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Abstract

Hair cortisol concentrations measured during pregnancy have emerged as a novel biomarker for
prenatal stress exposure. However, associations between prenatal stress and distress, broadly
defined, and hair cortisol concentrations during pregnancy are inconsistent. We examined relations
among hair cortisol concentrations during the third trimester with (1) emotion dysregulation and
(2) detailed measures of maternal prenatal stress. We also examined the predictive validity of
maternal hair cortisol during pregnancy for adverse newborn health outcomes. Cortisol
concentrations were derived from 6¢cm of hair during the third trimester of pregnancy. Mothers
reported on their emotion dysregulation and stress at this time. A standardized newborn
neurobehavioral exam was conducted shortly after birth and newborn birth weight and gestational
age were assessed from medical records. All hypotheses were pre-registered on the Open Science
Framework (osf.io/279ng). High levels of emotion dysregulation, but not stress, were predictive of
high hair cortisol concentrations. Maternal prenatal BMI mediated the relation between maternal
prenatal emotion dysregulation and hair cortisol concentrations. There was no association between
hair cortisol and infant birth outcomes. This research supports the notion that transdiagnostic
markers of psychopathology are important correlates of hair cortisol concentrations during
pregnancy.

Research on the effects of prenatal stress on child outcomes is based on two critical
hypotheses. First, prenatal exposure to stressors predicts adverse newborn
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neurodevelopmental or birth outcomes such as prematurity and low birth weight (Lobel,
Dunkel-Schetter, & Scrimshaw, 1992; Rond¢ et al., 2003; Wadhwa, Sandman, Porto,
Dunkel-Schetter, & Garite, 1993), pregnancy complications (Mulder et al., 2002), and later
neurodevelopmental disorders (He et al., 2019; Kinney, Munir, Crowley, & Miller, 2008).
Second, hypothalamic-pituitary-adrenal (HPA) axis functioning is one mechanism by which
prenatal stress exposure can potentiate these neurodevelopmental outcomes. Researchers
propose that high levels of prenatal cortisol may cross the placenta, disrupt brain growth and
development, and increase risk for neurodevelopmental problems (Wadhwa, Sandman, &
Garite, 2001).

Testing this HPA axis pathway hypothesis is difficult because cortisol output increases
dramatically across pregnancy (Seth, Lewis, & Galbally, 2016). There is a two-to-four-fold
increase in maternal cortisol during gestation and third trimester cortisol levels are
essentially at ceiling (Glynn, Schetter, Chicz-DeMet, Hobel, & Sandman, 2007; Mastorakos
& llias, 2003; Pokoly, 1973; Seth et al., 2016). High cortisol output is critical to fetal
survival because glucocorticoid concentrations stimulate lung development (Mesiano, 1997),
and corticotropin releasing hormone may stimulate the onset of labor (Liggins, 1994; Morsi,
DeFranco, & Witchel, 2018; Sandman, Wadhwa, Chicz-DeMet, Dunkel-Schetter, & Porto,
1997). However, elevated third trimester cortisol, as measured via maternal saliva, poses a
problem for researchers interested in studying associations between HPA axis functioning,
prenatal stress and/or adverse newborn neurodevelopmental outcomes, because almost all
women’s salivary cortisol levels are at ceiling.

Fortunately, technological advances allow for tests of cortisol concentrations in human hair
(Braig et al., 2015; D’Anna-Hernandez, Ross, Natvig, & Laudenslager, 2011). Cortisol
measured in human hair reflects chronic output of the HPA axis during a 3 — 6 month period
(Braig et al., 2015; D’Anna-Hernandez et al., 2011). Specifically, cortisol in blood is
deposited in growing hair so that as hair grows from the scalp, there is a historical marker of
cortisol exposure over time. Hair grows on average 1 cm per month (Pragst & Balikova,
2006), even during pregnancy (D’Anna-Hernandez et al., 2011). Consequently, a
conservative estimate is that a 1cm segment of hair proximal to the scalp reflects exposure
over the last 1-2 months. Indeed, this hypothesis has been confirmed by examining the
convergent validity of hair cortisol with salivary cortisol measures during pregnancy. Both
hair cortisol and salivary cortisol increase across pregnancy, and they are significantly and
positively correlated during the second and third trimesters (D’ Anna-Hernandez et al.,
2011).

