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ABSTRACT 

Maternal stress during pregnancy has been repeatedly associated with lasting 

changes in offspring physiology and behavior. Despite evidence linking maternal stress 

during pregnancy to premorbid abnormalities associated with depression, such as difficult 

temperament, cognitive deficits, and, in animal studies, brain abnormalities and 

biological profiles linked to depression, very few studies have examined maternal stress 

during pregnancy in relation to offspring depression itself and no study has examined sex 

differences in this association. The current study used data from 1,711 mother-offspring 

dyads enrolled in a longitudinal birth cohort study. Maternal narratives collected during 

pregnancy provided a direct, prospective measure of maternal stress during pregnancy 

and were qualitatively coded for stressful life events and stress-related themes by two 

independent raters. Latent class analysis (LCA) was used to identify distinct subgroups of 

offspring based on exposure to maternal psychosocial stress during pregnancy and other 

known developmental factors from the prenatal, childhood, and adolescent periods that 

have been previously associated with depression and/or maternal stress during pregnancy. 

To examine sex differences, LCA was conducted separately for males and females. 

Subgroups derived from the LCA were compared to determine whether and to what 

extent they differed on adolescent depressive symptoms. LCA revealed a subgroup of 

“high risk” females, characterized by higher maternal ambivalence/negativity about the 

pregnancy, lower levels of maternal positivity about the pregnancy, higher levels of 

reported routine daily hassles during pregnancy, lower levels of maternal education, 

higher maternal age, higher maternal pre-pregnancy BMI, higher levels of maternal 
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worry about finances and health concerns during childhood, higher levels of inhibition 

and conduct symptoms during childhood, decreased cognitive functioning during 

childhood and adolescence, lower levels of perceived paternal and maternal support 

during adolescence, and higher levels of maternal depression during adolescence. These 

high risk females exhibited elevated depressive symptoms during adolescence relative to 

both the “low risk” female group and the mean of the sample. A subgroup of males 

defined by similar indicators was not found to have elevated depressive symptoms during 

adolescence. Our findings appear to be in line with an emerging body of evidence 

suggesting that prenatal stress may have a lasting and sex-specific influence on offspring 

development. 
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CHAPTER 1 

RESEARCH REPORT 

Introduction 

Maternal stress during pregnancy has been linked to a variety of adverse 

outcomes in offspring, including preterm birth and low birth weight, even when 

controlling for a variety of sociodemographic and health related variables (Dole et al., 

2003; Glynn, Schetter, Hobel, & Sandman, 2008; Rondó et al., 2003; Wadhwa et al., 

2002). Further, a small but growing literature suggests an association between maternal 

psychological experiences during pregnancy and risk for depression during adolescence 

among offspring (Betts, Williams, Najman, & Alati, 2014; Pawlby, Hay, Sharp, Waters, 

& O’Keane, 2009). Improving our understanding of the link between maternal mental 

health and adolescent depression has important public health implications. Despite being 

associated with high disease burden (i.e., financial cost, mortality, morbidity), risk of 

recurrence, and risk of suicide (Stikkelbroek et al., 2013), depression often goes 

undiagnosed in adolescence (Fletcher, 2008; Williams, O’Connor, Eder, & Whitlock, 

2009). Early intervention is essential, as the duration of untreated depression has been 

associated with a worse clinical course (Altamura, Dell’Osso, Vismara, & Mundo, 2008), 

and enhancing our understanding of the influence of early developmental factors 

(beginning as early as the prenatal period) on risk for subsequent depression represents a 

promising avenue for early identification of at risk individuals.  

Although few studies have directly examined the association between prenatal 

maternal stress and adolescent depression, previous research has linked maternal stress 

during pregnancy to a number of adverse childhood outcomes that commonly occur in 
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the premorbid period of depression (Hankin & Abramson, 2001; Koenen et al., 2009; 

Lahey, Loeber, Burke, Rathouz, & McBurnett, 2002). These include temperaments 

associated with shyness/inhibition that are characterized by negative reactivity to novelty 

and crying (Gutteling et al., 2005; Kagan & Snidman, 1999; Niederhofer & Reiter, 2004; 

Werner, Myers, Fifer, & Monk, 2007); decreased intelligence scores (Slykerman et al., 

2005), decreased cognitive functioning (Laplante, Brunet, Schmitz, Ciampi, & King, 

2008; Niederhofer & Reiter, 2004); decreased attention/concentration (Brouwers, van 

Baar, & Pop, 2001; Gutteling et al., 2006); and increased behavioral/emotional problems 

(Loomans et al., 2011; O’Connor, Heron, Golding, Beveridge, & Glover, 2002). 

Additionally, prenatal maternal stress has been linked to childhood anxiety in humans 

(Davis & Sandman, 2012), which is notable given evidence that symptoms of anxiety 

often precede and co-occur with symptoms of depression (Zahn-Waxler, Klimes-Dougan, 

& Slattery, 2000). Another recent study linked retrospectively reported maternal stress 

during pregnancy to childhood internalizing problems (Park et al., 2014). Prenatal 

maternal stress also has been associated with attention deficit hyperactivity disorder 

(ADHD) and conduct problems during childhood (Loomans et al., 2011; Rodriguez & 

Bohlin, 2005), both of which have been associated with later development of depression 

(Lahey et al., 2002).   

In keeping with these findings, animal studies have linked prenatal maternal stress 

to a variety of negative outcomes in offspring similar to those found in depressed 

samples, including increased hypothalamic pituitary adrenal (HPA) axis functioning and 

stress reactivity (Clarke, Wittwer, Abbott, & Schneider, 1994; Schneider, Moore, 
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Kraemer, Roberts, & DeJesus, 2002), anxiety- and depressive-like behaviors (Maccari et 

al., 2003; Weinstock, 2007), and brain changes associated with learning deficits, 

including reduced hippocampal neurogenesis (Coe et al., 2003; Lemaire, Koehl, Le Moal, 

& Abrous, 2000). Despite these findings, few studies have examined the relationship 

between maternal stress during pregnancy and depression among offspring after 

childhood. 

Much of the work examining prenatal maternal stress in relation to offspring 

development beyond childhood has focused on linking stress during pregnancy to 

schizophrenia and related psychotic disorders (Khashan et al., 2008; Spauwen, 

Krabbendam, Lieb, Wittchen, & van Os, 2004; van Os & Selten, 1998). Surprisingly few 

studies have examined the link between prenatal maternal stress and offspring depression, 

despite evidence that depression and schizophrenia are often comorbid (Kendler, 

Gallagher, Abelson, & Kessler, 1996), share a number of genetic risk factors (Chubb, 

Bradshaw, Soares, Porteous, & Millar, 2008; Hosák, 2007), have overlapping 

neurobiological abnormalities (Müller & Schwarz, 2008; Nestler et al., 2002; van Erp et 

al., 2004), and evidence similar premorbid risk factors (e.g., low birth weight, lower 

childhood IQ, and childhood psychological problems) (Hettema, Prescott, & Kendler, 

2003; Koenen et al., 2009; Thompson, 2001). However, there is a growing body of 

ecologic studies that suggest a relationship between prenatal maternal stress and offspring 

depression (Betts et al., 2014; Betts, Williams, Najman, & Alati, 2015; Brown, van Os, 

Driessens, Hoek, & Susser, 2000; Watson, Mednick, Huttunen, & Wang, 1999). One 

study found that the adult offspring of women who were pregnant during Holland’s 
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“hunger winter” during WWII had a significantly increased risk of developing unipolar 

and bipolar major affective disorder (i.e., mania and/or depression accompanied by 

mood-congruent psychotic symptoms) during adulthood, and that the frequency of 

depression was highest following second and third trimester exposure (Brown et al., 

2000). However, it is important to note that this study was likely tapping into the long-

term effects of maternal starvation and nutritional deficiency, rather than (or in addition 

to) the effects of maternal psychosocial stress, on offspring development. Additionally, 

the findings by Brown and colleagues (2000) are limited by determining cases of 

depression from hospital admissions, as cases hospitalized for mood disorders are not 

necessarily representative of mood disorders in general.  

Another study of women who were pregnant during a severe earthquake found 

that 13.3% of their 18-year-old offspring had severe depression, compared with only 

5.5% of offspring born a year later (Watson et al., 1999). This study also linked second 

trimester exposure in particular to depression. In both studies, the prevalence of 

depression was higher in men than women (Brown et al., 2000; Watson et al., 1999). 

Although these studies provide important support for a potential link between prenatal 

maternal stress and offspring depression, the implications and generalizability of these 

studies are limited by their examination of very severe and relatively rare traumatic 

stressors. Further, these studies, like many of the studies that examined maternal stress 

during pregnancy in relation to offspring schizophrenia (e.g., (Khashan et al., 2008; van 

Os & Selten, 1998)), assumed a uniform level of stress based on an adverse event or 

exposure experienced by the population; in assuming that women have similar subjective 
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experiences of a particular life event or circumstance, important information about how 

maternal interpretation of life events might mediate the relationship between maternal 

stress and offspring outcomes is lost.  

Recent work based on a large Australian longitudinal birth cohort made 

significant methodological improvements over these previous studies by prospectively 

assessing maternal anxiety, depression, and stress using self-report measures during 

pregnancy (Betts et al., 2014, 2015). These studies found that the combination of high 

levels of maternal depression, anxiety, and stress in early pregnancy was associated with 

increased risk of internalizing behavior problems in early adolescence (age 14) (Betts et 

al., 2014) and adulthood (Betts et al., 2015). Although evidence for a link between 

prenatal maternal stress and offspring depression is mounting, there are still unexplored 

gaps in the literature. For one, although studies have linked prenatal maternal stress to 

inhibited temperament (Gutteling et al., 2005; Kagan & Snidman, 1999), internalizing 

problems during childhood (Davis & Sandman, 2012; Park et al., 2014), and decreased 

cognitive function (Laplante et al., 2008; Niederhofer & Reiter, 2004; Slykerman et al., 

2005) during childhood, which are themselves associated with increased risk for 

depression (Compas, Connor-Smith, & Jaser, 2004; Koenen et al., 2009), no study, to our 

knowledge, has examined whether the combination of prenatal and childhood risk factors 

increase risk for depressive symptoms in adolescence. Additionally, sex differences in the 

relationship between prenatal maternal stress and offspring depression have been 

underexplored. 
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The animal literature on prenatal maternal stress strongly suggests that the effects 

of prenatal stress on offspring development differ by sex, and an emerging body of 

human studies is also beginning to report on sex differences. Currently, human studies 

suggest that males are more vulnerable than females to the deleterious influences of 

maternal stress during pregnancy, as they appear to be at increased risk for mortality, 

morbidity, reduced viability, delayed neonatal maturity, neurological problems, and 

perhaps even risk of schizophrenia spectrum disorders (Ellman et al., 2008; Fineberg et 

al., in press; Sandman, Glynn, & Davis, 2013). Although these findings were previously 

thought to suggest that females are protected against the adverse influences of early life 

stress, emerging evidence suggests a “viability-vulnerability tradeoff,” such that for 

females, prenatal maternal stress is not associated with early mortality and morbidity but 

rather subtle but persistent influences on temperament, behavior, and brain development 

that may predispose females to later affective problems (Sandman et al., 2013). In 

support of this theory, there is a growing body of work that suggests that fetal exposure to 

maternal psychosocial distress and cortisol during pregnancy is linked to temperaments 

associated with affective disorders (e.g., fearful, negative temperament), childhood 

anxiety, and changes in brain regions (e.g., prefrontal cortex, medial temporal lobe, 

amygdala) associated with mood and emotional problems that could selectively put 

females compared to males at risk for future psychopathology, such as depression 

(Sandman et al., 2013). Despite known sex differences in the prenatal stress literature 

(Sandman et al., 2013; Weinstock, 2007) and in rates of depression during adolescence 
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(Susan Nolen-Hoeksema & Girgus, 1994), no study has examined whether there are sex 

differences in risk for offspring depression after exposure to prenatal maternal stress. 

The present study used a large pregnancy/birth cohort to examine the association 

between prospectively reported prenatal maternal stress and adolescent depression among 

offspring. Based on previous studies in the depression and the prenatal stress literatures, 

we hypothesized that distinct subgroups of individuals could be identified based on 

exposure to prenatal maternal stress and other developmental factors from pregnancy, 

childhood, and adolescence, and that these subgroups would differ on adolescent 

depressive symptoms. Latent class analysis (LCA), a method for uncovering smaller, 

more homogeneous subgroups from a larger, more heterogeneous population (Muthén & 

Muthén, 2000), was used to identify subgroups of males and females. Identified 

subgroups were then compared on depressive symptoms during adolescence. LCA allows 

for the identification of classes that differ in frequency and quality of risk processes (i.e., 

classes that are not only defined by severity of risk processes but also by different types 

of risk processes), and therefore, was well-suited to address our study aim of 

characterizing developmental patterns associated with risk for later depression. Although 

LCA is an exploratory data analysis technique, we anticipated, based on previous studies, 

that the following variables would group together to create a subgroup associated with 

increased risk for adolescent depression: maternal stress themes during pregnancy (Betts 

et al., 2014; Brown et al., 2000; Buss, Davis, Hobel, & Sandman, 2011; Da Costa, 

Brender, & Larouche, 1998; Pritchard & Teo, 1994; Shah et al., 2011; Watson et al., 

1999), obstetric risk factors (e.g., lower birth weight, increased maternal age; 



  
 

8

(Braithwaite, Murphy, & Ramchandani, 2014; Cleary-Goldman et al., 2005), childhood 

symptoms of inhibition and conduct problems (Goodwin, Fergusson, & Horwood, 2004; 

Lahey et al., 2002; Zahn-Waxler et al., 2000), increased maternal stress during childhood 

(Entringer, Buss, & Wadhwa, 2015), decreased cognitive functioning during childhood 

and adolescence (Koenen et al., 2009), lower levels of perceived parental support (Stice, 

Ragan, & Randall, 2004), and higher levels of maternal depressive symptoms during 

adolescence (Halligan, Murray, Martins, & Cooper, 2007; Murray et al., 2011).   

Given known sex differences in the prenatal stress literature (Sandman et al., 

2013) and research suggesting that the pathways to depression differ for males and 

females (Kessler, 2003; Piccinelli & Wilkinson, 2000), we decided to examine subgroups 

of males and females separately. We hypothesized that females would be particularly at 

risk for symptoms of adolescent depression, as past research suggests that the incidence 

of depression is higher among female adolescents (Alloy & Abramson, 2007; Nolen-

Hoeksema & Girgus, 1994) and a recent study found an association between prenatal 

maternal anxiety and offspring depressive symptoms during adolescence mediated by 

offspring cortisol among females but not males (Van den Bergh, Van Calster, Smits, Van 

Huffel, & Lagae, 2008). 

Method 

Participants 

 The study was approved by the Institutional Review Boards of the New York 

State Psychiatric Institute, Public Health Institute, University of California-Los Angeles 

(UCLA), and Temple University. Participants were derived from the Child Health and 
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Development Study (CHDS). The CHDS was designed to investigate the association 

between pre/perinatal events and offspring development through infancy, childhood, and 

adolescence (Susser, Schaefer, Brown, Begg, & Wyatt, 2000). The CHDS prospectively 

enrolled virtually all pregnant women receiving prenatal care from the Kaiser Foundation 

Health Plan (KFHP) at its clinics in Alameda County, California from 1959-1966 (live 

births N = 19,044). Approximately 30 percent of the population of Alameda County, 

including the cities of Oakland, Berkeley, and Hayward, received health care through the 

KFHP. The KFHP membership was demographically similar to the population of the 

region, and membership was racially, educationally, and occupationally diverse (Krieger, 

1992; Susser et al., 2000).  

 Participants in the current study were derived from the Adolescent Study, which 

included a subsample of women from the initial CHDS cohort. A total of 2,020 

adolescents age 15-17 years born to CHDS mothers were prospectively enrolled in the 

Adolescent Study. The adolescents were followed from birth using Kaiser Medical 

Records and data from two health and developmental exams – at age 5 and another visit 

at age 9, 10, or 11. Conditions for inclusion in the Adolescent Study included: birthdates 

between March 1, 1960 and March 31, 1963, previous participation in the 5- and 9/10/11-

year old examinations, and residence in the Greater San Francisco East Bay Area. Of the 

2,518 eligible adolescents, 2,020 participated. Although this is a very high response rate 

(80%), potential bias due to attrition cannot be ruled out. Compared to the initial CHDS 

cohort, the Adolescent Study sample included a greater proportion of individuals whose 

mothers were married and living with a husband at the original intake, who were white, 
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and who were high school graduates, though these differences were small. Individuals 

were contacted via mail with a questionnaire on family information. Returned 

questionnaires were given to trained CHDS personnel who phoned each family to make 

an appointment. If families no longer resided at the address on file, alternative sources 

were used to locate their address, including DMV records and contacting relatives/friends 

listed previously as references. The study involved several interviews and questionnaires 

with both mothers and adolescents regarding current and past health, family relationships, 

and health-promoting/health-risk behaviors (i.e., exercise and smoking/drinking, 

respectively). All interviewers and testers received training from the CHDS research 

staff.  

Measures 

Pregnancy Interviews 

Pregnancy interviews included a detailed reproductive history and questions about 

the health of the woman, her husband, and her children, her attitudes toward the current 

pregnancy, and health-related behaviors, including alcohol consumption and smoking. 

Information about maternal and paternal age, ethnicity, education, occupation, and place 

of birth was also collected. Maternal interview data were available for 1,976 of the 2,020 

adolescents (97.8%) in the current study. Many of the study mothers had more than one 

offspring in the study, creating the possibility of non-independent observations among 

siblings in the study. To address this concern, we used a random number generator to 

pick one child/pregnancy at random from each mother for inclusion in the present study. 

After removing siblings (n = 255) and individuals with missing interview data (n = 10), 
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the final maternal interview sample included 1,711 individuals, with 1,600 individuals 

having data on adolescent depressive symptoms (see Figure 1).  

 

 Figure 1. Flow chart of participants in current study. 

 

Maternal Psychosocial Stress during Pregnancy. Maternal psychosocial stress 

during pregnancy was measured by extracting stressful life events and stress-related 

themes from open-ended narratives in response to the question, “What kinds of things 

have been worrying you recently?” Responses included descriptions of financial and 

relationship stress, as well as stressful life events.  
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Two independent raters followed a detailed coding manual to extract stress-

related themes. To minimize bias, inter-rater reliability was established after coders 

analyzed 50 maternal interviews chosen at random from a previous CHDS study that is 

non-overlapping with participants from the current study. Reliability was evaluated using 

intraclass correlations (ICCs), which are the most appropriate statistic for continuous data 

(Shrout & Fleiss, 1979). ICCs of 0.7 or above on the aforementioned test cases were 

required before a coder was allowed to code study interviews. ICCs for the current study 

interviews ranged from 0.72 to 1.0 (mean ICC = 0.89; substantial to almost perfect 

reliability). 

Raters, blind to all offspring characteristics (including adolescent depression 

scores), coded interviews for the following themes: reported anxiety, reported depression, 

perceived stress, pregnancy-specific anxiety, positive/negative/ambivalent feelings about 

pregnancy, traumatic/severe life events, non-traumatic life events, routine daily hassles, 

medical life events, ailments of pregnancy, and negative affect about pregnancy ailments. 

These themes were chosen because these constructs previously have been associated with 

depression or obstetric/childhood risk factors associated with depression (Betts et al., 

2014, 2015; Brown et al., 2000; Buss et al., 2011; Da Costa et al., 1998; Huizink, Robles 

de Medina, Mulder, Visser, & Buitelaar, 2003; Huizink, Robles De Medina, Mulder, 

Visser, & Buitelaar, 2002; Pritchard & Teo, 1994; Shah et al., 2011; Watson et al., 1999). 

Stress-related themes were operationally defined and coded based on well-established 

definitions of the constructs (Cohen, Kessler, & Gordon, 1997; Khashan et al., 2008; 

Serido, Almeida, & Wethington, 2004) and/or using validated measures of the construct 
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as a guide (Cohen, Kamarck, & Mermelstein, 1983; Radloff, 1977; Rini, Dunkel-

Schetter, Wadhwa, & Sandman, 1999; Spielberger, 1983). Reported depression and 

anxiety were coded based on the mother’s use of words consistent with depression or 

anxiety, using valid and reliable measures such as the CES-D scale and the State-Trait 

Anxiety Inventory as models (Radloff, 1977; Spielberger, 1983). Examples of depression 

include statements of feeling “depressed,” “sad,” “down,” or “hopeless.” Examples of 

anxiety include statements of feeling “worried,” “anxious,” “nervous,” or “jittery.” Using 

the Perceived Stress Scale as a model, perceived stress was coded if the woman made 

appraisals of situations in her life as stressful, overwhelming, or difficult (Cohen et al., 

1983); for example, if she described “emotional strain” or feeling “upset.”  Pregnancy-

specific anxiety was coded if the woman reported worries or concerns about the 

pregnancy, such as concerns about labor and delivery or the health of the baby (Rini et 

al., 1999). Positive, negative, and ambivalent feelings about the pregnancy were coded 

based on responses to the open-ended question, “How do you feel about having a baby 

now?” which addresses unwantedness of the pregnancy. Examples of ambivalence 

include “mixed feelings,” “feel so-so about it,” and “feel okay, but not enthused.” 

Examples of negative statements include “not happy,” “did not want to be pregnant,” and 

“do not want anymore [children].” Non-traumatic life events were coded as present if the 

woman reported discrete and observable events that required an adjustment in life 

routines and were impactful enough to not be considered routine daily hassles (Cohen et 

al., 1997); for example, marriage difficulties or separation, moving, and chronic but not 

life-threatening illness of a family member. Routine daily hassles were coded if a women 
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reported relatively minor events arising out of day-to-day living and/or small, unexpected 

events that disrupt daily life (Serido et al., 2004); examples of routine daily hassles 

include financial stress (e.g., concern about bills) and low-level annoyance (e.g., feeling 

bothered by kids or husband). Medical life events were coded if a concern related to a 

medical condition was endorsed. Ailments of pregnancy were coded when women 

reported physical discomfort related to pregnancy (e.g., morning sickness), and negative 

affect about pregnancy ailments was coded when women reported negative feelings 

towards pregnancy-related physical discomfort (e.g., “I hate feeling so sick in the 

morning”). Severe/traumatic life events were distinguished from other life events and 

coded as present if there was actual or threatened death or serious injury, threat to 

physical integrity of self or others, and/or loss or diagnosis with cancer, acute myocardial 

infarction, or cerebrovascular accident of a close relative, based on previous research of 

traumatic life events during pregnancy (Khashan et al., 2008).  

Although interview coding documented the frequency with which women 

reported stress themes within narratives (e.g., how often daily stress was mentioned in a 

given narrative), the aforementioned stress themes were reduced to dichotomous 

(present/absent) variables because of limited variability in frequency data found in a 

previous study of CHDS women (data available upon request) (Fineberg et al., in press. 

A variable signifying interview version was included in analyses to account for some 

women completing an extended version of the pregnancy interview. Stress themes were 

coded using ATLAS.ti 6 (ATLAS.ti Scientific Software Development GmbH, Berlin, 

Germany). Table 1 displays examples of the stress coding. 
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Table 1. 

Examples of Stress Coding 

Stress Themes Examples 

Ambivalent Feelings 

About Pregnancy 

• “Mixed emotions – sometimes glad…sometimes wish I 

wasn’t pregnant” 

• “We were quite upset, but we don’t mind now.” 

• “Not delighted but don’t object.” 

• “50-50. Real great and then not so.” 

