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Abstract

Perinatal depression negatively impacts mother-infant health and well-being. Previous work has 

linked cortisol reactivity to perinatal depressive symptoms, but moderating effects including social 

support and neuroticism, have not been studied. Forty-nine pregnant women (9 – 30 weeks’ 

gestational age; GA) provided saliva samples in response to the Trier Social Stress Test (TSST) 

and to awakening (cortisol awakening response, CAR), and completed questionnaires on perceived 

social support, personality, and depressive symptoms. Two hierarchical logistic regressions, one 

including the TSST response and one including the CAR as predictor variables, suggest that 

cortisol reactivity, social support from the baby’s father, and neuroticism contribute to depressive 

symptoms, controlling for GA (both p < .01). Significant statistical interactions among predictors 

of pregnancy depressive symptoms were, however, only found in the model using the CAR. 

Findings highlight the importance of considering biopsychosocial interactions in studies predicting 

perinatal depressive symptoms.
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Perinatal depression, the onset of depression during pregnancy or within the first four weeks 

after giving birth (APA, 2013), is a global health concern affecting an estimated 11.9% of 
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women (Woody et al., 2017) and their infants whose cognitive, emotional, and behavioral 

development may be impaired (Hoffman et al., 2017; Stein et al., 2014). Decades of research 

suggest that the etiology of perinatal depression is complex, and that perinatal depression 

risk is modulated by a range of biological (e.g., endocrine, inflammatory, genetic) and 

psychosocial (e.g., stress, social support, relationship quality) factors (e.g., Yim et al., 2015).

In terms of biological factors contributing to perinatal depression risk, the hypothalamic 

pituitary adrenal (HPA) axis is among the most frequently studied systems. Briefly, the 

activation of the HPA axis initiates a cascade of signals in which the hypothalamus releases 

corticotropin releasing hormone (CRH), which stimulates the anterior pituitary gland to 

release adrenocorticotropic hormone (ACTH), which, in turn, stimulates the adrenal cortex 

to release cortisol. Cortisol binds to receptors on the pituitary gland, the hypothalamus, and 

higher-order brain structures, establishing a negative feedback loop through which the HPA 

axis regulates its own activity (Smith and Vale, 2006). Hundreds of studies published over 

the last few decades convincingly demonstrate an association between HPA axis 

dysregulation and major depressive symptoms (Stetler and Miller, 2011), and it has been 

proposed that major depression could be reflective of a dysregulation of mineralocorticoid 

and glucocorticoid receptors, the major receptor types to which cortisol binds (Holsboer, 

2000; Young et al., 2003).

Physiological stress-responsive systems, including the HPA axis, undergo significant 

changes throughout pregnancy and the postpartum period (McLean et al., 1995; Sandman et 

al., 2006). In pregnancy, HPA axis function changes significantly. Cortisol stimulates the 

production of CRH in the placenta, which leads to more ACTH and cortisol release 

downstream. The resulting positive feed-forward loop leads to continually increasing levels 

of HPA axis hormones as pregnancy progresses (Smith, 2007). While these changes are 

normative and necessary for a successful pregnancy, there is growing evidence suggesting 

that variations in pregnancy-related HPA axis activity are implicated in the pathophysiology 

of perinatal depression (Ehlert et al., 2001; Glynn et al., 2013; Yim et al., 2009). This makes 

sense because the maternal HPA axis is challenged to integrate its function with the 

emerging placenta, a temporary endocrine organ, and has to continually adjust not only to 

the increasing placental CRH production as pregnancy progresses but also to the sudden 

absence of the placenta after delivery. For a detailed review on the interaction between the 

HPA axis and the endocrine placenta in the pathophysiology of perinatal depression, 

interested readers are referred to Gelman et al. (2015).

The majority of studies in pregnant and postpartum women that tested the link between 

depressive symptoms and cortisol, the end product of the HPA axis and the most frequently 

studied marker of HPA axis activity, have assessed cortisol under baseline conditions and 

most studies yielded null findings (e.g., Orta et al., 2018; Seth et al., 2016; Yim et al., 2015). 

Unlike studies examining cortisol under baseline conditions, studies testing the link between 

cortisol responses to a stressor and depressive symptoms have yielded more promising 

results. This makes theoretical sense, as psychobiological stress reactivity has been 

hypothesized to be a possible mechanism linking effects of stress and disease (see Schlotz, 

Yim, Zoccola, Jansen, & Schulz, 2011). In terms of the link between stress reactivity and 

depressive symptoms, women who proceeded to develop postpartum depressive symptoms 
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showed a more pronounced cortisol response to a psychosocial laboratory stressor in mid-

pregnancy (Nierop et al., 2006). Similarly, Urizar et al. (in this issue) report increased 

cortisol responses to a laboratory stressor among pregnant women at high depression risk 

compared to those at low risk. One small study of 22 women found no association between 

cortisol responses to treadmill exercise and depressive symptoms (Jolley et al., 2007). Other 

studies have used the increase in cortisol levels within 30 to 45 minutes of awakening, 

coined the cortisol awakening response (CAR), as a measure of reactivity (Stalder et al., 

2016). According to expert consensus guidelines, when looking at change in cortisol levels 

after awakening (i.e., reactivity) several indices are appropriate (e.g., AUCi, mean increase, 

baseline to peak; Stalder et al., 2016). Studies examining the CAR suggest that blunted 

cortisol responses are associated with concurrently assessed depressive symptoms in 

pregnancy (e.g., O’Connor et al., 2014) and post partum (e.g., Taylor et al., 2009). Similarly, 

blunted cortisol responses in pregnancy were associated with postpartum depressive 

symptoms (e.g., Scheyer and Urizar, 2016). Other studies, however, report null findings in 

pregnancy (e.g., Peer et al., 2013; Pluess et al., 2010) and post partum (e.g., Cheng and 

Pickler, 2009). In sum, among those studies yielding significant findings, pronounced 

cortisol responses to an acute lab stressor, and blunted cortisol responses to waking seem to 

indicate increased risk for perinatal depressive symptoms. In addition, the null findings in 

some studies suggest that there may be possible moderators that could play into these 

relationships, and which may not have been sufficiently explored.