Prenatal Stress and Hair Cortisol Concentrations during Pregnancy

If stress is related to HPA axis output, and cortisol can be measured in hair, it follows that
stress experienced during pregnancy should be related to hair cortisol concentrations.
Indeed, self-reported prenatal stress and anxiety, and even stress experienced in childhood
such as preconception stress, trauma exposure, and childhood physical and/or sexual abuse
have all been associated with elevated hair cortisol concentrations during pregnancy
(Hoffman, Mazzoni, Wagner, Laudenslager, & Ross, 2016; Kalra, Einarson, Karaskov, Van
Uum, & Koren, 2007; Orta et al., 2018, 2019; Schreier et al., 2016; Swales et al., 2018). On
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the other hand, no associations were found between hair cortisol concentrations and
maternal depression in the second trimester, pregnancy-related anxiety, somatization, or
stress symptoms in other research (Braig et al., 2015; Kramer et al., 2009; Scharlau et al.,
2018; Wikenius et al., 2016). A recent review concluded that associations between mild to
moderate prenatal stress and hair cortisol concentrations are inconsistent (Mustonen et al.,
2018). The authors also noted that hair cortisol assessed after delivery may not accurately
measure stress experienced during pregnancy (Mustonen et al., 2018). Further, they reported
that inconsistent prenatal distress and hair cortisol findings may be a consequence of
heterogeneous “psychological distress” symptoms. In other words, transdiagnostic markers
of psychopathology, ones that capture the full range of comorbidities women may
experience during pregnancy, are needed to better understand whether prenatal
psychological functioning is related to hair cortisol concentrations. We propose that a strong
marker of prenatal distress during pregnancy may be emotion dysregulation, a
transdiagnostic vulnerability factor for psychopathology (Beauchaine, 2015; Crowell, Puzia,
& Yaptangco, 2015; Lin et al., 2019; Ostlund et al., 2019).

Emotion dysregulation is characterized by problems with maintaining goal-directed behavior
and accepting, identifying, and managing emotions (Beauchaine, 2015; Gratz & Roemer,
2004). Women with high levels of emotion dysregulation are more likely to experience
depression, anxiety, and borderline personality disorder (Crowell et al., 2015), as well as
varying degrees of prenatal stress, which can further exacerbate their symptoms (Lin et al.,
2019). Thus, emation dysregulation may be a more powerful predictor of hair cortisol
concentrations than a specific stressor or disorder studied in isolation.

Hair Cortisol Concentrations during Pregnancy and Neonatal Outcomes

Hair cortisol concentrations measured prenatally may also predict important newborn
neurodevelopmental and birth outcomes. However, evidence linking prenatal exposure to
maternal hair cortisol and neonatal outcomes is contradictory. High prenatal stress exposure
measured in hair was related to high birth weights and longer telomeres in females, but not
males (Bosquet Enlow et al., 2019). In males, high prenatal maternal hair cortisol and high
lifetime trauma predicted low birth weights (Flom et al., 2018). In both boys and girls, high
prenatal maternal hair cortisol concentrations in the second trimester predicted a younger
gestational age at delivery (Hoffman et al., 2016). In fact, high prenatal maternal hair
cortisol was a stronger predictor of a younger gestational age than were maternal self-reports
of psychological distress (Braig et al., 2015). In other research, however, high prenatal hair
cortisol concentrations were associated with older gestational age at delivery (Kramer et al.,
2009).

