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Abstract 

Purpose 

Fetal programming is the idea that environmental stimuli can alter the development of the fetus, which 

may have a long-term effect on the child. We have recently reported that maternal prenatal cortisol 

predicts infant negative emotionality in a sex-dependent manner: high prenatal cortisol was associated 

with increased negative emotionality in females, and decreased negative emotionality in males. This 

study aims to test for this sex-specific effect in a different cohort, and investigate whether sex 

differences in fetal programming may be specific to glucocorticoid mechanisms by also examining a 

maternal salivary alpha-amylase (sAA) by sex interaction.  

 

Methods 

88 pregnant women (mean gestational age=27.4 weeks, SD=7.4) collected saliva samples at home over 

two working days to be assayed for the hormone cortisol (range=0.13-88.22nmol/l) and the enzyme 

alpha-amylase (range=4.57-554.8units/ml). Samples were collected at waking, 30-minutes post-

waking and 12 hours post-waking. Two months after birth participants reported infant negative 

emotionality using the distress to limits subscale of the Infant Behavior Questionnaire.  

 

Results 

The interaction between maternal prenatal cortisol and infant sex to predict distress to limits 

approached significance (p=0.067). In line with our previous finding there was a positive association 

between prenatal cortisol and negative emotionality in females, and a negative association in males. 

The interaction between sAA and sex to predict distress was significant (p=0.025), and the direction of 

effect was the same as for the cortisol data; high sAA associated with increased negative emotionality 

in females and reduced negative emotionality in males.  

 

Conclusions 

In line with our previous findings, this research adds to an emerging body of literature, which suggests 

that fetal programming mechanisms may be sex-dependent. This is the first study to demonstrate that 
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maternal prenatal sAA may be an important biomarker for infant behavior, and the findings have 

implications for understanding sex differences in developmental psychopathology. 

Keywords: prenatal stress; glucocorticoids; fetal programming; alpha-amylase  
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1. Introduction  

Prenatal psychological stress, which includes depression and anxiety, increases risk for adverse 

offspring outcomes, such as: preterm birth (Class et al., 2011), low birth weight (Zhu et al., 2010), 

behavioral difficulties (O'Connor et al., 2002; O'Connor et al., 2003), and psychiatric problems (Pearson 

et al., 2013; Van den Bergh et al., 2008). The prevailing mechanistic theory in perinatal psychiatry is 

that prenatal stress exerts influence on fetal developmental trajectories via glucocorticoid mechanisms. 

The animal literature has consistently supported this hypothesis (Barbazanges et al., 1996; Koehl et al., 

1999; Lemaire et al., 2000; Maccari et al., 1995), however human studies have been less consistent. For 

example, evidence that prenatal stress is associated with increased maternal cortisol is mixed, with 

some studies supporting this association (Giesbrecht et al., 2012; Murphy et al., 2014; O'Connor et al., 

2013; Obel et al., 2005) and others not (Braithwaite et al., 2016; Hellgren et al., 2013; Pluess et al., 

2010). Similarly, evidence for associations between prenatal cortisol and offspring negative 

emotionality has been mixed, with evidence both for (Baibazarova et al., 2013; Davis et al., 2007) and 

against (Gutteling et al., 2005a) an association. Furthermore, there is a lack of evidence supporting a 

mediating role of maternal cortisol in associations between prenatal stress and adverse offspring 

outcomes; often only maternal cortisol or mood is reported to be associated with offspring outcomes 

(Davis and Sandman, 2010; Gutteling et al., 2005b; Sarkar et al., 2008).  

 

One possible explanation for the disparate literature is that effects of prenatal stress may be sex-

dependent. Sex differences in offspring outcomes following exposure to prenatal risks have been 

described in the animal and human literature. In animal studies, prenatal stress is associated with 

offspring depression and anxiety behaviors (Frye and Wawrzycki, 2003; Schulz et al., 2011; Zagron and 

Weinstock, 2006). Notably, these behaviors are present in the female, but not male, offspring. 

Interestingly, adrenalectomy of pregnant dams eliminated effects of prenatal stress on adverse female 

behavior (Zagron and Weinstock, 2006), further supporting sex-dependent effects mediated by 

glucocorticoid mechanisms. There is accumulating evidence in the human literature that prenatal risks 

for developmental psychopathology may be sex-dependent. For example, a range of prenatal risks, such 

as; stress, smoking and low birth weight, are associated with internalizing symptoms in females 

(Costello et al., 2007; Van den Bergh et al., 2008; Van Lieshout and Boylan, 2010) and externalizing 
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symptoms in males (Li et al., 2010; Rodriguez and Bohlin, 2005). Prenatal anxiety has been linked to 

dampened diurnal cortisol release and depression in female offspring (Van den Bergh et al., 2008), and 

also gender-specific effects on vagal withdrawal during childhood (Tibu et al., 2014). Further, 

heightened cortisol in pregnancy has been linked with a range of other effects in female, but not male, 

offspring, including: a more difficult temperament (Sandman et al., 2013); increased amygdala volume 

(Buss et al., 2012); and anxiety and affective problems (Buss et al., 2012; Sandman et al., 2013). In 

addition, we have recently shown that heightened prenatal cortisol was associated with increased 

negative emotionality in female infants, but decreased negative emotionality in male infants at 5 weeks 

of age (Braithwaite et al., 2017). This literature supports an emerging concept that there may be sex-

dependent processes underpinning effects of prenatal stress on developmental trajectories, whereby 

females become more reactive to challenge and more anxious, and males become less reactive and 

more aggressive (Glover and Hill, 2012; Sandman et al., 2013).  

 

An explanation for difficulties in characterizing the role of glucocorticoids in associations between 

prenatal stress and adverse offspring outcomes is that other mechanisms may also be important. For 

example, changes in maternal sympathetic nervous system (SNS) activity may be an alternative 

pathway by which prenatal mood impacts fetal development (Braithwaite et al., 2014; Talge et al., 

2007). The SNS is activated during psychological distress, resulting in increased noradrenaline levels. 

Noradrenaline does not cross the placental barrier (Giannakoulopoulos et al., 1999), however could 

indirectly influence fetal development by initiating vasoconstriction and reducing uterine blood flow. 