Ailments of Pregnancy • “Nausea” 

• “Leg trouble” 

• “Swelling of feet” 

• “Being sick all the time” 

Medical Life Events • “Kidney infection” 

• “My headaches” 

• “Sickness of mine” 

• “Possible stomach trouble” 

Negative Affect About 

Pregnancy Ailments 

• “I dread physical aspects of pregnancy” 

• “I hate to be so big, I feel so awkward and it’s such a 

problem to lose weight” 

• “Only thing I don’t like is vomiting in the morning” 

• “I’m sore about how much sickness I’m having now – 

all I can do is lie down, I can’t do anything.” 

Negative Feelings 

About Pregnancy 

• “Unhappy – don’t want a child” 

• “Two years too soon” 

• “Didn’t want this baby” 

• “Disgusted and so is the whole family – we have enough 

kids” 

Non-traumatic Life 

Events  

• “Husband out of work” 

• “We’re looking for a home” 

• “Financial difficulties” 

• “Marital difficulties” 

Positive Feelings 

About Pregnancy 

• “Delighted about baby” 

• “Wanted 2 children close together” 

• “Very happy - had wanted another” 

• “Thrilled about it” 
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 Tetrachoric correlations between stress themes were examined and considered for 

potential data reduction. Stress-related themes appeared to be largely independent 

constructs (rtet = .016-.442; See Chapter 3, Table 7); however, a few correlations were 

strong and merit comment. Maternal reported depression and perceived stress had a 

moderate positive relationship (r = .32, p < .01). Consideration was given to combining 

Table 1. 

(Continued) 

Stress Themes Examples 

Perceived Stress 

 

 

• “I’m so terribly busy all the time” 

• “I’m having trouble coping” 

• “Things have been building up” 

• “Emotional stress” 

Pregnancy-Specific 

Anxiety 

• “Fear a miscarriage” 

• “Worrying about complications” 

• “Never been pregnant before, rather nervous about it” 

• “Worried about labor/delivery”  

Reported Anxiety  • “Worrying” 

• “Concerned” 

• “Afraid” 

• “So extremely nervous” 

Reported Depression • “Down, no energy” 

• “Depressed” 

• “Cry very often” 

• “Feel useless” 

Routine Daily Hassles • “Bills” 

• “Children get on my nerves” 

• “Usual things at work” 

• “House is crowded” 

Traumatic Life Events • “Mother’s death” 

• “Losing other baby” 

• “Very close friend died of cancer” 

• “Car accident” 
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these themes; however, given our specific interest in transgenerational influences on 

depression (i.e., the transmission of traits across generations; Meltzer-Brody, 2011) and a 

growing body of work specifically linking prenatal maternal depression/depressive 

symptoms to offspring depression (Halligan et al., 2007; Pawlby et al., 2009), we made 

the decision to examine maternal reported depression and perceived stress separately. 

Similarly, although non-traumatic life events and perceived stress had a strong positive 

relationship (r = .44, p < .01), we decided not to combine these themes because one 

theme captures a stressor, whereas the other captures an emotional appraisal, which are 

related but distinct elements of the experience of stress (Lazarus & Folkman, 1984). 

Other Prenatal Factors 

In addition to maternal psychosocial stress, other characteristics of the mother 

during pregnancy and the child at birth were collected prospectively via maternal reports 

and medical records. These data included (but were not limited to) maternal age, maternal 

education, gestational age, birth weight, and factors associated with maternal 

health/health-risk behaviors. Out of the potential socioeconomic status (SES) variables, 

maternal education had the most complete data, has been correlated with other measures 

of socioeconomic status in this sample, and is often used to account for the potential 

contributions of postnatal adversity to risk of negative developmental sequelae (Schlotz 

& Phillips, 2009); therefore, maternal education was used in the present study. Although 

there are a variety of pre- and perinatal factors that are thought to influence offspring 

development (Glover, 2011; Siegel, 1982), we chose to focus on variables that have 

previously been associated with depression or obstetric risk factors associated with 
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depression (Braithwaite et al., 2014). As such, the following pre-/peri-natal factors, in 

addition to maternal education, were included in analyses: maternal age (Cleary-Goldman 

et al., 2005), maternal pre-pregnancy body mass index (BMI) (Abenhaim, Kinch, Morin, 

Benjamin, & Usher, 2007; Baeten, Bukusi, & Lambe, 2001), maternal smoking 

(Cornelius et al., 2011; Fergusson, Woodward, & Horwood, 1998; Menezes et al., 2013), 

gestational age (Patton, Coffey, Carlin, Olsson, & Morley, 2004), and birth weight (Gale 

& Martyn, 2004; Thompson, 2001). 

Age 9-11 Childhood Visit 

At the child’s age 9-11 year visit, mothers answered “true” or “false” to 100 

statements about their child’s behavior. Given concerns about the reliability of self-report 

among children under age 10 and parental knowledge of children’s behaviors in varied 

settings (e.g., home, school), maternal report is considered to be the “gold standard” 

during this developmental period (De Los Reyes & Kazdin, 2005; Offord et al., 1996).  

Childhood Inhibition Symptoms. Questions that asked mothers to endorse 

behaviors related to inhibition (depression and anxiety) and that corresponded to items on 

the Achenbach Child Behavior Checklist, a well-validated and commonly used measure 

among children (Achenbach, 1991), were included in the childhood inhibition symptoms 

scale. Items related to anxiety and depression during childhood were combined based on 

extensive literature suggesting that these symptoms often co-occur among children and 

similarly predict depression in adolescence and adulthood (Brady & Kendall, 1992). 

Items related to inhibition were summed and the resulting score was treated as a 
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continuous variable. The inhibition scale consists of 13 items and has moderate internal 

consistency (KR-20 α = .703). 

The following statements were included in the childhood inhibition symptoms 

scale: “afraid of doing the wrong things”; “makes a lot of fuss when hurt”; “feelings get 

hurt easily”; “can’t take criticism”; “afraid of being hurt or injured”; “has a lot of fears 

and worries”; “afraid of things that are not really dangerous”; “shy, bashful”; “seems to 

relax only at home”; “often in the dumps”; “hides thoughts or feelings, secretive”; “silent, 

not talkative”; “often seems tired.” Inhibition symptoms were included in the analyses 

because previous research has linked prenatal maternal stress exposure to temperaments 

associated with inhibition (Gutteling et al., 2005; Kagan & Snidman, 1999; Niederhofer 

& Reiter, 2004; Werner et al., 2007) and internalizing symptoms in childhood (Davis & 

Sandman, 2012); additionally, childhood inhibition symptoms have been associated with 

risk for subsequent depression (Goodwin et al., 2004; Zahn-Waxler et al., 2000). 

Childhood Conduct Symptoms. The conduct problems category was based on 

previous analyses conducted with this cohort (Keyes, Keyes, March, & Susser, 2011). 

Examples of items assessing childhood conduct problems included “stays away from 

home without permission,” “takes things that do not belong to him/her,” “has temper 

explosions,” and “bullies others” (Keyes et al., 2011). Scale items were summed and the 

resulting score was used as a continuous variable. The conduct problems scale has good 

internal consistency (KR-20 α = .73). Childhood conduct symptoms were included in the 

analyses given associations with both prenatal maternal stress (Loomans et al., 2011) and 

later development of depression (Lahey et al., 2002). 
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Maternal Stress during Childhood. Maternal stress during childhood was assessed 

at the 9-11 childhood exam. Mothers were asked to provide yes/no responses to questions 

about whether finances, marital relations, employment, and or/health concerns were 

worrying them recently. These four variables related to maternal worry during childhood 

were included to account for the influence of postnatal stress on offspring development, 

as the prenatal and postnatal environments can exert independent and interactive effects 

on mental and physical health outcomes (Entringer et al., 2015). Birth order, which was 

assessed at the 9-11 exam and is highly correlated with family size in this sample (Keyes 

et al., 2011), and number of adults in the household also were included to tap into 

variables related to family structure during childhood, as certain aspects of family 

structure (e.g., smaller family size, two parents) have been positively associated with 

offspring well-being (Amato, 2005; Thomson, Hanson, & McLanahan, 1994). 

Childhood and Adolescent Cognitive Variables 

The Peabody Picture Vocabulary Test (PPVT) is a commonly used receptive 

vocabulary measure that can be administered to individuals age 2.5 and above and is 

correlated with IQ (Lezak, Howieson, & Loring, 2004). The PPVT includes a series of 

sheets, each of which has 4 pictures. The participant is instructed to point to the picture 

that matches the word that an examiner says aloud. The PPVT has high test-retest 

reliability (>0.90) and does not require reading, writing, or verbal responses. The current 

study used the offspring’s PPVT data from the 9-11 and the adolescent exams. Raw 

scores of the PPVT were standardized separately for ethnic groups for age and sex. These 

data were included based on past research linking prenatal maternal stress exposure to 
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cognitive problems (Laplante et al., 2008; van den Bergh et al., 2006), including 

decreased IQ (Slykerman et al., 2005), which has been found to occur during the 

premorbid period of depression (Koenen et al., 2009). 

Adolescent Visit 

Adolescent Depressive Symptoms. Adolescents completed a self-report inventory 

about their lives and beliefs about themselves, including depressive symptom items. The 

adolescent depression symptom scale includes 14 items related to depressive 

symptomatology and assessed affective and cognitive symptoms of depression. The scale 

did not assess anhedonia, motivation, or somatic symptoms. All adolescents responded to 

the same items and responses were given using a 4-point Likert Scale (1 = strongly 

disagree to 4 = strongly agree). The items included in the depression symptoms scale can 

be found in Table 2.  

Table 2. 

Adolescent Depression Symptoms Scale 

Overall how happy would you say you are nowadays?* 

There is really no way I can solve some of the problems I have. 

I can do just about anything I really set my mind to.*  

I often feel helpless in dealing with problems in my life. 

I have little control over the things that happen to me.  

I feel that I’m a person of worth, at least on an equal plane with others.* 

I feel that I have a number of good qualities.*  

I am able to do things as well as most other people.* 

I feel I do not have much to be proud of.  

I take a positive attitude toward myself.*  

Sometimes I think I am no good at all.  

What happens to me in the future mostly depends on me.*  

I feel that I can’t do anything right.  

I feel that my life is not very useful.  

Note. * Indicates reverse coded responses. 



  
 

22

The internal consistency of the depression scale is high (Cronbach’s α = .81). 

Analyses suggest that this scale has excellent predictive validity with semi-structured 

interviews conducted in 20-30 year follow-up studies, as well as well-known 

questionnaires administered in a current follow-up study. Cohort members who received 

a Major Depressive Disorder (MDD) diagnosis in follow-up studies (n = 13 MDD, n = 39 

controls overlapping with the adolescent cohort) using semi-structured interviews (First, 

Spitzer, Gibbon, & Williams, 1994; Nurnberger et al., 1994) had higher scores on the 

adolescent depression scale compared to those who did not receive a depression 

diagnosis, and these differences were associated with a large effect size (p = .04; Cohen’s 

d = .62). Additionally, there was 72% specificity in predicting MDD among those who 

scored in the upper tertile on the adolescent depression scale (46% sensitivity) and 100% 

specificity in those who scored at or above the 90th percentile (23% sensitivity). 

Similarly, in an ongoing follow-up study, the Kessler K6 scale is being administered to 

members of the adolescent cohort (N = 237, mean age = 48.5), and established K6 cut-off 

scores, which are highly reliable in predicting serious mental disorders in epidemiological 

samples, particularly depression, were used (Furukawa, Kessler, Slade, & Andrews, 

2003; Kessler et al., 2003). Adolescent depression scores were significantly higher in 

those who scored above the K6 cut-off scores (n = 33, p = .007, Cohen’s d = .48). Similar 

to the previous follow-up studies, there was 75% specificity (50% sensitivity) in 

predicting K6 distress scores among those who scored above the 75th percentile on the 

adolescent depression scale and 91% specificity (28% sensitivity) in predicting K6 scores 

among those who scored in the 90th percentile. Although the adolescent depression scale 
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does not capture everyone who will later develop depression, those scoring high on the 

scale are at substantially increased risk for receiving a depression diagnosis and/or 

another serious mental disorder later in life, indicating the high utility of this measure for 

identifying adolescents at risk for lifelong psychiatric problems. The current study 

examined scores on the adolescent depression measure as a continuous variable.  

Maternal Depressive Symptoms during Adolescence. Although prenatal 

psychopathology was not systematically assessed (the study period occurred before the 

Diagnostic and Statistical Manual of Mental Disorders (DSM) was widely used), 

maternal depressive symptoms were systematically assessed when the offspring were 

adolescents. Mothers completed a self-report inventory about depressive symptoms that 

mirrored the self-report inventory completed by adolescents at the same time point. The 

scale has good internal consistency (Cronbach’s α = 0.76). Previous work has linked 

maternal depression to increased rates of depressive symptoms in childhood and 

adolescence (Halligan et al., 2007; Murray et al., 2011), with evidence that this 

association often occurs among females (Goodman, Rouse, Hall, & Heyward, 2011; 

Weissman et al., 2006). Further, at least one study suggests that the impact of parental 

depression on offspring functioning persists even after controlling for the offspring’s own 

symptoms of psychopathology (Lewinsohn, Olino, & Klein, 2005), suggesting that data 

on parental psychopathology can help provide a more complete picture of offspring 

functioning than information on offspring psychopathology alone.  

Perceived Paternal and Maternal Support during Adolescence. Adolescents were 

also asked a number of questions about family support. The Adolescent Personal 
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Questionnaire asked adolescents to answer questions about their relationships with their 

parents (e.g., “How close do you feel to your mother?,” “How important do you feel you 

are to your father?”). Adolescents also were asked to endorse a variety of statements 

related to their relationship with their parents (e.g., “I usually get along well with my 

father”) using a 4-point Likert scale (1 = strongly disagree to 4 = strongly agree). Items 

were coded such that higher scores would indicate higher levels of perceived parental 

support and summed to create two scales: a perceived maternal support scale and a 

perceived paternal support scale. Each scale consisted of 5 items and the Perceived 

Maternal and Paternal Support scales have moderate internal consistency (Cronbach’s α = 

.77 and .72, respectively). Perceived maternal and paternal support during adolescence 

were included in the analyses because they have been identified as protective factors 

associated with decreased risk for depression (Stice et al., 2004). 

Statistical Analyses 

Preliminary analyses, including descriptive and bivariate analyses, were 

conducted using SAS version 9.4. Primary analyses were conducted using Mplus 

statistical software package, Version 7.3 (Muthén & Muthén, 2012). Mplus addresses 

missing data using Full-Information Maximum Likelihood (FIML) estimation, a robust 

and commonly accepted way to handle missing data (Muthén & Shedden, 1999; Schafer 

& Graham, 2002) (See Tables 3-4 and Figures 1-2 for complete information about 

missing data). FIML does not impute (i.e., fill in) missing data; instead, FIML directly 

estimates model parameters and standard errors using all available raw data (Enders, 

2001). Data are assumed to be missing at random (MAR) or completely at random 
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(MCAR) (Enders, 2001). The hypothesis that there are sex-specific developmental 

pathways from maternal stress during pregnancy to offspring depression was tested using 

latent class analysis (LCA). LCA is a person-centered statistical method that uses 

categorical and/or continuous observed variables to classify individuals from a 

heterogeneous population into smaller, more homogenous subgroups (Nylund, 

Asparouhov, & Muthén, 2007). Given our interest in sex-specific pathways, LCA 

analyses were conducted separately for male and female offspring.  

In LCA, selection of the best-fitting model is based on both statistical indicators 

and conceptual (i.e., practical) considerations (Nylund, Bellmore, Nishina, & Graham, 

2007). Model fitting begins with the one class (i.e., independence) model, which reflects 

the observed means in the data (Nylund et al., 2007). The number of classes is then 

increased until the model no longer shows significant improvement, such as when adding 

another class results in conceptually unclear classes or very small class sizes (Nylund et 

al., 2007). Although LCA produces a number of statistical fit indices that can be used to 

assess model fit, there is no single method that is accepted as best for comparing models 

with differing numbers of latent classes (Masyn, Henderson, & Greenbaum, 2010). 

Commonly used indices include the Akaike Information Criterion (AIC; (Akaike, 1987)), 

the Bayesian Information Criterion (BIC; (Schwartz, 1978)), and the sample-size 

Adjusted BIC (ABIC; (Sclove, 1987)) and smaller AIC, BIC, and ABIC values indicate 

better fitting models (Nylund et al., 2007). A recent simulation study suggested that the 

BIC and bootstrap likelihood ratio test (BLRT) were the most consistent indicators of 

classes across models (Nylund et al., 2007). The BLRT evaluates whether adding an 
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additional class significantly improves model fit by comparing the fit of the model with k 

classes to the model with k-1 classes (Nylund et al., 2007). Both entropy (Muthén & 

Muthén, 2000) and posterior probability values provide information about the precision 

of assigning latent class membership, with values closer to 1 indicating greater precision. 

In addition to considering fit statistics, the process of choosing the best fitting model also 

depends on the conceptual model underlying the analyses and considerations such as 

whether the latent classes are conceptually meaningful and interpretable (Masyn et al., 

2010). 

Once the best-fitting model was chosen for females and males, we utilized a 

model-based approach to LCA with distal outcomes (Lanza, Tan, & Bray, 2013). The 

variable of adolescent depression was added as a distal outcome in auxiliary analyses and 

equality of means chi-square tests were used to examine whether there were significant 

differences between subgroups on mean adolescent depressive symptom scores. A 

graphical representation of the model is depicted in Figure 2.  
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Figure 2. Graphical representation of the latent class model with a distal outcome. C 

refers to the latent class variable. Maternal psychosocial stress, other prenatal factors, 

childhood developmental factors, and adolescent developmental factors represent 

manifest indicators of C. Adolescent Depression is the distal outcome. 

 

Results 

Sample Characteristics 

 Demographics and mean scores for clinical characteristics are displayed in Table 

3 (full analytic sample) and Table 4 (by sex). Bivariate relations between prenatal 

maternal stress themes and childhood/adolescent outcomes are shown in Chapter 3, 

Tables 8 – 10.  

Identification of Latent Classes 

Indicators of LCA were maternal psychosocial stress themes; other prenatal 

factors (maternal age, maternal education, maternal smoking, interview version, birth 

order, GA, birth weight, pre-pregnancy BMI); developmental factors from childhood 
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(maternal worry, adults present in household, childhood cognitive functioning, inhibition 

symptoms, conduct symptoms); and developmental factors from adolescence (maternal 

depression, adolescent cognitive functioning, perceived maternal and paternal support). 

Continuous variables were converted to z-scores (M = 0, SD = 1) prior to running LCA to 

put all indicator variables (categorical and continuous) on the same scale. LCAs were 

conducted for the one, two, three, and four class models for females and males separately.  
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Table 3. 

Demographic Characteristics of the Sample (N = 1711) 

Demographics Overall Sample (n = 1711) 

       Offspring Sex, n (%)  

              Male 859 (49.8) 

              Female 852 (50.2) 

       Maternal Race, n (%)  

              Caucasian 1304 (76.3) 

              African American 317 (18.5) 

              Asian 89 (5.2) 

       Maternal Education, n (%)  

              Less than or equal to H.S. 782 (45.8) 

              Greater than H.S.   927 (54.2) 

       Birth Weight (g), M (SD)  3365.1 (516.3) 

       Gestational Age at Interview (Weeks), M (SD) 15.3 (6.8) 

       Gestational Age at Birth (Weeks), M (SD) 40.0 (2.2) 

       Maternal Age, M (SD) 29.0 (6.0) 

Clinical Characteristics  

       Ambivalent Feelings About Pregnancy, n (%) 205 (12.0) 

       Ailments of Pregnancy, n (%) 63 (3.7) 

       Medical Self Life Events, n (%) 55 (3.2) 

       Negative Affect About Preg Ailments, n (%) 40 (2.3) 

       Negative Feelings About Pregnancy, n (%) 189 (11.1) 

       Non-traumatic Life Events, n (%)  432 (25.2) 

       Positive Feelings About Pregnancy, n (%) 756 (44.2) 

       Perceived Stress, n (%) 365 (21.3) 

       Pregnancy-Specific Anxiety, n (%) 251 (14.7) 

       Reported Anxiety, n (%)  571 (33.4) 

       Reported Depression, n (%) 117 (6.8) 

       Routine Daily Hassles, n (%) 570 (33.3) 

       Traumatic Life Events, n (%) 96 (5.6) 

       Childhood Inhibition Symptoms, M (SD) 2.7 (2.3) 

       Childhood Peabody Scores, M (SD) 51.3 (9.7) 

       Adolescent Depression Scores, M (SD) 23.4 (5.1) 

       Adolescent Peabody Scores, M (SD) 114.8 (15.4) 
Note. The following variables had missing data: maternal race (n = 1); maternal education (n = 2); 

Gestational Age (GA) at interview (n = 10); GA (n = 10); maternal age (n = 4); childhood inhibition 

symptoms (n = 1035); childhood Peabody scores (n = 32); adolescent depression scores (n = 111); 

adolescent Peabody scores (n = 29). 
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Table 4. 

Demographic Characteristics of the Sample by Sex 

Demographics 
Females  

(n = 852) 

Males  

(n = 859) 

       Maternal Race, n (%)   

              Caucasian 645 (75.7) 659 (76.7) 

              African American 165 (19.4) 152 (17.7) 

              Asian 41 (4.8) 48 (5.6) 

       Maternal Education, n (%)   

              Less than or equal to H.S. 389 (45.7) 393 (45.8) 

              Greater than H.S.   461 (54.1) 466 (54.2) 

       Birth Weight (g), M (SD)  3285.0 (505.6) 3444.5 (514.8) 

       GA at Interview (Weeks), M (SD) 15.4 (6.9) 15.2 (6.6) 

       GA at Birth (Weeks), M (SD) 40.1 (2.4) 40.0 (2.1) 

       Maternal Age, M (SD) 29.0 (6.2) 29.0 (5.8) 

Clinical Characteristics   

       Ambivalent Feelings About Pregnancy, n (%) 106 (12.4) 99 (11.5) 

       Ailments of Pregnancy, n (%) 30 (3.5) 33 (3.8) 

       Medical Self Life Events, n (%) 28 (3.3) 27 (3.1) 

       Negative Affect About Preg Ailments, n (%) 21 (2.5) 19 (2.2) 

       Negative Feelings About Pregnancy, n (%) 87 (10.2) 102 (11.9) 

       Non-traumatic Life Events, n (%)  221 (25.9) 211 (24.6) 

       Positive Feelings About Pregnancy, n (%) 383 (45.0) 373 (43.4) 

       Perceived Stress, n (%) 176 (20.7) 189 (22.0) 

       Pregnancy-Specific Anxiety, n (%) 125 (14.7) 126 (14.7) 

       Reported Anxiety, n (%)  285 (33.5) 286 (33.3) 

       Reported Depression, n (%) 57 (6.7) 60 (7.0) 

       Routine Daily Hassles, n (%) 301 (35.3) 269 (31.3) 

       Traumatic Life Events, n (%) 44 (5.2) 52 (6.1) 

       Childhood Inhibition Symptoms, M (SD) 2.8 (2.3) 2.6 (2.2) 

       Childhood Peabody Scores, M (SD) 51.3 (9.9) 51.4 (9.5) 

       Adolescent Depression Scores, M (SD) 23.6 (5.1) 23.2 (5.1) 

       Adolescent Peabody Scores, M (SD) 113.0 (16.2) 116.5 (14.3) 
Note. For females, the following variables had missing data: maternal education (n = 2); GA at interview (n 

= 3); GA (n = 3); maternal age (n = 2); childhood inhibition symptoms (n = 517); childhood Peabody 

scores (n = 18); adolescent depression scores (n = 41); adolescent Peabody scores (n = 8).  