Studies examining prenatal hair cortisol concentrations as predictors of neurodevelopmental
outcomes in infancy are limited. It is possible that prenatal programming influences could
shape newborn neurodevelopmental outcomes via increased cortisol exposure (Conradt,
Adkins, Crowell, Monk, & Kobor, 2018; O’Donnell, O’Connor, & Glover, 2009). For
example, prenatal exposure to maternal salivary cortisol at 30—32 weeks gestation was
related to greater newborn negative reactivity (Davis, Glynn, Dunkel Schetter, Hobel, Chicz-
Demet, & Sandman, 2007). Infants with high anger and frustration were more likely to have
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mothers who experienced higher lifetime trauma and had high hair cortisol in the third
trimester compared with infants whose mothers had a trauma history but low hair cortisol
concentrations (Bosquet Enlow et al., 2017).

In the present study, we sought to determine whether emotion dysregulation, a
transdiagnostic marker of psychopathology, was associated with hair cortisol concentrations
during the second and third trimesters of pregnancy. We also test whether prenatal maternal
hair cortisol concentrations predict newborn neurodevelopmental and birth outcomes.
Consistent with calls for transparency and open science (Nosek et al., 2015), we pre-
registered our hypotheses on the Open Science Framework (osf.io/279ng). In our first aim,
we examined the association between prenatal exposure to maternal emotion dysregulation
and prenatal maternal hair cortisol concentrations. We hypothesized that high maternal
emotion dysregulation would be related to high prenatal hair cortisol concentrations. In the
second aim, we examined the interactions between prenatal stress and emotion dysregulation
on prenatal maternal hair cortisol concentrations. We expected that the combination of
prenatal exposure to emation dysregulation and stress would predict the highest levels of
hair cortisol concentrations. For aim three, we tested the effects of prenatal maternal hair
cortisol concentrations on newborn neurobehavior, birth weight, and gestational age. We
hypothesized that prenatal exposure to high hair cortisol concentrations would predict poorer
newborn attention, higher newborn arousal, lower birth weight, and a younger gestational
age.

Method

Participants

Data come from 137 pregnant women who were recruited prenatally as part of a larger study
on the intergenerational transmission of emotion dysregulation. Details on enrollment and
exclusion criteria can be found elsewhere (Lin et al., 2019). In brief, women were recruited
during or after their second trimester of pregnancy at local OB/GYN clinics and via local
advertisement (e.g., posting flyers). Eligible women had a singleton pregnancy, were
between the ages of 18 — 40 years, had not experienced major pregnancy complications at
the time of enrollment (e.g., preeclampsia, gestational diabetes), and reported no substance
use during their pregnancy. Table 1 includes demographic information. The mean age was
29 years (range 18-40 years). The majority of women (54%) were non-Hispanic white, and
9% identified as Asian, 6% multiracial, and less than 4% each as American Indian/Alaskan
Native, Hawaiian Native/Pacific Islander, and Black/African American. Twenty-seven
percent identified as Hispanic/Latina. The majority (72.2%) of newborns were delivered
vaginally and 51.2% were female. Mothers were recruited in accordance with the
Institutional Review Board of the University of Utah. All mothers gave written informed
consent prior to participation.

Procedure

Eligible participants completed a self-report measure of emotion dysregulation during the
recruitment process to determine eligibility for the study. Our goal was to recruit women
along a uniform distribution of scores on the Difficulties in Emotion Regulation Scale
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(DERS; Gratz & Roemer, 2004). Because the DERS is typically normally distributed, this
approach oversampled pregnant women with both high (scores ranging from 100-144) and
low (scores ranging from 36-67) DERS values (Lin et al., 2019). Pregnant women
completed questionnaires, including relevant demographic information prior to the
laboratory visit. Women participated in the laboratory visit between 26 and 40 weeks (M=
33.58, SD=2.99). They completed tasks designed to elicit an autonomic nervous system
response to stress, completed additional questionnaires, and underwent prenatal stress and
psychiatric interviews (see Lin et al., 2019 for a more complete description of our prenatal
protocol). Between 24 hours and 2 months after birth trained graduate research assistants or
clinicians completed the newborn neurobehavioral exam (M= 3.8 days, Madn= 1.0 days, SD
= 8.3 days, range = 1 — 59 days; see Ostlund et al., 2019 for more complete descriptions of
our birth protocol). Below we describe the measures specific to this manuscript.