This mechanism could contribute to reduced birth weight or premature birth, both of which are 

associated with prenatal stress. Fluctuating oxygen and nutrient supplies to the developing fetus could 

also increase risk for psychological difficulties (Morsing et al., 2011). Animal studies show that both 

acute stress and intravenous noradrenaline induce decreased uterine blood flow (Shnider et al., 1979; 

Stevens and Lumbers, 1995). Initial human studies mirrored these findings (Sjostrom et al., 1997; 

Teixeira et al., 1999); however there have been a number of non-replications (Harville et al., 2008; 

Kent et al., 2002; Mendelson et al., 2011; Monk et al., 2012). The disparate findings could be 

attributable to difficulties in assessing uterine blood flow in a controlled laboratory setting, or could be 

explained by fetal sex-differences. An alternative method to assess SNS function is via the salivary 
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biomarker, alpha-amylase. Salivary alpha amylase (sAA) is an enzyme produced by the salivary glands, 

which is controlled by SNS innervation. Increased sAA concentrations are evident during periods of 

psychological distress (Bosch et al., 1996; Chatterton et al., 1997; Skosnik et al., 2000), and sAA levels 

are inflated in people with depression (Ishitobi et al., 2010; Tanaka et al., 2012; Veen et al., 2013). In 

pregnant populations, heightened sAA has been associated with anxiety (Giesbrecht et al., 2013) and 

depression (Braithwaite et al., 2015b). It is currently unknown, however, whether prenatal sAA is an 

important biomarker for offspring development, and whether any effects may be gender-specific.  

 

The primary aim of this study is to test if our recent finding, that high prenatal cortisol predicts 

increased negative emotionality in females, and decreased emotionality in males, is evident in a 

different cohort. A second aim is to investigate whether sex-dependent associations of the same kind 

may be specific to glucocorticoid mechanisms, by also testing for a SNS effect (sAA by gender 

interaction). Data used in this analysis has been previously published (Braithwaite et al., 2016; 

Braithwaite et al., 2015b), however in this manuscript we present a reanalysis of the data to specifically 

address the question of fetal sex.  
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2. Methods 

2.1 Participants 

Participants were a community sample of 103 first-time mothers and their infants participating in a 

longitudinal study based in Oxford, UK, designed to investigate the effects of prenatal mood 

disturbance on maternal and infant stress responses (Braithwaite et al., 2016; Braithwaite et al., 

2015b). All participants were primiparous, more than 14 weeks pregnant, had a singleton pregnancy, 

were over the age of 18, had no medical complications associated with their pregnancy and were not 

currently taking any steroid-based medications. 10 participants reported medication use during 

pregnancy. The medications included: tri-cyclic anti-depressants (n=2), selective serotonin re-uptake 

inhibitors (n=1), ranitidine hydrochloride (n=2) and omeprazole (n=1) to treat gastro-esophageal 

reflux, antibiotics (n=1), lactulose (n=2) and thyroxine (n=1). This research study was reviewed and 

approved by the Research Ethics Committee South Central Oxford B (REF: 12/SC/0473), and all 

participants provided informed consent for themselves and their infants to be included in the study. 

Complete prenatal and postnatal data was available for 88 mothers and their infants (39 males and 49 

females), who comprise the sample for this analysis.  

 

2.2 Procedure 

This study comprised one prenatal and one postnatal assessment, which are detailed below.  

Prenatal assessment. At the time of the prenatal assessment participants were in either the second or 

third trimester of pregnancy (range=106-281 days gestation, mean=191.4 days, SD=50.6). Participants 

were invited to a prenatal test session, which took place either at the Department of Psychiatry, 

University of Oxford, or at the participants’ home. This session took place between the hours of 1pm 

and 7pm, and lasted for approximately 90 minutes. Participants were asked to complete a 

questionnaire, which included questions about their demographic characteristics and current levels of 

depressive symptoms, and participated in a task, which has been described previously (Braithwaite et 

al., 2016). Participants were then asked to collect six saliva samples at home over two working days (3 

per day), to be assayed for the hormone cortisol and the enzyme alpha-amylase. Samples were 

collected using the passive drool method, and participants were provided with six 2ml cryovials and six 

saliva collection aids, as well as a stamped-addressed envelope to return the samples. On each day, 
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samples were collected immediately after awakening, and 30 minutes and 12 hours post-awakening. 

Participants were asked to refrain from eating, drinking, smoking and exercising for 30 minutes before 

each sample was collected. Participants stored the samples in their home fridges at ~4oC, before 

returning them to the Department of Psychiatry. Samples were shipped at room temperature, and 

remained at room temperature for a maximum of 24 hours before being frozen at -20oC at the 

Department of Psychiatry on arrival.  

Postnatal assessment. Participants and their infants were visited at home approximately 2 months 

(mean=8.7weeks, SD=1.8) after they had given birth. Mothers reported postnatal symptoms of 

depression and completed a questionnaire about their infant’s behavior.  

 

2.3 Measures 

Maternal prenatal and postnatal depression. Maternal prenatal and postnatal depressive symptoms 

were self-reported using the Edinburgh Postnatal Depression Scale (EPDS). The EPDS is the most 

widely used self-report questionnaire to identify symptoms of depression during the perinatal period. 

The scale consists of 10 items that describe common symptoms of depression, each item is scored from 

0 to 3, and the scale has a maximum score of 30. A score of 13 or over is indicative of clinical levels of 

depression (Cox et al., 1987). 

 

Salivary cortisol and alpha-amylase. Salivary cortisol concentrations were quantified using an enzyme 

immunoassay kit (Salimetrics, UK) and the analysis was conducted in accordance with the 

manufacturer’s instructions. Samples were analyzed in singlet’s, and the minimum detectible 

concentration was 0.2 nmol/l when a 0.1 ml volume was assayed (inter-assay coefficient of 

variance=7.75). Cortisol outliers that were more than three standard deviations from the mean were 

excluded (2 of 528 data points excluded).  

 

Salivary alpha-amylase kits were sourced from Salimetrics, UK. The protocol used to determine 

salivary alpha-amylase concentration differed slightly from that recommended by the manufacturer, 

and this has been described previously (Braithwaite et al., 2015b). Following optimization of the assay, 
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this method was tested for reliability and found to be highly replicable (intra-assay coefficient of 

variance=3.73, inter-assay coefficient of variance=9.55). 

 

Cortisol and alpha-amylase have the opposite diurnal profile in pregnancy and non-pregnant 

populations: diurnal cortisol is indexed by a sharp increase in concentration after awakening, followed 

by a gradual diurnal decline (Harville et al., 2007). Alternatively, there is a rapid decrease in alpha-

amylase concentrations after awakening, followed by a gradual daily incline (Giesbrecht et al., 2013).  

Thus, in order to provide comparability of measures on both we used the log of the area under the 

curve (LogAUC) of the cortisol and alpha-amylase measures as an index of diurnal cortisol/alpha-

amylase release. The area under the curve was calculated using the trapezoid method with respect to 

ground, taking the mean of the awakening, 30 minutes and 12 hour post-awakening measures over two 

days. LogAUC cortisol/alpha-amylase was used as a main predictor in analyses.  