For males, the following variables had missing data: GA at interview (n = 7); GA (n = 7); maternal age (n = 

2); childhood inhibition symptoms (n = 518); childhood Peabody scores (n = 14); adolescent depression 

scores (n = 70), adolescent Peabody scores (n = 21). 
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LCA statistics for females (n = 852) are displayed in Table 5. The two- and three-

class models were considered in our selection of the best-fitting model. Although the 

three-class model minimized the BIC, the two-class model had higher entropy (0.816 vs. 

0.705), indicating better precision of individuals being placed into latent classes (Masyn 

et al., 2010). Relatedly, posterior probabilities were higher for the two-class model 

(range: 0.961 to 0.874) relative to the three-class model (range: 0.872 to 0.860), 

indicating clearer class separation for the two-class model. Additionally, the two-class 

model produced classes that were not only substantively distinct but also conceptually 

meaningful, which is an important consideration (Masyn et al., 2010). As Figure 3 shows, 

the two-class model differentiated the subgroups on a number of the observed variables 

of interest, including many of the maternal psychosocial stress variables. In contrast, the 

three-class model did not produce clear differentiation of the subgroups on a number of 

observed variables (including the maternal psychosocial stress themes; see Chapter 3, 

Figure 5) and was less conceptually sound and harder to interpret.  

 

Table 5. 

Class Model for Females 

No. of 

classes 

Free 

para-

meters  

Log 

likelihood 

AIC BIC ABIC BLRT Entropy Smallest 

Class 

Size  

n (%) 

1 

 

45 -19297.222 38684.443 

 

38898.085 

 

38755.178 

 

N/Aa 1 852 

(100.000) 

2 

 

79 -19050.422 

 

38258.845 38633.904 38383.023 

 

0.000 0.816 

 

141 

(16.549) 

3 

 

113 -18837.151 

 

37900.303 

 

38436.780 

 

38077.925 

 

0.000 0.705 

 

177 

(20.775) 

4 

 

147 -18737.039 37768.077 38465.972 37999.143 0.000 0.763 30 

(3.521) 

Note. AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; ABIC = Adjusted BIC; 

BLRT = Bootstrap Likelihood Ratio Test.  aBLRT not available for one-class model. 
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The classes were distinguished by developmental factors spanning the prenatal, 

childhood, and adolescent periods. Individuals in class 1 (the “Low-Risk” female 

subgroup) are characterized by a number of factors that often have a protective influence 

on development, including more maternal positivity about the pregnancy; lower levels of 

routine daily hassles during pregnancy; less maternal worry during childhood; lower 

levels of childhood inhibition and conduct symptoms; higher levels of cognitive 

functioning during childhood and adolescence; higher levels of perceived parental 

support; and lower levels of maternal depression during adolescence. Individuals in class 

2 (the “High-Risk” female subgroup) appear to share a number of characteristics that may 

confer risk for psychopathology, including higher maternal ambivalence/negativity about 

the pregnancy; lower levels of maternal positivity about the pregnancy; higher levels of 

reported routine daily hassles during pregnancy; lower levels of maternal education; 

higher maternal age; higher maternal pre-pregnancy BMI; higher levels of maternal 

worry about finances and health concerns during childhood; higher levels of inhibition 

and conduct symptoms during childhood; decreased cognitive functioning during 

childhood and adolescence; lower levels of perceived paternal and maternal support 

during adolescence; and higher levels of maternal depression during adolescence. 
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Figure 3. Means for each variable in the two latent classes (females). Figure legend displays percentage of sample in each latent class. 
Note. AFP = Ambivalent Feelings about Pregnancy; AOP = Ailments of Pregnancy; MSLE = Medical Life Events; RA = Reported Anxiety; RD = Reported 

Depression; NFP = Negative Feelings about Pregnancy; NTLE = Non-traumatic Life Events; PFP = Positive Feelings about Pregnancy; PSA = Pregnancy-

Specific Anxiety; PS = Perceived Stress; TLE = Traumatic Life Events; RDH = Routine Daily Hassles; NAPA = Negative Affect About Pregnancy; GA = 

Gestational Age. The following variables had missing data: maternal education (n = 2), GA (n = 3), birth order (n = 9), maternal age (n = 2), pre-preg BMI (n = 

262), maternal smoking during pregnancy (n = 16), maternal worry about finances, 9-11 exam (n = 55), maternal worry about marriage, 9-11 exam (n = 55), 

maternal worry about employment, 9-11 exam (n = 55), maternal worry about health, 9-11 exam (n = 55), childhood inhibition symptoms (n = 517), childhood 

conduct symptoms (n = 483), childhood Peabody scores (n = 18), adults in house (n = 8), maternal depression (n = 99), perceived paternal support (n = 190), 

perceived maternal support (n = 23), adolescent Peabody scores (n = 8). 
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LCA statistics for males (n = 859) are displayed in Table 6. As with the LCA 

analyses for females, our selection of the best-fitting model for males placed an emphasis 

on how conceptually meaningful, distinct, and interpretable the resultant classes were. 

Thus, although many of the indices (i.e., BIC) indicate a better fitting model with three or 

four classes, consideration of the conceptual model underpinning the analyses as well as 

factors like entropy, posterior probabilities, and graphical review of the subgroups (see 

Figure 4 and Chapter 3, Figures 6 & 7) led us to select the two-class model. Entropy 

(0.721) and posterior probabilities (range: .936 to .852) were highest for the two-class 

model. 

 

Table 6. 

Class Model for Males 

No. of 

classes 

Free 

para-

meters  

Log 

likelihood 

AIC BIC ABIC BLRT Entropy Smallest 

Class 

Size  

n (%) 

1 

 

45 -18862.275 

 

37814.55 38028.56 

 

37885.652 

 

N/Aa 1 859 

(100.0) 

2 

 

79 -18664.686 

 

37487.372 

 

37863.077 

 

37612.195 

 

0.000 0.721 

 

199 

(23.166) 

3 

 

113 -18448.526 

 

37123.052 

 

37660.454 

 

37301.597 

 

0.000 0.668 

 

218 

(25.378) 

4 

 

147 -18319.090 36932.179 37631.277 37164.445 0.000 0.716 84 

(9.779) 

Note. AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; ABIC=Adjusted BIC; 

BLRT = Bootstrap Likelihood Ratio Test.   aBLRT not available for one-class model. 

 

 

As with the females, the classes for males were distinguished by developmental 

factors from the prenatal, childhood, and adolescent periods. Class 1 (the “Low-Risk” 

male class) consists of individuals who share a number of protective factors, including 

higher levels of maternal positivity about the pregnancy; lower levels of anxiety, 
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perceived stress, and stressful life events during pregnancy; higher maternal education; 

lower levels of maternal worry during childhood; lower levels of childhood inhibition and 

conduct symptoms; higher levels of cognitive functioning during childhood and 

adolescence; higher levels of perceived parental support during adolescence; and lower 

levels of maternal depression during adolescence. Class 2 (the “High-Risk” male class) is 

comprised of individuals who are similar on factors commonly associated with risk for 

psychopathology; specifically, Class 2 is a subgroup of individuals characterized by high 

levels of maternal ambivalent/negative feelings about the pregnancy; low levels of 

maternal positivity about the pregnancy; higher levels of maternal reported anxiety and 

stress during pregnancy; higher levels of stressful life events (non-traumatic life events 

and routine daily hassles); increased maternal age and pre-pregnancy BMI; lower 

maternal education; higher levels of maternal worry during childhood; higher levels of 

childhood inhibition and conduct symptoms; decreased cognitive functioning during 

childhood and adolescence; lower levels of perceived parental support during 

adolescence; and higher levels of maternal depression during adolescence.  
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Figure 4. Means for each variable in the two latent classes (males). Figure legend displays percentage of sample in each latent class. 
Note. AFP = Ambivalent Feelings about Pregnancy; AOP = Ailments of Pregnancy; MSLE = Medical Life Events; RA = Reported Anxiety; RD = Reported 

Depression; NFP = Negative Feelings about Pregnancy; NTLE = Non-traumatic Life Events; PFP = Positive Feelings about Pregnancy; PSA = Pregnancy-

Specific Anxiety; PS = Perceived Stress; TLE = Traumatic Life Events; RDH = Routine Daily Hassles; NAPA = Negative Affect About Pregnancy; GA = 

Gestational Age. The following variables had missing data: GA (n = 7); birth order (n = 11); maternal age (n = 2); pre-preg BMI (n = 258); maternal smoking 

during pregnancy (n = 17); maternal worry about finances, 9-11 exam (n = 45); maternal worry about marriage, 9-11 exam (n = 45); maternal worry about 

employment, 9-11 exam (n = 45); maternal worry about health, 9-11 exam (n = 44); childhood inhibition symptoms (n = 518); childhood conduct symptoms (n = 

553); childhood Peabody scores (n = 14); adults in house (n = 13); maternal depression (n = 92); perceived paternal support (n = 156); perceived maternal 

support (n = 31); adolescent Peabody scores (n = 21). 
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Comparison of Classes 

Chi-square tests revealed that among females, the two classes significantly 

differed on depressive symptoms in adolescence (X2(1) = 9.839, p = .002), with Class 2 

(“High-risk” class) having higher adolescent depression scores than Class 1 (“Low-Risk” 

class) (M1 = -0.022, SD1 = 0.445; M2 = 0.315, SD2 = 1.009; d = 0.432). The two classes 

of males did not significantly differ on depression symptoms in adolescence (X2(1) = 

0.025, p = .875, M1 = -0.036, SD1 = 0.544; M2 = -0.052, SD2 = 1.100)). 

Discussion 

This study sought to (1) identify distinct subgroups of offspring based on 

exposure to prospectively reported maternal psychosocial stress during pregnancy and 

other developmental factors from the prenatal, childhood, and adolescent periods, and (2) 

examine whether these subgroups differed on depressive symptoms during adolescence. 

An LCA identified two subgroups of males and two subgroups of females. The three-

class models also were considered but were determined to be less conceptually 

meaningful, as for both males and females the third class appeared to be culled from the 

second class of the two-class model (i.e., the second and third classes of the three-class 

model overlapped significantly on many of the observed variables of interest and 

therefore did not appear to represent meaningfully different subgroups). For the two-class 

model in both males and females, there appeared to be one “high-risk” group 

characterized by factors that have been associated with increased risk for 

psychopathology, including (but not limited to) more maternal negativity/less maternal 

positivity about the pregnancy (McNeil et al., 2009; Myhrman, Rantakallio, Isohanni, 
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Jones, & Partanen, 1996); more routine stressors during pregnancy (Fineberg et al., in 

press); more inhibitory and conduct symptoms during childhood (Chronis-Tuscano et al., 

2009; Lahey et al., 2002; Rosenbaum et al., 2009); decreased cognitive functioning 

during childhood and adolescence (Koenen et al., 2009); lower levels of perceived 

paternal and maternal support during adolescence (Kaslow, Deering, & Racusin, 1994); 

and higher levels of maternal depression during adolescence (Hammen & Brennan, 

2003). The “high-risk” female group, which comprised 16.5% of females, was found to 

have significantly higher levels of depressive symptoms during adolescence relative to 

the “low-risk” female group. Further, whereas both subgroups of males and the “low-

risk” subgroup of females had depressive symptom scores below the mean of the sample, 

the “high-risk” female group had depressive symptom scores approaching half a standard 

deviation above the sample mean. Our findings suggest that examining multiple 

indicators across domains and developmental periods may help us identify a subset of 

individuals who are at risk for future depression, and that a subgroup of females may be 

particularly at risk for the development of depression. 

To date, very few studies have examined the association between prenatal 

maternal stress and offspring depression during adolescence in a longitudinal birth cohort 

(Betts et al., 2014; Brown et al., 2000; Watson et al., 1999). Earlier studies found 

associations between maternal exposure to a severe life event during pregnancy (e.g., 

Holland’s “hunger winter,” a severe earthquake) and subsequent depression among 

adolescent offspring (Brown et al., 2000; Watson et al., 1999). Betts and colleagues 

(2014) found that high levels of maternal depressive, anxious, and stress symptoms 



  
 

  

39

during pregnancy but not during any of the follow-up time points (6 months, 5 years, 14 

years) predicted internalizing symptoms among adolescents at age 14. Similarly, two 

other prospective studies also linked prenatal maternal depression to offspring depression 

in adolescence (Pawlby et al., 2009; Pearson et al., 2013). Many of these studies aimed to 

disentangle pre- and postnatal influences (e.g., (Betts et al., 2014; Pearson et al., 2013) to 

determine which developmental periods were most influential in conferring risk of 

offspring psychopathology. Although we used a different methodology, seeking instead 

to characterize profiles of offspring development from the prenatal to adolescent period, 

our findings contribute to the literature suggesting that maternal psychological health 

during pregnancy may be associated with offspring depressive symptoms during 

adolescence. Our findings also reflect the benefits of taking a lifespan approach to 

understanding the influence of prenatal maternal stress on offspring development, as our 

“high-risk” female group was characterized not only by maternal psychological distress 

during pregnancy but also by risk factors during childhood (e.g., decreased cognitive 

function, increased inhibitory/conduct symptoms) and adolescence (e.g., decreased 

perceived parental support, an even greater decrease in cognitive functioning, higher 

levels of maternal depression during adolescence). Moreover, results from the present 

study are a first step in developing algorithms to identify individuals at risk for 

depression prior to the onset of symptomatology, which can have major implications for 

early intervention and prevention strategies. Support for the feasibility of this idea comes 

from the recent development of a prediction algorithm for episodes of major depression; 

the algorithm was modeled on risk indexes for cardiovascular disease that provide a 
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percentage risk estimate over a specific time frame (King et al., 2008). In their paper, 

King and colleagues (2008) emphasize that estimating overall risk across a range of 

possible risk factors plays an essential role in depression prevention efforts.  

Although a small number of other studies have examined maternal psychological 

distress during pregnancy in relation to adolescent depression (Betts et al., 2014; Pawlby 

et al., 2009; Pearson et al., 2013), this is the first study, to our knowledge, to specifically 

examine sex differences. In keeping with a growing literature on sex differences in the 

influence of maternal stress on offspring development (Sandman et al., 2013) and in the 

depression literature (Alloy & Abramson, 2007; Nolen-Hoeksema & Girgus, 1994), we 

identified a subgroup of females who may be particularly at risk for development of a 

depressive disorder or significant or impairing symptoms. Although our “high-risk” male 

and female subgroups were defined by many of the same characteristics (e.g., lower 

levels of positivity/higher levels of positivity about the pregnancy, higher levels of 

inhibitory and conduct symptoms during childhood, lower cognitive scores during 

childhood and adolescence), only the “high-risk” female group had significantly higher 

levels of depressive symptoms compared to the “low risk” group during adolescence. 

These individuals do not necessarily represent a clinical sample; however, their 

depressive symptom scores were above the mean of the sample and likely coincide with 

the scores associated with increased risk of a depression diagnosis (as indicated by a 

significant association between adolescent depression scores and K6 cut-off scores, see 

Methods for details), raising the possibility that these individuals could be exhibiting 

prodromal symptoms of a depressive episode (Iacoviello, Alloy, Abramson, & Choi, 
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2010). Further support for this idea comes from our finding that the “high-risk” female 

group appears to be showing premorbid cognitive difficulties in childhood (i.e., Peabody 

scores half a standard deviation below the mean at age 9-11) that worsen over time, as 

evidenced by Peabody scores almost a full standard deviation below the mean in 

adolescence. Interestingly, males and females displayed no significant differences on 

Peabody scores during childhood (F(1, 1677) = .025, p = .874, d = .008), but exhibited 

significant differences on Peabody scores during adolescence, with females scoring 

significantly lower relative to males (F(1, 1680) = 21.819, p < .001, d = .228) suggesting 

a potential cognitive indicator of the emergence of brain disturbances linked to 

depression. Our results are consistent with previous work indicating that decreased IQ 

commonly occurs in the premorbid period of depression (Koenen et al., 2009; Zammit et 

al., 2004). 

 Our finding that a subgroup of females, but not males, was at risk for adolescent 

depressive symptoms following pre- and postnatal influences is interesting to consider in 

the context of previous work by Sandman and colleagues (2013) suggesting that early life 

adversity differentially impacts male and female offspring. Males exposed to early 

adversity are at increased risk for mortality, morbidity, reduced viability, delayed 

neonatal maturity and early neurological problems (reviewed in Sandman et al., 2013). 

Females adapt well to early adversity, even appearing to follow an accelerated 

developmental trajectory beginning in utero (Ellman et al., 2008; Glynn & Sandman, 

2012), and were long thought to escape the adverse effects of early life stress. Our 

findings appear to be in line with an emerging body of evidence suggesting that prenatal 
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stress may exert a subtle but persistent influence on female development, influencing 

temperament, behavior, and brain development in ways that may predispose females to 

later affective problems (Sandman et al., 2013).  

Our findings are also consistent with the literature on gender differences in 

depression. Gender differences begin to emerge in early adolescence, with rates being 

higher among females relative to males, and these differences persist into and throughout 

adulthood (Nolen-Hoeksema, 2001). One explanation for this gender difference is that 

males and females differ on cognitive vulnerability to depression (Hankin & Abramson, 

2001). As defined by the hopelessness theory of depression, cognitive vulnerability is a 

negative cognitive style characterized by a tendency to make negative inferences about 

the cause of an event (i.e., global, stable attributions), the consequences that follow from 

an event, and the implications for one’s self (Abramson, Metalsky, & Alloy, 1989). 

Previous studies have found that, compared to boys, adolescent girls have a more 

depressogenic inferential style (including negative inferences about causes of events and 

implications for self-worth) (Hankin & Abramson, 2001) and engage in more rumination 

(i.e., an emotion-focused coping style that directs attention towards negative thoughts and 

feelings (Broderick, 1998; Nolen-Hoeksema, 1991). One study of adolescents aged 13-18 

found that cognitive characteristics, specifically greater levels of general negative 

cognitive style, attributional style for negative events, and negative inferences about the 

self, accounted for the increase in depressive symptoms among females relative to males 

(Hankin & Abramson, 2002). Similarly, another study found that cognitive variables like 

negative orientation towards problems solving (i.e., tendency to expect problems to be 
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unsolvable and doubt one’s ability to solve conflicts) and self-focused negative 

cognitions (i.e., thoughts that reflect negative self-evaluation, failure, self-blame) were 

more common among females than males and could account for the gender differences in 

depressive symptoms (Calvete & Cardeñoso, 2005). These results are particularly 

relevant given that most of the items in our adolescent depression scale tap into a 

depressogenic cognitive style; specifically, a number of the items assess a negative 

orientation towards problem solving (e.g., “There is really no way I can solve some of the 

problems I have”), negative self-evaluation (e.g., “I feel that I do not have much to be 

proud of”), and feelings of inadequacy and worthlessness (e.g., “I feel that I can’t do 

anything right”). Considering our results in the context of cognitive vulnerability-stress 

models of depression (e.g., (Hankin & Abramson, 2001), it is possible that the subgroup 

of females who scored higher on our depressive symptoms measure are emblematic of 

those females with a depressogenic cognitive style who are at significant risk for 

developing clinical depression (Alloy et al., 2006).  

Although we found that the “high-risk” group of males did not have elevated 

depressive symptoms, the possibility that they may be at risk for another type of 

psychopathology remains (and is interesting to consider in light of findings that the 

“high-risk” male group had conduct problems scores half a standard deviation above the 

mean of the sample). Rates of psychosis and mood disorders with psychotic features are 

higher among males than females (Aleman, Kahn, & Selten, 2003), and previous work 

has found that prenatal maternal stress increases risk for schizophrenia spectrum 

disorders among males but not females (Fineberg et al., in press). Although there is a vast 
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literature that characterizes risk factors and gender differences in rates and course of 

mood disorders, as well as a substantial body of work on the influences of prenatal 

maternal stress, the question of whether there are sex-dependent routes to different kinds 

of psychopathology has been underexplored. Future work should examine the possibility 

that, among males, prenatal maternal stress may predict to psychosis or mood disorders 

with psychotic features through a pathway involving conduct disorder, ADHD, antisocial 

behavior, and/or substance use, all of which are more common in males relative to 

females (Barriga, Morrison, Liau, & Gibbs, 2001; Brady & Randall, 1999; Costello, 

Mustillo, Erkanli, Keeler, & Angold, 2003; Farrington, 2005).  

The results of our LCA suggest that some stress-related themes appeared to be 

less influential indicators of class membership than others. For both males and females, 

these themes included traumatic life events, ailments of pregnancy, medical life events, 

and negative affect about pregnancy ailments, all of which occurred at low base rates in 

our sample (2.3 – 5.6%). Given our relatively large sample size, it seems unlikely that we 

were underpowered to detect results, and instead, that the lack of findings may suggest 

that these stress-related themes may not have the same public health impact as other 

aspects of stress during pregnancy. Maternal reports of depressive symptoms also 

occurred at a low base rate in our sample (6.8%), which we suspect may stem from the 

wording of the interview questions, as they focused on how the mother felt about her 

pregnancy and whether anything had been worrying her recently. Mothers may have been 

reticent to provide spontaneous reports of depressive symptoms, especially given the time 

frame of the study (early 1960s). It is also possible that our negative feelings about the 
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pregnancy theme, which was an important indicator of “high-risk” class membership and 

was associated with increased depressive symptoms among female adolescents, may have 

tapped into maternal depressive symptoms. Future research should continue to investigate 

the contribution of prenatal maternal depressive symptoms to risk for offspring 

depression in adolescence, as two recent studies have found support for this relationship 

(Betts et al., 2014; Pearson et al., 2013). Although there is growing support for a link 

between pregnancy-specific anxiety and a variety of adverse developmental outcomes 

(reviewed in Buss et al., 2011), our results did not identify pregnancy-specific anxiety as 

an important indicator of “high-risk” class membership or predictive of offspring 

depressive symptoms. One possible explanation is that pregnancy-specific anxiety is a 

multifaceted construct best assessed using a validated, multi-item measure. Although our 

coding of pregnancy-specific anxiety was based on the reliable 10-item pregnancy-related 

anxiety scale developed for use in pregnancy research (Rini et al., 1999), it is possible 

that the full measure is needed to accurately capture women’s experiences of pregnancy-

specific anxiety.  

Although maternal smoking during pregnancy did not differentiate subgroups or 

contribute to increases in adolescent depressive symptoms in our sample, it is important 

to note that the frequency of smoking during pregnancy was much higher during the time 

of the study (1960s) than it is now, meaning that the reduced variability in smoking 

during pregnancy may have influenced our ability to detect results. Present day cohorts 

(in the United States) have lower rates of smoking during pregnancy (CDC, 2004), and 

may detect an effect of prenatal maternal smoking on adolescent depression. Another 
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possibility is that maternal smoking during pregnancy may be more related to other types 

of offspring psychopathology, such as externalizing problems and antisocial behavior 

(Räsänen et al., 1999; Wakschlag & Hans, 2002).  