Emotion dysregulation—Participants completed the DERS (Gratz & Roemer, 2004)
when recruited to determine eligibility for the study. DERS subscales include the degree to
which respondents accept their emotions, have difficulty achieving goals when upset, have
control over their impulses, are aware of their emotions, have clarity about their emotions,
and have strategies to regulate emotions. Women identified how often each of 36 items
applied to them on a scale ranging from 1 (almost never) to 5 (almost always). In this study,
we used the total DERS score. Alpha scale reliability was a. = 0.96.

Chronic and episodic life stress—Stress during the previous six months was assessed
via the UCLA Life Stress Interview (Hammen et al., 1987) which was modified for use with
pregnant women. Women were interviewed about their chronic stress in each of the
following domains: close friendships, relationship with their partner, co-parenting with the
baby’s father, dating, relationship with family (mother, father, and siblings), finances, work,
neighborhood environment, school, and health (self and family). Trained interviewers rated
women’s chronic stress in each domain on a 5-point scale tied to behaviorally specific
anchor points. Higher scores reflected greater chronic stress. The chronic stress score was
calculated by averaging scores across all domains. Episodic (i.e., acute) stress was assessed
in each domain as well. Women were asked if they experienced any significant events in
each domain in the last six months. Women then reported how stressful those acute events
were on a scale from 1 (no or minimal impact) to 5 (severe impact). Consistent with
standard scoring protocols, an episodic stress score was calculated by summing the total
subjective rating across all episodes.

Prenatal maternal hair cortisol—Hair was collected from the posterior vertex region at
an average of 33 weeks gestation (range 26 — 40 weeks). Following established procedures,
hair was collected as close to the scalp as possible by trained experimenters from a 1cm?
patch using hair cutting shears (D’ Anna-Hernandez et al., 2011). A 6¢cm length of hair was
sampled to approximate hair cortisol concentrations during the previous six months of
pregnancy, which was also the length of time during which women reported on their chronic
and episodic life stress levels. The scalp end was marked and hair samples were wrapped in
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aluminum foil and stored in envelopes at room temperature until shipment to the
Kirschbaum laboratory in Dresden, Germany, for analysis.

Hair cortisol was assayed based on procedures described in Braig et al. (2015) and Gao et al.
(2013). In brief, hair samples were washed twice and cortisol was extracted from whole,
unground hair and analyzed by a Shimadzu HPLC-tandem mass spectrometry system
(Shimadzu, Canby, OR) coupled to an ABSciex APl 5000 Turbio-ion-spray triple
quadrupole tandem mass spectrometer (AB Sciex, Foster City, CA). The sensitivity,
specificity, and reliability is well-established (intra and inter-assay CVs between 3.7 — 8.8%;
Gao et al., 2013).

Newborn neurobehavior—Shortly after birth, infant behavior was assessed using the
NICU Network Neurobehavioral Scale (NNNS; Lester, Tronick, & Brazelton, 2004). The
NNNS includes 13 summary scales evaluating attention, self-regulation, amount of handling,
habituation, stress signs, arousal, excitability, lethargy, nonoptimal reflexes, asymmetrical
reflexes, hyper and hypotonicity, and quality of movement in the newborn. Our NNNS
assessment and procedures are described in detail in Ostlund et al. (2019). Two factor scores,
attention and arousal, were derived in this sample and used in the current study. Arousal
comprised a higher handling score, decreased self-regulation, and more stress, arousal, and
excitability signs. Attention comprised high attention scores and low lethargy scores. The a
= 0.84 and 0.85 for the arousal and attention factors, respectively.