 

Infant behavior. At the 2-month postnatal visit, mothers reported their infant’s level of behavioral 

reactivity using the distress to limitations subscale of the Infant Behavior Questionnaire (IBQ) 

(Gartstein and Rothbart, 2003). The distress to limits subscale is one of three subscales of the IBQ used 

to create a composite IBQ score for negative emotionality (the others being the sadness and fear 

subscales). However, the fear and sadness subscales were not included in this study in order to reduce 

participant burden, and the scales are highly correlated (Gartstein and Rothbart, 2003). Mothers were 

required to report how often their infant engaged in various behaviors during the past week using a 7-

point Likert scale from ‘Never’ to ‘Always’ (Gartstein and Rothbart, 2003). 

 

2.4 Statistical Analysis 

The demographic characteristics of the male and female infants in the sample were assessed 

separately, and the two groups were compared using T-tests and chi-squared tests. Pearson’s bivariate 

correlations were used to assess associations between demographic variables, and the prenatal 

biological measures of stress. Separate linear regression models were constructed to examine the 

validity of prenatal cortisol and alpha-amylase, in interaction with gender, to predict infant distress to 

limitations. Maternal gestation and postnatal depression were included as confounders in all the 
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regression models. We also considered the following confounders in initial analyses: maternal 

education, postnatal depression, maternal age, infant age, infant birth weight and maternal prenatal 

alcohol intake. However, none of these confounders were significant predictors of distress to limits (all 

p’s>0.05), and therefore were not included in the main regression analyses. In the first model, infant 

gender and LogAUC cortisol/alpha-amylase were entered as main predictors, as was a gender*LogAUC 

cortisol/alpha-amylase interaction. The models were then re-constructed separately for male and 

female infants. In our previous publication we reported that the maternal waking cortisol measure 

specifically predicted infant negative emotionality in a sex-depended manner, whereas the measures 

taken at 30minutes post-awakening and during the evening did not (Braithwaite et al., 2017). In the 

current paper we also examined whether this pattern of associations was similar for the cortisol data, 

and we conducted an exploratory analyses to investigate whether the same time-of-day effects may be 

evident in the sAA data. Three participants were using psychotropic mediation during pregnancy, 

therefore all analyses were repeated with these participants excluded (N=85).  
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3. Results 

3.1 Demographic characteristics and correlations 

Demographic characteristics of the sample by gender are displayed in Table 1. Mothers of male infants 

had slightly higher levels of pre and postnatal depression, and higher levels of prenatal cortisol and 

alpha-amylase, however the difference between the groups was not statistically significant (all 

p’s>0.05). Mothers of male infants also reported that their infants displayed slightly higher levels of 

distress to limits, but again this was not statistically significant. Maternal prenatal depression was not 

correlated with the LogAUC of either cortisol or alpha-amylase (p’s>0.05), and maternal LogAUC 

cortisol and alpha-amylase were not correlated with each other (r=0.081, p=0.614). Infant distress to 

limits was not associated with prenatal depression (r=0.073, p=0.616), however there was a positive 

correlation between maternal postnatal depression and infant distress to limits (r=0.240, p=0.024), 

indicating that greater postnatal depression was associated with greater distress. Further examination 

revealed that this effect was specific to female infants (r=0.295, p=0.040); the association was non-

significant for male infants (r=0.159, p=0.332), although in the same direction. Neither maternal 

LogAUC cortisol nor logAUC alpha-amylase was correlated with infant distress (r=0.171, p=0.239 and 

r=0.065, p=0.601 respectively). 

 

3.2 Maternal prenatal cortisol and infant distress to limitations  

The first regression model included a maternal prenatal cortisol by infant gender interaction term, to 

predict infant distress to limits. The point in gestation when saliva was sampled was not a significant 

predictor of infant distress to limits, but maternal postnatal depression was (Beta=0.287, p=0.010). 

Neither maternal LogAUC cortisol nor infant gender was a significant predictor of infant distress to 

limits at 2 months of age (Beta=-0.038, p=0.781 and Beta=-0.013, p=0.906 respectively). However, the 

LogAUC*gender interaction term approached significance (Beta=0.212, p=0.073). Male and female 

infants were then considered separately. Maternal prenatal cortisol did not reach significance in the 

prediction of infant distress to limits in either male (Beta=-0.279, p=0.194) or female (Beta=0.218, 

p=0.167) infants. However, and notably, the direction of effect is opposite for male and female infants: 

a negative regression coefficient in males and a positive regression coefficient in females.  
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We then tested awakening cortisol in interaction with gender to predict infant distress. In line with the 

above, and our previous findings, the interaction term was significant (p=0.047), and when considered 

separately there was a negative regression coefficient for males (Beta=-0.284, p=0.095), and a positive 

coefficient for females (Beta=0.115, p=0.492). Also in line with our previous report, the association 

between maternal cortisol collected 30 minutes after awakening and during the evening in interaction 

with gender did not approach significance in the prediction of distress to limits (p=0.474 and 0.195 

respectively).  

 

3.3 Maternal prenatal alpha-amylase and infant distress to limitations 

As with the cortisol analysis, neither maternal prenatal LogAUC alpha-amylase nor infant gender 

significantly predicted infant distress to limits at 2 months of age (p=0.565 and p=0.922 respectively). 

However, the interaction between LogAUC alpha-amylase and gender was significant (Beta=0.265, 

p=0.039). When male and female infants were considered separately, the results were very similar to 

the cortisol analysis. In males, there was a negative association between prenatal alpha-amylase and 

infant distress to limits, which approached significance (Beta=-0.360, p=0.072), indicating higher 

prenatal alpha-amylase is associated with lower levels of distress. Conversely, in female infants there 

was a positive association between prenatal alpha-amylase and distress to limitations (Beta=0.157, 

p=0.257), signifying that higher prenatal alpha-amylase was associated with greater distress, although 

the effect was non-significant.  

 

We also conducted exploratory analyses to investigate time-of-day effects in the sAA data, as we did for 

the cortisol data. There was no interaction between sAA collected on awakening and during the 

evening with infant sex (p’s=0.111 and 0.151 respectively). However, there was a significant 

interaction between the sAA measure taken 30 minutes after waking and infant sex (Beta=0.332, 

p=0.004). When males and females were considered separately, there was a significant effect of 

maternal sAA for both males and females, and the effects were in the opposite direction (males: Beta=-

0.396, p=0.044, females: Beta=0.264, p=0.044).  

 



Braithwaite et al.  

 13 

All analyses were repeated with the three participants who were using psychotropic medication 

excluded, however this did not change the results of the study (data not shown).  
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4. Discussion  

This study set out to examine sex-specific effects of maternal prenatal biomarkers of stress on infant 

negative emotionality. We found that an interaction between prenatal LogAUC cortisol and infant 

gender approached significance, and when male and females were considered separately, effects of 

prenatal cortisol were in opposite directions, but did not reach significance. In line with our previous 

findings from a different cohort (Braithwaite et al., 2017), high prenatal cortisol was positively 

associated with distress to limits in females, and negatively associated with distress to limits in males. 

