ( Smith et al., 2007; Watson and Taft, 2013 ). Thus, child mal-

reatment, IPV, and low SES as chronic stress could increase the risk of

aternal PTSD that eventually contributes to adverse birth outcomes.

aternal PTSD likely serves as a crucial mediator for the impact of the

hree 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 ,

995; Lopez and Seng, 2014; Yildiz et al., 2017 ). Pregnancy-related

istress such as anxiety refers to women’s fear about unintended preg-

ancy, their infants’ health, their own health, and delivery. Depression,

isk behaviours, and pregnancy-related distress have been identified as

aternal risk factors for poor birth outcomes ( Andres and Day, 2000;

nattingius, 2004; Goldenberg et al., 2008; Orr and Miller, 1995; Schet-

er and Tanner, 2012 ). But the potential interactions between those ma-

ernal risk factors and PTSD on adverse birth outcomes are unknown.

iven the high comorbidity of PTSD and those risk factors, they may

erve as moderators to strengthen the negative effect of maternal PTSD

n birth outcomes. 

Furthermore, some literature reviews also support the relationships

etween child maltreatment, IPV, low SES, depression, and risk be-

aviours and higher levels of AL ( Danese and McEwen, 2012; Dowd

t al., 2009; McEwen, 2003; McEwen and Tucker, 2011; Weiss, 2007 ).

aken together, it can be hypothesized that child maltreatment, IPV, and

ow SES as chronic stress could increase the risk of developing mater-

al PTSD. Depression, risk behaviours, and pregnancy-related distress

s moderators could enhance the impact of maternal PTSD on AL that

ventually contribute to poor birth outcomes ( Fig. 3 ). Including those

aternal risk factors in the theoretical model could add our understand-

ng of the associations between maternal PTSD and adverse birth out-

omes. 

xplication of a new perinatal AL theoretical model 

The perinatal AL theoretical model was constructed by integrating

lements of the 4 existing theoretical models ( Beckie, 2012; Seng, 2002;

remji, 2014; Olson et al., 2015 ) and limited empirical evidence. The

L theoretical framework by Beckie (2012) depicts that allostatic chal-

enges could lead to tertiary outcomes through the accumulated mul-

isystem physiological dysfunctions including changes in primary me-

iators and secondary outcomes. The focal concepts in the theoretical

ramework include allostatic challenges, primary mediators, secondary

utcomes, and tertiary outcomes. Applying the theoretical framework

n the childbearing context, we included not only the same concepts but

lso added quaternary outcomes as a new concept in our model based
209 
pon empirical evidence. Therefore, the focal concepts within our syn-

hesized model are allostatic challenges, primary mediators, secondary

utcomes, tertiary outcomes, and quaternary outcomes. 

The variables related to those focal concepts were included in our

odel based on the 4 previous models and empirical evidence. Con-

istent with the conceptual framework by Seng (2002) , our model fo-

uses on maternal pre-existing and current PTSD as a primary allo-

tatic challenge. We also included child maltreatment, IPV, SES, ma-

ernal depression, pregnancy-related distress, and risk behaviours (i.e.,

obacco, alcohol, and drug use) as other allostatic challenges in our

odel, which is congruent with the previous models ( Beckie, 2012;

remji, 2014; Olson et al., 2015 ). Primary mediators are physiological

ndicators from neuroendocrine system such as cortisol, epinephrine,

nd norepinephrine. Secondary outcomes are physiological indicators

rom immune, metabolic, and cardiovascular systems (e.g., c-reactive

rotein, glucose, blood pressure) and anthropometric parameters (e.g.,

ody mass index, waist/hip ratio). The tertiary outcomes are pregnancy-

pecific, including preeclampsia, gestational diabetes, infections, and

remature rupture of membrane, and the quaternary outcomes are ad-

erse birth outcomes (i.e., preterm birth and low birth weight). 