Birth weight and gestational age—At delivery, newborns were weighed by nursing
staff and their birth weight in grams was recorded in the delivery note. Newborn gestational
age was also recorded in the delivery note. These data were abstracted from the medical
record by trained research assistants and recorded in our database.

Descriptive Statistics

Demographic information, means, and standard deviations of our key variables of interest,
including our hair cortisol concentrations, can be found in Table 1. Hair cortisol
concentrations were consistent with other published research from pregnant women
processed at the Kirschbaum laboratory. Like other research, our hair cortisol data were
positively skewed (Braig et al., 2015). We conducted a log-transformation prior to analyzing
hair cortisol data, which resulted in normally distributed hair cortisol values. Table 2
includes correlations among our variables of interest. High prenatal hair cortisol
concentrations were related to high prenatal maternal emotion dysregulation. High prenatal
maternal emotion dysregulation was related to high chronic and episodic stress and low
levels of newborn attention and arousal (as described previously in Ostlund et al., 2019).
High prenatal episodic stress was related to high prenatal chronic stress and younger
gestational age.

Missing data—We recruited 162 women as part of a longitudinal study on the
intergenerational transmission of emotion dysregulation (Lin et al., 2019; Ostlund et al.,
2019). Sixteen participants had hair cortisol data that were excluded because they were
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extreme outliers (+/— 3SD from the sample mean). Four participants did not want their hair
cut for cortisol analysis. Experimenter error resulted in missing data from five participants.

The final sample size of mothers with hair cortisol data was 137. Mothers with missing hair
cortisol data were more likely to be racial/ethnic minorities, £160) = -2.39, p=.02.

Covariates—We examined the following covariates given their association with hair
cortisol concentrations in the published literature: race/ethnicity, BMI (weight and height
calculated by kg/m? reported at the prenatal visit; Braig et al., 2015), gestational age in
weeks at the prenatal visit, mode of delivery, hair color, hair texture, number of times hair
was washed per week, use of hair dye and/or hair relaxers in the last 6 months, number of
times per month hair dye or relaxers were used, number of times per week heating products
(e.g., blow dry, hair straightener) were used, and number of times per week hair products for
styling were used (Bosquet Enlow et al., 2019; Braig et al., 2015; Rippe et al., 2016;
Schreier et al., 2016). Mothers who washed their hair more frequently had marginally lower
hair cortisol concentrations, r=-.17, p=.06.

There were no significant differences in emotion dysregulation, chronic or episodic stress, or
newborn neurobehavioral outcomes depending on maternal race/ethnicity. Maternal age and
maternal gestational age at the prenatal assessment were not significantly associated with
maternal emotion dysregulation, hair cortisol, chronic and episodic life stress, or newborn
neurobehavior. There were no sex differences in newborn neurobehavior or hair cortisol
concentrations.

We also tested for the following covariates, given their association with prenatal stress:
maternal education, income, marital, and employment status. The following significant
covariates were included in our regression models. Mothers with higher incomes
experienced significantly less chronic stress, A11, 158 = 3.89, partial 12 = .23, p< .001).
Maternal BMI at the prenatal visit was significantly and positively associated with emotion
dysregulation, hair cortisol, and episodic stress, /(150) = .28, p<.001; n(134) = .27, p
=.002, 1(136) = .21, p=.01, respectively (and see scatterplot of emotion dysregulation and
hair cortisol, and BMI and hair cortisol in Figure 1). Mothers who completed more years of
education had significantly lower chronic stress scores and lower hair cortisol values than
mothers with less education, A4, 159) = 2.68, p = .03, partial n2 = .07; A4, 134) =2.51, p
= .05, partial n2 = .07, respectively. Mothers who were not employed had significantly
higher chronic stress scores and their newborns had significantly higher attention scores
compared to mothers who were employed, A3, 91) = 2.85, p= .04, partial n2 = .09; F (3,
86) = 3.17, p=.03, partial n2 = .10, respectively. Mothers who were separated or divorced
experienced significantly greater episodic and chronic stress compared to mothers who were
married, A2, 146) = 4.79, p= .01, partial n2 = .06; A2, 160) = 18.72, p< .001, partial 2
=.19, respectively. Mothers who used psychotropic medications reported significantly
greater chronic stress compared to mothers who did not use psychotropic medications, A1,
159) = 6.78, p= .01, partial )2 = .04.
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Aim 1: Emotion dysregulation as a predictor of prenatal hair cortisol concentrations