One important moderating variable that could influence the relationship between stress 

reactivity and perinatal depressive symptoms is social support. A systematic review of this 

literature suggests that this is particularly true for perceived support and for support from the 

pregnant woman’s partner (Yim et al., 2015). While that review focused on postpartum 

depressive symptoms, perceived support and partner support are similarly important to 

consider, in particular because depression during pregnancy is a major risk factor for the 

development of postpartum depression (Norhayati et al., 2015). Across cultures, perceived 

social support is crucial for expectant mothers to successfully adapt to the stressors and 

demands of pregnancy and of caring for a newborn (e.g., Collins et al., 1993; Morling et al., 

2003; Sosa et al., 1980). While the relationship between stress and perceived social support 

is widely studied in the general population (e.g., Cohen, 2004), studies in the perinatal 

literature have mostly considered stress and perceived social support separately. Findings of 

moderating processes obtained from the general population cannot easily be generalized to 

the perinatal context because the stressors and relationship challenges that occur during the 

perinatal transition are unique. For example, pregnancy complications and caring for a 

colicky baby or a baby that has trouble sleeping (e.g., Saxbe et al., 2016) are intense and 

novel stressors that may co-occur with other life stressors. Moreover, particularly during first 

pregnancies, family dynamics and individual family members’ roles change. At this time of 

increased stress and demand, high quality social support can provide a buffer against 

stressors that may accompany pregnancy, promoting healthy pregnancy outcomes (Stapleton 

et al., 2012).

Given that cortisol reactivity is sensitive to stress and that there is a substantial body of 

literature pointing to the stress buffering effects of social support (Ditzen and Heinrichs, 

2014), surprisingly, there are no studies we know of that have examined how cortisol 
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reactivity might be moderated by social support to predict depression risk (in pregnancy or 

otherwise). In fact, little work exists on the link between social support and cortisol 

reactivity in general. Frisch et al. (2015) reviewed the available work on social support and 

cortisol responses to a psychosocial laboratory stressor (Trier Social Stress Test) and 

concluded that attenuation of cortisol reactivity by social support involves important 

moderators like sex, attachment style, cultural background, and personality of the person 

receiving support. Thus, while this small literature does not directly address how these 

moderating effects influence perinatal depression risk, it suggests the possibility that social 

support might be protective, given its mitigating role in cortisol reactivity.

Aside from social support, empirical work also provides support for the idea that 

neuroticism might play an important role in the link between cortisol reactivity and 

depressive symptoms. Neuroticism is a stable personality trait that is closely tied to 

depression risk and can influence responsivity to stress, as it is characterized by emotional 

instability, negative affectivity, and high reactivity to stress (Lahey, 2009). Meta-analyses 

and reviews examining the Big 5 broadly (e.g., Hakulinen et al., 2015; Kotov et al., 2010) 

and neuroticism specifically (Lahey, 2009) consistently report an association between 

neuroticism and heightened risk for depression. Of the studies examining neuroticism and 

depressive symptoms in the perinatal period, the majority focus on the contribution of 

neuroticism to postpartum depressive symptoms, with most indicating a positive association 

between the two factors (Gelabert et al., 2012; Gelabert et al., 2011; Lee et al., 2000; Marín-

Morales et al., 2014; Martin-Santos et al., 2012; Podolska et al., 2010; Saisto et al., 2001; 

van Bussel et al., 2009). One study examining neuroticism in late pregnancy found that non-

depressed pregnant women with high neuroticism scores had four times the risk of 

developing depressive symptoms post partum, even after controlling for confounders (Iliadis 

et al., 2015).

Because neuroticism is characterized by heightened emotional reactivity to stress (Lahey, 

2009), individuals high in neuroticism should display altered cortisol reactivity. A review of 

the literature points toward mixed findings, with studies suggesting positive, negative or no 

correlations between neuroticism and cortisol reactivity (see Ormel et al., 2013). One reason 

for the inconsistent findings could be that important modulating variables remain 

insufficiently explored. For example, our own work provides some evidence for a 

moderating role of sociocultural context (based on ethnic or cultural background) in the link 

between neuroticism and cortisol reactivity (Campos et al., 2014). To our knowledge, the 

cortisol reactivity-neuroticism link in relation to depression has not been explicitly tested in 

either pregnant or non-pregnant samples. However, one study suggests both depressive 

temperament (i.e., predisposing cognitive attitudes associated with depression) and high 

neuroticism are associated with a heightened cortisol response to a combined 

dexamethasone/CRH challenge (e.g., Zobel et al., 2004).