Child maltreatment, IPV, low SES are antecedents of PTSD; mater-

al depression, pregnancy-related distress, and risk behaviours serve as

oderators for the impact of maternal PTSD on birth outcomes; and

rimary mediators, secondary outcomes, and tertiary outcomes play a

ediating role in the impact of maternal PTSD on birth outcomes. Be-

ause the proposed model focused on the impact of maternal PTSD and

ts pathways on adverse birth outcomes, the direct links from mater-

al depression, pregnancy-related distress, and risk behaviours to ad-

erse birth outcomes were not taken into account. The depiction of the

roposed new perinatal AL model was as follows: Child maltreatment,

PV, low SES as chronic stress could increase the risk for developing

TSD. As a result of maternal PTSD, the dysregulated production of

rimary mediators (e.g., cortisol, epinephrine, norepinephrine) leads to

econdary outcomes including dysegulations in immune, metabolic, and

ardiovascular systems, and changes in anthropometric parameters. The

ccumulated multisystem physiological dysregulations could either di-

ectly cause quaternary outcomes of poor birth outcomes (i.e., preterm

irth and low birth weight) or indirectly result in tertiary outcomes

i.e., preeclampsia, gestational diabetes, infection, premature rupture

f membrane) that eventually lead to quaternary outcomes. Depression

omorbidity, pregnancy-related distress, and risk behaviours as moder-

tors could strengthen the impact of maternal PTSD on birth outcomes

hrough the AL process. According to the model by Olson et al. (2015) ,

ntergenerational patterns (i.e., genetics and epigenetics) also play a sig-

ificant role in the pathway from maternal PTSD to adverse birth out-

omes. The synthesized model is depicted in Table 2 and Fig. 4 . 

valuation of the new perinatal AL theoretical model 

This new perinatal AL theoretical model consists of concepts and

ariables across psychosocial, behavioural, psychopathological, and

eurobiological perspectives. It is challenging to build bridges between

ifferent sciences. The complexity of neurobiological systems makes it

ven more challenging to understand the nature of the relationships. The

roposed new model presented causal links from maternal stress to birth

utcomes through AL, but the inter-relationships among concepts and

ariables may be more complex. Multiple physiological indicators from

ifferent body systems might be interrelated in a non-linear network and

mpose non-linear effects on health ( Misra et al., 2013 ). In our model,

aternal stress/PTSD causes complications in labour/pregnancy, but in

urn perinatal complications as a type of trauma may increase the risk

or developing PTSD ( Andersen et al., 2012 ). Thus, much work is still

eeded to better understand the inter-relationships among different con-

epts. The proposed new model needs to be validated and continuously

odified based on empirical evidence. The contribution of our model is

o provide an explanatory framework and a direction for future research
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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 

model 

To understand pathway 

through which maternal 

PTSD results in adverse 

birth outcomes 

PTSD Chronic stress (i.e. 

CM, IPV, Low SES) 

Depression, pregnancy-specific 

distress, and risk behaviours 

(i.e., tobacco, alcohol, and 

drug use) 

Primary mediators from 

neuroendocrine system (e.g. 

cortisol, E, NE), secondary 

outcomes from immune, 

metabolic, and 

cardiovascular systems, and 

anthropometric parameters, 

and tertiary outcomes (i.e. 

preeclampsia, GD, infection, 

and PROM) 

Quaternary outcomes (preterm 

birth and low birth weight) 

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. 

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; HbA1c, 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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A  
o further explore the potential mechanisms for the impact of maternal

TSD on adverse birth outcomes. 

mplications for research 

The theoretical model synthesized in this paper is useful for its poten-

ial to advance perinatal research. It will enable researchers to concur-

ently examine maternal stress and physiological responses that influ-

nce birth outcomes. Based on the theoretical model, prospective studies

ith multiple biological and psychosocial measures of PTSD and mater-

al risk factors (i.e., child maltreatment, IPV, lower SES, depression,

regnancy-related distress, risk behaviours) may add new knowledge

bout the etiologic contributions of psychosocial processes to adverse

irth outcomes. Several steps need to be taken to advance application of

he theoretical model in perinatal research. First, the selection of phys-

ological indicators that have the most predictive performance on birth

utcomes and the timing of data collection during pregnancy need to

e determined. Many combinations of biomarkers and anthropometric

arameters have been used to create the AL score. There is no validated

old standard measure of AL, and this is especially true in pregnancy. Se-

ection of AL indicators should be determined with careful consideration

or pregnancy physiology to avoid the inclusion of indictors that are not

elevant to physiological dysregulation or exclusion relevant measures.