We ran a multiple linear regression to examine whether prenatal maternal emotion
dysregulation predicted prenatal maternal hair cortisol. In the first model, maternal prenatal
BMI and maternal education were included as covariates in step 1. Maternal prenatal
maternal emotion dysregulation was included in step 2. Maternal prenatal BMI was the only
significant predictor of hair cortisol concentrations, 6= .21, p=.02 (Table 3). The main
effect of prenatal maternal emotion dysregulation was not significant, 6=.12, p=.20. In an
exploratory analysis that was not pre-registered, we decided to test whether maternal
prenatal BMI mediated the effect of prenatal maternal emotion dysregulation on prenatal
hair cortisol using the PROCESS macro in SPSS with 1000 bootstrapped samples (Hayes,
2018). The indirect effect of prenatal maternal emotion dysregulation on hair cortisol
through maternal BMI was significant (ab =.002; 95% CI = .0003, .0033; Figure 2).
Prenatal maternal emotion dysregulation did not mediate the association between prenatal
BMI on prenatal hair cortisol concentrations. We did not pre-register the mediation analysis
because we did not anticipate that maternal prenatal BMI would have such a strong effect on
prenatal maternal hair cortisol levels.

Aim 2: Prenatal maternal stress and emotion dysregulation as predictors of prenatal hair
cortisol concentrations

Next we conducted a hierarchical linear regression to test if prenatal maternal BMI and
prenatal maternal education (step 1), prenatal maternal emotion dysregulation, chronic
stress, and episodic stress predicted prenatal maternal hair cortisol (step 2). In step 3, we
added the interactions between chronic stress and emotion dysregulation, and episodic stress
and emotion dysregulation. None of the main effects or interactions were significant.

Aim 3: Prenatal maternal hair cortisol concentrations as predictors of newborn
neurodevelopmental and birth outcomes

For our third aim, we examined if prenatal maternal hair cortisol concentrations significantly
predicted the newborn neurobehavioral outcomes of attention and arousal, newborn birth
weight, and newborn gestational age. Four regressions were conducted to test these
outcomes. There were no significant main effects of prenatal maternal hair cortisol on
newborn neurobehavior, newborn birth weight, or newborn gestational age (all 6’s< .11, all
p's>.20).

Discussion

In non-pregnant samples, chronic stress is related to a 22% higher median hair cortisol
concentration value (Stalder et al., 2017). The association is weaker and inconsistent in
pregnant women (Mustonen et al., 2018). In this study, the effect of prenatal maternal stress,
assessed via maternal interview, was not a significant predictor of prenatal maternal hair
cortisol. A significant, though small, effect was found for prenatal maternal emotion
dysregulation, though this effect was mediated via maternal prenatal BMI. No significant
associations were found between prenatal maternal hair cortisol and newborn
neurodevelopmental and birth outcomes. We discuss the implications of these findings for
perinatal stress and health research below.
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High prenatal emotion dysregulation, but not prenatal stress measured via maternal
interview, predicted elevated hair cortisol concentrations. Mothers who experience high
levels of emotion dysregulation may not necessarily feel stressed, and vice-versa. Many
women who experience high levels of prenatal stress may have well-developed coping
strategies for regulating their emotions (Troy & Mauss, 2011). Our prenatal maternal stress
interview captured a wide range of stressors experienced in the past six months; thus, we
expected that it would relate to hair cortisol concentrations over the same time period. It may
be that a mother’s daily experience managing and identifying her emotions provides a more
robust association with chronic HPA axis functioning than subjective stress experiences.
However, we cannot infer direction of effect with these findings; high cortisol concentrations
could also contribute to dysregulated emotions. It is likely that multiple factors contribute to
chronic HPA axis output during pregnancy, including complex daily transactions between
stress exposure, physiological symptoms, one’s ability to notice and regulate emotions, and
coping strategies.

