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A B S T R A C T   

Maternal well-being and stress during the perinatal period have been hypothesized to influence birth outcomes 
and the postnatal development of offspring. In the present study, we explored whether hair cortisol concentration 
(HCC) was related to symptoms of psychological distress during the perinatal period and with unpredicted birth 
complications (UBCs). Surveys measuring symptoms of perceived stress, state/trait anxiety, and depression were 
collected from 53 participants (mean age = 31.1, SD = 4.04; 83% Caucasian, 17% other races) during the third 
trimester and again at two and six months after birth, 24.5% of which reported UBCs. In a subset of participants, 
we measured HCC in hair samples collected during the third trimester (27–39 weeks) and six months after birth. 
Compared to participants reporting normal births, those reporting UBCs had significantly elevated composite 
stress, anxiety, and depression (SAD) scores two months after birth, but scores decreased by six months post
partum. During the third trimester, HCC was positively associated with reported SAD scores, and HCC was 
elevated in participants reporting birth complications. Logistic regression showed HCC, but not SAD scores, 
predicted UBCs (p = 0.023, pseudo R2

= 19.7%). Repeated measures MANOVA showed HCC varied over the 
perinatal period depending on both SAD scores reported at two months postpartum and the experience of UBCs; 
but when SAD scores reported at six months postpartum were included in the model, the association between 
HCC and SAD scores and the influence of UBCs was diminished. Although generalizability is limited by our 
relatively small, homogeneous sample, findings support a positive association between reported psychological 
distress and HCC during pregnancy and at two months postpartum. We also report a novel finding that chron
ically elevated cortisol concentrations during pregnancy were related to the risk of UBCs and remain elevated 
through the early postpartum period, suggesting the importance of monitoring both psychological distress and 
HCC during the perinatal period.   

1. Introduction 

While circulating cortisol increases two to four fold during preg
nancy to support maternal energetic demands, fetal organ development, 
and preparation for parturition (Carr et al., 1981; Challis et al., 2001; 
D’Anna-Hernandez et al., 2011; Hillhouse and Grammatopoulos, 2002; 
Jensen et al., 2005), excessively elevated cortisol concentrations during 
pregnancy have been associated with adverse outcomes such as preterm 
birth (Bandoli et al., 2018; Phocas et al., 1990), and low birth weight 

(Bolten et al., 2011; Fan et al., 2018; Jensen et al., 2002). In the context 
of the Developmental Origins of Health and Disease (DOHaD; Barker and 
Clark, 1997) framework, elevated cortisol exposure during fetal or 
neonatal development has organizational effects on the brain and 
neuroendocrine systems that can influence infant temperament (Duthie 
and Reynolds, 2013; Grey et al., 2013), regulation of fetal HPA stress 
response (Herman et al., 2016; Irwin et al., 2021), and later-life health 
consequences (Seckl and Meaney, 2004). Atypical cortisol patterns 
during pregnancy, may also have postpartum health consequences for 

* Corresponding author at: School of Biological Sciences, Washington State University, Pullman, WA 99164, USA. 
E-mail address: erica.crespi@wsu.edu (E.J. Crespi).  

Contents lists available at ScienceDirect 

Psychoneuroendocrinology 

journal homepage: www.elsevier.com/locate/psyneuen 

https://doi.org/10.1016/j.psyneuen.2023.106921 
Received 12 January 2023; Received in revised form 25 November 2023; Accepted 5 December 2023   

mailto:erica.crespi@wsu.edu
www.sciencedirect.com/science/journal/03064530
https://www.elsevier.com/locate/psyneuen
https://doi.org/10.1016/j.psyneuen.2023.106921
https://doi.org/10.1016/j.psyneuen.2023.106921
https://doi.org/10.1016/j.psyneuen.2023.106921
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2023.106921&domain=pdf


Psychoneuroendocrinology 161 (2024) 106921

2

mothers, such as postpartum depression (Caparros-Gonzalez et al., 
2017). However, more research is needed to understand the factors 
contributing to elevated cortisol concentrations during pregnancy, as 
well as the connection between cortisol concentrations and the risk of 
adverse birth outcomes (Bandoli et al., 2018; Bolten et al., 2011; 
D’Anna-Hernandez et al., 2011). Given that adverse birth outcomes 
occur in approximately 50% of U.S. pregnancies (Hamilton et al., 2021), 
understanding risk factors that precede birth complications is impera
tive to improve maternal-infant health. 

It has been proposed that circulating cortisol concentrations are 
associated with psychological distress during pregnancy (reviewed in 
Khoury et al., 2023; Mustonen et al., 2018, 2019), which may be due to 
the reciprocal interactions between brain neurochemistry and the HPA 
axis (Rein et al., 2019). This widely theorized and not yet well under
stood relationship between psychological distress and maternal cortisol 
concentrations is likely to be particularly complex during pregnancy, as 
the placenta and fetus also regulate and produce corticosteroids to 
different extents across gestation (Mustonen et al., 2019). Recent re
views have shown some inconsistencies in the related evidence, but 
comparisons among studies are also complicated by reliance on different 
bio-samples (e.g., plasma, saliva, hair), gestational age, and measures of 
psychological distress (Kim et al., 2020; Mustonen et al., 2018). Mea
sures of perceived stress, anxiety, and depression during the perinatal 
period have been associated with experiencing adverse birth outcomes 
or birth complications (Chen et al., 2022; Cheng et al., 2021; Dowse 
et al., 2020; Duffy et al., 2018), but cortisol concentrations during 
pregnancy were not measured in these studies. Thus, there is a need for 
research relating psychological distress to cortisol concentrations that 
considers moderating factors such as the experience of birth 
complications. 