Finally, neuroticism and social support are also thought to affect each other, with studies in 

non-pregnant samples suggesting that neuroticism interferes with the effective provision and 

receipt of social support (Lahey, 2009). In relation to depression, there appear to be 

mediation effects at play. For example, one study found that the relationship between 

neuroticism and depression was mediated by negative social exchange (i.e., hostility, 
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insensitivity, and interference during an interaction) and lower perceived support satisfaction 

(Finch and Graziano, 2001). In another study focusing on couples in which one partner was 

depressed, more neuroticism in the depressed partner was related to lower dyadic marital 

satisfaction (Cano-Prous et al., 2013).

Toward A Biopsychosocial Approach

Beyond the known individual influences of cortisol reactivity, perceived partner social 

support, and neuroticism on perinatal depression, it is likely that these factors work 

synergistically to confer greater risk or protection. The available literature indicates that 

cortisol reactivity, perceived partner social support, and neuroticism individually contribute 

to perinatal depression risk. The current study aims to make a novel contribution by 

integrating biological and psychosocial bodies of study to investigate how cortisol reactivity, 

perceived social support from the father of the baby, and neuroticism contribute to 

depressive symptoms during pregnancy, both additively and in terms of statistical 

interactions between factors. We hypothesized that high depressive symptoms would be 

associated with less perceived social support the father, more neuroticism, and altered 

cortisol reactivity (heightened for laboratory stressor, blunted for CAR), and that statistical 

interactions between these three variables confer an increased odds for high depressive 

symptoms, over and above any associations found for each individual variable.

2. Method

2.1 Participants

The data presented here are part of a larger study that followed pregnant women throughout 

pregnancy and into the postpartum period. Women were included in the larger study if they 

were 18 years or older, could speak either English or Spanish, carried a singleton pregnancy, 

were less than 27 weeks’ GA based on last menstrual period at the time of recruitment, were 

free of medical conditions that could influence their HPA axis activity (e.g. major 

depression, severe pregnancy complications), did not smoke, drink alcohol, use drugs or take 

medications that could influence HPA axis activity, or if they suffered from math, speech, or 

needle phobia.

Of the 104 women enrolled in the larger study, 18 women dropped out after an optional visit 

early in pregnancy, and 22 additional women participated in the first regular study visit but 

were lost to follow up 10 weeks later, reducing the available sample size to 64. Women who 

were lost to follow up were not different in terms of age, ethnicity, income, marital status, or 

gestational age (GA). For the present analyses, women were also excluded if they declined 

to participate in the laboratory stressor (n = 6) or did participate but had missing or 

insufficient cortisol data (n = 4). Finally, women were excluded if they had cortisol levels at 

any sampling time point that deviated by more than 3 standard deviations from the mean (n 

= 5). Such extreme outliers could be the result of contaminated saliva (e.g., blood traces, 

food), and would disproportionately influence the results, especially considering the small 

sample size. Thus, the final sample consisted of 49 women. These 49 women were between 

the ages of 18 and 39 years (M = 26.7, SD = 5.7; see Table 1 for details). Ethnicity varied, 

and included women of Latina (57.1%), European-American (28.6%), Asian (10.2%), and 
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mixed ethnicity (4.1%) descent. Most women reported being from a low-income household 

(63.8% <$50k), having some college education (40.8%), and being married (54.3%). The 

average GA was 21.3 weeks at the time the laboratory stressor was conducted (range: 9–30 

wks’ GA).

2.2 Overall Procedure

Women reported to the laboratory either once or twice during their pregnancy, depending on 

their GA at the time of recruitment. Twenty-four of the 49 women were recruited before 22 

weeks’ GA and reported to the laboratory once early in pregnancy (cohort 1, first visit: 

Mean GA = 16.5 weeks, range: 9 – 21 weeks) and again, approximately 10 weeks later 

(cohort 1, second visit: Mean GA = 25.7 weeks, range: 23.6 – 28.8 weeks). Another 25 

women were recruited after they had reached 22 weeks’ GA, and they completed only the 

mid-pregnancy visit (cohort 2: Mean GA = 25.8 weeks, range 22–30 weeks). Both cohorts 

were recruited concurrently into the same study, and the only difference between the two 

cohorts was that some measures were collected at an earlier gestational age for women in 

cohort 1. No evidence of cohort differences in terms of major study variables (i.e., cortisol 

reactivity, perceived social support, neuroticism, depressive symptoms) were observed, with 

the exception of the area under the TSST response curve. For the purpose of the present 

report, the two cohorts were therefore combined. To be conservative, GA was controlled for 

in all relevant analyses.

Upon arrival, participants provided written informed consent and signed a HIPAA release. 

Hair and blood samples as well as blood pressure, heart rate, temperature, waist and hip 

circumference, and skinfolds were obtained (data not reported here). After a 10-minute 

resting period, during which women completed questionnaires, the first saliva sample was 

collected (−2 min). Participants were then escorted into a separate room where they 

participated in the Trier Social Stress Test (TSST; Kirschbaum et al., 1993). The TSST is a 

frequently-used and well-validated laboratory stressor designed to induce moderate 

increases in HPA axis activity. It consists of an introduction period (2 min) in which the task 

is described, a preparation period (3 min), followed by a five minute mock job interview and 

a five minute mental arithmetic task. The math and speech tasks were performed in front of 

two neutral, non-supportive evaluators. Participants were videotaped during the TSST. After 

the TSST, women returned to the resting room and additional saliva samples were collected 

at 1, 5, 10, 20, 30, 45, 60, and 90 minutes post-TSST while they continued to fill out 

questionnaires. Participants took home seven saliva collection tubes at the end of each study 

day and were instructed to obtain saliva samples two days after the study day. Home saliva 

samples were obtained four times within the first hour of awakening: immediately upon 

waking, as well as 30, 45, and 60 minutes after waking. Three more samples were collected 

at 12pm, 4pm, and 8pm.