Also in line with our previous analyses, there was a significant interaction between the waking cortisol 

measure and infant sex to predict distress to limits, however this interaction did not reach significance 

when using the cortisol measure taken 30 minutes after waking or during the evening. It is unclear why 

waking cortisol may be particularly relevant to infant behavior, however research focused on prenatal 

cortisol and obstetric outcomes highlight that various indices of morning cortisol more strongly predict 

obstetric outcomes than measured taken throughout the day (Entringer et al., 2011; Goedhart et al., 

2010; Kivlighan et al., 2008). We also found a significant interaction between prenatal LogAUC sAA and 

infant gender in the prediction of infant distress to limits, and again, the direction of effect was 

opposite for male and female infants, but did not reach statistical significance. High prenatal sAA was 

associated with increased distress to limits in females, and decreased distress to limits in males. To our 

knowledge, this is the first study to show that maternal prenatal sAA may be an important biomarker 

for infant behavioral outcomes. Exploratory analyses revealed a significant interaction between the 

sAA measure taken 30 minutes after waking and infant sex to predict distress to limits, however, this 

interaction was non-significant when using the waking and evening sAA measures. It is also unclear 

why the timing of the sAA measure may be relevant for infant behavior, and this finding requires 

replication in a different cohort before its significance is discussed.   

 

The prevailing mechanistic theory in perinatal psychiatry is that effects of maternal prenatal stress on 

adverse offspring outcomes are mediated by glucocorticoid mechanisms. The animal literature has 

been robust in supporting this theory, however the human literature is less consistent. Previously, we 

have shown that maternal prenatal cortisol predicted infant negative emotionality in a sex-dependent 

way (Braithwaite et al., 2017), and the current study tested whether this effect might be specific to 
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maternal cortisol. However, we found that maternal prenatal sAA also predicted infant negative 

emotionality in the same sex-dependent manner.  It is possible that effects of maternal prenatal stress 

on offspring outcomes are mediated exclusively via glucocorticoid mechanisms, however alternatives 

are infrequently considered. It is therefore possible that the variable often measured (i.e. maternal 

cortisol) may not be part of the causal mechanism. There is a paucity of data directly demonstrating 

mediation effects of maternal prenatal cortisol on offspring outcomes, and often associations with 

offspring outcomes are reported only for maternal mood, or maternal cortisol separately (Davis and 

Sandman, 2010; Gutteling et al., 2005b; Sarkar et al., 2008). It is not possible to test maternal cortisol 

and sAA as causal predictors using observational data, but it is an interesting question for future 

experimental designs such as randomized controlled-trials and experimental animal models.   

 

The results reported in this study also have implications for our understanding of sex differences in 

developmental psychopathology. During pre-adolescence there is a predominance of attention and 

conduct disorders in boys, however post-puberty there is a predominance of female affective disorders. 

The etiologies of these sex differences are poorly understood, and are likely explained to some extent 

by differential risk exposure for male and female infants (Moffitt et al., 2001). However, there are two 

further possibilities to explain sex differences in developmental psychopathology that have received 

less attention. First, in the context of prenatal stress it is possible that risks for psychopathology are 

different in males and females. For example, low birth weight and prenatal stress have been associated 

with internalizing symptoms in 2.5-year-old girls (Sharp et al., 2015) and adolescent depression in 

females, but not males (Costello et al., 2007; Quarini et al., 2016; Van den Bergh et al., 2008). Our 

current findings are consistent with this hypothesis, as we have shown that raised prenatal cortisol and 

sAA are positively associated with negative emotionality in girls, which is an early marker of poor 

social competence and psychopathology (Degnan et al., 2008; Kopp, 1989).  

 

A second alternative is that the risks for psychopathology are the same for males and females, but the 

biological mechanisms leading to the onset of psychopathology are different. A good example of this 

comes from the vagal reactivity literature. An early study demonstrated that high vagal tone was 

associated with improved social competence and emotion regulation in boys, but with poorer 
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functioning in girls (Eisenberg et al., 1995). Recent studies have replicated this finding, with higher 

vagal tone or vagal withdrawal being consistently associated with better functioning in boys and, 

critically, poorer functioning in girls (Hinnant and El-Sheikh, 2013; Morales et al., 2015). It may be that 

the opposite changes in vagal reactivity following prenatal adversity are on the causal pathway to 

different psychiatric outcomes for males and females. There is initial evidence to support this 

hypothesis: prenatal anxiety and low birth weight have opposite effects on vagal reactivity in males 

and females (Tibu et al., 2014). Greater vagal reactivity has also been shown to predict externalizing 

and oppositional defiant behaviors in a sex-dependent way (Morales et al., 2015; Vidal-Ribas et al., In 

press). Results from the current study, alongside our previous findings (Braithwaite et al., 2017), 

provide initial evidence to suggest that prenatal stress may have similar sex-dependent effects on 

programming of glucocorticoid and SNS mechanisms. We have reported, using data from two different 

cohorts, an increase in negative emotionality in girls, and a decrease in negative emotionality in boys, 

following high prenatal cortisol or sAA exposure. Negative emotionality in infancy has been related to 

noncompliance (Stifter et al., 1999), aggressive behavior (Crockenberg et al., 2008) and poor emotion 

regulation (Calkins et al., 2002) in childhood. Thus, following high exposure to prenatal stress 

biomarkers, females may be at increased risk of these outcomes, whereas reduced negative 

emotionality in males may represent reduced risk, or a protective mechanism. Alternatively, low 

emotionality may lead to certain forms of aggression in males, such as those associated with callous 

unemotional traits (Frick and White, 2008).  

 

The full extent of the in utero pathways leading to sex-dependent biological mechanisms of effect 

remains to be elucidated. There is evidence from animal and human research that the pathway from 

elevated maternal cortisol to increased negative emotionality in females may be via HPA programming. 

In animal models exposure to prenatal stress or elevated maternal glucocorticoids results in altered 

hippocampal and hypothalamic glucocorticoid receptor expression (Szuran et al., 2000; Weinstock et 

al., 1992), heightened HPA activity (McCormick et al., 1995; Szuran et al., 2000; Weinstock et al., 1992) 

and a depressive/anxious phenotype in female offspring (Frye and Wawrzycki, 2003; Schulz et al., 

2011; Zagron and Weinstock, 2006). Similarly, the human literature reports heightened HPA function 

(Van den Bergh et al., 2008), increased amygdala activity (Buss et al., 2012), and depressive/anxious 
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symptoms (Buss et al., 2012; Sandman et al., 2013) in females exposed to maternal prenatal 

psychological distress. It is unclear, however, what in utero biological mechanisms may lead to reduced 

emotionality in males. Animal research suggests that prenatal stress leading to learning deficits in 

males and anxious behavior in females may be underpinned by a sex-depended reduction in 

neurogenesis and dendritic morphology in the prefrontal cortex and hippocampus (Weinstock, 2011). 