It is also important to improve our understanding of the relationship 
between cortisol concentrations and psychological distress after birth. 
While studies have shown that maternal cortisol concentrations are 
reduced at 12 weeks postpartum compared to late pregnancy (Conde 
et al., 2021; Stickel et al., 2021), others find sustained elevation at this 
time (D’Anna-Hernandez et al., 2011). Chronic perinatal elevation of 
cortisol concentrations has been positively related to postpartum 
depression in some studies (Caparros-Gonzalez et al., 2017), but nega
tively associated in others (Scharlau et al., 2018). Adverse birth expe
riences have been associated with a higher frequency of psychological 
distress, specifically post-traumatic stress disorder (Furuta et al., 2016; 
Schwab et al., 2012) and postpartum depression (Guintivano et al., 
2018), but little is known about how these outcomes relate to post
partum hair cortisol concentrations. Chronically elevated glucocorti
coids can have detrimental effects on women’s health, including 
hypertension (Bautista et al., 2019), mood disorders (Young, 2004), 
obesity, and hyperglycemia (reviewed in Tirabassi et al., 2014). 
Elevated maternal postpartum cortisol concentrations have been shown 
to influence infant cortisol concentrations through maternal-child 
interaction, in a sense transmitting stress through social exchanges 
(reviewed in Waters et al., 2014), or via the breastfeeding biological 
pathway (Grey et al., 2013; Irwin et al., 2021), thereby altering the 
neuroendocrine stress axis and temperament. 

Using hair cortisol concentrations (HCC) as a measure of circulating 
cortisol during pregnancy has numerous advantages that could help 
elucidate relationships between cortisol and psychological distress 
(Khoury et al., 2023; Kim et al., 2020; Mustonen et al., 2018). Because it 
is an integrated measure of circulating cortisol over a period of time (e. 
g., 1 cm = 1 month of growth; Wennig, 2000), it is not sensitive to 
variation like hours of collection or proximate factors (activity or food 
intake), as is the case for plasma or salivary sampling. Sampling a small 
amount of hair is easy and non-invasive and can be collected at home or 
by a practitioner, facilitating the ease of repeated sampling. However, 
recent reviews (Kim et al., 2020; Mustonen et al., 2018) and 
meta-analysis (Khoury et al., 2023) of studies specifically relating psy
chological distress to HCCs over the perinatal period found relationships 

varied. However, multiple investigations identified such relationships, 
and were more likely to do so during the third trimester than during 
prior gestational periods or after birth. Because most published studies 
are cross-sectional in design, and self-reported measures of psychologi
cal distress may be more transient than HCC, Khoury et al. (2023) ar
ticulated the need for longitudinal studies to understand how 
relationships between cortisol and psychological distress vary within 
individuals across the perinatal period. Likewise, studies that observe 
how the relationship between psychological distress and HCC varies 
before or after birth complications would benefit from longitudinal 
study designs. 

In this study, our overarching goal was to explore the relationships 
between measures of psychological distress and HCC over the perinatal 
period, and whether this relationship depends on the experience of 
unpredicted birth complications (UBCs), in a sample of pregnant people 
with generally healthy pregnancies. We used a longitudinal study design 
to measure psychological distress and HCC across the perinatal period in 
a sample of 53 participants, 24.5% of whom reported UBCs. Our first aim 
was to determine if experiencing UBCs influenced the trajectory of self- 
reported psychological distress over the perinatal period. Based on 
Furuta et al. (2016) and Guintivano et al. (2018), we predicted that 
UBCs would increase psychological distress for affected women. Sec
ondly, we aimed to quantify the relationship between HCC and psy
chological distress during pregnancy, considering UBCs as a moderator 
of this relationship. We hypothesized that psychological distress and 
HCC would show significant associations during pregnancy, consistent 
with the findings of the Khoury et al. (2023) meta-analysis, although 
they found the association to be small and non-significant without 
including moderating factors. Given the prospective nature of this study, 
our third aim was to determine whether prenatal psychological distress 
or HCC were reliable predictors of UBCs. Given the novel nature of this 
aim, related analyses are largely exploratory; however, we expected 
maternal stress/internalizing symptoms and/or HCC to emerge as risk 
factors for UBCs. Lastly, we aimed to determine whether the relation
ships between psychological distress and HCC varied from pregnancy to 
six months postpartum, and whether experiencing UBCs influenced HCC 
over that period. Based on the meta-analysis by Khoury et al. (2023), we 
predicted psychological distress and HCC would co-vary more strongly 
during pregnancy than during the early postpartum period. If psycho
logical distress and HPA activity are reciprocally regulated and related 
to mechanisms associated with parturition, then symptoms of psycho
logical distress and HCC may be elevated during pregnancy in partici
pants experiencing birth complications, although the experience of birth 
complications may only influence psychological distress and HCC during 
the early postpartum period. 