2.3 Measures

Saliva Collection and Cortisol Assay.—Saliva samples were collected with the 

Salivette sampling device (Sarstedt, Nümbrecht, Germany) and stored at room temperature 

until the end of each study day. Samples were then stored at −70 degrees C until assayed. 

After thawing, samples were centrifuged for 10 minutes at 2000g and 4 degrees C. Free 
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salivary cortisol was determined in duplicate by a commercially available enzyme-linked 

immuno-sorbent assay (ELISA, IBL-America, Minneapolis, MN). The assay sensitivity is 

0.033 nmol/L and the dynamic range is 0–82.77 nmol/L. Inter- and intraassay coefficients of 

variance are reported at 4.9% and 4.1%, respectively.

Depressive Symptoms.—Participants completed the 10-item Edinburgh Postnatal 

Depression Scale (EPDS; Cox et al., 1987) which identifies individuals at risk for perinatal 

depression. The items in the scale ask participants to indicate how they have felt in the past 

week on a scale from 0 to 3, with higher scores indicating more severe symptoms. A score 

below 10 indicates a low probability of perinatal depression, scores of 10 or more indicate 

an individual is at risk for perinatal depression, and a score of 13 or higher is considered the 

cut-off score for possible incidence of depression (Cox et al., 1987; Murray and Carothers, 

1990). Because few women in our sample scored 13 or higher (n = 7), we here used a cutoff 

of ≥ 10 to distinguish between women high in depressive symptoms and women low in 

depressive symptoms. The EPDS demonstrates good internal consistency (α =.88; Cox et 

al., 1987).

Social Support.—Participants completed the 19-item Medical Outcomes Study (MOS) 

Social Support Survey (Sherbourne and Stewart, 1991) at the mid-pregnancy visit. Typically, 

the MOS Social Support Survey asks about the perceived amount of support available to the 

respondent and is not source specific. In this study, the survey was modified to ask about the 

perceived amount of social support from the baby’s father and, in a second survey, about the 

perceived amount of social support from all other sources of social support (e.g. family, 

friends). The items were rated on a Likert-type scale ranging from 1 (none of the time) to 5 

(all of the time). An overall score as well as four subscales reflecting affectionate support, 

emotional/informational support, positive social interaction support, and tangible support 

were computed. The MOS Social Support Survey has demonstrated good internal 

consistency for all subscales (α =.92-.97; Sherbourne and Stewart, 1991).

Neuroticism.—Participants completed the Ten-Item Personality Inventory (TIPI; Gosling 

et al., 2003) at their first visit. The TIPI is a brief measure of the Big-Five personality 

dimensions extraversion, openness, agreeableness, conscientiousness, and neuroticism. 

Participants were asked to rate how much they agree or disagree about the extent to which a 

pair of traits (e.g. anxious, easily upset) applies to them on a scale from 1 (disagree strongly) 

to 7 (agree strongly). Based on preliminary analyses indicating that, as hypothesized, 

neuroticism was the only personality variable to differ between women high and low in 

depressive symptoms and to correlate with other variables of interest, we here only report 

findings for the neuroticism dimension. Neuroticism is operationalized as having a high pole 

of emotional stability and a low pole of neuroticism. The TIPI has adequate levels of 

convergent validity with longer measures of personality, discriminant validity, and test-retest 

reliability (Gosling et al., 2003). It has also been validated in ethnically diverse samples 

(e.g., Ehrhart et al., 2009).

Sociodemographics.—Relevant sociodemographic factors (e.g., age, ethnicity, income, 

education, marital status), pregnancy- and health-related information (e.g., GA as estimated 
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by last menstrual period, parity, obstetric and general health), and moderators of HPA 

activity (e.g., smoking, drug use) were assessed by questionnaire or interview.

2.4 Statistical Methods

Descriptive statistics were reported as frequency counts and percentages for categorical 

variables and as mean and standard deviation for continuous variables. Summary measures 

were computed reflecting the maximum cortisol response to the TSST (max value – [−2 min 

sample]) and the CAR (max value – [+0 min sample]); the mean cortisol response to the 

TSST ([+1, +5, +10, +20, +30 min samples]/5 – [−2 min sample]) and the CAR ([+30, +45, 

+60min samples]/3 – [+0 min sample]), and overall cortisol secretion for the TSST and the 

CAR (the area under the curve with respect to ground; AUCg). In addition, a daily slope was 

computed by subtracting the evening cortisol value from the waking cortisol value (Slope = 

+0 min sample – 8pm sample).

Group comparisons were conducted for relevant sociodemographic (age, GA, education, 

income, marital status, ethnicity) and major study variables (perceived social support from 

baby’s father, perceived social support from everyone else, mother’s neuroticism, cortisol 

summary scores), using t-tests and χ2-tests, as appropriate. Point-biserial correlations were 

conducted between perceived social support, neuroticism and the binary depressive 

symptoms variable. Because cortisol was collected at different timepoints depending on 

cohort, partial point-biserial correlations (controlling for GA) were conducted between 

cortisol summary scores and the binary depressive symptoms variable.