There is also some initial evidence to suggest that there may be opposite effects on intracellular 

signaling (Bangasser et al., 2010), receptor trafficking (Bangasser et al., 2010), and epigenetic 

regulation of the HPA axis in males and females in the context of prenatal stress (Braithwaite et al., 

2015a), which may contribute to changes in emotionality. Further understanding of sex-specific in 

utero biological mechanisms, which may increase risk for later psychopathology, is a key area for 

future research.   

 

This study has a number of strengths, including the prospective longitudinal design, and validated 

measures of maternal depression and salivary biomarkers. However, there are a number of limitations 

that should be considered. The small sample size is a key limitation, as a larger sample would have the 

statistical power to detect smaller effects. In some instances where there were significant interaction 

terms involving infant sex, the separate effects in males and females were non-significant. These were 

all in the predicted direction, consistent with true effects that were non-significant because of the 

reduced statistical power in the subgroups. Equally, they may have arisen by chance with a likelihood 

represented by the value of P. Second; we only assessed maternal stress biomarkers once in pregnancy, 

during either the second or third trimester. Had we measured biomarkers during each trimester, we 

would have been able to test for timing effects of raised prenatal biomarkers on infant behavior. We 

did not assess maternal compliance with the saliva sampling procedure; therefore alterations in the 

timing of saliva collection may have introduced error into our analyses. However, we did see the 

expected diurnal patterns in salivary cortisol and alpha-amylase release, suggesting that, in the main, 

participants complied with the saliva sampling protocol. Our measure of infant distress to limits was 

based on maternal report, and may therefore be subject to maternal postnatal mood, bias and miss-

reporting. That being said, effects were evident when controlling for postnatal depression in the model. 

A more robust method to assess infant behavior is via video-observation; our previous paper to report 
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a sex by prenatal cortisol interaction in the predication of infant negative emotionality assessed infant 

behavior in this way (Braithwaite et al., 2017). Furthermore, we did not include the fear and sadness 

subscales of the IBQ, which are used to compose an IBQ score for negative emotionality. Finally, the IBQ 

was designed to measure infant behavior from the age of three months, however the infants in this 

study were on average two months old when the IBQ was administered, and may therefore not be an 

appropriate measure of infant behavior. However, the distress to limits subscale of the IBQ has shown 

stability from 2 weeks to 12 months of age (Worobey and Blajda, 1989).  

 

4. 1 Conclusion 

To conclude, we found evidence to suggest that prenatal salivary cortisol and alpha amylase are 

associated with infant negative emotionality in a sex-dependent way. Our findings add to an emerging 

body of literature, which suggests that there may be sex differences in effects of prenatal stress on 

offspring outcomes. This finding also has implications for further understanding sex differences in 

developmental psychopathology, which is important when designing targeted intervention and 

prevention strategies.   
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5. Tables 

Table 1. Demographic characteristics of the sample by gender 

  

  

Whole 
sample 
(N=88) 

Males           
(n=39) 

Females    
(n=49) 

Maternal Variables 
  

  

Maternal age (m, SD) 31.2, 4.45 31.41, 4.07 32.45, 4.72 

Maternal Education (n, %) 
  

  

    NVQ 5 (5.7) 4 (10.3) 1 (2) 

    A level 3 (3.4) 3 (7.7) - 

    Undergraduate degree 32 (36.4) 15 (38.5) 17 (34.7) 

    Postgraduate degree 48 (54.5) 17 (43.6) 31 (63.3) 

Ethnicity (n, %) 
  

  

    Caucasian 80 (90.9) 37 (94.9) 43 (87.7) 

    Black 1 (1.1) - 1 (2) 

    Asian 4 (4.5) 1 (2.6) 3 (6.1) 

    Chinese 2 (2.3) - 2 (4.1) 

    Mixed Race 1 (1.1) 1 (2.6) - 

Average units of alcohol/week (m, SD) 1.16, 0.37 1.23, 0.43 1.10, 0.31 

Prenatal EPDS score (m, SD) 6.20, 5.09 6.84, 5.74 5.69, 4.49 

Postnatal EPDS score (m, SD) 7.02, 4.05 7.38, 4.18 6.73, 3.99 

LogAUC Cortisol (m, SD) 16.69, 5.19 17.10, 4.38 16.38, 5.79 

LogAUC Alpha-amylase (m,SD) 43.21, 5.60 43.57, 4.77 42.98, 6.15 

  
  

  

Infant Variables 
  

  

Birth weight, kg (m, SD) 3.42, 0.47 3.52, 0.51 3.32, 0.42 

Gestational age at birth, weeks (m, SD) 40.14, 1.15 40.23, 1.03 40.08, 1.24 

Age, weeks (m, SD) 8.67, 1.81 8.62, 1.44 8.71, 2.09 

Distress to limitations (m, SD)  4.15, 0.75 4.21, 0.71 4.10, 0.79 

 

 
  



Braithwaite et al.  

 20 

6. Acknowledgements 

We would like to thank all of the participants who volunteered their time to take part in this study. We 

also acknowledge Dr. Tracy Lane, Mary Walker and Li Chen at the Department of psychiatry, University 

of Oxford, for their help with assaying the saliva samples. This research was funded by a Medical 

Research Council Studentship awarded to Dr. Elizabeth Braithwaite (grant number MR/J500501/1).   



Braithwaite et al.  