2. Methods 

2.1. Study Design 

A non-clinical sample of pregnant individuals in their third trimester 
was recruited between 2018 and 2020 from Southwest Washington and 
the Eastern Washington/Idaho areas. In order to meet eligibility criteria, 
participants needed to be 18 years or older, fluent in English, and could 
not be diagnosed with heart disease or taking cardiac medications, as a 
more extensive aspect of the study included measures of heart rate 
variability. Interested individuals who had a pregnancy considered high- 
risk by their physician (e.g., diagnosis of gestational diabetes or pre- 
eclampsia) were excluded from the study. The study protocol and 
informed consent were approved by the Washington State University 
Institutional Review Board (Washington State University IRB #15441). 
Written informed consent was obtained from each participant prior to 
study enrollment. Demographic, anthropometric, and self-reported 
measures were collected at three time points: during the third 
trimester, and two and six months postpartum. Hair samples were 
collected in the third trimester and six months postpartum as integrative 
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measures of circulating cortisol concentration. 

2.2. Participants 

An initial cohort of 61 participants was recruited for the study. Those 
who did not submit hair samples for at least one time point and did not 
indicate if they experienced unpredicted birth complications were 
excluded from the study, resulting in 53 participants (UBC No: n = 40, 
Yes: n = 13). Birth complications reported included: failure to progress 
(23%), unplanned c-section (15%), placenta complication (15%), hem
orrhage (8%), problematic in-utero position and/or umbilical issues 
(31%), birth < 37 weeks (15%), among other complications (38%, some 
participants reported more than one complication). For approximately 
36% of the participants, this was their first pregnancy. Participants were 
primarily White and married, with a Bachelor’s degree and a median 
income of $30,000-$60,000 (see Table 1 for complete demographic in
formation and pregnancy-related information). 

2.3. Measurement of psychological distress throughout the perinatal 
period 

Participants completed surveys measuring symptoms of psychologi
cal stress during the third trimester of pregnancy (31.6 weeks ± 2.99 SD, 
did not differ between UBC groups; see Table 1) and at two and six 
months postpartum. The Edinburgh Postnatal Depression Scale (EPDS; 
Cox et al., 1987) is a 10-item self-report measure of depressive symp
toms. Total scores range from 0 to 30, with higher values reflecting 
greater symptom severity. The State-Trait Anxiety Inventory (STAI, 
Spielberger, 1983) is comprised of two 20-item self-report scales 
measuring state (STAI-S) and trait (STAI-T) anxiety, respectively. Scores 
for each scale range from 20 to 80, with higher scores indicative of more 
severe symptomatology. The Perceived Stress Scale (PSS, Cohen et al., 
1983) is a 10-item self-report measure assessing the degree to which 
respondents view situations occurring over the past month as stressful. 
Total scores range from 0 to 40, with higher scores indicating greater 
perceived stress. These measures have been validated with perinatal 
samples and have been found to demonstrate strong psychometric 
properties (Cohen et al., 1983; Cox et al., 1987; Huizink et al., 2002; 
Newham et al., 2012; Solivan et al., 2015; Spielberger, 1983). 

In the present study, the EPDS demonstrated good internal consis
tency during the third trimester (α = 0.83), at two (α = 0.83) and six 
months (α = 0.79) postpartum. The STAI trait (STAI-T) subscale 
demonstrated excellent internal consistency during pregnancy and both 
postpartum visits (third trimester: α = 0.93; two-months: α = 0.92; six- 
months: α = 0.94). The STAI state (STAI-S) subscale also was internally 
consistent at all three time points (third trimester: α = 0.89; two-months: 
α = 0.91; six-months: α = 0.85). The PSS had good internal consistency 
at two months (α = 0.89). However, internal consistency was in the 
questionable range during the third trimester (α = 0.58) and at six 
months (α = 0.53), representing a limitation. 

2.4. Hair cortisol concentration (HCC) measurement 

Hair samples were collected during the third trimester at the same 
time surveys were administered, and at six months after birth. We 
administered a standardized questionnaire that assessed factors poten
tially influencing HCC, such as current medications, hair condition, and 
the use of hair styling products. Following Wright et al. (2015), the most 
proximal three centimeters of hair was cut from the participants’ pos
terior vertex (the back of the head where the scalp transitions from 
horizontal to vertical) and stored at room temperature in the dark until 
analysis. Based on an average hair growth rate of one cm/month 
(Wennig, 2000), the HCC measured in these samples (mean hair weight 
= 14.7 mg/sample) represented an aggregate measure of circulating 
cortisol concentrations over the previous three months (Wright et al., 
2015). In our case, on average this measure reflected the circulating 

cortisol concentrations from ~20–32 weeks of gestation (mid-second to 
early third trimester), and our six-month postpartum hair collection 
reflected an aggregate measure circulating cortisol from three to six 
months after birth. 

Following the protocol of Sauvé et al. (2007), lipophilic compounds 
were extracted from hair using methanol, and cortisol was quantified 
using an enzyme-linked immunosorbent assay (ELISA, Cayman Scien
tific, Ann Arbor, MI, USA). Briefly, hair samples were washed with 
isopropanol, dried under an air stream, minced, and then incubated for 
18 h in methanol. Methanol was evaporated under a nitrogen stream in a 
40 ◦C water bath, and the sample was resuspended with between 200 
and 400 µl of ELISA buffer (provided by the manufacturer). Samples 
were assayed in duplicate following the manufacturer’s instructions. We 
haphazardly assigned samples across six ELISA plates, with samples 

Table 1 
Summary statistics of the study population. Data are given in percentages of the 
study population or mean ± standard deviation unless otherwise indicated.   