The results of our study should be interpreted within the context of the study’s 

strengths and limitations. A major strength is that the study includes continuous follow-

up data on childhood and contextual factors throughout development, which is relatively 

rare even in the prenatal stress literature. Another strength of the current study is that data 

on different aspects of maternal stress were collected directly and prospectively from 

women during pregnancy. One potential limitation of our methods is that coding open-

ended narratives creates the possibility of introducing subjectivity into the coding 

process. Attempts to safeguard against potential bias in coding included requiring coders 

to: follow a detailed coding manual, achieve very high inter-rater reliability on test 

narratives before beginning to code study narratives, and remain blind to offspring 

depressive symptoms. Additionally, other studies have analyzed stress-related themes 

from open-ended narratives, providing support for the feasibility of our methods 

(Duggan, Albright, & Lequerica, 2008). One limitation of our methodology is that we are 

not able conclude whether pre- or postnatal factors contributed most to the association 

between early life stress and subsequent depressive symptoms; however, the current 

study was exploratory and future studies should seek to examine continuous patterns of 

development and determine whether particular periods of development are most 

important in conferring risk for the development of depression in adolescence. Another 

limitation of the current study is that we could not determine exact timing of prenatal 
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stress exposure; however, the majority of our interviews took place during the second 

trimester of pregnancy, which previous work suggests is a key period for the influence of 

maternal stress on fetal development (Ellman et al., 2008). Our measure of adolescent 

depressive symptoms also had strengths and limitations. The scale had good reliability 

and excellent predictive validity with semi-structured interviews conducted 20-30 years 

later. Additionally, the scale taps into many of the themes associated with a 

depressogenic cognitive style (e.g., inadequacy, worthlessness, failure; Alloy et al., 

1999); however, the scale is limited by a lack of items assessing the somatic symptoms of 

depression (e.g., sleep, energy/fatigue, appetite, psychomotor agitation/retardation). Other 

limitations of the study include those shared by other longitudinal studies, such as 

potential bias due to attrition. Additionally, our sample of mothers was predominantly 

white and married, leaving open the question of whether our results generalize to more 

racially and socioeconomically diverse populations. 

This is the first study, to our knowledge, to examine maternal stress during 

pregnancy and postnatal influences in relation to sex differences in adolescent depressive 

symptoms in a prospective, longitudinal, population-based design. Our findings 

characterize the developmental profile of a subgroup of adolescent females who exhibit 

increased depressive symptoms following exposure to prenatal maternal stress and other 

postnatal influences, and underscore the importance of considering pre- and postnatal 

contributors to offspring risk for psychopathology. Although both males and females 

were found to have a subgroup of individuals characterized by a number of 

developmental risk factors, only the “high-risk” females displayed elevated depressive 
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symptoms during adolescence. Future research should continue to characterize 

developmental profiles from prenatal maternal stress to offspring psychopathology in an 

effort to better understand sex differences in risk factors and disorder onset and course. 

Our findings also highlight potential targets for early intervention. Interventions that 

begin during pregnancy can have long-term benefits on child development (Glover, 

2014), and our results, in keeping with findings from Betts and colleagues (2014), 

suggest that interventions during pregnancy should target women with symptoms across a 

number of constructs, not just a single type of emotional/psychological measure. A 

number of studies published in Lancet over the last 10 years document the effectiveness 

of community-based women’s participatory groups on improving maternal and neonatal 

outcomes in poor rural communities in India, Bangladesh, and Nepal (reviewed in 

Satyanarayana, Lukose, & Srinivasan, 2011). This body of work lends support to the idea 

that addressing maternal distress during pregnancy can directly impact birth outcomes. 

Whether these interventions can also ameliorate the influence of maternal distress on 

child cognitive, emotional, and behavioral development remains to be explored 

(Satyanarayana et al., 2011). Additionally, our finding that adolescent depressive 

symptoms are preceded by elevations in inhibition and conduct symptoms during 

childhood and decreased cognitive functioning that worsens from childhood to 

adolescence suggest that there are multiple points during development in which 

interventions could help reduce the likelihood of future adolescent psychopathology. 

Finally, the results from the present study support the necessity of taking a lifespan 
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approach to studying risk for psychopathology, as multiple indicators across development 

were associated with risk for future depression.  
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CHAPTER 2 

EXPANDED LITERATURE REVIEW 

Stress during Pregnancy: Overview 

 Although research on stress began in the early 20th century, it was only much 

more recently that a particular interest in examining the psychology and physiology of 

stress during pregnancy emerged. Interest in researching stress during pregnancy grew 

out of an observation that other approaches to predicting adverse birth outcomes did not 

sufficiently identify which women were at risk for preterm birth or low birth weight, as 

obstetric risk factors only predict a small proportion of the variance associated with these 

outcomes (Dunkel Schetter, 2011; Wadhwa, Dunkel-Schetter, Chicz-DeMet, Porto, & 

Sandman, 1996). Adverse pregnancy and birth outcomes has been flagged as one of the 

most significant problems in maternal-child health (Wadhwa et al., 1996), and over the 

last two decades pregnancy has received increasing attention as an important 

developmental period to study. It is now widely accepted that there are sensitive periods 

during development, characterized by significant brain changes like cell migration, 

receptor development, neurogenesis, and synaptic pruning, many of which occur in utero 

(Creasy, Resnik, Iams, Lockwood, & Moore, 2008). Consequently, the developing fetal 

nervous system is particularly vulnerable to adverse influences, including even subtle 

changes in the in utero environment (Creasy et al., 2008). Researchers have amassed 

support for the idea that adverse influences during pregnancy, including maternal 

psychological and social factors, can have long-lasting influences on offspring 

development and behavior. Stress during pregnancy has been linked to a number of 
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adverse outcomes, like increased risk of preterm or premature birth, risk of decreased 

birth weight, increased risk of infection, increased risk of miscarriage, and increased risk 

of later developmental problems among offspring (reviewed in (Wadhwa, Sandman, & 

Garite, 2001; Wadhwa, 2005)). There is also a growing body of work that examines the 

long-term influences of stress during pregnancy on offspring development and 

functioning that links prenatal maternal stress to temperaments associated with later 

psychopathology, cognitive and behavior problems, and a range of psychological 

disorders (e.g., (Buitelaar, Huizink, Mulder, de Medina, & Visser, 2003; Davis & 

Sandman, 2012; Kagan & Snidman, 1999; Laplante, Brunet, Schmitz, Ciampi, & King, 

2008; Loomans et al., 2011; Rodriguez & Bohlin, 2005; Schwartz, Snidman, & Kagan, 

1999)). While evidence is surfacing that links maternal stress during pregnancy with the 

developmental of later psychopathology in offspring, the link between prenatal stress and 

risk of offspring mental disorders is only starting to emerge. The following review will 

focus on the contributions of maternal stress during pregnancy on neurodevelopmental 

outcomes in offspring with a primary focus on premorbid risk factors for the emergence 

of later psychopathology. As we review the literature we highlight gaps in the stress 

during pregnancy knowledge base, identify important individual factors to considers, and 

suggest future directions. 

Defining and Measuring Stress 

 Stress has been defined and measured in many different ways, which has made 

establishing a unifying definition of the concept somewhat difficult. There has been 

disagreement regarding whether stress is a stimulus (i.e., a stressor), a response (i.e., a 
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physiological, psychological, and/or behavioral response), or a process involving both 

stimuli and responses (Cohen, Kessler, & Gordon, 1995; Dougall & Baum, 2001). In 

their seminal work, Measuring Stress, Cohen et al. (1995) confronted the conceptual 

confusion and defined stress as “a process in which environmental demands tax or exceed 

the adaptive capacity of an organism, resulting in psychological and biological changes 

that my place persons at risk for disease” (p. 3). Although the debate regarding how to 

define stress continues, the process-oriented definitions appear to have the most utility 

and to be the most widely used among researchers interested in the influence of stress on 

health and disease. 

 The earliest work on stress utilized animal models and emphasized the influence 

of stress on biological systems (Cannon, 1935; Mason, 1971; Selye, 1936). Research in 

stress on humans first revolved around stressful life events and used measures like the 

Schedule of Recent Experiences (Hawkins, Davies, & Holmes, 1957) and Social 

Readjustment Rating Scale (Holmes & Rahe, 1967), which assigned objective ratings of 

the difficulty required to adjust to a life event. These early models and measures 

presumed that the effects of stress were cumulative and that change itself (regardless of 

the valence) was the most important characteristic of a stressor. It soon became clear, 

however, that not all individuals who experience stressful life events show increased risk 

of adverse outcomes and/or experience distress following these life events. Lazarus 

(1978) argued that the link between stimulus presentation and stress reaction is an 

individual’s appraisal of a stimulus as threatening, challenging, and/or harmful. Lazarus 

emphasized that this primary appraisal can be influenced by factors specific to the 
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perceived features of the stimulus (e.g., magnitude/intensity, duration, potential 

controllability) or factors specific to the individual (e.g., one’s beliefs about oneself and 

the environment) (Lazarus & Launier, 1978). A secondary appraisal follows when an 

individual evaluates his or her resources to determine whether he or she can cope with 

(i.e., eliminate or lessen the effects of) a stressful stimulus. Lazarus and Folkman (1984) 

argued that stress results from a perceived imbalance between demands and resources. 

 Drawing on Lazarus and Folkman’s multidimensional concept of stress (1984), 

recent work on stress (and specifically stress during pregnancy) has drawn distinctions 

between “stress-provoking,” “stress-mediating,” and “stress resulting” factors. Stressful 

life events, such as daily hassles and traumatic life events, are typically thought of a 

stress-provoking factors, whereas psychological states that follow from the experience of 

a stress, such as anxiety and perceived stress, are considered to be stress resulting factors 

(Gutteling et al., 2005). Stress-mediating factors, such as coping (i.e., cognitive and 

behavioral efforts to manage stressful demands (Dunkel Schetter, 2011)) and social 

support, have received somewhat less attention but likely play a very important role in 

understanding stress processes. Ideally, any assessment of stress would examine all of 

these factors; in reality, this is not always feasible, and as such it is important to 

understand the advantages and disadvantages to using different assessment models. 

 There are a number of methodological advantages associated with examining life 

events during pregnancy; for one, there are now a number of well-validated standardized 

assessments of life events for both pregnant and non-pregnant populations ((e.g., 

Schedule of Recent Life Events, (Holmes & Rahe, 1967); Life Experiences Survey 
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(Sarason, Johnson, & Siegel, 1978)). Life events checklists can be particularly good 

research tools, as they are easy to administer and can tap into many different kinds of 

stressful life experiences (i.e., financial difficulties, relationship difficulties, 

environmental stressors) using one assessment measure. Similarly, given that life events 

are, by definition, time-limited, researchers can examine the timing of the stressor as an 

important mediating or moderating variable. One disadvantage of using a life events 

approach to assessing stress is that measures like life events checklists do not necessarily 

take into account important factors like an individual’s psychological response to a 

particular life event. Further, much of the research on life events during pregnancy has 

focused on traumatic life events (i.e., (Khashan et al., 2008)), which are relatively rare in 

the general population and may not reflect the same processes as other stressful life 

events (e.g. trauma or grief instead of stress). In contrast, assessing appraisals of stress 

taps into individual factors that influence whether or not someone experiences a life event 

as stressful. Assessments that tap into an individual’s psychological response to a stressor 

could be adding valuable information, as not everyone who experiences a particular life 

event will perceive it as equally stressful (Lazarus & Folkman, 1984). One potential 

drawback in pregnancy research is that studies suggest that responses to stress are 

attenuated over the course of pregnancy, which may mean limited variability or range of 

responses to measures of stress/emotion appraisals in pregnant samples.  

A number of recent studies have used laboratory-based stressors, such as the 

Stroop task or the Trier Social Stress Test (TSST), which tap into aspects of the 

experience of psychosocial stress (e.g., uncontrollability/unpredictability, social-
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evaluative threat) and have the advantage of having been shown to reliably induce 

psychophysiological responses in different populations (Dickerson & Kemeny, 2004; 

Renaud & Blondin, 1997). One caveat is that these lab-based stressors may not be the 

best proxy for the kinds of day-to-day stressors that women may experience during 

pregnancy. Similarly, lab-based assessments of biomarkers of stress response (e.g., 

cortisol) have the advantage of being thought of as being more objective, but since 

pregnancy is a time of temporary hypercortisolism it can be difficult to detect cortisol 

responses and cortisol increases are not always related to stress (i.e., they can be 

associated with depression, certain medical conditions, diet, etc.). Further, the 

relationship between stress and physiology appears to change during pregnancy, such that 

stress often does not produce the expected biological responses (e.g., increases in 

cortisol) or produces an attenuated biological response (Monga & Creasy, 1994; Wadhwa 

et al., 1996). Assessing stress later in gestation (e.g., third trimester) is particularly 

difficult given the natural blunting of stress response – both with regard to subjective 

reporting of stress and biomarkers of stress (e.g., cortisol levels) – that occurs with 

advancing gestation (Glynn, Schetter, Wadhwa, & Sandman, 2004; Glynn, Wadhwa, 

Dunkel-Schetter, Chicz-Demet, & Sandman, 2001; Glynn, Schetter, Hobel, & Sandman, 

2008). 

Psychological Responses to Stress during Pregnancy 

An emerging, albeit small, body of work suggests that maternal psychological 

responses to stress are attenuated with advancing gestation, such that pregnant women 

become decreasingly sensitive to the psychological effects of stress as pregnancy 
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advances (Glynn et al., 2004, 2001; Glynn et al., 2008). Previous work by Glynn et al. 

(2001) found that women who experienced an earthquake early in pregnancy rated it as 

more stressful than those who experienced it later in pregnancy. Similarly, a variety of 

stressful life events (e.g., changes in living conditions, job loss, relationship problems, 

legal trouble, threats of physical harm) have been found to be experienced as more 

stressful early in pregnancy (i.e., first trimester) than the same events later in pregnancy 

(i.e., third trimester) (Glynn et al., 2004). There is one caveat to these compelling results 

that is worth mentioning; some of the reporting was retrospective, as women were asked 

at 32 weeks’ gestation to report on all life events experienced since conception, and were 

asked again at 6 weeks’ postpartum to report on all life events from 32 weeks until the 

end of gestation. Although the authors suggest that the results cannot be explained by 

recall bias (Glynn et al., 2004), future studies with longitudinal designs should be 

conducted to verify these results. These findings suggest that stressors experienced early 

in pregnancy have a greater impact on physiological and psychological responses than 

stress experienced later in pregnancy (Glynn et al., 2008). Glynn and colleagues (2001) 

have suggested that the attenuation of maternal responsiveness to stress over the course 

of pregnancy likely serves to protect the mother and fetus from the deleterious influences 

of stress, such as increased risk of adverse birth outcomes. A more recent prospective, 

longitudinal study that examined responses to the TSST in pregnant and non-pregnant 

women found further support for attenuated physiological and psychological responses as 

gestation advances (Entringer et al., 2010). Specifically, Entringer and colleagues (2010) 

found that heart rate and blood pressure responses to the TSST became less steep as 
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gestation advanced and that endorsement of psychological distress associated with the 

TSST was also attenuated as gestation advanced in pregnant women, but not in the non-

pregnant control group (even after controlling for potential habituation to the task). 

Interestingly, they found no TSST-related increases in cortisol at either assessment point 

(17 and 31 weeks) for pregnant or non-pregnant women; however, pregnant women 

displayed a significant attenuation of maternal cortisol response to awakening (CAR) in 

later compared to earlier gestation. 

Although further work is needed to determine the relationship between the 

attenuation of maternal psychological and physiological responses to stress during 

pregnancy, animal models provide support for a close relationship between the two, as 

altered fear and anxiety behaviors during pregnancy have been linked to physiological 

mechanisms (Wartella et al., 2003). Findings from human studies suggest a slightly more 

complicated story; although research suggests that both physiological and psychological 

responses to stress are attenuated throughout pregnancy (Glynn et al., 2004, 2001), a 

number of studies have also found no significant associations between maternal reported 

psychological state (e.g., stress, depression) during pregnancy and biological indicators of 

stress (e.g., cortisol) (Davis et al., 2007; de Weerth & Buitelaar, 2005; Petraglia et al., 

2001). 

HPA Axis During Pregnancy 

Pregnancy is characterized by dramatic neuroendocrine shifts resulting largely 

from the development of the placenta, which functions as a transient endocrine unit 

(Wadhwa et al., 1996). The fetal, placental, and maternal components produce hormones, 
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neuropeptides, growth factors, and cytokines and function like compressed hypothalamic-

pituitary-target systems (Wadhwa et al., 1996). In a typical pregnancy, peptides from the 

HPA axis, including β-endorphin (βE), adrenocorticotrophic hormone (ACTH), and 

cortisol, increase gradually (Sandman et al., 1994). Diurnal variations remain intact but 

appear to be blunted (Entringer et al., 2010; Trainer, 2002). Beginning in the second 

trimester, levels of total and free cortisol increase two- to three-fold (Trainer, 2002). 

Despite these tremendous increases in cortisol, most of this circulating maternal cortisol 

(90%) is inactivated when it binds to cortisol-binding globulin (CBG) (Trainer, 2002). 

Similarly, very little maternal cortisol actually crosses the placenta to reach fetal 

circulation, as the enzyme 11-Beta hydroxysteroid dehydrogenase 2 (11β-HSD2) in the 

placenta converts cortisol to its inactive form, cortisone (reviewed in (Yang, 1997)). 

Importantly, 11β-HSD2 activity decreases throughout gestation, allowing more cortisol to 

get to the fetus, which is important for maturation of fetal organs (Liggins, 1994).  

Studies of dexamethasone (synthetic glucocorticoid) administration during 

pregnancy show that the HPA axis during pregnancy is relatively resistant to the normal 

feedback mechanisms (Trainer, 2002). One characteristic of HPA axis functioning during 

pregnancy is the positive feedback loop between the placenta and the adrenal cortex of 

the mother (McLean & Smith, 2001). Although cortisol inhibits corticotropin-releasing 

hormone (CRH) expression in the hypothalamus, during pregnancy glucocorticoids from 

the mother’s adrenal cortex stimulate expression of the CRH gene in the placenta, leading 

to increased synthesis and release of placental CRH, ACTH, and βE (Trainer, 2002; 

Wadhwa et al., 1996). Placental CRH stimulates placental ACTH release, which 
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stimulates maternal pituitary-adrenal axis and causes increases in secretion of cortisol 

from the adrenal cortex, thereby establishing a positive placental-adrenal feedback loop 

that allows for simultaneous increases in CRH, ACTH, and cortisol (Trainer, 2002). 

Plasma concentrations of stress hormones, including CRH, ACTH, βE, and cortisol, 

increase progressively as pregnancy advances, peak at labor and delivery, and return 

rapidly to non-pregnant levels after delivery (Wadhwa et al., 1996).  

Studies of stress during pregnancy typically examine markers of sympathetic 

adrenal medullary (SAM) response, like heart rate or blood pressure, and markers of 

HPA axis response, like cortisol, and find a blunting or attenuation of the stress response, 

especially later in gestation (Duthie & Reynolds, 2013). For example, studies of 

exogenous CRH administration in late pregnancy do not produce the expected pituitary 

adrenal response (Sasaki, Shinkawa, & Yoshinaga, 1989; Schulte, Weisner, & Allolio, 

1990). Similarly, dexamethasone administration during pregnancy results in less than 

expected suppression of cortisol (Odagiri et al., 1988). Autonomic responses like heart 

rate and blood pressure responses to challenges like exercise and cold pressure are also 

attenuated during pregnancy, particularly in later pregnancy (de Weerth & Buitelaar, 

2005; Ekholm & Erkkola, 1996; Wolfe & Weissgerber, 2003). Studies of non-pregnant 

women and pregnant women between 12 and 35 weeks’ gestation exposed to a lab-based 

behavioral stressor (e.g., speech or math task) have found that while the stressor elicits 

SAM responses in both groups, there is a progressive attenuation of SAM response with 

advancing gestational age among pregnant women (Wadhwa, Sandman, et al., 2001). 
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The significant changes in neuroendocrine functioning that occur during 

pregnancy, such as 11β-HSD2 activity, increases in cortisol, and attenuated maternal 

response to stressors, play key roles in promoting fetal health and growth. Although 

cortisol is important for fetal development, excess cortisol exposure poses a significant 

threat to the fetus; factors such as maternal stress, infection, and inflammation can 

modify the activity of 11β-HSD2, allowing greater transfer of glucocorticoids from 

mother to fetus and potentially putting the fetus at risk for later development of a variety 

of diseases (Duthie & Reynolds, 2013). 

Maternal Stress, Infection, and Obstetric Complications (OCs) 

Maternal psychosocial stress has repeatedly been associated with obstetric 

complications (OCs) like preterm birth (gestation length < 37 weeks) and decreased or 

low birth weight (LBW < 2500 g) (reviewed in (Dunkel Schetter, 2011)), with most 

studies finding that pregnant women who report high levels of stress during pregnancy 

are at approximately doubled risk for these adverse birth outcomes  (reviewed in 

(Wadhwa, 2005)).  

Preterm birth has been associated with high levels of psychosocial stress during 

pregnancy in a number of prospective, population-based studies with diverse samples of 

pregnant women (see (Wadhwa, Sandman, et al., 2001)). One study found that self-report 

of negative and impactful life events during pregnancy, assessed using a modified version 

of the Life Events Survey (Sarason et al., 1978) that was completed between gestational 

weeks 24-30, was associated with an almost twofold increase in risk of preterm birth, 

whereas other potentially impactful factors including total count of life events, social 
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support, and depression, were not associated with preterm birth (Dole et al., 2003). Glynn 

and colleagues (2008) found that women who showed an increase in perceived stress, 

assessed using the Perceived Stress Scale (Sheldon Cohen et al., 1983), from mid-

pregnancy (18-20 weeks’ gestation) to late-pregnancy (30-32 weeks’ gestation) were 

three times more likely to deliver preterm, even after adjusting for race and parity, and 

found that this increase in stress over time was a better predictor of preterm birth than 

levels of perceived stress at either gestational time point. Stressors like housing instability 

and severe material hardship during the second half of pregnancy (weeks 20 – delivery) 

have also been linked to increased risk of preterm birth (Farley et al., 2006). Maternal 

psychological distress, which has been operationalized as negative emotional states 

resulting from the perception of stress and is assessed using the General Health 

Questionnaire (Goldberg, 1972), during the second and third trimesters of pregnancy, was 

associated with preterm delivery, even after controlling for other risk factors (e.g., health 

risk behaviors) (Rondó et al., 2003). Another study that also used the General Health 

Questionnaire identified a dose-response relationship between maternal psychological 

distress assessed in the 30th week of pregnancy and risk of preterm delivery (Hedegaard, 

Henriksen, Sabroe, & Secher, 1993). Pregnancy-specific anxiety during gestational 

weeks 28-30 has also been associated with preterm birth, and this association appears to 

be mediated by elevated levels of CRH (Mancuso, Schetter, Rini, Roesch, & Hobel, 

2004). Although the aforementioned studies linked maternal stress in later gestation to 

increased risk of preterm birth, at least one study found that stress (e.g., exposure to an 

earthquake) early in pregnancy (first trimester) was associated with shorter gestation 



  
 

  

77

(Glynn et al., 2001). Another study that assessed pregnancy-specific stress, state anxiety, 

perceived stress, and life event stress at three time points during pregnancy (i.e., 10-20 

weeks’ gestation, 21-30 weeks’ gestation, and after 30 weeks’ gestation) found that 

pregnancy-specific stress predicted preterm birth better than any of the other stress-

related factors and better than a latent factor constructed from all stress measures (Lobel 

et al., 2008).  