 21 

7. References  

Baibazarova, E., van de Beek, C., Cohen-Kettenis, P.T., Buitelaar, J., Shelton, K.H., and van 
Goozen, S.H. (2013). Influence of prenatal maternal stress, maternal plasma cortisol and 
cortisol in the amniotic fluid on birth outcomes and child temperament at 3 months. 
Psychoneuroendocrinology 38, 907-915. 
Bangasser, D.A., Curtis, A., Reyes, B.A.S., T., B.T., Parastatidis, I., Ischiropoulos, H., Van 
Bockstaele, E.J., and Valentino, R.J. (2010). Sex differences in corticotropin-releasing factor 
receptor signalling and trafficking: potential role in female vulnerability to stress-related 
psychopathology. Mol Psychiatr 15, 896-904. 
Barbazanges, A., Piazza, P.V., Le Moal, M., and Maccari, S. (1996). Maternal glucocorticoid 
secretion mediates long-term effects of prenatal stress. J Neurosci 16, 3943-3949. 
Bosch, J.A., Brand, H.S., Ligtenberg, T.J., Bermond, B., Hoogstraten, J., and Nieuw Amerongen, 
A.V. (1996). Psychological stress as a determinant of protein levels and salivary-induced 
aggregation of Streptococcus gordonii in human whole saliva. Psychosomatic Medicine 58, 
374-382. 
Braithwaite, E.C., Kundakovic, M., Ramchandani, P.G., Murphy, S.E., and Champagne, F.A. 
(2015a). Maternal prenatal depressive symptoms predict infant NR3C1 1F and BDNF IV DNA 
methylation. Epigenetics 10, 408-417. 
Braithwaite, E.C., Murphy, S.E., and Ramchandani, P.G. (2014). Prenatal risk factors for 
depression: a critical review of the evidence and potential mechanisms. Journal of 
developmental origins of health and disease, 1-12. 
Braithwaite, E.C., Murphy, S.E., and Ramchandani, P.G. (2016). Effects of prenatal depressive 
symptoms on maternal and infant cortisol reactivity. Arch Womens Ment Health 19, 581-590. 
Braithwaite, E.C., Pickles, A., Sharp, H., Glover, V., O'Donnell, K., Tibu, F., and Hill, J. (2017). 
Maternal prenatal cortsiol predicts infant negative emotionality in a sex-dependent manner. 
Physiol Behav. 
Braithwaite, E.C., Ramchandani, P.G., Lane, T.A., and Murphy, S.E. (2015b). Symptoms of 
prenatal depression are associated with raised salivary alpha-amylase levels. 
Psychoneuroendocrinology 60, 163-172. 
Buss, C., Davis, E.P., Shahbaba, B., Pruessner, J.C., Head, K., and Sandman, C.A. (2012). Maternal 
cortisol over the course of pregnancy and subsequent child amygdala and hippocampus 
volumes and affective problems. Proc Natl Acad Sci U S A 109, E1312-1319. 
Calkins, S., Dedmon, S., Gill, K., Lomax, L., and Johnson, L. (2002). Frustration in infancy: 
Implications for emotion regulation, physiological processes, and temperament. Infancy 3, 
175-197. 
Chatterton, R.T., Vogelsong, K.M., Lu, Y.-c., and Hudgens, G.A. (1997). Hormonal Responses to 
Psychological Stress in Men Preparing for Skydiving. The Journal of Clinical Endocrinology & 
Metabolism 82, 2503-2509. 
Class, Q.A., Lichtenstein, P., Langstrom, N., and D'Onofrio, B.M. (2011). Timing of prenatal 
maternal exposure to severe life events and adverse pregnancy outcomes: a population study 
of 2.6 million pregnancies. Psychosom Med 73, 234-241. 
Costello, E.J., Worthman, C., Erkanli, A., and Angold, A. (2007). Prediction From Low Birth 
Weight to Female Adolescent Depression: A Test of Competing Hypotheses. Arch Gen 
Psychiatry 64, 338-344. 
Cox, J.L., Holden, J.M., and Sagovsky, R. (1987). Detection of postnatal depression. Development 
of the 10-item Edinburgh Postnatal Depression Scale. The British Journal of Psychiatry 150, 
782-786. 
Crockenberg, S.C., Leerkes, E.M., and Barrig Jo, P.S. (2008). Predicting aggressive behavior in 
the third year from infant reactivity and regulation as moderated by maternal behavior. Dev 
Psychopathol 20, 37-54. 



Braithwaite et al.  

 22 

Davis, E.P., Glynn, L.M., Schetter, C.D., Hobel, C., Chicz-Demet, A., and Sandman, C.A. (2007). 
Prenatal Exposure to Maternal Depression and Cortisol Influences Infant Temperament. 
Journal of the American Academy of Child & Adolescent Psychiatry 46, 737-746. 
Davis, E.P., and Sandman, C.A. (2010). The timing of prenatal exposure to maternal cortisol and 
psychosocial stress is associated with human infant cognitive development. Child Dev 81, 131-
148. 
Degnan, K.A., Calkins, S.D., Keane, S.P., and Hill-Soderlund, A.L. (2008). Profiles of disruptive 
behavior across early childhood: contributions of frustration reactivity, physiological 
regulation, and maternal behavior. Child Dev 79, 1357-1376. 
Eisenberg, N., Fabes, R.A., Murphy, B., Maszk, P., Smith, M., and Karbon, M. (1995). The role of 
emotionality and regulation in children's social functioning: a longitudinal study. Child Dev 66, 
1360-1384. 
Entringer, S., Buss, C., Andersen, J., Chicz-DeMet, A., and Wadhwa, P.D. (2011). Ecological 
Momentary Assessment of Maternal Cortisol Profiles Over a Multiple-Day Period Predicts the 
Length of Human Gestation. Psychosomatic Medicine 73, 469-474. 
Frick, P.J., and White, S.F. (2008). Research review: the importance of callous-unemotional 
traits for developmental models of aggressive and antisocial behavior. J Child Psychol 
Psychiatry 49, 359-375. 
Frye, C.A., and Wawrzycki, J. (2003). Effect of prenatal stress and gonadal hormone condition 
on depressive behaviors of female and male rats. Horm Behav 44, 319-326. 
Gartstein, M.A., and Rothbart, M., K (2003). Studying infant temperament via the Revised 
Infant Behaviour Questionnaire. Infant Behav Dev 26, 64-86. 
Giannakoulopoulos, X., Teixeira, J., Fisk, N., and Glover, V. (1999). Human fetal and maternal 
noradrenaline responses to invasive procedures. Pediatric research 45, 494-499. 
Giesbrecht, G.F., Campbell, T., Letourneau, N., Kooistra, L., and Kaplan, B. (2012). Psychological 
distress and salivary cortisol covary within persons during pregnancy. 
Psychoneuroendocrinology 37, 270-279. 
Giesbrecht, G.F., Granger, D.A., Campbell, T., Kaplan, B., and Team, A.P.S. (2013). Salivary alpha-
amylase during pregnancy: diurnal course and associations with obstetric history, maternal 
demographics, and mood. Dev Psychobiol 55, 156-167. 
Glover, V., and Hill, J. (2012). Sex differences in the programming effects of prenatal stress on 
psychopathology and stress responses: an evolutionary perspective. Physiol Behav 106, 736-
740. 
Goedhart, G., Vrijkotte, T.G., Roseboom, T.J., van der Wal, M.F., Cuijpers, P., and Bonsel, G.J. 
(2010). Maternal cortisol and offspring birthweight: results from a large prospective cohort 
study. Psychoneuroendocrinology 35, 644-652. 
Gutteling, B., Weerth, C., Willemsen-Swinkels, S.N., Huizink, A., Mulder, E.J.H., Visser, G.A., and 
Buitelaar, J. (2005a). The effects of prenatal stress on temperament and problem behavior of 
27-month-old toddlers. European Child & Adolescent Psychiatry 14, 41-51. 
Gutteling, B.M., de Weerth, C., and Buitelaar, J.K. (2005b). Prenatal stress and children's 
cortisol reaction to the first day of school. Psychoneuroendocrinology 30, 541-549. 
Harville, E.W., Savitz, D.A., Dole, N., Herring, A.H., Thorp, J.M., and Light, K.C. (2007). Patterns of 
salivary cortisol secretion in pregnancy and implications for assessment protocols. Biological 
Psychology 74, 85-91. 
Harville, E.W., Savitz, D.A., Dole, N., Herring, A.H., Thorp, J.M., and Light, K.C. (2008). Stress and 
placental resistance measured by Doppler ultrasound in early and mid-pregnancy. Ultrasound 
in obstetrics & gynecology : the official journal of the International Society of Ultrasound in 
Obstetrics and Gynecology 32, 23-30. 
Hellgren, C., Åkerud, H., Skalkidou, A., and Sundström-Poromaa, I. (2013). Cortisol awakening 
response in late pregnancy in women with previous or ongoing depression. 
Psychoneuroendocrinology 38, 3150-3154. 