Variables that differed significantly or were marginally significant (p < .10) between women 

high and low in depressive symptoms were then entered as predictor variables into a 

hierarchical logistical regression model, controlling for GA and with the binary EPDS score 

as the outcome variable1. Blocks of predictors were entered into the equation sequentially 

based on the following theoretical assumptions. GA was entered in Block 1 as a covariate to 

control for its possible influence on depressive symptoms.2 Any significant or trending 

cortisol summary scores and perceived social support scores were entered into the model in 

Block 2, because previous work indicates that cortisol responses to the TSST and perceived 

social support are associated with perinatal depressive symptoms (Nierop et al., 2006; Yim 

et al., 2015). In Block 3, mother’s neuroticism was added because a separate line of research 

shows that neuroticism is associated with both cortisol stress reactivity and depressive 

symptoms (e.g., Campos et al., 2014; Lahey, 2009). To test for possible interaction effects, 

two-way interaction terms were entered in Block 4. In each block, R2 change (Adjusted 

Nagelkerke) was evaluated to determine the proportion of variance explained by each block.

1Analyses were also conducted with the EPDS as a continuous variable using a hierarchical regression, however findings failed to 
replicate and were non-significant. It may be the case that a threshold approach to assessing depressive symptoms is more appropriate 
and clinically relevant in terms of capturing associations between depressive symptoms and other health-relevant outcomes.
2All analyses were also run including the cortisol × GA interaction, which we hypothesized was likely to affect our findings. However, 
this variable did not emerge as significant and did not change the significance of any findings. Thus, we chose to report our findings 
controlling only for the direct effect of GA
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Results

3.1 Preliminary Analyses

Fourteen women (28.6%) scored high in depressive symptoms and 35 (71.4%) scored low in 

depressive symptoms, using an EPDS cut-off score of ≥ 10. Women high in depressive 

symptoms reported less perceived social support from the baby’s father, t(16.45) = 2.14, p 
= .05 (Table 1). Similarly, the four individual subscales of perceived father’s social support 

(i.e., affectionate, emotional, positive interaction, and tangible support) either differed 

significantly or were marginally different when comparing women high and low in 

depressive symptoms (all t > 1.80, all p < .10). Women high in depressive symptoms were 

marginally higher in neuroticism (reflected by lower scores on the TIPI), t(16.92) = 1.78, p 
= .09. They also had a marginally higher cortisol response to the TSST (TSST max 

increase), F(1, 46) = 3.71, p = .06, and a flatter cortisol awakening response (CAR mean 

increase), F(1, 31) = 3.22, p = .08, controlling for GA (Figure 1). No significant differences 

in depressive symptoms were observed for any other sociodemographic or major study 

variables.

Point biserial and partial point biserial correlations were computed to examine the relation 

among perceived social support, neuroticism, cortisol summary measures, and the binary 

depressive symptoms variable (Table 2). Less perceived social support from father, rpb = −.

37, p = .01, and more neuroticism, rpb = −.31, p = .03, were associated with scoring high in 

depressive symptoms. To test whether the overall association between perceived social 

support from father and depressive symptoms was driven by any of the subscales, we then 

correlated all subscales (i.e., affectionate, emotional, positive interaction, tangible) with the 

binary depressive symptoms variable. All four correlations were significant (all r < −.31, all 

p < .05), and therefore a decision was made to only use the overall scale for perceived father 

support in the regression models. Correlational analyses further suggested marginal 

associations between lower TSST max increase, partial rpb = −.27, p = .06 (direction 

opposite predicted association), and a lower CAR mean increase, partial rpb = −.33, p = .08 

with high depressive symptoms, controlling for GA (see Figure 1 for an illustration of 

cortisol trajectories by high and low depressive symptoms). As can be seen in Figure 1a, pre-

TSST cortisol concentrations were higher than cortisol 1 min after the TSST for women 

high in depressive symptoms, hinting at increased anticipatory stress. Notably, no 

discernable change in cortisol was observed for women low in depressive symptoms, which 

is in line with previous reports of attenuated cortisol reactivity during pregnancy (Entringer 

et al., 2010). Finally, more perceived social support from others was marginally associated 

with higher CAR AUCg, and lower neuroticism was significantly associated with blunted 

slope and marginally associated with lower CAR Max Increase.

In summary, simple comparisons suggested that high depressive symptoms were either 

associated significantly or marginally with low perceived social support from the baby’s 

father, high maternal neuroticism, reduced maximum cortisol increase to the TSST and 

reduced mean cortisol increase in response to awakening. To test the combined association 

of these variables with depressive symptoms, hierarchical logistic regressions were 

conducted. Because the TSST max increase and the CAR mean increase were significantly 
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intercorrelated (partial r = .36, p = .04) but reflect different aspects of HPA axis function, 

two separate models, one including the TSST max increase and the other including the CAR 

mean increase as predictor variables, are reported3.

3.2 Main Results

Perceived social support from father, the TSST max increase and mother’s neuroticism 

predicted the binary depressive symptoms variable in a hierarchical regression model, R2 = .