Women who perceive their lives as being stressful appear to be at increased risk 

for low birth weight as well as spontaneous preterm birth (Copper et al., 1996). A review 

of almost 100 studies from 1990-2001 found that women who experienced psychosocial 

stress during pregnancy were 1.5 to 2.5 times more likely to have shorter gestations and 

lower birth weight babies than women who did not experience high levels of 

psychosocial stress during pregnancy, independent of obstetric and demographic factors 

(Wadhwa et al., 2002). One study linked each unit increase in prenatal life event stress 

(from a range of 14.7 possible units) to a 55.03 g decrease in infant birth weight and a 

significant increase in the likelihood of low birth weight (Wadhwa, 1993). Acute and 

chronic stressors during pregnancy have also been linked to decreased birth weight 

(Borders, Grobman, Amsden, & Holl, 2007; Giscombé & Lobel, 2005; Khashan et al., 

2008).  Death of a relative during pregnancy or in the six months before pregnancy has 

also been associated with significantly increased risk of babies weighing below the tenth 

percentile (Khashan et al., 2008). Chronic stressors, including unemployment, crowding, 

and perceived racism have also been associated with significant increases in the risk of 

low birth weight (Borders et al., 2007; Giscombé & Lobel, 2005). Although a number of 
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studies have linked maternal psychosocial stress during pregnancy to decreased birth 

weight, one recent study found that maternal awakening cortisol, but not maternal 

perceived stress, pregnancy-specific or general distress (assessed using the Prenatal 

Distress Questionnaire), during early (13-18 weeks) and late (35-37 weeks) pregnancy 

was associated with decreased birth weight (Bolten et al., 2011). Further, there is 

evidence that male offspring are particularly vulnerable to the adverse influence of 

elevated maternal cortisol on decreased fetal growth (Thayer, Feranil, & Kuzawa, 2012) 

and preterm birth (Ingemarsson, 2003). 

Although psychosocial stress has been repeatedly associated with increased risk 

of infection in non-pregnant populations (Cohen, Doyle, & Skoner, 1999; Cohen & 

Williamson, 1991), there is a dearth of research on the relationship between psychosocial 

stress and infection during pregnancy, though there is evidence of a relation (Wadhwa, 

Culhane, et al., 2001). Paralleling the research on attenuated psychological and 

physiological responses to stress during pregnancy, studies also suggest a decreased 

response to immune challenges, as indicated by significantly decreased lymphocyte 

proliferation to cytomegalovirus antigen during the second and third trimesters of 

pregnancy relative to before pregnancy and the first trimester of pregnancy (Gehrz et al., 

1981). One cross-sectional study of 72 women in their third trimester of pregnancy found 

that high levels of maternal psychological stress and low levels of social support were 

significantly associated with immunosuppression (specifically depressed lymphocyte 

activity) (Herrera, Alvarado, & Martinez, 1988). High levels of chronic stress, as 

assessed using the Perceived Stress Scale, during pregnancy have been associated with 
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increased prevalence of infections like bacterial vaginosis, independent of the influence 

of other sociodemographic and behavioral risk factors (Culhane et al., 2001). Increases in 

cortisol during pregnancy (specifically weeks 19-21, 23-26, and 31-35) have also been 

linked to greater prevalence of genitourinary infections (Ruiz, Fullerton, Brown, & 

Schoolfield, 2001). Infection during pregnancy is also linked to risk for preterm birth; for 

example, bacterial vaginosis (BV), the most common genital tract infection among 

women of reproductive age (Wadhwa, Culhane, et al., 2001), has been associated with 

significantly increased risk of preterm birth (Hillier et al., 1995). Infections have 

repeatedly been associated with early preterm birth (<28 weeks) (Goldenberg, Culhane, 

Iams, & Romero, 2008; Wadhwa, Culhane, et al., 2001) and have also been linked to 

neonatal white matter brain damage, assessed via cranial ultrasound at birth, which is 

associated with later cognitive difficulties (Dammann, Kuban, & Leviton, 2002).  Given 

that many common maternal viral and bacterial infections do not cross the placenta, 

attention has turned to the influence of the maternal immune response (e.g., increases in 

proinflammatory cytokines) on the developing fetus. Specifically, prenatal stress has been 

associated with higher levels of proinflammatory cytokines interleukin-6 (IL-6) and 

tumor necrosis factor-alpha (TNF-α) and lower levels of anti-inflammatory cytokine IL-

10, which were assessed using maternal serum samples collected at 16, 24, and 36 weeks’ 

gestation (Coussons-Read, Okun, Schmitt, & Giese, 2005).  

In sum, there is now substantial evidence that maternal stress, stress hormones, 

infection, and proinflammatory cytokines are associated with adverse birth outcomes like 
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decreased fetal growth and preterm birth; further, there is emerging evidence that male 

offspring may be particularly at risk for these adverse outcomes. 

Maternal Stress during Pregnancy & Fetal Behaviors/Outcomes 

 A number of studies have found that psychosocial stress during pregnancy 

influences fetal physiology and behavior (reviewed in (Kinsella & Monk, 2009)). 

Maternal psychological distress (e.g., daily hassles, depression, anxiety) and increases in 

biological markers of stress (e.g., cortisol, norepinephrine) have been negatively 

associated with fetal weight (Diego et al., 2006). One study found that women who 

appraised their lives as more stressful and reported more pregnancy-specific hassles 

during assessments at 24, 30, and 36 weeks had fetuses who were more active across 

gestation; conversely, women who perceived their pregnancies as positive and uplifting 

had less active fetuses (DiPietro, Hilton, Hawkins, Costigan, & Pressman, 2002). 

Similarly, depression during pregnancy has been associated with increased fetal heart rate 

following exposure to a mild laboratory stressor (Monk et al., 2004), which may suggest 

a biobehavioral response style characterized by less parasympathetic control of the heart 

and could signify heightened risk for inhibited temperament and susceptibility to stress-

induced pathology (Heim & Nemeroff, 1999; Heim et al., 2000). Similarly, fetuses of 

mothers with elevated self-reported anxiety showed significant heart rate increases in 

response to a laboratory stressor, relative to fetuses of mothers with lower levels of 

anxiety (Monk et al., 2000).  

 A number of studies have examined fetal habituation to ex utero stimuli (e.g., 

(Sandman et al., 1994; Sandman, Wadhwa, Chicz-DeMet, Porto, & Garite, 1999). 
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Habituation refers to the reduction in response that follows from repeated exposure to a 

familiar stimulus, and it is thought to reflect higher central nervous system integrity 

(reviewed in (Sandman et al., 1994)). In studies of human fetuses, habituation is 

considered to reflect a learning process, as habituation requires that the fetus detect and 

respond to a stimulus and then systematically stop responding to it once it has learned 

that the stimulus is repeated and familiar (Sandman et al., 1994). Relatedly, 

dishabituation, which is the re-emergence of a previously habituated response, 

distinguishes between response decrements that are related to sensory adaptation and 

fatigue versus related to the contribution of the CNS, and it is considered a defining 

characteristic of habituation (Sandman et al., 1999). Sandman and colleagues (1999) 

found that fetuses of women with elevated CRH during the second and early third 

trimesters of pregnancy displayed impaired disinhibition as evidenced by lack of 

significantly decreased response to the presence of a novel stimulus in a repeated series 

relative to fetuses exposed to lower levels of CRH. These findings seem to suggest that 

areas of the developing brain that are involved in learning and memory (e.g., 

parahippocampal regions) may be particularly sensitive to the deleterious influence of 

maternal/placental CRH (Sandman et al., 1999). In another study of women in their 32nd 

week of gestation, Sandman and colleagues found that fetal exposure to high levels of the 

maternal peptide βE relative to maternal endorphin ACTH was associated with 

significantly lower rates of habituation (Sandman et al., 2003).   

 Taken together, these studies and others like them suggest that maternal 

psychological symptoms and physiological reactivity during pregnancy can significantly 
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impact offspring physiological reactivity and behavior well before birth. Specifically, 

elevations in stress and stress hormones during pregnancy appear to be negatively 

associated with fetal growth and learning processes and to be positively associated with 

fetal reactivity (e.g., heart rate and movement), factors which have been implicated in the 

etiology of later mood and behavioral disorder (Kofman, 2002).  Nevertheless, what 

remains unclear is whether these fetal changes in behavior persist past the fetal period, 

which no study has yet to determine and is a critical next step in understanding how 

maternal-fetal interactions during pregnancy contribute to postnatal developmental 

sequelae.  

Maternal Stress during Pregnancy Influences Temperament, Behavior, and Cognitive 

Functioning during Infancy and Childhood 

Maternal Stress during Pregnancy and Outcomes during Infancy 

 A small but growing body of research has looked beyond birth outcomes and has 

started to link prenatal maternal stress to early offspring development. Although there is a 

large body of animal work linking maternal stress to offspring developmental outcomes, 

there is a relatively smaller body of human work, with most studies assessing mental or 

motor development during infancy using the Bayley scales or examining temperament 

using parent report or independent raters. Temperament is often defined as individual 

differences in behavior, such as activity level, reactivity to stimuli, regularity of behavior 

and biological function (Bates, 1989; Rothbart, 1998). Difficult temperament, which is 

conceptualized as a combination of factors, including irregularity in behavior and 

biological function, high activity, intense reactivity to stimuli, withdrawal from novel 
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situations, affect characterized by irritability and negative mood, difficulty adapting to 

changes in the environment, and problems persisting in sustained attention (Frick & 

Morris, 2004), has been linked to difficulty with psychosocial adjustment (Sanson et al., 

2009) and risk for later psychopathology, including internalizing and externalizing 

disorders (Caspi, Henry, Mcgee, Moffitt, & Silva, 1995). Although temperament was 

originally thought to be influenced primarily by genetic factors, environmental factors, 

including interactions and attachments with caregivers, as well as prenatal factors, have 

more recently been found to contribute to temperament (Rothbart & Posner, 2006). Infant 

temperament has been associated with both prenatal maternal stress (Austin, Hadzi-

Pavlovic, Leader, Saint, & Parker, 2005; Buitelaar et al., 2003) and childhood 

externalizing behaviors (e.g. (Bates, Pettit, Dodge, & Ridge, 1998; Bradley & Corwyn, 

2007), offspring depression (Bruder-Costello et al., 2007) and anxiety disorders 

(Hirshfeld et al., 1992; Kagan & Snidman, 1999), introducing the possibility that difficult 

temperament might mediate the association between maternal distress during pregnancy 

and offspring emotion/behaviors. In fact, there is now a large and compelling body of 

research suggesting that individuals who display an inhibited temperament during infancy 

(e.g., 21 months of age) are significantly more likely to develop anxiety disorders in 

childhood and/or adolescence relative to individuals who were not inhibited as infants 

(e.g., (Biederman et al., 2001; Kagan & Snidman, 1999; C. E. Schwartz et al., 1999)). 

There is also evidence of an inverse relationship between inhibition and disruptive 

behavior disorders (e.g., conduct disorder) (Biederman et al., 2001). 
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 Work on maternal stress during pregnancy and offspring temperament often finds 

an association of maternal psychological state with difficult temperament; however, these 

studies are plagued by a few methodological issues. First, drawing conclusions across 

studies can be difficult, as not all studies examine maternal stress but rather life events or 

psychological states that may be associated with stress, such as maternal prenatal anxiety 

(trait and/or state), pregnancy-specific anxiety, or depression (for example, see (Mulder et 

al., 2002)). Additionally, many studies rely on maternal or paternal report of infant 

temperament, which is especially problematic given findings of very low agreement 

between parental report and independent rater report of child/infant behavior (e.g., 

(Werner et al., 2013)). It is important to note, however, that a growing body of work has 

addressed the limitations associated with parental report of infant temperament by using 

observer-rated, laboratory-based assessments of infant temperament (e.g., the Laboratory 

Temperament Assessment Battery (Lab-TAB) (Bergman, Sarkar, O’Connor, Modi, & 

Glover, 2007); the Harvard Infant Behavioral Reactivity Protocol (Kagan & Snidman, 

1999)). 

 Prenatal maternal stress, anxiety symptoms, depressive symptoms, and life events 

have been associated with difficult temperament in offspring. One large (N = 970) study 

found that prenatal maternal anxiety at 32 weeks’ gestation, as assessed using the trait 

scale of the State-Trait Anxiety Inventory (STAI), but not depressive symptoms or life 

events, predicted significantly increased odds of having an infant with difficult 

temperament at 4 or 6 months, as assessed by maternal or paternal report using the Short 

Infant Temperament Questionnaire (Austin et al., 2005). Maternal stress during 
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pregnancy, particularly reported partner relationship strain, has also been associated with 

observer-rated fearfulness in the infant, assessed using the -TAB-Locomotor Version, 

although the gestational timing of the stress was not reported (Bergman et al., 2007).  

One study that used the Harvard Infant Behavioral Reactivity protocol (Kagan & 

Snidman, 1999) for assessing infant behavioral reactivity at 4 months found that maternal 

anxiety and depressive symptoms assessed at 32 weeks’ gestation accounted for 20% and 

27% of the variance in infant negative behavioral reactivity to novelty, respectively 

(Davis et al., 2004). Infant negative behavioral reactivity refers to high motor activity and 

crying and is associated with later development of shyness or behavioral inhibition later 

in childhood (Kagan & Snidman, 1999). Although this study was a major methodological 

improvement relative to studies that relied solely on caregiver report to assess 

temperament, its impact is limited by its small sample size (N=22). Another study that 

used the Kagan paradigm to assess infant behavior at 4 months found that mothers who 

had a psychiatric diagnosis (i.e., diagnosis of major depressive disorder, dysthymia, or an 

anxiety disorder) had an almost fourfold increase in the odds of having a child 

characterized by high cry reactivity in response to novelty (Werner, Myers, Fifer, & 

Monk, 2007). In keeping with these findings, Davis and colleagues (2007) found that 

prenatal anxiety and depressive symptoms, but not perceived stress, were significantly 

correlated with reports of infant negative reactivity (Davis et al., 2007). They also found 

that increases in third trimester cortisol levels predicted maternal report of increased 

infant negative reactivity (startle or distress in response to novel and surprising stimuli as 

measured by the fear subscale of the Infant Behavior Questionnaire (IBQ)) (Davis et al., 



  
 

  

86

2007). Interestingly, whereas previous studies have found associations between maternal 

psychosocial stress and increased ACTH and cortisol (Sandman et al., 2006), Davis and 

colleagues (2007) found that none of the measures of maternal psychosocial stress were 

significantly associated with cortisol levels. Another study of cortisol levels during 

pregnancy found that higher levels of awakening cortisol in late pregnancy (37 and 38 

weeks) were associated with independently rated behavior differences in crying, fussing, 

and negative facial expression during a series of routine mother-infant interactions (i.e., 

bath time during six home visits) in offspring (de Weerth, van Hees, & Buitelaar, 2003). 

Behavioral differences between infants born to mothers with high and low levels of 

cortisol were most pronounced during postnatal weeks 1-7 (de Weerth et al., 2003). 

Maternal reports of infant temperament matched independent ratings of offspring 

behavior, as mothers in the higher prenatal cortisol group rated their infants as having 

more difficult behavior at postnatal week 7 according to the emotion and activity 

subscales of the Infant Characteristics Questionnaire (de Weerth et al., 2003).  

Elevated maternal cortisol during pregnancy has also been linked with infant 

behavior. Werner and colleagues (2013) found that higher third trimester maternal 

cortisol was associated with observer ratings of infants’ increased motor and cry behavior 

to novelty at 4 months old. Unlike some of the previously mentioned studies, they found 

no significant associations between maternal distress, assessed using the STAI, CES-D, 

and PSS at 36-38 weeks, and third trimester maternal cortisol or between maternal 

distress and objectively observed or mother-rated infant negative behavior (Werner et al., 

2013). Also interesting, observer and mother-rated infant behavior were not associated, 
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which may be a good caution for interpreting results from studies that only use maternal 

report of infant temperament. 

One study of prenatal maternal stress and infant behavior found that infants 

exposed to elevated maternal cortisol during the late second and third trimester showed 

larger infant cortisol response to a painful heel stick procedure that occurred 13 to 35 

hours after birth (Davis, Glynn, Waffarn, & Sandman, 2011). Additionally, elevated 

levels of maternal cortisol and prenatal maternal psychosocial stress (elevated levels of 

perceived stress and anxiety and depressive symptoms) throughout gestation were 

associated with a slower rate of behavioral recovery from the painful stress of the heel 

stick (Davis et al., 2011). Given that the infant’s behavioral and physiological responses 

to the heel stick procedure are thought to assess infant stress regulation and that the 

assessments occurred so quickly after birth and before the influence of postnatal factors, 

these findings suggest that exposure to prenatal maternal stress and stress hormones alters 

the functioning of stress and potentially pain regulatory systems in the offspring (Davis et 

al., 2011).  

Perceived stress throughout pregnancy has also been linked to increases in 

difficult behavior (e.g., crying, problems in adapting to a new situation or the presence of 

unfamiliar persons) at 3 months and 8 months as assessed by maternal report using the 

Infant Characteristics Questionnaire (Huizink et al., 2002), and with total behavioral and 

externalizing problems assessed at 27 months by maternal report using the Child 

Behavior Checklist (CBCL) (Gutteling et al., 2005). Gutteling and colleagues (2005) also 

found that pregnancy-specific anxiety throughout pregnancy (specifically fear about 
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having a handicapped child) was associated with higher levels of attention regulation 

problems and restless/disruptive temperament among toddlers at 27 months, assessed via 

maternal report using a modified version of the Infant Characteristics Questionnaire. In 

both studies, which were part of the same prospective longitudinal project, significant 

associations were found between prenatal maternal stress and offspring behavior while 

adjusting for the influence of covariates like socioeconomic status (SES), maternal 

education, and postnatal maternal mood symptoms (Gutteling et al., 2005; Huizink et al., 

2002). Neither study found significant associations between daily hassles and offspring 

temperament/behavior (Gutteling et al., 2005; Huizink et al., 2002). Similarly, Gutteling 

and colleagues (2005) found no significant associations between maternal cortisol (early 

morning or mean cortisol) during early (15-17 weeks), mid (27-28 weeks), or late 

pregnancy (37-38 weeks) and toddler behavior. These studies also found an interesting 

trend between perceived stress and offspring behavior over time. Maternal perceived 

stress during pregnancy was positively associated with infant difficult behavior at three 

months (Huizink et al., 2002), by eight months this was a nonsignificant trend (Huizink et 

al., 2002), and at 27 months the relationship between perceived stress and offspring 

behavior was in the opposite direction, such that maternal stress during pregnancy was 

associated with lower levels of restless/disruptive temperament (Gutteling et al., 2005). 

Although the authors offer the explanation of slight methodological differences (e.g., a 

differentiation was made between restless/disruptive behavior and irritability at 27 

months but not at 3 and 8 months), there is also the possibility that, in keeping with 

previous work by Jerome Kagan on early predictors of anxiety (e.g. (Kagan & Snidman, 
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1999)), children who display a “difficult” (highly reactive) temperament in infancy (ages 

3 and 8 months) go on to exhibit early signs of anxiety and inhibition by 27 months, 

which may manifest in part as decreased disruptive behavior, though further 

investigations would be needed to test this idea.  

There is now a fairly large body of work that consistently links maternal stress 

and symptoms of anxiety and depression to temperamental difficulties, such as negative 

reactivity to novelty, fussing, and crying, during infancy. The preponderance of these 

studies have identified the third trimester as a period of particular interest; however, 

further research is needed to know whether these findings reflect a true gestational timing 

phenomenon or whether the apparent convergence on the third trimester is an artifact of 

study design. Although some of the aforementioned studies assessed stress and stress 

hormones at a few points throughout pregnancy (e.g., (Gutteling et al., 2005)), a few of 

these studies collapsed across gestational time points (e.g. (Davis et al., 2007)) while 

others only examined stress during late pregnancy (e.g., (Werner et al., 2013)). There is 

also early evidence that the link between stress during pregnancy and offspring 

temperamental difficulties may be stronger in female versus male offspring (reviewed in 

section IX: Sex Differences in Human Studies of Prenatal Stress), highlighting the 

importance of exploring sex differences in future studies. 

Additionally, a substantial body of evidence suggests that prenatal maternal stress 

is linked to changes in cognitive functioning during infancy. Decreases in attention 

regulation during infancy, as assessed by independent observers using the Infant 

Behavior Record component of the Bayley Scales when infants were 3 and 8 months old 
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(Bayley, 1969), have been linked to pregnancy-specific anxiety and perceived stress, but 

not daily hassles, during early pregnancy (15-17 weeks’ gestation) (Huizink et al., 2002), 

though these prenatal psychological variables only explained a small amount of the 

variance (ranging from 3.3 – 5%). Consistent with these findings, Gutteling et al. (2006) 

found that maternal life events assessed during early pregnancy (15-17 weeks’ gestation) 

were negatively associated with children’s scores on the attention/concentration index of 

the Test of Memory and Learning (TOMAL) at age 6, even while controlling for overall 

IQ and other potential covariates; interestingly, their investigation found no significant 

associations between prenatal maternal cortisol and offspring learning or memory 

(Gutteling et al., 2006). Two studies linked pregnancy-specific anxiety in mid-pregnancy 

(27-28 weeks) and elevated maternal cortisol in late pregnancy (37-38 weeks) to lower 

Bayley scale mental and motor development scores at 8 months (Buitelaar et al., 2003; 

Huizink et al., 2003). The investigation by Huizink and colleagues (2003) also found an 

association between daily hassles in early pregnancy (15-17 weeks) and lower mental 

development scores at 8 months. A more recent study found that elevated cortisol and 

increased pregnancy-specific anxiety (but not perceived stress, state anxiety, or 

depressive symptoms) early in pregnancy (before 16 weeks’ gestation) were associated 

with lower mental development scores, as assessed by independent raters using the 

Mental Development Index (MDI) of the Bayley Scales of Infant Development, at 1 year 

(Davis & Sandman, 2010). In contrast to the aforementioned studies (Buitelaar et al., 

2003; Huizink et al., 2003), Davis and Sandman (2010) found that infants who scored 

high on the MDI at 1 year of age were exposed to low levels of maternal cortisol during 
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early pregnancy (13 weeks) and progressively higher levels of maternal cortisol over the 

course of pregnancy (38 weeks) (Davis & Sandman, 2010). Their findings are consistent 

with the well-established pattern of steady increases in cortisol with advancing gestation, 

a pattern which is important for normal developmental processes like fetal lung 

maturation (Duthie & Reynolds, 2013). One possible explanation for the discrepant 

findings is that the timing was different across the two studies, with the Davis and 

Sandman (2010) study examining cognitive development at 12 months, when Bayley 

scores are reported to be more stable, whereas the Huizink study which examined the 

scores at 8 months, when Bayley scores are presumably less stable. There is also the 

possibility that the cognitive and motor consequences of fetal exposure to increases in 

cortisol do not appear until 12 months due to differences in brain maturation at these two 

time points (Johnson, 2001).  

Another study linking prenatal maternal stress to lower Bayley MDI scores found 

a negative association between maternal stress and lower productive and receptive 

language abilities in offspring at two years of age (Laplante et al., 2004). This study, 

which assessed maternal stress based on mother’s responses to questions about the degree 

of threat, loss, scope, and change associated with the 1998 ice storm in Quebec, Canada, 

found that levels of prenatal maternal stress accounted for 11.4% and 12.1% of the 

variance in toddlers’ general intellectual and productive language abilities, respectively, 

beyond the variance accounted for by birth weight and age at testing (Laplante et al., 

2004). Additionally, maternal stress in the first or second trimester appeared to be 

particularly impactful, as prenatal maternal stress in the first or second trimester 
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accounted for 27.5% and 41.4%, respectively, of the variance in the offspring’s Bayley 

MDI scores, but only an additional and non-significant 1.2% when the exposure occurred 

during the third trimester, which is consistent with past research suggesting decreased 

sensitivity to the potential influences of stressful events as pregnancy progress (Laplante 

et al., 2004). Another study linked high levels of maternal anxiety during the third 

trimester (32 weeks’ gestation) to lower mental development, particularly attention-

related processes, at age 2, even after controlling for potential confounders (e.g., 

postnatal depression/anxiety symptoms) (Brouwers et al., 2001). 