Braithwaite et al.  

 23 

Hinnant, J.B., and El-Sheikh, M. (2013). Codevelopment of externalizing and internalizing 
symptoms in middle to late childhood: sex, baseline respiratory sinus arrhythmia, and 
respiratory sinus arrhythmia reactivity as predictors. Dev Psychopathol 25, 419-436. 
Ishitobi, Y., Akiyoshi, J., Tanaka, Y., Ando, T., Okamoto, S., Kanehisa, M., Kohno, K., Ninomiya, T., 
Maruyama, Y., Tsuru, J., et al. (2010). Elevated salivary α-amylase and cortisol levels in 
unremitted and remitted depressed patients. International Journal of Psychiatry in Clinical 
Practice 14, 268-273. 
Kent, A., Hughes, P., Ormerod, L., Jones, G., and Thilaganathan, B. (2002). Uterine artery 
resistance and anxiety in the second trimester of pregnancy. Ultrasound in obstetrics & 
gynecology : the official journal of the International Society of Ultrasound in Obstetrics and 
Gynecology 19, 177-179. 
Kivlighan, K.T., DiPietro, J.A., Costigan, K.A., and Laudenslager, M.L. (2008). Diurnal rhythm of 
cortisol during late pregnancy: associations with maternal psychological well-being and fetal 
growth. Psychoneuroendocrinology 33, 1225-1235. 
Koehl, M., Darnaudery, M., Dulluc, J., Van Reeth, O., Le Moal, M., and Maccari, S. (1999). Prenatal 
stress alters circadian activity of hypothalamo-pituitary-adrenal axis and hippocampal 
corticosteroid receptors in adult rats of both gender. J Neurobiol 40, 302-315. 
Kopp, C. (1989). Regulation of distress and negative emotions: A developmental view. 
Developmental Psychology 25, 343-354. 
Lemaire, V., Koehl, M., Le Moal, M., and Abrous, D.N. (2000). Prenatal stress produces learning 
deficits associated with an inhibition of neurogenesis in the hippocampus. Proc Natl Acad Sci U 
S A 97, 11032-11037. 
Li, J., Olsen, J., Vestergaard, M., and Obel, C. (2010). Attention-deficit/hyperactivity disorder in 
the offspring following prenatal maternal bereavement: a nationwide follow-up study in 
Denmark. Eur Child Adolesc Psychiatry 19, 747-753. 
Maccari, S., Piazza, P.V., Kabbaj, M., Barbazanges, A., Simon, H., and Le Moal, M. (1995). 
Adoption reverses the long-term impairment in glucocorticoid feedback induced by prenatal 
stress. J Neurosci 15, 110-116. 
McCormick, M.C., Smythe, J.W., Sharma, S., and Meaney, M. (1995). Sex-specific effects of 
prenatal stress on hypothalamic-pituitary-adrenal responses to stress and brain 
glucocorticoid receptor density in adult rats. Developmental Brain Research 84, 55-61. 
Mendelson, T., DiPietro, J.A., Costigan, K.A., Chen, P., and Henderson, J.L. (2011). Associations of 
maternal psychological factors with umbilical and uterine blood flow. J Psychosom Obstet 
Gynaecol 32, 3-9. 
Moffitt, T.E., Caspi, A., Rutter, M., and Silva, P. (2001). Sex Differences in Antisocial Behaviour. 
Conduct Disorder, Delinquency, and Violence in the Dunedin Longitudinal Study (Cambridge 
University Press). 
Monk, C., Newport, D.J., Korotkin, J.H., Long, Q., Knight, B., and Stowe, Z.N. (2012). Uterine 
blood flow in a psychiatric population: impact of maternal depression, anxiety, and 
psychotropic medication. Biol Psychiatry 72, 483-490. 
Morales, S., Beekman, C., Blandon, A.Y., Stifter, C.A., and Buss, K.A. (2015). Longitudinal 
associations between temperament and socioemotional outcomes in young children: the 
moderating role of RSA and gender. Dev Psychobiol 57, 105-119. 
Morsing, E., Asard, M., Ley, D., Stjernqvist, K., and Marsal, K. (2011). Cognitive function after 
intrauterine growth restriction and very preterm birth. Pediatrics 127, e874-882. 
Murphy, S.E., Braithwaite, E.C., Hubbard, I., Williams, K., Tindall, E., Holmes, E., and 
Ramchandani, P.G. (2014). Salivary cortisol response to infant distress in pregnant women 
with symptoms of depression. Archives of Women Mental Health 18, 247-253. 
O'Connor, T.G., Heron, J., Golding, J., Beveridge, M., and Glover, V. (2002). Maternal antenatal 
anxiety and children's behavioural/emotional problems at 4 years. Report from the Avon 
Longitudinal Study of Parents and Children. Br J Psychiatry 180, 502-508. 



Braithwaite et al.  