49, χ2 (Model) = 20.26, p < .001 (Table 3; Block 3), controlling for GA. In this model, 

perceived social support from father, Wald = 5.73, p = .02, the TSST max increase, Wald = 

5.19, p = .02, and mother’s neuroticism, Wald = 6.49, p = .01, all emerged as significant 

contributors to depressive symptoms. This model correctly classified 88.6% of women as 

high in depressive symptoms and 57.1% of women as low in depressive symptoms, for a 

total accuracy rate of 79.6%. The inclusion of a two-way interaction (Block 4) did not 

significantly improve the model, but the emergence of a marginal interaction between 

perceived social support from father and mother’s neuroticism deserves mention, Wald = 

3.39, p =.07. A model (Block 2) including only father’s social support and the TSST max 

increase (but not maternal neuroticism), yielded a weaker model fit χ2 (Block) = 11.10, p = .

004, and only perceived social support from father emerged as significant, Wald = 5.47, p = .

02.

Next, the model was run again, replacing the TSST max increase with the CAR mean 

increase. The best-fitting model included perceived social support from father, the CAR 

mean increase, mother’s neuroticism, and the two-way interaction terms, R2 = 0.59, χ2(7) = 

18.96, p = .01, again controlling for GA (Table 4; Block 4). In this model, the CAR mean 

increase, Wald = 3.77, p = .05, and the mother’s neuroticism × father’s social support 

interaction, Wald = 4.12, p =.04, emerged as significant. The interaction was probed using 

simple effects coefficients computed at high social support from father (1 SD above the 

mean), mean social support from father, and low social support from father (1 SD below the 

mean; see Figure 2 for interaction). At high levels of father support, lower levels of 

neuroticism (or higher levels of emotional stability) were significantly associated with a 

decrease in odds of depressive symptoms, b = −3.18, SE = 1.51, OR = .04, p = .04. At mean 

levels father support, lower levels of neuroticism were associated with a decrease in odds of 

depressive symptoms (b = −.70, SE = .55, OR = .50, ns.), and at low levels of support, with 

an increase in odds of depressive symptoms (b = 1.78, SE = 1.15, OR = 5.92, ns.), however 

neither of these effects were significant. This model correctly classified 95.5% of women as 

low in depressive symptoms and 66.7% of women as high in depressive symptoms, for a 

total accuracy rate of 85.3%. A reduced model not including the interaction terms (Block 3) 

yielded a significantly weaker fit, χ2 (Block) = 4.23, p = .04, and only marginal effects were 

observed for the CAR mean increase, Wald = 2.76, p = .10, and neuroticism, Wald = 3.15, p 

3A hierarchical logistic regression analysis was nonetheless conducted for a model which included both the TSST max increase and 
the CAR mean increase. In the best fitting model, χ2 (Model) = 15.27, p = .009, the TSST max increase emerged as significant, Wald 
= 3.76, p = .05, whereas the CAR mean increase did not, Wald = 1.43, p = .23, suggesting that the TSST response is the stronger of the 
two predictors. Because our sample size is small and the addition of another predictor variable may have resulted in a problem with 
statistical power, we decided to report findings for the two cortisol measures in separate regression analyses.
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= .08. The model including only perceived social support from father and the CAR mean 

increase (Block 2) was not significant, R2 = .19, χ2 (3) = 5.05, p = .17.

4. Discussion

The goal of the present study was to integrate biological and psychosocial bodies of work by 

testing whether individual associations of cortisol reactivity, perceived social support from 

father, and neuroticism with depressive symptoms during pregnancy would be strengthened 

by considering these variables additively and in terms of their statistical interactions. We ran 

two parallel hierarchical regression models, one conceptualizing cortisol stress reactivity as 

the maximum cortisol response to the TSST, the other as the mean CAR. Both models were 

significantly improved when multiple risk and protective factors were considered 

simultaneously, but the exact nature of these associations differed between the two models.

When we conceptualized cortisol reactivity as cortisol responses to the TSST, we found that 

low perceived support from baby’s father, a reduced cortisol maximum increase and 

increased maternal neuroticism were associated with scoring high in depressive symptoms. 

While perceived father’s support also emerged as significant in a reduced model not 

including maternal neuroticism, the maximum cortisol increase only emerged as significant 

when maternal neuroticism was included in the model. Though the direct test of the 

moderating effect of neuroticism on the maximum TSST cortisol response was not 

significant (likely due to low statistical power), these results still provide some indication 

that risk and protective factors do not act in isolation, but that moderating factors (e.g., 

neuroticism) may exist that can make the contribution of other variables (e.g., maximum 

TSST cortisol response) more salient. Future studies with larger sample sizes could test 

these moderating processes.

The direction of this association between a blunted maximum cortisol response and high 

depressive symptoms was unexpected and in the direction opposite to previous reports 

(Urizar et al., current issue; Nierop et al., 2006). Our reactivity measure was defined as the 

difference between the baseline value (−2 min) and each individual’s maximum cortisol 

level. As is evident from Figure 1a, high depressive symptom women’s baseline cortisol was 

elevated and, in fact, on average higher than the saliva sample obtained immediately after the 

TSST. Thus, the blunted response we found can be explained by increased baseline cortisol 

that may, at least in part, result from anticipatory stress. The increased anticipatory stress 

may be due to the sample characteristics of these high depressive symptom women. In our 

sample, the high depressive symptom group was comprised almost exclusively of Latinas, 

while our low depressive symptom group had a more even distribution of ethnicity. Thus, it 

is possible that cortisol patterns observed might be due to the compounding factors of being 

a low-income minority and having high depressive symptoms, though we did not have the 

statistical power to test group differences. Low-income U.S. born and immigrant Latinas are 

often overlooked in laboratory studies and in studies examining perinatal depression (Lara-

Cinisomo et al., 2016; Lara-Cinisomo et al., 2015), and the setting of the TSST may be more 

unfamiliar or at odds with norms of culturally appropriate communication in this population. 