Although the preponderance of evidence suggests an association between prenatal 

maternal stress and adverse offspring development, it is important to note that at least one 

published study found a potential developmental benefit to maternal stress. DiPietro and 

colleagues (2006) found no support for an adverse influence of maternal anxiety 

symptoms, depressive symptoms, or stress on infant mental/psychomotor development 

and behavior regulation, but rather found a small but consistent association between the 

aforementioned maternal psychological conditions (assessed at 24, 28, and 32 weeks but 

aggregated into single composites for each construct) and more optimal development at 

age 2 (DiPietro, Novak, Costigan, Atella, & Reusing, 2006). However, they also found 

that pregnancy-specific negativity (i.e., rating pregnancy as more negative than positive) 

was associated with slower psychomotor development and poorer emotional and 

attentional regulation during testing, though the authors concede that this finding could 

have been an artifact of not having a comparable postnatal measure of specific stress to 

control for in analyses (DiPietro et al., 2006). Importantly, there are problems associated 
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with collapsing across gestational periods, such as potentially obscuring differential 

effects of maternal stress depending on timing of exposure, that limit the findings of this 

study. 

There is now a rather robust body of work on the influence of prenatal maternal 

stress, anxiety, and depressive symptoms on infant temperament, behavior, and cognitive 

functioning. Overall, this work suggests that exposure to these maternal psychological 

symptoms is associated with increased behavioral reactivity to novelty, elevated cortisol 

response to stressor exposure, difficulty behavior (e.g., crying, fussing), and decreased 

cognitive development. Interestingly, while the maternal stress and infant temperament 

literature seems to highlight the third trimester as a particularly important period, the 

maternal stress and infant cognitive development literature seems to highlight early 

pregnancy (late first trimester, early second trimester) as a key period; however, the 

findings are still mixed enough with regard to gestational timing to require further study 

before stronger conclusions can be made. One major limitation of much of the work on 

infant temperament and behavior has been the reliance on maternal report; however, 

studies that have used independent raters or observers (e.g., teachers and/or trained 

laboratory raters) largely corroborate the aforementioned findings. Although most of the 

work on prenatal maternal stress and infant outcomes characterizes the influence of 

maternal stress as deleterious, at least one study has found maternal stress during 

pregnancy to be beneficial to offspring development, raising the question, which should 

be explored by future studies, of whether the effects of maternal stress on infant 

outcomes may differ based on factors like intensity of maternal psychological symptoms. 
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Maternal Stress during Pregnancy and Outcomes during Childhood 

Fewer studies have examined the associations between prenatal maternal stress 

and childhood outcomes, perhaps in part due to methodological complications, including 

the necessity of including postnatal measures of maternal mood and psychological state. 

A very large (N = 7,444) prospective study found that symptoms of prenatal maternal 

anxiety symptoms, but not depressive symptoms, late in pregnancy (32 weeks’ gestation) 

was associated with behavioral/emotional problems at age 4 (O’Connor, Heron, & 

Glover, 2002). The same study also found that postnatal depressive symptoms assessed at 

8 weeks and 8 months postpartum were independently associated with children’s 

behavioral/emotional problems, suggesting that the influences of pre- and postnatal 

maternal psychological state may represent separate risks for behavioral/emotional 

problems in children and act in an additive, rather than multiplicative, manner 

(O’Connor, Heron, & Glover, 2002). 

Another study of the same prospective, community-based sample found that 

increased maternal anxiety in late pregnancy (32 weeks’ gestation) was associated with 

total behavioral/emotional problems at age 4 in boys and girls, and 

hyperactivity/inattention in boys (O’Connor, Heron, Golding, et al., 2002), even after 

controlling for postnatal reports of anxiety, suggesting a direct link between prenatal 

maternal distress and offspring development that does not appear to be mediated by 

postnatal anxiety or depression (O’Connor, Heron, Golding, et al., 2002). Although these 

studies are impressive because of the size of the sample, one limitation is that all of the 

reports of child behavior problems were based on maternal report alone. 
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Another recent study linked prenatal maternal state anxiety assessed at 16 weeks’ 

gestation to increased problem behavior among offspring at age 5 (Loomans et al., 2011). 

The authors found that maternal prenatal anxiety was associated with increased overall 

problem behaviors and decreased pro-social behavior among children at age 5, as 

assessed with maternal and teacher report, even after controlling for potential covariates 

including current maternal psychological distress and parental self-reported history of 

psychopathology (Loomans et al., 2011). Interestingly, offspring sex was found to 

moderate the association between prenatal maternal anxiety and offspring behavior, such 

that exposure to prenatal maternal stress was associated with a stronger increase in 

overall problem behavior and increased hyperactivity/inattention problems in boys, but 

not girls (Loomans et al., 2011).  

Childhood anxiety has also been linked to prenatal maternal psychological 

distress (Davis & Sandman, 2012); specifically, high average perceived stress, depressive 

symptoms, and pregnancy-specific anxiety during pregnancy were associated with higher 

levels of child anxiety at 6-9 years of age after controlling for potential covariates like 

obstetric risk factors and postnatal maternal distress at the time of child assessment 

(Davis & Sandman, 2012). Further, children who were exposed to higher levels of 

maternal cortisol during pregnancy were significantly more likely to fall in the borderline 

or clinically significant range for anxiety (Davis & Sandman, 2012). Although no 

significant findings were found for gestational timing of maternal cortisol exposure, the 

authors found that, with regard to timing, fetal exposure to maternal perceived stress and 

depressive symptoms at 20 weeks’ gestation and to maternal pregnancy-specific anxiety 
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at 25 weeks’ gestation were the strongest predictors of offspring anxiety (Davis & 

Sandman, 2012). Finally, maternal pregnancy-specific anxiety and cortisol were found to 

independently predict child anxiety, and perceived stress and depressive symptoms no 

longer significantly contributed to the model after accounting for the variance associated 

with pregnancy-specific anxiety and cortisol (Davis & Sandman, 2012).  

Prenatal maternal stress and smoking have been associated with mother and 

teacher reported attention deficit hyperactivity disorder (ADHD) symptoms in offspring 

at age 7, a finding that was particularly significant among boys (Rodriguez & Bohlin, 

2005). Another study found that maternal psychological distress (anxiety/depressive 

symptoms and mood lability) during pregnancy was only modestly associated with infant 

temperament but that maternal distress during the first trimester was associated with 

ratings of negative emotionality at age 5 years, with stronger correlation for males 

(Martin, Noyes, Wisenbaker, & Huttunen, 1999). Associations have also been found 

between maternal stress during pregnancy, difficult temperament, and lower school 

grades and more negative behavior in school at 6 years (Niederhofer & Reiter, 2004). A 

recent pregnancy cohort study linked maternal life event stress (assessed at weeks 18 and 

34) to offspring achievement scores at age 10 (Li et al., 2013). Specifically, Li and 

colleageus (2013) found that maternal prenatal exposure to 4 or more stressful life events 

or death of the mother’s friend and/or relative was associated with significantly lower 

reading scores among female offspring relative to a non-prenatally stressed reference 

group; conversely, maternal exposure to 3 or more stressful life events was associated 

with higher reading and math scores in boys, after controlling for potential confounding 
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variables, including maternal sociodemographic characteristics, family income, maternal 

smoking during pregnancy, and common life stress events in infancy and middle 

childhood (Li et al., 2013).  

Fewer studies have examined the influences of prenatal maternal stress and stress 

hormones on childhood physiology. O’Connor and colleagues (2005) used the Avon 

Longitudinal cohort to link prenatal maternal anxiety at 32 weeks’ gestation to increased 

awakening cortisol levels among offspring at 10 years of age, a finding which remained 

significant after accounting for obstetric and sociodemographic risk factors, as well as 

multiple postnatal assessments of maternal anxiety and depressive symptoms, though the 

sample was limited by a modest sample size (n = 74) (O’Connor et al., 2005). An 

examination of children ages 6 to 11 whose mothers were treated with synthetic 

glucocorticoid (either dexamethasone or betamethasone to encourage lung maturation) at 

approximately 30 weeks’ gestation found significantly increased cortisol reactivity 

among these children relative to controls when exposed to the acute psychosocial stress 

of the Trier Social Stress Test for Children (Alexander et al., 2012). Further, the authors 

found that the influence of prenatal glucocorticoid treatment on later HPA axis reactivity 

was more pronounced among females than males (Alexander et al., 2012). 

 Taken together, these studies suggest that there is a small but growing body of 

work linking maternal psychosocial stress during pregnancy to alterations in physiology 

and behavior among offspring in childhood. Specifically, exposure to maternal stress 

during pregnancy has been repeatedly associated with difficult temperament and high 

reactivity during infancy in offspring, which are known risk factors for later development 
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of affective disorders (Kagan & Snidman, 1999). Further, prenatal maternal stress 

exposure has been linked to alterations in offspring HPA axis functioning, as indicated by 

heightened cortisol responses to later stress exposure (Alexander et al., 2012). 

Importantly, most of the studies in this body of literature control for potential postnatal 

influences such as postnatal maternal psychological symptoms, which allows for a more 

accurate assessment of the long-term influence of prenatal factors. There are still a 

number of gaps in this literature, though; for example, relatively few studies have 

examined sex differences in offspring outcomes, despite known sex differences in rates 

of particular psychological disorders (e.g., higher rates of conduct disorder and ADHD 

for boys, higher rates of depression and anxiety disorders for girls) (Costello et al., 2003). 

Additionally, very few studies have examined the potential lasting influence of prenatal 

stress on infant or child immune functioning, despite repeated findings that prenatal 

maternal stress influences risk of maternal infection and birth complications. However, 

emerging results suggest that maternal stress and stress-related increases in pro-

inflammatory cytokines during pregnancy have been associated with risk for developing 

atopic diseases (e.g., allergies) in infancy and childhood (Coussons-Read, Okun, & 

Nettles, 2007; Coussons-Read et al., 2005; Hamada et al., 2003; Pincus-Knackstedt et al., 

2006; Prescott et al., 2005). Similarly, self-reported nervousness during pregnancy has 

been correlated with high cord blood levels of immunoglobulis E, which is used as a 

predictor for childhood atopic diseases (Lin, Wen, Lee, & Guo, 2004), and a more recent 

study found that children of mothers who experienced at least one stressful life event 

during pregnancy (e.g., divorce, mourning, loss of job) had a statistically significant 



  
 

  

99

higher lifetime prevalence of asthma and atopic disease (de Marco et al., 2012). Future 

work should examine stress-immune interactions in both women during pregnancy and 

offspring exposed to stress and/or infection during pregnancy. 

Maternal Stress during Pregnancy & Adolescent/Adult Outcomes 

 Although there is evidence from animal studies that the influence of prenatal 

maternal stress can persist into adolescence and adulthood, there is only a small body of 

human work that has examined the influence of stress during pregnancy into adolescence 

and beyond. Much of the work on maternal stress and adolescent/adult outcomes has 

looked at the long-term effects of stress during pregnancy on disorder onset. For 

example, evidence has emerged linking prenatal maternal stress to schizophrenia (e.g., 

(Huttunen & Niskanen, 1978; Khashan et al., 2008; Spauwen et al., 2004; van Os & 

Selten, 1998); however  the findings of many of these studies are limited by 

methodological concerns. For one, much of this work presumed stressed based on an 

adverse event experienced by a population (e.g., (Malaspina et al., 2008; Selten, van der 

Graaf, van Duursen, Gispen-de Wied, & Kahn, 1999; van Os & Selten, 1998)), and as 

such assumed that exposure was equally stressful for everyone. Similarly, many of the 

studies in this literature have examined offspring psychosis in relation to relatively rare 

traumatic life events during pregnancy, such as death of a close relative during pregnancy 

(e.g., (Khashan et al., 2008)), which occur at low frequency in the population. 

Associations once thought to have strong support, such as the link between maternal 

bereavement during pregnancy and offspring psychosis, have also been called into 

question recently, as two new studies failed to find a significant association between 
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prenatal bereavement and offspring psychosis (Abel et al., 2014; Class et al., 2014). 

Additionally, although it is reasonable to assume that the experience of adverse events 

during pregnancy generates stress, most of these studies fall short of directly measuring 

stress. Studies assessing unwantedness of the pregnancy have made some methodological 

improvements by prospectively assessing maternal prenatal psychological experiences 

(Herman et al., 2006; McNeil et al., 2009; Myhrman et al., 1996), and one study assessed 

maternal perceived stress throughout pregnancy and found that it strengthened the 

relationship between unwanted pregnancy and offspring psychosis (McNeil et al., 2009). 

However, findings may not generalize, as they were limited to offspring of women with 

psychosis (McNeil et al., 2009). Another limitation of these studies is that unwantedness 

of the pregnancy may be a very specific kind of stress and factors other than stress 

processes (e.g., health risk behaviors, engagement in prenatal care) could be related to 

unwantedness of the pregnancy. 

 Fewer studies have examined prenatal maternal stress in relationship to other 

forms of psychopathology. For example, although a number of studies have repeatedly 

linked prenatal maternal stress to birth outcomes associated with depression (e.g., preterm 

birth, low birth weight; reviewed in (Weinstock, 2010)), very few studies have examined 

a potential association between prenatal maternal stress and depression among offspring. 

One study found that women who were exposed during mid- to late-gestation (second or 

third trimester) to the “hunger winter” in Holland during WWII gave birth to offspring 

who were at significantly increased risk of developing unipolar and bipolar major 

affective disorder (i.e., mania and/or depression accompanied by mood-congruent 
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psychotic symptoms) during adulthood (Brown et al., 2000). It is worth noting that the 

authors attribute these findings to nutritional deficiency, rather than stress, but also 

suggest the possibility that starvation could have increased maternal stress, which has a 

neurotoxic effect on brain regions related to affective disorders, particularly those 

involving psychotic features (Brown et al., 2000). Another study found that 13.3% of 18-

year-old offspring of women who were pregnant during a severe earthquake experienced 

severe depression (Hamilton Depression Rating Scale (HAM-D) scores 2 SD above the 

mean), compared to only 5.5% of those who were born a year later (Watson et al., 1999). 

The authors also found that more men than women experienced depression, particularly 

when their mothers were exposed to stress during the second trimester of pregnancy 

(Watson et al., 1999). Another study found an association between low birth weight, 

which independently has been associated with maternal stress, and depression in 

adolescent girls (Bruder-Costello et al., 2007). Another study of a large birth cohort (N = 

90,079) that examined long-term outcomes of individuals whose mothers experienced an 

acute traumatic event (e.g., Arab-Israeli war of June 1967) during pregnancy found that 

these offspring were at significantly increased risk of being admitted to the hospital for 

any mood disorder later in life (Kleinhaus et al., 2013). Specifically, maternal exposure to 

a traumatic event in pregnancy was associated with double the risk for offspring bipolar 

disorder and triple the risk for all other mood disorders; further, offspring whose mothers 

were in their third month of pregnancy (first trimester) during the Six Day War appeared 

to be particularly vulnerable (Kleinhaus et al., 2013). Although these findings are 

consistent with the literature supporting a link between exposure to adverse events during 
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pregnancy and later psychopathology (e.g., (Khashan et al., 2008)), it is important to note 

that cases who are hospitalized for a mood disorder are not representative of mood 

disorders in general and therefore the preponderance of evidence supports a link between 

stressful life events and severe psychopathology, potentially with psychotic features 

and/or along the psychotic disorder spectrum.  

 Prenatal adversity was also linked to offspring diagnosis with Borderline 

Personality Disorder (BPD) in a recent study (Schwarze et al., 2013). Individuals with a 

diagnosis of BPD and their mothers completed a number of questionnaires, including the 

Pre/Postnatal Stress Questionnaire (NPQ-PSQ), which assesses a variety of pre-, peri- 

and postnatal adverse events (Hellhammer, Hero, Gerhards, & Hellhammer, 2012). 

Compared to a control group matched on sex, age, and education, individuals with BPD 

were much more likely to endorse a variety of factors associated with prenatal adversity, 

including prenatal tobacco exposure, medical complications, prenatal maternal traumatic 

stress, familial conflicts, low social support, and partnership problems during pregnancy 

(Schwarze et al., 2013). Overall, reported prenatal risk factors accounted for just over 

25% of the variance in BPD, and prenatal risk factors predicted to borderline symptom 

subdomains (e.g., affective instability) after controlling for childhood adversity and 

parental socioeconomic status (SES) (Schwarze et al., 2013). Further, mothers of 

individuals who later developed BPD perceived their pregnancy as more stressful than 

mothers of control subjects (Schwarze et al., 2013). Although some prenatal factors were 

confirmed by medical records review, much of the information included in the study 

relied on retrospective reporting by individuals with BPD and their mothers, which is 
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problematic given research suggesting recall biases in retrospective reporting of obstetric 

complications among psychiatric populations (McIntosh et al., 2002) and is a limitation 

that should be addressed by future prospective studies.  

Despite these findings, it remains unclear whether maternal stress during 

pregnancy is only related to severe mood disorders in offspring, possibly involving 

psychotic symptoms, or mood disorders overall. More importantly, there are significant 

limitations related to the assessment of stress in these studies; as previously mentioned, 

many of the studies relied on retrospective reporting of stress, or, similar to many of the 

studies on maternal stress and offspring schizophrenia, examined the long-term 

influences of exposure to an adverse and/or severe life event during pregnancy (e.g., 

(Brown et al., 2000; Kleinhaus et al., 2013; Watson et al., 1999).   

 There is also emerging evidence that the influences of prenatal maternal stress 

impact HPA axis regulation well into adulthood. An investigation of the effects of 

prenatal maternal anxiety and depressive symptoms on offspring physiological response 

to an acute physiological stressor (CO2 stress test) found that greater maternal anxiety 

and depressive symptoms at 18 weeks’ gestation were associated with greater 

sympathetic nervous system reactivity to the stressor and slower recovery, as indicated by 

changes in systolic blood pressure (Vedhara et al., 2012). Interestingly, these findings 

appeared to be restricted to the male offspring (Vedhara et al., 2012). Additionally, 

maternal anxiety and depressive symptoms at 32 weeks’ gestation were associated with 

blunted HPA axis responses, as indicated by blunted salivary cortisol response to the 

stressor (Vedhara et al., 2012). One limitation of the study is that genetic factors were not 
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assessed, leaving open the possibility that the influence of maternal anxiety and 

depressive symptoms during pregnancy on offspring sympathetic nervous system 

reactivity in adulthood could be mediated by genetic transmission. In keeping with these 

findings, a recent study found that young adults (mean age 25) born to mothers who 

experienced a severe adverse life event during pregnancy (e.g., death of someone close) 

showed a significantly different pattern of physiological response to the TSST relative to 

a control group (Entringer, Kumsta, Hellhammer, Wadhwa, & Wüst, 2009). Specifically, 

these offspring displayed significantly lower pre-TSST cortisol levels than control 

subjects, but showed a higher increase in cortisol levels in response to the TSST relative 

to controls (Entringer et al., 2009). Similarly, these offspring displayed lower cortisol 

levels following a pharmacological stimulation that stimulates pituitary activation relative 

to controls (Entringer et al., 2009). These findings suggest that offspring of mothers who 

experience a severe life event during pregnancy exhibited increased pituitary reactivity to 

stressors accompanied by a counter-regulatory adaptation of the adrenal cortex as 

evidenced by lower cortisol levels before the stressor and in response to pharmacological 

stimulation, a physiological pattern that is similar to that seen in individuals with PTSD 

(Shalev et al., 2008). Although these findings are compelling, they are somewhat limited 

by the reliance on retrospective reporting of stress during pregnancy. Further, none of 

these studies measured stress specifically, but rather assessed factors associated with 

stress, such as exposure to adverse life events and symptoms of anxiety and depression. 

 Relative to the work on prenatal maternal stress and infant/childhood outcomes, 

the research on the long-term effects of maternal stress during pregnancy on outcomes in 
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adolescence and adulthood is scarce. Further, given the difficulty of assessing factors at 

time points that are anywhere from 15-20+ years apart (e.g., pregnancy and 

adolescence/adulthood), some of these studies have had to rely on retrospective reporting 

of prenatal factors (e.g., (Entringer et al., 2009; Schwarze et al., 2013)). There is a 

significant need for prospective, longitudinal studies that begin during pregnancy and 

continue follow-up of offspring into adolescence and adulthood. In addition to furthering 

our understanding of the links between early developmental factors and adolescent/adult 

outcomes, studies of this nature would also allow researchers to examine specific 

developmental trajectories that offer clues regarding how stress experienced in one 

generation influences the next generation.  

Sex Differences in Human Studies of Prenatal Stress 

The animal literature strongly suggests that the effects of prenatal stress on 

offspring development differ by sex, though results regarding whether females or males 

fare worse depend largely on species and timing of stress exposure (reviewed in 

(Weinstock, 2007)). Although most of the previous human studies on the long-term 

effects of prenatal maternal stress exposure have not examined sex differences, there is an 

emerging body of studies beginning to report on sex differences.  

The preponderance of human studies suggest that males are more vulnerable than 

females to the adverse effects of maternal stress (reviewed in (Sandman, Glynn, & Davis, 

2013)). A number of studies suggest that male fetuses are at increased risk for preterm 

birth and that the death rate is higher for male than for female fetuses (Astolfi & Zonta, 

1999; Cooperstock & Campbell, 1996; Ingemarsson, 2003). Fetal exposure to increased 
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maternal cortisol during the second trimester of pregnancy has been associated with 

decreased infant maturation (Ellman et al., 2008). Similarly, elevated maternal cortisol 

early in gestation (i.e., 15 weeks) has been associated with decreased mental development 

at one year among males, but not females (Sandman et al., 2013).  Further, research 

suggests that males may also be at elevated risk for schizophrenia spectrum disorders 

following exposure to relatively mild stressors of every day life during pregnancy, 

whereas the same exposure is associated with a decreased risk for schizophrenia among 

females (Fineberg et al., in press).  

Whereas male fetuses adapt less well to early adversity, such that they are at 

increased risk for mortality, morbidity, reduced viability, delayed neonatal maturity and 

early neurological problems (reviewed in (Sandman et al., 2013), females appear to 

follow an accelerated developmental trajectory beginning in utero (Glynn & Sandman, 

2012). Ellman and colleagues (2008) found that elevated prenatal maternal cortisol is 

associated with increased maturation among female neonates. Although researchers 

previously thought that females escaped the adverse effects of early life stress, there is 

now emerging evidence that prenatal stress exerts a subtle but persistent influence on 

female development, influencing temperament, behavior, and brain development into the 

preadolescent period that may predispose females to later affective problems (Sandman et 

al., 2013). Sandman and colleagues refer to this phenomenon as the “viability-

vulnerability tradeoff” (Sandman et al., 2013). 

Upon reanalyzing previously published findings (Sandman, Davis, & Glynn, 

2012), Sandman and colleagues (2013) found that infants whose mothers experienced 
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congruent levels of depressive symptoms during pregnancy (25 weeks’ gestation) and 

after pregnancy (3 months postpartum) displayed enhanced psychomotor and mental 

development during the first year of life and this pattern held only for females at six 

months and for both sexes at 12 months. These findings suggest that female infants 

exposed to maternal psychosocial stress in utero may make necessary adaptations to their 

environments more quickly than male infants, and that they may incorporate more 

information from the maternal environment during fetal development (Sandman et al., 

2013). If this is the case, anxiety would represent an adaptive response to in utero 

signaling of a stressful postnatal environment. Female fetuses may be more vulnerable 

than male fetuses to the influence of maternal prenatal stress on fear and anxiety in 

infancy and childhood (Buss et al., 2012; Sandman et al., 2013). Exposure to prenatal 

maternal depressive symptoms during the second trimester of pregnancy (i.e., 25 weeks) 

and elevated placental CRH during the second and third trimesters of pregnancy (i.e., 25 

and 30 weeks) predicted fearful temperament for female but not male infants (reanalysis 

of (Davis & Sandman, 2012; Davis et al., 2005, 2007); in (Sandman et al., 2013)). 