Total 
sample (n 
= 53) 

No unpredicted 
birth complications 
(n = 40) 

Unpredicted birth 
complications (n =
13) 

Age (years) 31.1 ±
4.04 

31.06 ± 4.28 31.25 ± 3.39 

Race/Ethnicity    
White 83% 80.0% 91.7% 
Hispanic or Latina 4.3% 5.7% 0 
Asian 6.4% 5.7% 8.3% 
American Indian or 

Alaskan Native 
4.3% 5.7% 0 

Native Hawaiian or 
Pacific Islander 

2.1% 2.9% 0 

Relationship status    
Married 83% 82.9% 83.3% 
Cohabitating 8.5% 11.4% 0 
Engaged 4.3% 5.7% 0 
Separated 2.1% 0 8.3% 
Divorced 2.1% 0 8.3% 
Annual income    
$0 to $30,000 13% 11.8% 16.7% 
$30,001 to $60,000 34.8% 35.3% 33.3% 
$60,001 to $75,000 19.6% 20.6% 16.7% 
Over $75,000 32.6% 32.4% 33.3% 
Highest secondary 

education    
High school or GED 2.1% 2.9% 0 
Some College 8.5% 11.4% 0 
Associates Degree 6.4% 5.7% 8.3% 
Bachelors degree 44.7% 45.7% 41.7% 
Masters degree 19.1% 14.3% 33.3% 
Doctorate or 

Professional degree 
(MD, JD, DDS, PhD, 
etc.) 

14.9% 14.3% 16.7% 

Other 4.3% 5.7% 0 
Number of other 

children 
1.56 ±
0.84 

1.56 ± 0.87 1.57 ± 0.79 

Weeks of gestation 39.18 ±
1.62 

39.26 ± 1.66 38.92 ± 1.53 

Infant’s birth weight in 
lbs 

7.54 ±
1.00 

7.45 ± 0.99 7.82 ± 1.0 

Birth mode    
Vaginal birth 75.5% 75.0% 76.9% 
Cesarean section 24.5% 25.0% 23.1% 
Infant’s sex    
Female 58.5% 47.5% 92.3% 
Male 41.5% 52.5% 7.7% 
Hair cortisol 

concentrations 
(HCC)    

Third-trimester 
median (range, n) 
• Weeks of gestation 
at collection 

31.63 ±
3.15 

5.22 (2.3 – 32, n =
33) 31.79 ± 2.88 

8.91 (1.86 – 53.27, 
n = 12) 31.17 ±
3.93 

Six-month postpartum 
median (range, n)  

5.81 (1.6 – 42.1, n 
= 34) 

9.36 (1.5 – 217.2, 
n = 10)  
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from each collection time and UBC status represented on all plates. If the 
concentration of a sample did not fall within the range of the ELISA 
standard curve, or if the variance between duplicates was > 20%, the 
sample was diluted (2–10 dilution factor) or re-run if enough sample 
permitted so that it could be measured with high confidence within the 
linear range of the assay. The intra-assay coefficient of variation (CV) 
was 7.1% (range: 0.46–23.1), and the inter-assay CVs of three standards 
run across plates were 4%, 11%, and 19%. Concentrations were aver
aged if samples were duplicated across plates, then divided by the mass 
of hair extracted for analysis. 

2.5. Statistical analyses 

2.5.1. Influence of UBCs on psychological distress over the perinatal period 
Multiple imputation methods were used to estimate missing data for 

the surveys over the three time points (third trimester, two- and six- 
months postpartum) for the 53 participants, as there was no obvious 
systematic reason for failure to submit surveys over the study period. We 
used Predictive Mean Matching (PMM) in SPSS Statistics 28.0.1.1 (IBM, 
Armonk, NY) to generate predictive values for cases of missingness. This 
method locates cases with known values for the outcome variable that 
are most similar to the predictive values for the missing cases (van 
Ginkel et al., 2020). Therefore, the generated cases from observations 
prevent the generation of values outside the range of possibility. This 
model is also less influenced by observed data that violate normality. 
Restricted maximum likelihood (REML) correlations among PSS, EPDS, 
STAI-S, and STAI-T showed that these were highly correlated at each 
time point (Table 2). Therefore, we performed Principal Components 
Analysis (PCA) to reduce multicollinearity and the number of statistical 

tests. Across the three time points, all scores loaded highly on PC1 
(average % variance over 5 imputations ranged from 0.815 to 0.965), 
which accounted for an average variance of 76.9%, 81.8%, and 77.8% 
for the third trimester, and two- and six-months postpartum periods, 
respectively. Thus, we used PC1 as a stress, anxiety, and depression 
(SAD) Score in subsequent analyses. A repeated measures MANOVA was 
performed to determine how SAD scores changed between the third 
trimester and two months postpartum, and then two and six months 
postpartum. We focused on within-individual by time interactions to 
evaluate whether these changes depended on the occurrence of a UBC. 
All statistical analyses for this study were conducted in SPSS Statistics 
28.0.1.1. 

2.5.2. Influence of UBCs on the associations psychological distress and 
HCC during the third trimester 

Of the 53 participants, 45 submitted hair samples during their third 
trimester (UBC No: n = 33, Yes: n = 12 or 26.7%). HCCs collected during 
the third trimester were Log10-transformed to correct for non- 
normality. We conducted preliminary analyses to determine relation
ships between HCC and whether the hair was dyed, washing regime, or 
use of hair product, and found no significant relationships as reported in 
other studies (Manenschijn et al., 2011). Thus, we did not include these 
variables in subsequent analyses of HCC. We first conducted a regression 
analysis to determine the relationships between HCC and SAD scores 
reported during the third trimester; we included UBC (Yes/No) and its 
interaction with SAD scores in the model to test whether these re
lationships depended on birth outcome. 