The stressors encountered by these women over the course of many years, as well as during 

the perinatal period, are different from those of European-American women who have been 
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traditionally studied in the perinatal depression literature (Lara-Cinisomo et al., 2016), 

perhaps leading to increased anticipatory stress in novel situations, such as the TSST. To this 

end, more research inclusive of women from non-European backgrounds is needed.

A model conceptualizing cortisol reactivity as the CAR yielded a somewhat different 

pattern. Here, the best-fitting model suggests that a lower cortisol mean increase was 

associated with high pregnancy depressive symptoms, whereas high perceived social support 

from baby’s father in the context of low maternal neuroticism was protective. Of note, 

neither maternal neuroticism nor perceived social support from father emerged as individual 

significant predictors. Overall, this finding provides evidence supporting our argument that 

moderating processes are important to consider in studies aiming to predict depressive 

symptoms during the perinatal period. In terms of the direction of the association between 

the CAR and depressive symptoms, we found the predicted blunting with heightened 

depressive symptoms. However, as is illustrated in Figure 1b, this blunting is only observed 

in terms of the mean cortisol response (i.e., when subtracting the average of the +30 min, 

+45 min, and +60 min samples from baseline). The group of women high in depressive 

symptoms also showed a more pronounced cortisol increase from 0 to 30 minutes after 

waking compared to the group of women with low depressive symptoms, however, an 

association between this increase and depressive symptoms was not observed.

In terms of the direction of associations found for perceived social support from baby’s 

father and maternal neuroticism, they were in the expected direction (Gutierrez-Zotes et al., 

2015; Iliadis et al., 2015). A caveat in terms of the link between neuroticism and pregnancy 

depressive symptoms is that a tendency toward experiencing more depressive symptoms is 

inherent to neuroticism. While we cannot exclude the possibility that our findings were 

driven mostly by the negative affect aspect of neuroticism, larger, prospective studies that 

accounted for negative affect facets of neuroticism scales have still found robust associations 

with depression (Lahey, 2009). In terms of social support, our study adds to a growing 

number of studies highlighting the importance of perceived social support from the baby’s 

father (Dennis and Letourneau, 2007; Stapleton et al., 2012)4.

The statistical interaction between perceived social support and neuroticism in this model 

highlights the potential influence of person-context interactions. Women low in neuroticism 

may be able to better capitalize on social support from baby’s father during a stressful time 

like pregnancy, such that this support can act as a buffer against the effects of stress on 

depressive symptoms. Conversely, and similar to what has been shown in non-pregnant 

populations, heightened neuroticism may make it more difficult for pregnant women to 

benefit from the social support offered by the baby’s father. This is consistent with research 

reporting that neuroticism likely moderates the relation between social support and 

depression risk (e.g., Maliszewska et al., 2016). Thus, neuroticism is one individual-level 

4Due to sample size, we only included social support from the father in our overall model based on preliminary findings indicating 
that depressive symptom groups differed significantly in terms of father support but not support from all other sources. Nonetheless, 
we conducted analyses to test both models with social support from all sources (without social support from father). When testing both 
models with support from other sources, Model 1 (TSST Max Increase) was weaker than when using social support from father, and 
only Block 2 reached significance, R2 = .41, χ2 (Block) = 10.93 p = .004. The same was true for Model 2 (CAR Mean Increase) and 
only Block 2 reached statistical significance, R2 = .63, χ2 (Block) = 13.25 p = .001.
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factor that may be taken into consideration when assessing perinatal depression risk. While 

the statistical interaction between perceived social support from baby’s father and maternal 

neuroticism did not emerge as significant when the TSST cortisol response was entered as a 

predictor variable, it should be noted that this interaction was marginally significant, and it is 

possible that larger studies would yield significant findings. Alternatively, it is possible that 

differences between the models are due to the fact that cortisol responses to the TSST result 

from an external, stressful stimulus whereas cortisol responses are associated with basal 

circadian fluctuations in cortisol tied to the sleep-wake transition (Kudielka & Wüst, 2010).

This study is not without its limitations. Most prominently, our sample size is fairly small 

and results should be interpreted with caution. Nonetheless, significant findings emerging in 

our final models are in alignment with theoretical predictions and prior empirical work. 

Moreover, simple correlations were strongly powered and provided a foundation to test 

further effects. It is also the case that by excluding women with Major Depression from our 

study, we truncated our symptom distribution, making our test more stringent. Future work 

drawing on larger cohorts should consider testing the importance of possible additional 

moderators, such as income and ethnicity. A second limitation lies in the combination of two 

cohorts of women. In Cohort 1, assessments were spread across two study visits which 

occurred roughly ten weeks apart whereas in Cohort 2, all assessments were obtained 

concurrently. While our data are limited by this design, cohort differences were not observed 

for major study variables included in the final models. Moreover, we controlled for GA in all 

relevant analyses, providing us with sufficient confidence that our findings hold despite this 

limitation. Third, compared to longer, more detailed measures of personality, the TIPI has 

low reliability (Gosling, Rentfrow, & Swann, 2003), but still has good convergent validity 

with longer measures of personality (e.g., Five Factor Model; Ehrhart et al., 2009). Future 

studies should incorporate longer measures to more accurately capture facets of personality. 