Similarly, elevated breast milk cortisol levels were associated with infant negative 

temperament among girls but not boys and were not attributable to postnatal 

psychological distress (revision of (Grey, Davis, Sandman, & Glynn, 2013) in (Sandman 

et al., 2013)). Further, the influences persist into childhood, as elevated maternal cortisol 

at 30 gestational weeks significantly predicted anxiety in girls aged 6-9, even after 

controlling for potential confounders (e.g., postnatal and current maternal psychological 

distress) (Sandman et al., 2013). 
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Maternal pregnancy-specific anxiety has also been linked to lasting changes in 

brain morphology and function among female offspring (Sandman et al., 2013). Sandman 

and colleagues (2012) found that high levels of pregnancy-specific anxiety during early 

gestation was associated with gray matter volume reductions in a number of brain areas, 

including the prefrontal cortex and medial temporal lobe, which play important roles in 

executive function, emotional regulation/inhibitory control, and learning and memory, 

respectively (Sandman, Davis, Buss, & Glynn, 2012).  Further, this significant reduction 

in brain volume in 6-9 year old children was primarily observed in the female offspring 

(Sandman et al., 2013). Similarly, Sandman and colleagues found that elevated 

pregnancy-specific anxiety during mid-gestation (15, 19, and 25 weeks) was associated 

with poor performance on tests of executive function only among girls (reanalysis of 

(Buss, Davis, Hobel, & Sandman, 2011) in (Sandman et al., 2013)). Elevated maternal 

cortisol during early gestation (15 weeks) has also been associated with significantly 

larger right amygdala volume in girls but not boys, and the enlarged amygdala mediated 

the association between fetal exposure to maternal cortisol and affective problems in 

childhood (reanalysis of (Buss et al., 2012) in (Sandman et al., 2013)). Taken together, 

these studies suggest that exposure to maternal psychosocial distress and cortisol during 

pregnancy are consistently linked to anxiety, temperaments associated with affective 

disorders, and changes in brain regions associated with mood and emotional problems 

that could selectively put females compared to males at risk for future psychopathology, 

such as depression. 
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These sex differences may be explained at least in part by differential activity by 

sex of placental 11β-HSD2, the enzyme that converts cortisol to the its inactive form, 

cortisone (Stark, Wright, & Clifton, 2009). Exposure to betamethasone, a synthetic 

corticosteroid, has been associated with decreased 11β-HSD2 activity in placentae from 

male, but not female, fetuses (Stark et al., 2009). Male fetuses may also be differentially 

sensitive to stress hormones because they have higher baseline levels of fetal cortisol and 

testosterone during early gestation compared to females (Beck-Peccoz et al., 1991; Gitau, 

Adams, Fisk, & Glover, 2005). Another possible explanation for sex differences is that 

the human placenta appears to be sexually dimorphic and displays sex differences in gene 

expression, fetal-placental protein expression, and non-random X inactivation, which 

may confer a survival advantage for females relative to males in adverse environments 

(Clifton, 2010; Reik & Lewis, 2005).  Further, the developmental responses of male and 

female fetuses to maternal adversity (e.g., maternal psychosocial stress, elevated 

glucocorticoids) appear to diverge in utero with sex-specific adaptations of the placenta 

(Glynn & Sandman, 2012). Faced with maternal adversity, female adjustments in 

placental functioning lead to minor reductions in growth that conserve energy needs and 

prepare the offspring to survive further adversity (Clifton, 2010). Comparatively, the 

placentae of male fetuses do not make these adaptations, and as such male fetuses 

continue to grow with reduced resources, leading to heightened risk of intrauterine 

growth restriction, preterm delivery, or in utero death (Clifton, 2010).   

Given the emerging support for significant sex differences in the influence of 

prenatal maternal stress on offspring outcomes, future research should examine whether 
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developmental trajectories for disorders diverge by sex. For example, it now seems 

plausible that there may be sex-dependent routes to different kinds of psychopathology. 

More specifically, among males, prenatal stress may predict to adolescent and/or adult 

mood disorders with psychotic features and/or psychosis, which is more common in 

males (Aleman et al., 2003) through a pathway that involves conduct disorder, ADHD, 

antisocial behavior, and/or substance use, all of which are more common in males 

relative to females (Barriga et al., 2001; K. T. Brady & Randall, 1999; Costello et al., 

2003; Farrington, 2005); among females, prenatal stress may predict to adolescent and/or 

adult depression by way of early inhibition, internalizing symptoms, anxiety, and emotion 

regulation issues (i.e., symptoms of BPD), which are more common in girls (Costello et 

al., 2003; Johnson et al., 2003). Although there is a vast literature that characterizes risk 

factors and gender differences in rates and course of mood and affective disorders, as 

well as a substantial body of work on the influences of prenatal maternal stress, few if 

any studies have married these lines of inquiry and this represents an important area for 

future study. 

Stress and Infection During Pregnancy: Animal Studies 

 Animal studies have repeatedly linked stress during pregnancy to adverse effects 

on offspring physiology, behavior, and mental and motor development (Weinstock, 

1997). There are a number of comprehensive reviews on animal models of prenatal stress 

(Glover, 2011; Weinstock, 2007), and as such the findings will only be briefly 

summarized here. A variety of stressors have been used in animal studies, including 

prolonged restraint, unpredictable noise, immobilization, suspension, crowding, electric 
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tail shocks, saline injections, and conditioned avoidance training (Weinstock, 1997). 

Much of the animal work on prenatal maternal stress has relied on rodent models, though 

a growing body of work has examined non-human primate models (Coe et al., 2003; 

Schneider et al., 2002). Although there are trends across animal findings that suggest that 

prenatal maternal stress adversely affects learning, behavior, and immune function, it is 

important to note that results vary depending on important factors like the nature and 

timing of stress exposure, the sex of the offspring, the age of the offspring at testing, and 

genetics (reviewed in (Weinstock, 2007)). For example, learning deficits and reductions 

in hippocampal neurogenesis, long-term potentiation (LTP), and dendritic spine density 

in the prefrontal cortex appear to be more prevalent among male rat offspring exposed to 

prenatal stress, whereas anxiety- and depressive-like symptoms and increased 

hypothalamic-pituitary-adrenal (HPA) axis responsiveness to stress appear to be more 

common among prenatally-stressed female offspring (reviewed in (Weinstock, 2007)). 

Further, the generalizability of animal findings to humans is limited by issues such as 

inter-species differences in physiology, for example, only primates produce placental 

CRH during pregnancy (Robinson et al., 1989), as well as differences in gestational 

length and in utero developmental timeline (Merlot, Couret, & Otten, 2008). For 

example, gestation is approximately 20 days in mice compared to 40 weeks in humans 

and much of what corresponds to the human third trimester of pregnancy occurs 

postnatally in rodents (Holladay & Smialowicz, 2000). Although these times can be 

“translated” in time units for comparison purposes, there are significant inter-species 

differences with factors like timing of the maturation of the immune and neuroendocrine 
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systems (i.e., the primate immune and neuroendocrine systems develops predominantly 

in utero whereas the rodent immune and neuroendocrine systems develop predominantly 

during late gestation and the postnatal period (Holladay & Smialowicz, 2000; Kapoor & 

Matthews, 2008)), which influence the effects of prenatal stress on offspring functioning 

(Merlot et al., 2008). Additionally, the majority of rat studies of prenatal maternal stress 

only include male offspring (Weinstock, 2007), limiting what can be said regarding sex-

differences. 

Despite these difficulties, animal studies have consistently linked prenatal 

maternal stress to increased activity of the fetal HPA axis (reviewed in (Maccari et al., 

2003; Weinstock, 2005)). Studies in rodents and non-human primates have repeatedly 

found that prenatally stressed offspring appear to have an overactive HPA axis, as 

evidenced by significantly elevated plasma concentrations of ACTH and corticosterone 

relative to controls (Clarke et al., 1994; Takahashi, Baker, & Kalin, 1990; Takahashi & 

Kalin, 1991). Further, offspring of mothers who experience stress during pregnancy 

display heightened responsiveness to subsequent stress exposure (Clarke et al., 1994; 

Weinstock, 1997). Similarly, prenatally stressed rats are less able to cope in stressful 

situations (i.e., forced swim task, elevated plus-maze), as indicated by elevated anxiety, 

behavioral inhibition, and HPA axis overactivity, than offspring who were not exposed 

prenatally to maternal stress (Weinstock, 1997). Pregnant rats exposed to restraint stress 

during the third (last) week of gestation, which corresponds to the second trimester of 

human gestation (Clancy, Darlington, & Finlay, 2001), had offspring who displayed 

significantly elevated levels of circulating corticosterone and longer duration of 
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corticosterone secretion following exposure to novelty (Henry, Kabbaj, Simon, Le Moal, 

& Maccari, 1994). Consistent with these findings, studies of non-human primates suggest 

that maternal exposure to a daily noise stressor during mid-gestation (days 90-145 in a 

165-day gestation period) was associated with altered HPA axis reactivity among 

offspring, as indicated by significant increases in ACTH and cortisol following exposure 

to a social separation stressor (Schneider et al., 2002). The lasting influence of prenatal 

maternal stress on offspring HPA axis functioning appears to be mediated by stress-

induced increases in maternal glucocorticoids, which influence fetal brain development 

(Maccari et al., 2003; Weinstock, 1997).  

Previous work suggests that the fetal hippocampus, which plays an important role 

in regulating the response of the HPA axis to stress, is particularly vulnerable to the 

adverse effects of maternal stress and elevated levels of glucocorticoids (Weinstock, 

1997). In both rats and nonhuman primates, prenatal maternal stress has been linked to 

diminished hippocampal neurogenesis (Coe et al., 2003; Lemaire et al., 2000). In rats, 

maternal restraint and bright light exposure every day during the last week of pregnancy 

has been associated with decreased neurogenesis in the dentate gyrus and spatial learning 

deficits, which appear to be related to prenatal stress exposure blocking learning-induced 

hippocampal neurogenesis (Lemaire et al., 2000). Coe and colleagues (2003) replicated 

these findings in nonhuman primates and found that maternal exposure to acoustic startle 

daily for 10 minutes during either early pregnancy (postconception days 50-92) or late 

pregnancy (days 105-147) was associated with a 10-12% reduction in hippocampal 
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volume and an inhibition of neurogenesis in the dentate gyrus among offspring, who were 

2-3 years of age at the time of testing.  

Prenatal maternal stress has also been linked to lasting changes in offspring 

behavior among rodents and non-human primates (Weinstock, 2007). Maternal exposure 

to unpredictable noise, prolonged restraint, and chronic variable stress has been 

associated with anxiety-like behavior in rats, such as increased fear and freezing 

behavior, attempted flight, and less time spent in the open arms of an elevated plus maze, 

which is interpreted as a sign of anxiety (reviewed in (Weinstock, 2007)). Offspring of 

prenatally stressed rats typically display depressive-like behavior, such as showing 

increased immobility and decreased swimming in the Porsolt forced swimming test 

(Maccari et al., 2003). Interestingly, there is evidence of sex differences, as one study of 

maternal exposure to unpredictable noise found anxiogenic behavior only in females 

(Richardson, Zorrilla, Mandyam, & Rivier, 2006), whereas another study found that 

maternal exposure to prolonged restraint or chronic variable stress was associated with 

increased anxiety-like behavior (specifically less time spent in the open arms of an 

elevated plus maze) among male offspring (Rimondini, Agren, Borjesson, Sommer, & 

Heilig, 2003; Vallée et al., 1997), though it is worth noting that the latter studies included 

only male offspring.  

A relatively small body of work suggests that prenatal stress exposure may have a 

particularly detrimental effect on offspring social behavior. Juvenile rhesus monkeys 

born to mothers who were exposed to unpredictable noise during mid- to late-gestation 

displayed less normal social behavior (e.g., proximity, contact) and more abnormal social 
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behavior (e.g., clinging) with peers compared to controls (Clarke & Schneider, 1993). 

Similarly, another study found that adult rats born to mothers who experienced a 

combination of unpredictable stresses during pregnancy (e.g., restraint, cold exposure, 

light exposure, social stress) displayed diminished social behavior (i.e., significantly 

decreased interaction time) relative to rats who were not exposed to prenatal stress (Lee, 

Brady, Shapiro, Dorsa, & Koenig, 2007). 

The robust literature on animal models of prenatal maternal stress provides strong 

support for human studies examining the long-term influences of stress during pregnancy 

on offspring development and function. More specifically, there is now strong support 

from the animal literature that maternal exposure to a variety of stressors during 

pregnancy is associated with significant changes in offspring HPA axis functioning 

characterized by increased activity and elevated levels of stress hormones, increases in 

anxiety- and depressive-like behaviors, abnormal social behaviors, and inhibited 

hippocampal neurogenesis and associated learning deficits.  

 Animal studies have also linked fetal exposure to maternal immune activation to 

changes in offspring behavior and brain structure and function (reviewed in (Patterson, 

2002)). Given that most infections, with the exception of parasitic infections (e.g., 

toxoplasmosis gondii), do not seem to cross the placenta, attention has turned to maternal, 

fetal, and/or placental responses to infection as potential mediators of the damaging 

effects to the fetus (Patterson, 2009; Shi et al., 2005). There is growing evidence from 

animal studies that cytokines, proteins involved in the initiation and maintenance of 

immune responses (Weizman & Bessler, 1999), mediate the relationship between 
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maternal infection during pregnancy and offspring outcomes. Maternal exposure to 

infection during pregnancy is associated with altered levels of pro-inflammatory 

cytokines in the fetal environment (Patterson, 2009); for example, in rats, administration 

of LPS on gestational day 16 was associated with significant increases in placental IL-1β, 

IL-6, and tumor necrosis factor (TNF)-α, as well as increased IL-6 and TNF-α in the 

amniotic fluid (Urakubo, Jarskog, Lieberman, & Gilmore, 2001).  Additionally, there is 

now evidence that the injection of one particular proinflammatory cytokine, IL-6, is 

sufficient to cause the abnormal behaviors seen in offspring exposed to maternal immune 

activation, such as deficits in prepulse inhibition (PPI), latent inhibition (LI) deficits, 

exploratory behavior, and social behavior (Smith, Li, Garbett, Mirnics, & Patterson, 

2007). Further, blocking IL-6 during maternal immune activation prevents the 

development of these behaviors, suggesting that IL-6 plays a critical mediating role 

(Smith et al., 2007). 

Proinflammatory cytokines generated in response to maternal infection have also 

been linked to brain changes, such as inhibited dendrite development, as indicated by 

significant reductions in primary dendrites, nodes, total dendritic length, and neuron 

survival in vitro (Gilmore, Fredrik Jarskog, Vadlamudi, & Lauder, 2004). In rhesus 

monkeys, maternal influenza infection during the third trimester of pregnancy has been 

linked to significant reductions in cortical gray matter, particularly in cingulate and 

parietal areas, as well as white matter reductions in the parietal lobe, as assessed using 

structural magnetic resonance imaging (MRI) at 1 year (Short et al., 2011). In rats, 

injection with Escherichia coli lipopolysaccharide (LPS) during gestational day 16 is 
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associated with increased levels of brain derived neurotrophic factor (BDNF) and nerve 

growth factor (NGF) in the fetal brain and neonatal cortex (Gilmore, Jarskog, & 

Vadlamudi, 2003), which could represent a neuroprotective response to the toxicity of 

inflammatory mediators (Stadelmann et al., 2002). A number of studies have induced a 

maternal anti-viral inflammatory response using the synthetic double-stranded RNA 

(dsRNA), poly(I:C) and have found that offspring of pregnant rats or mice injected with 

poly(I:C) display brain changes associated with schizophrenia, such as ventricular 

enlargement, reduced NMDA receptor expression in the hippocampus, and deficits in 

working memory and novel object exploration (reviewed in (Patterson, 2009)). Similarly, 

prenatal viral infection in mice (specifically exposure to H1N1 on day 9 of pregnancy) 

has been associated with pyramidal cell atrophy in infected adults, which is similar to 

what has been identified in the adult brains of patients with autism, schizophrenia, and 

mood disorders (Fatemi et al., 2002). 

 Maternal immune activation during pregnancy has also been linked to abnormal 

behaviors in offspring that have been viewed as proxies for symptoms associated with 

schizophrenia and autism. One study found that the offspring of mice who were infected 

with human influenza virus on day 9.5 of pregnancy displayed abnormal behavioral 

responses as adults, including deficits in prepulse inhibition in the acoustic startle 

response, which has been liked to schizophrenia, and deficiencies in exploratory behavior 

in the open-field and novel-object tests, as well as decreased social interactions (Shi, 

Fatemi, Sidwell, & Patterson, 2003). Researchers also found that rhesus monkeys who 

were exposed to prenatal maternal immune activation exhibited abnormal social 
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behaviors, such as abnormal responses to maternal separation (e.g., increased 

distress/self-soothing behaviors) and species-atypical responses to unfamiliar animals  

(e.g., inappropriate approaching and remaining in immediate proximity of the unfamiliar 

animal) (Bauman et al., 2014). 

 The animal literature provides strong support for the idea that stress, 

inflammation, and/or infection during pregnancy can have lasting influences on offspring 

brain development and behavior. Specifically, prenatal maternal stress and infection 

appear to inhibit neuronal growth, increase anxiety-like behaviors, decrease appropriate 

social behaviors, and increase physiological responses to subsequent stressors among 

exposed offspring. Additional research with non-human primates is needed, as most of 

the animal work on prenatal stress and infection has been conducted in rodents and 

therefore has less direct translation to work with humans.  

Methodological Issues & Limitations Associated with Examining Stress During 

Pregnancy in Human Studies 

 Although the aforementioned studies provide strong support for the lasting 

influences of prenatal maternal stress on a variety of consequences in offspring 

development, it is important to note that the conclusions of many of these studies are 

limited by methodological issues ranging from lack of agreement regarding how to define 

and measure stress (Cohen et al., 1995) to the possibility of same-reporter variance bias 

(e.g., relying on maternal report for maternal and child ratings). Stressors that are studied 

in pregnancy typically include financial problems, strain in intimate relationships, family 

responsibilities, employment conditions, pregnancy-related concerns (Dunkel Schetter, 



  
 

  

119

2011), and separate but related constructs like stressful life events, stress appraisal, 

traumatic life events, anxiety symptoms, depressive symptoms, and pregnancy-specific 

anxiety are often grouped together under the umbrella of “stress.” Given that these 

constructs are associated with different constellations of psychological symptoms and 

patterns of physiology (i.e., anxiety is associated with hypocortisolemia whereas 

depression is associated with hypercortisolemia (Boyer, 2000)), our ability to draw 

conclusions across different assessments of stress is limited. In a number of studies, stress 

was not directly measured but rather presumed on the basis of an experience (e.g., 

unwantedness of pregnancy) that could be associated with stress (Herman et al., 2006; 

McNeil et al., 2009; Myhrman et al., 1996). Ecologic studies typically presumed stress 

based on life events that occurred for an entire population (e.g., war, famine) (Huttunen 

& Niskanen, 1978; Malaspina et al., 2008; Selten et al., 1999; Watson et al., 1999). A 

number of studies have examined traumatic life events (e.g., death or serious illness of a 

loved one) during pregnancy in relation to adverse offspring outcomes, but these events 

tend to be rare and may be tapping into related, but only partially overlapping constructs, 

such as grief and/or trauma (Khashan et al., 2008). Future research should examine less 

severe, more common stressful experiences during pregnancy, especially given new 

findings that daily life stress can be associated with increased odds of developing 

psychosis in adulthood among male offspring (Fineberg et al., in press).  

Some studies of stress during pregnancy examine biological markers of stress, 

typically levels of salivary or plasma cortisol, which have the advantage of being more 

objective measures of stress, though it is worth noting that cortisol can be increased or 
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decreased for many different reasons other than stress (e.g., depression; (Bhagwagar, 

Hafizi, & Cowen, 2005)). Further, although there is fairly consistent evidence from 

animal studies that the neuroendocrine system mediates the association between stress 

and offspring outcomes, in human studies findings on the correlations between measures 

of psychosocial stress and biological markers of stress have been mixed, with some 

studies finding associations between psychosocial stress and levels of ACTH, ßE, and 

cortisol (Wadhwa et al., 1996), whereas other studies find no significant associations 

between psychosocial and biological markers of stress (Davis et al., 2007).  

Pinpointing the timing and duration of maternal psychosocial stress during 

pregnancy has also proved challenging, either because studies have used ecologic designs 

(e.g., identifying women who were pregnant at some point during a particular event, such 

as a natural disaster or war) or because studies have relied on retrospective reporting of 

stress (e.g., (Chang, Chang, Lin, & Kuo, 2002; Meijer, 1985; van Os & Selten, 1998)). 

Even studies with prospective designs often ask about stress retrospectively (i.e., at a 

postnatal follow up visit) (e.g., (Bergman et al., 2007)). Similarly, identifying the 

duration of stressors is challenging, as some stressors are acute while others may be more 

low level but chronic. A number of studies that refer to stress during “early pregnancy” 

have their first assessment point at 15 weeks, meaning these studies completely miss the 

first trimester, a time when stress exposure may be particularly influential (Glynn et al., 

2004, 2001). Additionally, many studies do not mention whether there were sex 

differences in study findings, although it appears as though this is beginning to change 
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with increasing knowledge of sex differences in development and response to prenatal 

stress (Sandman et al., 2013). 

Many of the studies also use maternal report for both the independent and 

dependent measures (e.g., maternal stress and child outcome), which means that there is a 

possibility that women who report greater distress during pregnancy may experience or 

report their children as temperamentally or behaviorally more difficult (e.g., (Gutteling et 

al., 2005)). Additionally, many of the studies examining maternal stress during pregnancy 

in relation to infant temperament make it difficult to disentangle the relative contributions 

of genes, environment, and gene by environment interactions; for example, pregnant 

women may pass on a genetic loading of temperamental difficulties to their infant, and/or 

they may experience high levels of environmental stress during pregnancy that influences 

fetal development (Huizink et al., 2003). 

Another limitation of most of the previous work on stress during pregnancy is the 

use of predominantly Caucasian, low-to-normal risk samples, despite known racial and 

ethnic differences in risk factors for pregnancy complications and adverse birth 

outcomes. For example, African American women are at elevated risk for decreased birth 

weight and preterm delivery, even when controlling for access to prenatal care and 

sociodemographic factors (Giscombé & Lobel, 2005). Similarly, African American 

women are at increased risk for infection and increased levels of proinflammatory 

cytokines during pregnancy (Giscombé & Lobel, 2005). Given that research suggests that 

perceived racism and stressful life events during pregnancy are related to reductions in 

fetal growth among African American women (Giscombé & Lobel, 2005) and that 
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African American women display lower levels of cortisol during the second trimester of 

pregnancy relative to other racial/ethnic groups (Glynn, Schetter, Chicz-DeMet, Hobel, & 

Sandman, 2007), it is particularly important to include racially and ethnically diverse 

samples in studies of stress and stress hormones during pregnancy.  

Future studies should seek to address the aforementioned limitations by enrolling 

large samples that are racially and ethnically diverse, using prospective longitudinal 

designs, and including multiple informants and/or types of assessments (e.g., self-report 

plus biological measures; parent and teacher report). Additionally, it is important to 

consider that the experience of stressful life events (e.g., job loss, family/marital discord) 

may not be wholly independent of a woman’s personality, aspects of which may be 

passed genetically to her children (Laplante et al., 2004); as such, future work should 

assess and examine genetic factors to disentangle the relative contributions of genetics 

versus environment.   