Table 2 
Maximum likelihood correlation matrix of psychological scores (State and Trait Anxiety, Perceived Stress, and Edinburgh Postnatal Depression Scale) reported during 
the third trimester (3 T), two months postpartum, and six months postpartum. Asterisks indicate significant correlations, Bonferonni corrected for the number of tests 
(2-tailed): * * p < 0.01, * p < 0.05.   

State 
Anxiety 
3 T 

Trait 
Anxiety 
3 T 

Perceived 
Stress 3 T 

Depression 
3 T 

State 
Anxiety 
2 mo. 

Trait 
Anxiety 
2 mo. 

Perceived 
Stress 2 
mo. 

Depression 
2 mo. 

State 
Anxiety 
6 mo. 

Trait 
Anxiety 
6 mo. 

Perceived 
Stress 6 
mo. 

Depression 
6 mo. 

State 
Anxiety 3 
T 

1            

Trait 
Anxiety 3 
T 

0.755** 1           

Perceived 
Stress 3 T 

0.711** 0.637** 1          

Depression 
3 T 

0.689** 0.727** 0.549** 1         

State 
Anxiety 2 
mo. 

0.515** 0.539** 0.290 0.482** 1        

Trait 
Anxiety 2 
mo. 

0.363* 0.465** 0.104 0.480** 0.792** 1       

Perceived 
Stress 2 
mo. 

0.312* 0.390** 0.205 0.492** 0.738** 0.879** 1      

Depression 
2 mo. 

0.141 0.224 -0.091 0.397* 0.596** 0.781** 0.780** 1     

State 
Anxiety 6 
mo. 

0.192 0.061 0.039 0.148 0.469** 0.469** 0.503** 0.465* 1    

Trait 
Anxiety 6 
mo. 

0.214 0.274 0.105 0.259 0.562** 0.702** 0.689** 0.595** 0.794** 1   

Perceived 
Stress 6 
mo. 

0.302* 0.288 0.256 0.169 0.595** 0.604** 0.642** 0.442** 0.669** 0.750** 1  

Depression 
6 mo. 

0.172 0.196 -0.003 0.141 0.318* 0.525** 0.484** 0.523** 0.503** 0.658** 0.707** 1 

* * Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
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2.5.3. Psychological distress and HCC as predictors of UBCs 
To test whether HCC and SAD scores measured during the third 

trimester predicted UBCs, we used logistic regression and calculated 
odds ratios to relate HCC and SAD to the likelihood of unpredicted birth 
complications. 

2.5.4. Influence of psychological distress and UBCs on HCC over the 
perinatal period 

We first calculated the Pearson correlation coefficient between 
Log10 HCC measured from the third trimester and six-month post
partum hair collections for all participants who submitted both samples. 
The sample size for this analysis was lower (n = 39), due to factors such 
as difficulty with the time commitment required for participation or 
moving out of state. Therefore, the sample size of participants with and 
without unpredicted birth complications (No: n = 29, Yes: n = 10, 
25.6%) was reduced. We conducted repeated measures MANOVA to 
determine whether the change in HCC between the third trimester and 
six months postpartum varied as a function of SAD scores, the experi
ence of UBCs, and the interaction between the two. 

3. Results 

3.1. Influence of experiencing UBCs on psychological distress over the 
perinatal period 

Repeated measures MANOVA revealed that SAD scores changed 
between each reporting period depending on whether women experi
enced UBCs (Fig. 1, Supplemental Fig. 1). Relative to scores reported 
during the third trimester, average SAD scores of women reporting UBCs 
increased at two months after birth (within-subjects time x UBC inter
action p = 0.0056) then tended to decrease by six months (within-sub
jects time x UBC interaction p = 0.097), while average scores of women 
who reported normal births remained relatively constant. In terms of 
specific measures of psychological distress, participants experiencing 
UBCs exhibited increases in STAI-S, STAI-T, PSS, and EDPS scores (mean 
change of 4.8, 4.5, 3, and 1.9 points, respectively), while participants 
who did not experience UBCs exhibited either no change or a decrease in 
scores (mean change of − 0.9, − 1.6, − 2.6, and − 0.9 points, respectively; 

see Supplemental Fig. 2) MANOVA between third trimester and six- 
month SAD scores were not significantly different (within-subjects 
time p = 0.637, time x UBC interaction p = 0.356). 

3.2. Influence of UBCs on the associations between psychological distress 
and HCC during the third trimester 

The HCCs were within the range reported for pregnant women when 
collected in the third trimester (Marceau et al., 2020, see Table 1). 
Third-trimester HCC was positively associated with third-trimester SAD 
Score, and HCC was significantly higher in participants reporting UBCs 
(Table 3, Fig. 2), as the median HCC was approximately 58.6% higher in 
participants reporting UBCs (Table 1). The positive association between 
SAD score and HCC was stronger in women that experienced an 
unpredicted birth complication (SAD Score x UBC interaction, Table 3, 
Fig. 2). 

3.3. Psychological distress and HCC as predictors of UBCs 

Logistic regression showed that HCC was a positive predictor of UBCs 

Fig. 1. Stress/anxiety/depression (SAD) Score change over the perinatal period 
depending on whether women experience unpredicted birth complications. 
Mean ± SEM SAD score (PC1 of principle component analysis of Perceived 
Stress score (PSS), State (STAI-S) and Trait (STAI-T) Anxiety scores, and 
Depression (EPDS) score) of women who did not report birth complications 
(n = 40) and those who did (n = 13). Within-subjects time x birth complication 
interaction between time points: third trimester vs. two months postpartum 
(p < 0.01 **). See Supplemental Fig. 1 for a spaghetti plot of individual SAD 
scores and Supplemental Fig. 2 to see means ± SE of STAI-S, STAI-T, PSS, and 
EPDS scores across the three reporting periods. 