Finally, it is likely that perinatal depression risk is in part driven by other biological 

mechanisms, including for example neurological dysfunction, that have been linked to HPA 

axis fluctuations. However, these are beyond the scope of this study and future studies 

should incorporate a closer examination of the various underlying biological mechanisms 

that may influence perinatal depression risk.

This study is one of the first to empirically test an integrative theoretical model of predictors 

of depressive symptoms during pregnancy, underscoring the importance of using a 

biopsychosocial approach. It also contributes to a still small literature addressing these and 

similar questions in diverse and low SES samples. We recommend that larger studies be 

conducted exploring how conceptually related variables additively predict or act as modifiers 

to predict perinatal depression risk in diverse samples. Such studies will contribute to 

improving accuracy for screening women at risk for perinatal depression and stand to 

provide meaningful context to pregnant women’s experiences.
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Highlights (Kofman et al.)

• Lower cortisol reactivity, social support, and neuroticism contribute to 

depressive symptoms

• Father’s support but not support from other sources accounted for this 

association

• High father support in the context of low maternal neuroticism was protective

• Different models emerged depending on how cortisol reactivity was 

conceptualized
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Figure 1. 
Salivary cortisol responses to the Trier Social Stress Test (TSST; Figure 1a) and cortisol 

awakening response (Figure 1b) for women high (EPDS ≥ 10) versus low in depressive 

symptoms (EPDS < 10).

Note. For illustrative purposes only – the effects of neuroticism and social support are not 

accounted for in these graphs.
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Figure 2. 
Log Odds of High or Low Depressive Symptoms at Low, Mean, and High Perceived Social 

Support from Father

Note: The graph depicts the mean, one SD above the mean and one SD below the mean for 

social support. At high social support, lower levels of neuroticism (or higher levels of 

emotional stability) were significantly associated with a decrease in odds of depressive 

symptoms. Full statistical findings are described in the text.
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Table 1.

Participant Characteristics Stratified by High/Low Depressive Symptoms (mean ± SD for continuous variables 

or n (%) for categorical variables).

All
(n = 49)

High Depressive Symptoms
(n = 14)

Low Depressive Symptoms
(n = 35)

Group Comparisons

Age 26.67 (5.70) 25.46 (7.23) 27.11 (5.07) t(46) = 0.89

Gestational Age 21.25 (5.11) 20.77 (5.72) 21.44 (4.92) t(47) = 0.41

Education

 High school or less 13 (26.5) 6 (42.9) 7 (20.0) χ2(3) = 4.21

 Some college 20 (40.8) 6 (42.9) 14 (40.0)

 Bachelor’s 11 (22.4) 1 (7.1) 10 (28.6)

 Other grad 5 (10.2) 1 (7.1) 4 (11.4)

Income

 % extremely low 21 (44.7) 6 (46.2) 15 (44.1) χ2(4) = 4.20

 % very low 9 (19.1) 4 (30.8) 5 (14.7)

 % low 6 (12.8) -- 6 (17.6)

 % median 2 (4.3) 1 (7.7) 1 (2.9)

 % above median 9 (19.1) 2 (15.4) 7 (20.6)

Marital Status χ2(2) = 1.04

 Single 14 (40.0) 5 (45.5) 9 (37.5)

 Married 19 (54.3) 6 (54.5) 13 (54.2)

 Divorced 2 (5.7) -- 2 (8.3)

Ethnicity χ2(2) = 3.05

 Latina 28 (59.6) 11 (78.6) 17 (51.5)

 White 14 (29.8) 2 (14.3) 12 (36.4)

 Asian 5 (10.6) 1 (7.1) 4 (12.1)

Social Support (Others) 3.69 (0.85) 3.51 (1.12) 3.76 (0.71) t(17.55) = 0.78

Social Support (Father) 3.93 (1.07) 3.32 (1.41) 4.17 (0.80) t(16.45) = 2.14*

Neuroticism 4.55 (1.30) 3.93 (1.71) 4.80 (1.03) t(16.92) = 1.78†

TSST Cortisol

 AUCg (nmol/L) 84.70 (30.22) 92.51 (7.77) 81.06 (5.31) F(1, 41) = 1.48

 Mean increase (nmol/L) 0.04 (0.17) −0.01 (0.05) 0.07 (0.03) F(1, 43) = 1.99

 Max increase (nmol/L) 0.21 (0.25) 0.10 (0.06) 0.25 (0.04) F(1, 46) = 3.71†

CAR

 AUCg (nmol/L) 75.32 (30.32) 67.95 (8.81) 79.34 (6.50) F(1, 31) = 1.08

 Mean increase (nmol/L) −0.05 (0.31) −0.17 (0.08) 0.02 (0.06) F(1, 31) = 3.22†

 Max increase (nmol/L) 0.13 (0.25) 0.10 (0.07) 0.15 (0.05) F(1, 35) = 0.37

Diurnal Slope 0.89 (0.57) 0.79 (0.18) 0.93 (0.12) F(1, 33) = 0.46

Comparing women high and low in depressive symptoms, by χ2 for categorical variables, and by t-test or ANOVA for continuous variables.

*
p < .05,

†
p < .10 (marginal)
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