 24 

O'Connor, T.G., Heron, J., Golding, J., Glover, V., and Team, A.S. (2003). Maternal antenatal 
anxiety and behavioural/emotional problems in children: a test of a programming hypothesis. 
J Child Psychol Psychiatry 44, 1025-1036. 
O'Connor, T.G., Tang, W., Gilchrist, M.A., Moynihan, J.A., Pressman, E.K., and Blackmore, E.R. 
(2013). Diurnal cortisol patterns and psychiatric symptoms in pregnancy: Short-term 
longitudinal study. Biological Psychology. 
Obel, C., Hedegaard, M., Henriksen, T.B., Secher, N.J., Olsen, J., and Levine, S. (2005). Stress and 
salivary cortisol during pregnancy. Psychoneuroendocrinology 30, 647-656. 
Pearson, R.M., Evans, J., Kounali, D., Lewis, G., Heron, J., Ramchandani, P.G., O'Connor, T.G., and 
Stein, A. (2013). Maternal depression during pregnancy and the postnatal period: risks and 
possible mechanisms for offspring depression at age 18 years. JAMA Psychiatry 70, 1312-1319. 
Pluess, M., Bolten, M., Pirke, K.M., and Hellhammer, D. (2010). Maternal trait anxiety, emotional 
distress, and salivary cortisol in pregnancy. Biol Psychol 83, 169-175. 
Quarini, C., Pearson, R.M., Stein, A., Ramchandani, P.G., Lewis, G., and Evans, J. (2016). Are 
female children more vulnerable to the long-term effects of maternal depression during 
pregnancy? J Affect Disord 189, 329-335. 
Rodriguez, A., and Bohlin, G. (2005). Are maternal smoking and stress during pregnancy 
related to ADHD symptoms in children? J Child Psychol Psychiatry 46, 246-254. 
Sandman, C.A., Glynn, L.M., and Davis, E.P. (2013). Is there a viability-vulnerability tradeoff? 
Sex differences in fetal programming. J Psychosom Res 75, 327-335. 
Sarkar, P., Bergman, K., O'Connor, T.G., and Glover, V. (2008). Maternal antenatal anxiety and 
amniotic fluid cortisol and testosterone: possible implications for foetal programming. J 
Neuroendocrinol 20, 489-496. 
Schulz, K.M., Pearson, J.N., Neeley, E.W., Berger, R., Leonard, S., Adams, C.E., and Stevens, K.E. 
(2011). Maternal stress during pregnancy causes sex-specific alterations in offspring memory 
performance, social interactions, indices of anxiety, and body mass. Physiol Behav 104, 340-
347. 
Sharp, H., Hill, J., Hellier, J., and Pickles, A. (2015). Maternal antenatal anxiety, postnatal 
stroking and emotional problems in children: outcomes predicted from pre- and postnatal 
programming hypotheses. Psychol Med 45, 269-283. 
Shnider, S.M., Wright, R.G., Levinson, G., Roizen, M.F., Wallis, K.L., Rolbin, S.H., and Craft, J.B. 
(1979). Uterine blood flow and plasma norepinephrine changes during maternal stress in the 
pregnant ewe. Anesthesiology 50, 524-527. 
Sjostrom, K., Valentin, L., Thelin, T., and Marsal, K. (1997). Maternal anxiety in late pregnancy 
and fetal hemodynamics. Eur J Obstet Gynecol Reprod Biol 74, 149-155. 
Skosnik, P.D., Chatterton, R.T., Jr., Swisher, T., and Park, S. (2000). Modulation of attentional 
inhibition by norepinephrine and cortisol after psychological stress. International journal of 
psychophysiology : official journal of the International Organization of Psychophysiology 36, 
59-68. 
Stevens, A.D., and Lumbers, E.R. (1995). Effects of intravenous infusions of noradrenaline into 
the pregnant ewe on uterine blood flow, fetal renal function, and lung liquid flow. Can J Physiol 
Pharmacol 73, 202-208. 
Stifter, C.A., Spinrad, T.L., and Braungart-Rieker, J.M. (1999). Toward a developmental model of 
child compliance: the role of emotion regulation in infancy. Child Dev 70, 21-32. 
Szuran, T.F., Pliska, V., Pokorny, J., and Welzl, H. (2000). Prenatal stress in rats: effects on 
plasma corticosterone, hippocampal glucocorticoid receptors, and maze performance. Physiol 
Behav 71, 353-362. 
Talge, N.M., Neal, C., and Glover, V. (2007). Antenatal maternal stress and long-term effects on 
child neurodevelopment: how and why? J Child Psychol Psychiatry 48, 245-261. 
Tanaka, Y., Ishitobi, Y., Maruyama, Y., Kawano, A., Ando, T., Okamoto, S., Kanehisa, M., Higuma, 
H., Ninomiya, T., Tsuru, J., et al. (2012). Salivary alpha-amylase and cortisol responsiveness 



Braithwaite et al.  

 25 

following electrical stimulation stress in major depressive disorder patients. Progress in 
Neuro-Psychopharmacology and Biological Psychiatry 36, 220-224. 
Teixeira, J.M., Fisk, N.M., and Glover, V. (1999). Association between maternal anxiety in 
pregnancy and increased uterine artery resistance index: cohort based study. BMJ 318, 153-
157. 
Tibu, F., Hill, J., Sharp, H., Marshall, K., Glover, V., and Pickles, A. (2014). Evidence for sex 
differences in fetal programming of physiological stress reactivity in infancy. Dev 
Psychopathol 26, 879-888. 
Van den Bergh, B.R., Van Calster, B., Smits, T., Van Huffel, S., and Lagae, L. (2008). Antenatal 
maternal anxiety is related to HPA-axis dysregulation and self-reported depressive symptoms 
in adolescence: a prospective study on the fetal origins of depressed mood. 
Neuropsychopharmacology 33, 536-545. 
Van Lieshout, R.J., and Boylan, K. (2010). Increased depressive symptoms in female but not 
male adolescents born at low birth weight in the offspring of a national cohort. Can J 
Psychiatry 55, 422-430. 
Veen, G., Giltay, E.J., Licht, C.M., Vreeburg, S.A., Cobbaert, C.M., Penninx, B.W., and Zitman, F.G. 
(2013). Evening salivary alpha-amylase, major depressive disorder, and antidepressant use in 
the Netherlands Study of Depression and Anxiety (NESDA). Psychiatry Res 208, 41-46. 
Vidal-Ribas, P., Pickles, A., Tibu, F., Sharp, H., and Hill, J. (In press). Sex differences in the 
association between vagal reactivity and oppositional defiant disorder symptoms. J Child 
Psychol Psyc. 
Weinstock, M. (2011). Sex-dependent changes induced by prenatal stress in cortisol and 
hippocampal morphology and behaviour in rats: an update. Stress 14, 604-613. 
Weinstock, M., Matlina, E., Maor, G.I., Rosen, H., and McEwen, B.S. (1992). Prenatal stress 
selectively alters the reactivity of the hypothalamic-pituitary adrenal system in the female rat. 
Brain Res 595, 195-200. 
Worobey, J., and Blajda, V. (1989). Temperament ratings at 2 weeks, 2 months, and 1 year: 
Differential stability of activity and emotional. Developmental Psychology 25, 1-7. 
Zagron, G., and Weinstock, M. (2006). Maternal adrenal hormone secretion mediates 
behavioural alterations induced by prenatal stress in male and female rats. Behav Brain Res 
175, 323-328. 
Zhu, P., Tao, F., Hao, J., Sun, Y., and Jiang, X. (2010). Prenatal life events stress: implications for 
preterm birth and infant birthweight. Am J Obstet Gynecol 203, 34 e31-38. 
 