Table 3 
Parameter estimate and statistical results of analyses of variance relating HCC to 
the incidence of birth complications, SAD scores, and their interaction across the 
perinatal period. Top: ANOVA relating third-trimester HCC and SAD scores. 
Middle: Repeated measures MANOVA between-subjects estimates relating HCC 
over the perinatal period (third trimester and six months postpartum) to birth 
complications, SAD scores reported at two months postpartum, and their 
interaction. Bottom: Same statistical results when SAD scores reported at six 
months postpartum were included in the model.  

Third Trimester ANOVA (n = 45) 

Parameter β Std. 
Error 

t Sig. 95% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

Intercept 1.087 0.087 12.484 0.000 0.917 1.258 
Birth 

complication 
-0.349 0.099 -3.520 < 0.001 -0.544 -0.155 

Third trimester 
SAD 

0.201 0.072 2.801 0.005 0.060 0.342 

Birth 
complication 
x SAD 

-0.267 0.097 -2.754 0.006 -0.458 -0.076 

Two mo. Postpartum MANOVA (n = 39) 
Parameter β Std. 

Error 
t Sig. 95% Confidence 

Interval 
Lower 
Bound 

Upper 
Bound 

Intercept 0.993 0.138 7.217 < 0.001 0.723 1.263 
Birth 

complication 
-0.254 0.157 -1.619 0.105 -0.562 0.054 

Two mo. 
postpartum 
SAD 

0.394 0.135 2.928 0.003 0.130 0.659 

Birth 
complication 
x SAD 

-0.400 0.161 -2.482 0.013 -0.716 -0.084 

Six mo. Postpartum MANOVA (n = 39) 
Parameter β Std. 

Error 
t Sig. 95% Confidence 

Interval 
Lower 
Bound 

Upper 
Bound 

Intercept 1.011 0.148 6.835 < 0.001 0.721 1.301 
Birth 

complication 
-0.269 0.169 -1.594 0.111 -0.600 0.062 

Six mo. 
postpartum 
SAD 

0.186 0.114 1.635 0.102 -0.037 0.409 

Birth 
complication 
x SAD 

-0.163 0.144 -1.131 0.258 -0.447 0.120  
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(log-likelihood test: df = 2, χ2 = 9.91, p < 0.01; HCC p = 0.023, SAD 
p = 0.079), accounting for 19.7% (Cox & Snell pseudo-R2) of the vari
ance. This model showed that a unit increase in Log10 HCC related to a 
22.45 increase in the odds of experiencing a birth complication. 

3.4. Influence of psychological distress and UBCs on HCC over the 
perinatal period 

Of participants who experienced UBCs, HCCs remained elevated 
from the third trimester through six months after birth (Fig. 3A, 
Table 1). HCCs measured in the third trimester were highly correlated to 
those measured at six-month postpartum (r = 0.658, p < 0.0001; Sup
plemental Fig. 3). When we used SAD scores reported at two months 
postpartum in the repeated measures MANOVA model, HCC across the 
perinatal period was positively associated with SAD scores (between- 
subject effect, Table 3). The change in HCC over time varied with two- 
month SAD scores depending on experience of a UBC (within-subjects 
time x SAD score p = 0.0062, time x SAD score x UBC interaction, 
p = 0.001). As shown when plotting two-month postpartum SAD scores 
against six-month postpartum HCC (Fig. 3B), participants reporting 
UBCs had a stronger association with SAD scores than participants who 
did not report UBCs. When we included SAD scores reported at six 
months postpartum in the MANOVA, the association between HCC with 
SAD scores and HCC with UBCs was weakened and no longer significant 
(Table 3, Fig. 3). 

4. Discussion 

We aimed to determine relationships between maternal psycholog
ical distress and HPA axis activity, as measured by SAD scores and HCCs, 
across the perinatal period in a longitudinal study of healthy partici
pants. Because we had demographically similar characteristics in par
ticipants who did and did not report UBCs, we were able to 
retrospectively assess how the relationship between HCC and SAD scores 
varied with UBCs. As predicted, SAD scores (a composite of PSS, STAI-S, 
STAI-T, and EDPS scores), increased from the third trimester to two 
months postpartum only for participants reporting UBCs; but this effect 
appeared to diminish by six months postpartum. We also detected 

significant and positive associations between third trimester HCCs and 
SAD scores reported during the third trimester, and HCCs were signifi
cantly higher in participants who went on to experience UBCs. HCCs 
across the perinatal period were positively associated with SAD scores 
reported at two months postpartum, with a stronger relationship in 
participants reporting UBCs. But the relationship between HCCs and 
SAD scores reported at six months postpartum was diminished, as was 
the influence of UBCs on HCCs. We discuss these findings, their limita
tions, and their implications for maternal-infant health below. 

Fig. 2. Relationships between SAD scores and HCC collected during the third 
trimester in participants who did and did not experience unpredicted birth 
complications (UBCs). Linear regression of SAD scores and Log10 HCC by UBC 
(UBC Yes: n = 12, No: n = 33). Shaded regions indicate 95% confidence in
tervals. Post-hoc Pearson correlation coefficients between SAD score and third- 
trimester HCC in women who reported experiencing UBCs was r = 0.574, while 
r = 0.224 for women who did not report UBCs. 