t is essential to develop a panel of optimal and valid AL indicators that

an be included as part of routine prenatal care in the future. Due to the

hanging levels of physiological measures across pregnancy, it is also

nknown the optimal timing of data collection. Multiple assessments

cross pregnancy take a lot of time, efforts, and financial resources and

ay lead to lots of missing data as well. The challenges increase when

ealing with high risk and vulnerable pregnant women. It would be

easible if we could determine the optimal timing of data collection at

hich largest individual differences (variances) can be tested. There-

ore, future studies are needed to determine the best combination of

L indicators and the optimal timing of specimen collection. Second,

he optimal AL scoring method needs to be determined. Despite con-

inued work using various scoring methods to construct the AL index,

ew studies focused on validating the AL index and comparing which

ethod is optimal to capture the multiple and inter-connected feature

f AL and summarize such information into one cumulative index. Such

omparative data remains sparse and the question of how best to score

L remains to be addressed. The lack of comparative analyses of the re-

iability of different AL measures among pregnant women represents a

ap in the current research on maternal stress and birth outcomes. Thus,

ore comparative work is clearly needed to compare the explanatory

owers and predictive abilities of distinct scoring approaches and to de-

ermine the optimal scoring approach before the theoretical model can

e reliably and validly applied to perinatal outcome research. Lastly, af-

er these methodological issues are addressed, prospective studies with

ultiple biological and psychosocial measures of stress are needed to

est the theoretical model. The proposed model needs to be modified

nd validated to sort out all the relationships among concepts and vari-

bles. 

otential implications for clinical practice 

Although more work is needed to modify and validate the proposed

heoretical model, it may still have a few potential implications for clin-

cal practice. First, the model may be applied to clinical practice to help

ealth care providers perceive the association between maternal chronic

tress, health alterations that accumulate and interact, and adverse birth

utcomes and recognize the impact of maternal chronic stress on adverse

irth outcomes. 

Second, it may advance early identification of women at risk for ad-

erse birth outcomes. Brief effective screening tools for maternal chronic

tress such as PTSD, depression, pregnancy-related distress, history of

hild maltreatment, and IPV could be designed and included in prenatal
211 
are to identify vulnerable women. The summary measure of the ac-

umulated physiological dysregulations may provide us not only with

nsights into the biological mechanisms contributing to adverse birth

utcomes but also with screening tools to identify women at risk for ad-

erse birth outcomes. It may offer an objective and quantifiable indica-

or of adverse birth outcomes. Most of AL indicators such as BMI, blood

ressure, and pulse are routine clinical assessments and thus are feasible

o be measured. Therefore, evaluating women’s experiences of chronic

tress and levels of physiological indicators could be added to existing

creening assessments to improve the accuracy for identifying high-risk

omen for adverse birth outcomes. After the majority of women who

ubsequently report adverse birth outcomes can be identified so that

hey can receive appropriate care to mitigate their pregnancy risks. An

cceptably accurate screening tool will allow health care providers to

bjectively assess a pregnant woman’s overall risk and provide health

are according to her risk level. 

Third, it may provide valuable insights into preventions and inter-

entions that aim to reduce adverse birth outcomes. Considering the

ffects of maternal chronic stress on mother and infant health, health

are providers including obstetricians and midwives, need to be aware

f those chronic stressors, especially PTSD and depression. Appropri-

te mental health care and education about how to identify and reduce

tress should be provided for high-risk women in the prenatal period in

rder to address stress dysregulation and improve both maternal well

eing and infant outcomes. Since mental health care services may be

onexistent or limited and predominantly hospital based ( Saxena et al.,

011 ), consideration should be given to developing or strengthening

ocal mental health care services that will serve women during the peri-

atal period. Additionally, women at risk for adverse birth outcomes

hat are identified by highly accurate screening tools should be targeted

or more intensive supervision and appropriate levels of prenatal care.

ffective interventions such as some stress reduction techniques should

lso be designed and evaluated to prevent adverse birth outcomes. If an

ffective intervention to prevent or delay adverse birth outcomes were

acking, any screening test would likely be of no clinical utility. Only

hen the use of a highly accurate screening tool and subsequent effec-

ive interventions has been evaluated to significantly reduce the occur-

ence of adverse birth outcomes should the screening tool be included

n routine prenatal care. 

onclusion 

The proposed theoretical model could provide a direction for re-

earchers to further explore the biological mechanisms by which ma-

ernal chronic stress such as PTSD leads to adverse birth outcomes. Ex-

loring the contribution of maternal chronic stress to adverse birth out-

omes within the context of a theoretical model could provide evidence

or health care professionals to identify individuals at risks for adverse

irth outcomes, and thus determine what diagnosis, prevention, or treat-

ent are good for pregnant women to prevent those adverse outcomes.

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi: 10.1016/j.midw.2018.04.002 . 
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