Potential Mediators and Moderators of the Association between Prenatal Maternal Stress 

and Offspring Outcomes 

 There are also other factors to consider when discussing the long-term influences 

of psychosocial stress. Increases in health-risk behaviors, including increased smoking or 

drinking as well as poor nutrition, sleep, and exercise, often follow from stress and can 

also increase risk for physical and psychological illness or disorder (Cohen et al., 1995). 

Despite these associations in non-pregnant populations, relatively few studies have 

examined prenatal maternal stress in association with these individual factors (as 

potential mediators or covariates) such as sleep, exercise, substance use, and smoking. 
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Stress activates the HPA axis, which plays a key role in sleep-wake regulation; both 

animal and human studies suggest that stress alters the neuroendocrine regulation of 

sleep, leading to circadian rhythm disruptions and severe sleep disturbances (reviewed in 

(Van Reeth et al., 2000)). Further, both HPA activation and sleep dysregulation are 

implicated in psychological disorders, such as depression, bipolar, schizophrenia and 

posttraumatic stress disorder (Van Reeth et al., 2000), and in changes in immune system 

functioning (Ellman & Susser, 2009).  

 Studies have consistently linked stress to smoking; for example, various stressors 

including adverse childhood experiences, negative life events, acute and chronic 

stressors, and perceived stress have all been associated with increased risk for smoking 

(reviewed in (Kassel, Stroud, & Paronis, 2003)). Similarly, both personality dimensions 

characterized by affective distress (e.g., neuroticism) and psychological disorders, such as 

depression, schizophrenia, and conduct disorder, have been linked to smoking onset and 

dependence (reviewed in (Kassel et al., 2003)). Further, one study found that the impact 

of stressors on smoking uptake was generally stronger for females, particularly with 

respect to family-related stress and smoking (Byrne & Mazanov, 1999), which suggests 

that examining the relationship between stress and smoking during pregnancy may be 

especially important. A small body of work has examined smoking during pregnancy and 

suggests links with ADHD (Langley, Rice, Van den Bree, & Thapar, 2005; Milberger, 

Biederman, Faraone, Chen, & Jones, 1996; Rodriguez & Bohlin, 2005), conduct disorder 

(Wakschlag et al., 1997; M M Weissman, Warner, Wickramaratne, & Kandel, 1999), and 

substance use in offspring (Brennan, Grekin, Mortensen, & Mednick, 2002; M M 
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Weissman et al., 1999). There is also some support for the link between maternal 

smoking during pregnancy and bipolar disorder (Talati et al., 2013). 

Genetics are also important to consider as a potential contributor to the 

association between prenatal maternal stress and offspring outcomes. A recent study 

disentangled environmental and genetic factors by using a cross-fostering design in 

which pregnant women were either related or unrelated to their child (i.e., as a result of in 

vitro fertilization (IVF) using unrelated gamete donors) (Rice et al., 2010). The authors 

found an association between prenatal maternal stress and offspring ADHD only among 

related mother-offspring pairs, suggesting that the link between maternal stress and 

ADHD was genetic or a gene-environment interaction (Rice et al., 2010). Other 

associations, such as between prenatal stress and offspring birth weight, gestational age, 

and antisocial behavior were seen in both related and unrelated mother-offspring pairs 

and appeared to be more environmentally linked (Rice et al., 2010).  

Finally, although many studies have focused on identifying risk factors associated 

with prenatal stress exposure, fewer studies have examined protective factors. For 

example, although exercise has been shown to have antidepressant and anxiolytic effects 

and to protect against the harmful consequences of stress (Salmon, 2001), few if any 

studies have examined exercise in pregnant women as a potential buffer against the 

adverse influence of stress. Social support may also serve as a protective factor, as 

women with social support may seek earlier prenatal care and live healthier lifestyles 

during pregnancy – for example inadequate nutrition, poor weight gain, smoking and 

substance use may be less common in pregnant women with greater support – and higher 
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levels of social support have been associated with increased fetal growth (reviewed in 

(Feldman, Dunkel-Schetter, Sandman, & Wadhwa, 2000)). 

Similarly, there are many factors that may play a mediating or moderating role 

between stress exposure during pregnancy and childhood/adolescent developmental 

outcomes. Developmental psychopathology researchers argue for considering protective 

factors such as personal characteristics of the child, the nature and quality of the parent-

child relationship, and the social environment (Rolf, Masten, Cicchetti, Nchterlein, & 

Weintraub, 1990). Rolf and colleagues (1990) examined factors that protected six year 

old children from exposure to maternal stress during early childhood and found that the 

influential protective factors differed by offspring sex, with factors related to the personal 

characteristics of the mother (e.g., education, intelligence, affect, social skills) being 

more important for female children and factors related to the parent-child interaction or 

quality of home environment were more important for boys. Future studies should focus 

on identifying protective factors during childhood and adolescence that may counter 

some of the negative effects of prenatal stress exposure. For example, postnatal handling 

and environmental enrichment appear to be protective factors in animal studies, as it 

seems to counter the negative effects of prenatal stress exposure (Morley-fletcher et al., 

2003; Vallée et al., 1997). Another study in humans found that maternal caregiving 

during infancy can serve as a protective factor, as maternal sensitivity predicted greater 

levels of infant high frequency heart rate variability (Kaplan, Evans, & Monk, 2008), 

which is associated with more adaptive emotion regulation (Appelhans & Luecken, 

2006). The same study also found that infant HPA axis programming can be modulated 
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by maternal sensitivity; specifically, infants born to mothers with an antenatal diagnosis 

of depression or anxiety and low levels of postnatal sensitivity had significantly higher 

cortisol levels, whereas infants born to mothers with a antenatal psychiatric diagnosis and 

high levels of postnatal sensitivity displayed cortisol levels that were indistinguishable 

from infants born to mothers in the control group (e.g., no antenatal psychiatric 

diagnosis) (Kaplan et al., 2008). Although there is a dearth of research on pre/postnatal 

interventions for prenatal maternal stress, one study found that women at high risk for 

adverse pregnancy and outcomes who received home visits with a nurse during and after 

pregnancy had offspring who demonstrated higher intellectual functioning and receptive 

vocabulary scores at age six relative to women who did not receive these home visits 

(Olds et al., 2004). Given the growing body of evidence on the long-term influences of 

prenatal and early life stress, future research should examine the influence of pre- and 

post-natal interventions and seek to determine whether interventions during one period or 

the other are particularly impactful. 

 

Remarks 

 Although there is now substantial evidence that prenatal maternal stress can have 

lasting influences on offspring development and behavior, questions remain regarding the 

mechanism of transmission and which offspring are particularly at risk. The 

biopsychosocial hypothesis posits that risk factors accumulate over time to predict later 

psychopathology (Bruder-Costello et al., 2007; Sameroff & Seifer, 1995). In contrast, the 

fetal programming hypothesis (also known as the Barker hypothesis) suggests that 
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physiological, neuroendocrine, and metabolic adaptations made by a fetus in response to 

conditions in the early environment can have pathological consequences later in life 

(Barker, 2004). What follows is the idea that psychopathology arises when there is a 

mismatch between the physiological capacities established in early development and the 

environments in which they must later function (Bateson et al., 2004). The implication is 

that the fetus may make particular adjustments to the in utero environment to survive 

gestation and early development that may leave the offspring less well prepared for the 

postnatal environment, if there is a mismatch between the two (Bruder-Costello et al., 

2007). Congruence between fetal, childhood and adult environments may lead to a 

trajectory of optimal developmental and health outcomes, whereas incongruence between 

these environments may lead to a suboptimal trajectory, associated with physical and 

mental health problems (Wadhwa, 2005). For example, individuals with decreased birth 

weight who grow up in affluent environments have elevated risk of developing coronary 

heart disease, type 2 diabetes, and hypertension, whereas individuals who are heavier at 

birth and grow up in affluent environments are at reduced risk (Bateson et al., 2004). 

Decreased birth weight, which appears to be an adaptation to poor intrauterine conditions 

for growth and development, might prepare an individual for coping with an 

impoverished environment, but not with an affluent environment. Similarly, congruent 

levels of pre- and postnatal maternal depressive symptoms have been associated with 

improved psychomotor and mental development at one year of age (Sandman et al., 

2013), suggesting that maternal depressive symptoms may only be a risk factor for 

offspring developmental delays when there is a mismatch between the pre- and postnatal 
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environments.   

 This more nuanced understanding of the influences of maternal stress on offspring 

development is highlighted by Boyce & Ellis’s (2005) theory of biological sensitivity to 

context (BSC). Although the theory and support for BSC focus primarily on the postnatal 

environment rather than the prenatal environment, it seems likely that the principles of 

BSC could be applied to the long-term influences of prenatal maternal stress as well. 

BSC suggests that high-stress reactivity is not a unidirectional risk factor for poor health 

outcomes; rather, highly reactive individuals may be highly biologically sensitive to the 

health-eroding or health-sustaining effects of particular social and physical contexts 

(Boyce & Ellis, 2005). Boyce & Ellis (2005) propose that children calibrate their stress 

response systems based on information from the environment such that there is a 

curvilinear relationship between levels of supportiveness versus stressfulness in early 

childhood environments and the development of BSC (Ellis, Essex, & Boyce, 2005); for 

example, they proposed that both stressful childhood environments and low-stress, 

supportive childhood environments upregulate BSC, such that children raised in the 

former have increased capacity to detect and respond to environmental threat whereas 

children raised in the latter have increased susceptibility to the social and developmental 

benefits of a support environment (Ellis et al., 2005). In contrast, they proposed that 

children exposed to environments that are extreme in neither direction would have 

downregulated BSC such that they would be prepared for a world that is neither 

particularly threatening nor completely safe (Ellis et al., 2005). These theories and the U-

shaped association between levels of support/adversity and BSC have received tentative 
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support from empirical studies suggesting that high reactivity (as indicated by 

autonomic/sympathetic reactivity) among children is predicted by low parent-reported 

distress, routinized family life and higher SES, as well as very stressful family 

environments, whereas children from moderately stressful environments displayed the 

lowest levels of reactivity (Ellis et al., 2005).  

Future work on prenatal maternal stress should pay particular attention to the 

match or mismatch between pre- and postnatal environments, as this has the potential to 

inform a more nuanced understanding of how and why prenatal maternal stress has 

lasting influences on some but not all offspring. Similarly, identifying protective factors, 

the nature and timing of stressors, and differences by sex and race/ethnicity should be 

priorities, as it is becoming increasingly clear that the influence of stress on mothers and 

their offspring is multidetermined. Additionally, identifying constellations of factors that 

may put an individual at great risk for future psychopathology has the potential to inform 

prevention and intervention strategies.  
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Note. df = 1, n = 1711 

Table 7. 

Stress Theme Correlations 
 RA RD NTLE PFP PSA PS TLE RDH MSLE AOP NAPA AFP 

Negative 

Feelings 

About 

Preg. 

rtet = .10 
χ2  =3.81 

p = .05 

rtet = .16 
χ2  = 6.09, 

p = .01 

rtet = .21 
χ2  = 17.08, 

p <.01 

rtet = . 
χ2  = 

168.20, 

p < .01 

rtet = .13 
χ2  = 5.02, 

p = .02 

rtet = .25 
χ2  = 25.23, 

p <.01 

rtet = -.11 
χ2  = 1.46, 

p = .23 

rtet = .16,   
χ2  = 10.75, 

 p < .01 

rtet = -.08,   
χ2  = .00, 

 p = .97 

rtet = -.24,   
χ2  = 6.12, 

 p = .01 

rtet = -.17,   
χ2  = 1.52, 

 p = .22 

rtet = -.15,   
χ2  = 28.92, 

 p <.01 

Reported 

Anxiety 

 rtet = .20 

χ2  = 11.86, 

p < .01 

rtet = .35 

χ2  = 77.99, 

p < .01 

rtet = .02 

χ2  = .24, 

p = .63 

rtet = -.07 

χ2  = 2.00, 

p = .16 

rtet = .12 

χ2  = 7.71, 

p < .01 

rtet = .24 

χ2  = 16.01, 

p < .01 

rtet = .27,  

χ2 = 46.63,  

p < .01 

rtet = .20,   

χ2  = 7.86, 

 p < .01 

rtet = -.15,   

χ2  = 3.66, 

 p = .06 

rtet = -.07,   

χ2  = .64, 

 p = .42 

rtet = .06,   

χ2  = 1.44, 

 p = .23 

Reported 

Depression 

  rtet = .07 
χ2  = 1.45, 

p = .23 

rtet = -.02 
χ2  = 0.11, 

p = .74 

rtet = .07 
χ2  = 1.08, 

p = .30 

rtet = .32 
χ2  = 34.28, 

p <.01 

rtet = .25 
χ2  = 12.33, 

p < .01 

rtet = .13,   
χ2 = 5.02,  

p = .02 

rtet = .16,   
χ2  = 3.09, 

 p = .08 

rtet = .16,   
χ2  = 3.53, 

 p = .06 

rtet = .20,   
χ2  = 4.28, 

 p = .04 

rtet = .06,   
χ2  = .77, 

 p = .38 

Non-

Traumatic 

Life Events 

   rtet = -.12 

χ2  = 9.07, 

p < .01 

rtet = -.08 

χ2  = 2.17, 

p = .14 

rtet = .44 

χ2  =117.64, 

p < .01 

rtet = .20 

χ2  = 11.07, 

p < .01 

rtet =.12,   

χ2 = 8.77,  

p < .01 

rtet = -.08,   

χ2  = .83, 

 p = .36 

rtet = -.24,   

χ2  = 6.93, 

 p < .01 

rtet = -.25,   

χ2  = 5.05,  

p = .03 

rtet = .15,   

χ2  = 8.73, 

 p < .01 

Positive 

Feelings 

About 

Preg. 

    rtet = .03 

χ2  = .49, 
p = .48 

rtet =  -.145 

χ2  = 
11.289, 

p = .001 

rtet = -.099 

χ2  = 2.462, 
p = .117 

rtet = -.065,   

χ2 = 2.681,  
p = .102 

rtet = -.111,   

χ2  = 2.141, 
 p = .143 

rtet = -.090,   

χ2  = 6.926, 
 p = .008 

rtet = .062,   

χ2  = .562, 
 p = .454 

rtet = . 

χ2  = 
184.37, 

p < .01 

Pregnancy 

Specific 

Anxiety 

     rtet = .02 
χ2  = .17, 

p = .68 

rtet = -.02 
χ2  = .10, 

p = .75 

rtet = -.02, 
χ2 = .14,  

p = .70 

rtet = .03  
χ2  = .13, 

 p = .72 

rtet = .18 
χ2  = 6.01, 

 p = .01 

rtet = .20   
χ2  = 5.39, 

 p = .020 

rtet = -.08,   
χ2  = 1.63, 

 p = .20 

Perceived 

Stress 

      rtet =.35 

χ2  = 36.38, 
p < .01 

rtet = .17,   

χ2 = 16.46,  
p < .01 

rtet = .09,   

χ2 = 1.20,  
p = .27 

rtet = .06,   

χ2 = .64,  
p = .42 

rtet = -.10,  

χ2 = .98,  
p = .32 

rtet = .14,   

χ2 = 6.72,  
p = .01 
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Note. df = 1, n = 1711 

  

Table 7. 

(Continued) 
 RA RD NTLE PFP PSA PS TLE RDH MSLE AOP NAPA AFP 

Traumatic 

Life Events 

       rtet = .12,   
χ2 = .20,  

p = .66 

rtet = -.08,  
χ2 = .42,  

p = .52 

rtet = -.24,  
χ2 = 2.00,  

p = .16 

rtet = -.25,  
χ2 = .75,  

p = .39 

rtet = .15,   
χ2 = .65,  

p = .42 

Medical 

Life Event 

         rtet = .09,   

χ2 = .50,  
p = .48 

rtet = -.05,  

χ2 = .07,  
p = .80 

rtet = -.03,  

χ2 = .06,  
p = .80 

Ailments of 

Preg 

          rtet = .06,   

χ2 = .20,  
p = .65 

rtet = .02,  χ2 

= .03,  
p = .86 

Negative 

Affect Preg 

Ailments 

           rtet = -.04,  
χ2 = .15,  

p = .70 
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Note. Dep75 = Categorical variable indicating depression scores above the 75th percentile. Dep90 = Categorical variable indicating depression scores above the 90th percentile. Dep 

= Continuous depression scores. aF(1,623); bF(1,1709); cF(1,1680); ddf = 1, N = 1600; eF(1,1598); *significant at p < .05; **significant at p < .01. 

Table 8. 

Bivariate associations between maternal psychosocial stress and childhood/adolescent outcome variables (full sample). 

Stress 

Theme 

Childhood Inhibition 

Symptomsa 

Childhood Peabody 

Scoresb 

Adolescent 

Peabody Scoresc 

Dep75d Dep90d Depe 

 F p F p F p X2 p X2 p F p 

AFP 2.02 0.16 3.23 0.07 1.71 0.19 0.79 0.38 3.93 0.04* 1.54 0.21 

AOP 1.03 0.31 0.56 0.45 0.84 0.36 0.65 0.42 4.83 0.03* 0.73 0.39 

MSLE 0.40 0.53 0.27 0.60 0.06 0.81 0.27 0.61 0.37 0.54 0.12 0.73 

NAPA 1.76 0.19 0.96 0.33 2.11 0.15 0.71 0.40 1.64 0.20 0.07 0.79 

NFP 0.21 0.65 3.41 0.65 22.13 <.01** 0.44 0.51 1.19 0.28 0.51 0.48 

NTLE 0.28 0.60 0.41 0.52 6.32 0.01* 0.05 0.82 0.41 0.52 0.03 0.87 

PFP 0.07 0.80 7.74 <0.01** 20.10 <.01** 2.42 0.12 2.41 0.12 3.27 0.07 

PS 0.41 0.52 0.14 0.71 0.46 0.45 1.95 0.16 0.03 0.87 1.42 0.23 

PSA 0.05 0.83 8.82 <0.01** 0.02 0.89 1.29 0.26 0.07 0.80 1.39 0.24 

RA 1.88 0.17 0.02 0.90 0.02 0.89 0.09 0.76 0.08 0.78 0.35 0.55 

RD 1.75 0.18 0.28 0.60 0.51 0.47 0.46 0.50 0.18 0.67 0.95 0.33 

RDH 0.00 0.96 5.63 0.02* 6.55 0.01* 1.48 0.22 0.02 0.88 0.14 0.71 

TLE 0.06 0.81 3.781 0.05 0.15 0.70 0.18 0.67 0.08 0.78 0.63 0.43 
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Note. Dep75 = Categorical variable indicating depression scores above the 75th percentile. Dep90 = Categorical variable indicating depression scores above the 90th percentile. Dep 

= Continuous depression scores. aF(1,333); bF(1,832); cF(1,842); ddf = 1, N = 811; eF(1,809); *significant at p < .05; **significant at p < .01. 

 

 

Table 9. 

Bivariate associations between maternal psychosocial stress and childhood/adolescent outcome variables (females only). 

Stress 

Theme 

Childhood Inhibition 

Symptomsa 

Childhood Peabody 

Scoresb 

Adolescent 

Peabody Scoresc 

Dep75d Dep90d Depe 

 F p F p F p X2 p X2 p F p 

AFP 3.74 0.05 3.96 0.04* 1.15 0.28 0.00 0.98 0.98 0.32 0.08 0.78 

AOP 0.02 0.90 0.56 0.45 0.28 0.59 0.33 0.57 2.10 0.15 0.06 0.80 

MSLE 0.46 0.50 0.16 0.69 0.14 0.71 2.97 0.08 1.09 0.30 0.05 0.82 

NAPA 1.03 0.31 2.62 0.11 0.15 0.69 0.27 0.60 0.48 0.49 0.01 0.92 

NFP 1.34 0.25 2.22 0.14 16.50 <0.01** 1.61 0.20 1.37 0.24 0.90 0.34 

NTLE 0.27 0.60 0.19 0.66 8.62 <0.01** 0.30 0.58 0.35 0.55 0.53 0.46 

PFP 0.01 0.93 8.99 <0.01** 18.42 <0.01** 2.76 0.10 1.31 0.25 2.84 0.92 

PS 0.74 0.39 0.05 0.82 2.32 0.13 0.22 0.64 0.00 0.97 0.66 0.42 

PSA 0.01 0.94 5.14 0.02* 0.02 0.90 0.09 0.77 0.33 0.56 0.41 0.52 

RA 0.01 0.91 0.00 0.97 0.04 0.85 0.00 0.99 0.66 0.42 0.57 0.45 

RD 0.08 0.78 0.00 0.98 0.01 0.94 0.66 0.42 0.01 0.92 0.78 0.38 

RDH 0.00 0.96 7.35 <0.01** 5.63 0.02* 4.65 0.03* 2.24 0.13 1.03 0.31 

TLE 2.00 0.16 4.14 0.04* 0.36 0.55 0.74 0.39 0.28 0.59 0.82 0.36 
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Table 10. 

Bivariate associations between maternal psychosocial stress and childhood/adolescent outcome variables (males only). 

Stress 

Theme 

Childhood Inhibition 

Symptomsa 

Childhood Peabody 

Scoresb 

Adolescent 

Peabody Scoresc 

Dep75d Dep90d Depe 

 F p F p F p X2 p X2 p F p 

AFP 0.00 0.96 0.24 0.62 0.47 0.50 1.72 0.19 3.46 0.06 2.18 0.14 

AOP 1.99 0.16 0.10 0.76 0.74 0.39 0.38 0.54 2.93 0.09 0.94 0.33 

MSLE 2.60 0.11 0.12 0.73 0.56 0.46 1.34 0.25 0.09 0.77 0.55 0.46 

NAPA 0.81 0.37 0.10 0.75 7.32 <0.01** 3.58 0.06 1.40 0.24 0.10 0.75 

NFP 0.13 0.72 1.29 0.26 7.75 <0.01** 0.09 0.77 0.09 0.76 0.01 0.91 

NTLE 1.78 0.18 1.95 0.16 0.35 0.55 0.04 0.83 0.06 0.80 0.32 0.57 

PFP 0.14 0.71 0.81 0.37 4.26 0.04* 0.29 0.59 1.16 0.28 0.80 0.37 

PS 3.26 0.07 0.57 0.45 0.57 0.45 2.39 0.12 0.04 0.85 0.77 0.38 

PSA 0.16 0.69 3.70 0.05 0.00 0.96 1.81 0.18 0.66 0.80 1.06 0.30 

RA 3.52 0.06 0.05 0.83 0.00 0.99 0.17 0.68 0.22 0.64 0.01 0.92 

RD 1.71 0.19 0.61 0.43 1.42 0.23 0.01 0.90 0.27 0.60 0.24 0.62 

RDH 0.01 0.92 0.33 0.57 0.74 0.39 0.19 0.66 2.00 0.16 0.18 0.67 

TLE 0.97 0.33 0.56 0.46 0.01 0.93 2.20 0.14 0.04 0.85 0.04 0.85 

Note. Dep75 = Categorical variable indicating depression scores above the 75th percentile. Dep90 = Categorical variable indicating depression scores above the 90th percentile. Dep 

= Continuous depression scores. aF(1,339); bF(1,842); cF(1,826); ddf = 1, N = 789; eF(1,787); *significant at p < .05; **significant at p < .01. 
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Supplementary Figures 

 

 

Figure 5. Means for each variable in the three class model (females). 
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Figure 6. Means for each variable in the three class model (males). 
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Figure 7. Means for each variable in the four class model (males).  
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