Fig. 3. Hair cortisol concentrations (HCC) change over the perinatal period 
varied by unpredicted birth complication (UBC) and stress/anxiety/depression 
(SAD) Scores. A. Mean ± S.E.M. HCC (log10 transformed, UBC Yes: n = 10, No: 
n = 29) collected during the third trimester and at six months postpartum by 
unpredicted birth complications status. See Table 1 for raw medians and ranges. 
B. Cortisol concentrations from hair collected at six months postpartum (log10 
transformed HCC), reflecting circulating cortisol concentrations during the 
three months prior, plotted against SAD scores reported at two and six months 
postpartum in participants who reported UBCs (solid line, black dots) and those 
that did not (dashed line, open circles); shaded regions indicate 95% confidence 
intervals. Repeated measures MANOVA showed that the relationship between 
HCCs over the perinatal period positively varied by SAD scores reported at two 
months postpartum depending on whether or not unpredicted birth complica
tions (UBCs) were experienced (UBC Yes: r = 0.656; UBC No: r = 0.0). The 
relationship between six-month postpartum HCC with SAD scores reported at 
six months was weakened (UBC Yes: r = 0.387; UBC No: r = 0.14), and the 
influence of UBCs was diminished. 

J.A. Madigan et al.                                                                                                                                                                                                                             



Psychoneuroendocrinology 161 (2024) 106921

7

4.1. Influence of experiencing UBCs on psychological distress over the 
perinatal period 

Because perceived stress, state and trait anxiety, and depression were 
highly correlated with one another within reporting times throughout 
the perinatal period, as has been shown in prior studies (Liou et al., 
2014; Salacz et al., 2012), we used principal component analysis to 
obtain a composite measure of internalizing symptoms (SAD score). For 
participants who reported UBCs, SAD scores reported two months 
postpartum were increased relative to those reported during the third 
trimester of pregnancy but appeared to diminish by six months post
partum. By contrast, on average there were no differences in SAD scores 
in participants that did not report UBCs across the perinatal period. 
These findings are consistent with previous research addressing psy
chological responses to adverse birth outcomes (Kersting et al., 2004; 
Lemola et al., 2007). For example, Kersting et al. (2004) found that 
mothers of infants with very low birth weight had significant detri
mental depression, anxiety, and trauma scores compared to women with 
normal birth weight infants; and these clinically elevated scores per
sisted up to 14 months after birth. Kersting and colleague’s (2004) 
findings indicate that adverse birth outcomes have a lasting effect on 
maternal psychological distress well into the postpartum period. This 
suggests that monitoring and providing services for maternal mental 
health during and after pregnancy is especially important for high-risk 
pregnancies and pregnancies with adverse birth outcomes. 

4.2. Influence of psychological distress and UBCs on HCC during the third 
trimester 

One of the most robust findings of this study is that third trimester 
HCC, reflecting an integrated measure of circulating cortisol over the 
three prior months, extending on average into the mid-late second 
trimester in our sample, was positively associated with SAD scores for all 
participants. Although the literature is somewhat mixed, our study 
supports prior investigations showing positive relationships between 
cortisol and measures of psychological distress during pregnancy (e.g. 
Kalra et al., 2007; Sarkar et al., 2006; Stickel et al., 2021), particularly 
HCC studies focused in later gestation as reported in the meta-analysis 
by Khoury et al. (2023). The association between HCC and SAD scores 
was relatively weak, but our ability to detect this association was 
strengthened by including UBC as a factor in our analysis. This finding 
supports the hypothesis the relationship between maternal psychologi
cal distress and HPA axis activity during pregnancy is stronger for 
women who experience adverse birth outcomes. 

4.3. Psychological distress and HCC as predictors of UBCs 

This study is among the first to show HCCs were significantly 
elevated during pregnancy in participants experiencing UBCs. Logistic 
regression supported the hypothesis that HCC could be informative to 
assess the risk of birth complications, albeit with somewhat limited 
predictive power, in our sample of reported healthy pregnancies. 
Elevated cortisol during similar periods of pregnancy has been associ
ated with preterm birth (e.g., Bandoli et al., 2018) and early onset 
pre-eclampsia (van Esch et al., 2020), but our sample reported a range of 
unpredicted complications with only a few preterm births (15%). If 
elevated HPA axis activity precedes a range of birth complications, HCC 
during pregnancy could be used as a possible biomarker to monitor 
along with psychological distress in multivariate predictive models. 
However, larger, more diverse sample of participants, including those 
with higher-risk pregnancies, would expand the distribution of HCCs 
and are needed to ultimately determine the utility of including HCC 
during pregnancy as a biomarker predictive of birth complications. 

4.4. Influence of psychological distress and UBCs on HCC over the 
perinatal period 

When we looked at the relationship between HCCs across the peri
natal period and SAD scores reported at two months postpartum using a 
repeated measures approach, we found a consistent positive association 
between HCCs and SAD only when two-month reports of SAD scores 
were included in the model. Because HCCs are the integration of 
circulating cortisol concentrations during the prior three months, SAD 
scores reported at two months postpartum may have aligned more 
closely with cortisol concentrations collected at six months. This is also 
consistent with Khoury et al. (2023), whose meta-analysis showed that 
HCC and psychological distress were more likely to be associated when 
surveys measuring symptoms of psychological distress were adminis
tered before the collection of hair for HCC analysis. Our analysis showed 
that SAD scores reported at six months postpartum were not associated 
with HCC, and the influence of UBCs was diminished. This decoupling of 
psychological distress and HCC by six months postpartum in our model 
may be due to the diminished influence of UBCs by that time, although 
other explanations are possible. 

We also see a consistent elevation in cortisol concentrations over 
three-six months postpartum in participants reporting UBCs. Prior 
studies have shown a decline in maternal cortisol concentrations by 
approximately 6–12 weeks after parturition (Conde et al., 2021; Stickel 
et al., 2021), but we did not collect hair samples during a window of 
time where they would reflect peak circulating cortisol concentrations 
prior to birth. Therefore, our analysis suggests that cortisol concentra
tions during the mid-second trimester-early third trimester were similar 
to those during three-six months postpartum. Regardless, the persistent 
elevation in cortisol associated with birth complications is informative 
and should be investigated further because of its potential for clinical 
applications. Understanding the postpartum recovery of HPA axis ac
tivity is essential as chronically elevated glucocorticoids and psycho
logical stress can lead to physical and mental health consequences such 
as hypertension (Bautista et al., 2019) and psychiatric disorders such as 
major depression (Herane-Vives et al., 2018; Young, 2004). Further
more, there could be important impacts on infants because physiological 
or psychological stress experienced by mothers postpartum can affect 
the physiology and behavior of their infants, as stress can be transmitted 
behaviorally between mother-infant dyads (Waters et al., 2014) and or 
via glucocorticoids that pass through breastmilk (Hollanders et al., 
2019). Indeed, higher levels of psychological distress during pregnancy 
of participants in this study were associated with reduced falling reac
tivity (ability to recover from distress) and soothability of their infants 
(Mattera et al., 2022). Findings reported herein suggest that in utero 
exposure to elevated glucocorticoid concentrations during pregnancy 
could be related to this outcome via altered development of the brain or 
neuroendocrine systems (Seckl and Meaney, 2004). Of note, a review by 
Duthie and Reynolds (2013) showed that over multiple forms of cortisol 
collection methods (e.g., saliva, serum, amniotic fluid), elevated cortisol 
during infancy was shown to affect physical growth and 
social-emotional development (e.g. temperament). This finding is 
consistent with Grey et al. (2013) study examining cortisol concentra
tions in human milk. Relationships between elevated cortisol during 
infancy, physical growth, and social-emotional development have also 
been shown to affect health later in life (Seckl and Meaney, 2004). Taken 
together, findings from our study suggest that infants whose mothers 
experienced birth complications may be directly or indirectly exposed to 
elevated cortisol from the last trimester through the first several months 
of age. 

4.5. Strengths, Limitations, and Conclusions 

The strength of this study is the repeated measurement of both 
psychological distress and HCC to determine their relationships across 
the perinatal period (Khoury et al., 2023), given that most studies thus 
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far have been cross-sectional, and we account for an important hetero
geneity in our sample by including the experience of birth complications 
in our analyses. We showed that HCC measures reflecting mid-second to 
early third trimester circulating cortisol concentrations are positively 
correlated to psychological distress reported during the third trimester 
of pregnancy in this sample, contributing to a growing body of literature 
indicating their association. We were able to show that HCC and SAD 
scores continued to covary through the first few months after birth, but 
this relationship began to weaken by six months after birth. Perhaps 
most importantly we were able to show an elevation in HCC during the 
third trimester in participants who reported UBCs, which continued 
through the early postpartum period, suggesting that HCC during 
pregnancy can be predictive of a heterogenous set of UBCs in otherwise 
healthy pregnancies in this sample of participants. Considering that 50% 
of women in the U.S. experience adverse birth outcomes such as UBCs 
(Hamilton et al., 2021), it is imperative to identify risk factors and 
reliable biomarkers in an effort to identify people at risk of birth com
plications to develop effective interventions to reduce the physiological 
and psychological consequences for both mothers and infants. There
fore, more research is needed to test the hypothesis that HCC during 
pregnancy can be used along with other risk factors, such as internal
izing symptoms of stress, anxiety, or depression, in the formulation of 
multivariate models used to predict UBCs in otherwise healthy pre
senting pregnancies. 

The most significant limitations of this study involve our relatively 
small and demographically homogenous sample. Follow-up in
vestigations are needed to determine the generalizability of these find
ings and whether these relationships vary as a function of race/ 
ethnicity, socioeconomic status, or demographic adversity. Associations 
between SAD scores and HCC were relatively weak, albeit statistically 
significant, which may be due to relative sample homogeneity because 
we restricted participants to those with healthy pregnancies, thereby 
limiting variability. A smaller sample introduces opportunities for 
influential data points, and the association of SAD scores and HCCs 
across the perinatal period among participants reporting UBCs was 
driven in part by an individual who exhibited the highest six-month 
postpartum concentration. However, this value was not a statistical 
outlier, was deemed valid based on other information regarding the 
participant’s circumstances, and would have been represented better in 
a larger sample with a wider range of psychological and health concerns. 
Taken together, findings from this study supports the use of non- 
invasive, integrative cortisol measures obtained by the HCC method in 
longitudinal studies extending from early pregnancy to one year after 
birth that integrate data on moderating factors, such as the birth expe
rience, to improve our understanding of the associations of chronic 
physiological and psychological stress during pregnancy and their 
impact on maternal-infant health. 
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