Examination of maternal prenatal BMI as a mediator in this study was exploratory and was
not included in our pre-registered document. We found it to be a strong and robust predictor
of prenatal maternal hair cortisol concentrations, consistent with previous research with
pregnant women that included this variable as a covariate (Braig et al., 2015). One of the
functions of the HPA axis is to transport glucose, and glucocorticoids likely affect lipid and
carbohydrate metabolism (Stalder et al., 2013). For instance, individuals with metabolic
syndrome have higher levels of hair cortisol concentrations than do those without the
syndrome. Also, elevated hair cortisol concentrations predict HbA;c which indexes chronic
blood glucose concentrations (Stalder et al., 2013). It is therefore not surprising that high
maternal prenatal BMI predicted high hair cortisol concentrations. In addition to height and
weight, high BMI also likely indexes the physical activity levels and diet of the participants.

The main effect of prenatal maternal emotion dysregulation on elevated maternal hair
cortisol concentrations was no longer significant when accounting for maternal BMI.
However, BMI mediated the effect of emotion dysregulation on hair cortisol concentrations,
providing insight into associations between prenatal maternal emotion dysregulation hair
cortisol concentrations. It may be that mothers who are more emotionally dysregulated have
maladaptive coping strategies (Hayaki, 2009; Lavender et al., 2015) such as poor nutritional
intake and low physical activity, which can contribute to elevations in BMI. In fact,
emotional brain training that helps women cope with negative emotions and mindfulness
training designed to increase awareness and acceptance of emotions have been found to
reduce stress and improve eating behaviors in pregnant women (Laraia et al., 2018). BMI
elevations could then contribute to high prenatal cortisol concentrations, as high glucose
levels may stimulate more HPA axis activity, leading to the elevated hair cortisol
concentrations observed in our study and in other research with pregnant (Braig et al., 2015)
and non-pregnant adults (Stalder et al., 2013). However, we cannot infer causality and our
results warrant further investigation with larger sample sizes and multiple measurements of
emotion dysregulation, BMI, and hair cortisol concentrations over time. In addition it is
important to note that our effect size estimates were small. Emotion dysregulation thus likely
explains only a small amount of variance in hair cortisol concentrations during pregnancy.
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While the concurrent validity of prenatal hair cortisol concentrations was bolstered in this
study by its associations with emotion dysregulation and BMI, the predictive validity of hair
cortisol with respect to newborn outcomes was poor. Prenatal hair cortisol concentrations
were not related to newborn neurobehavior, birth weight, or gestational age, which is
consistent with past research. Our findings are strengthened given that this study was pre-
registered. However, the pre-registered hypothesis, that prenatal hair cortisol concentrations
would be significantly associated with newborn birth outcomes, was not supported. In our
sample, the majority of infants (94%) were born at term so we may not have had the
variability in gestational age and birth weight necessary to detect associations with prenatal
hair cortisol concentrations. In other research, the negative association between hair cortisol
concentrations and birth weight was only found in male infants whose mothers had high
lifetime trauma (Flom et al., 2018; Schreier et al., 2016). Furthermore, in previous work,
associations were found between maternal plasma cortisol and cortisol measured in amniotic
fluid (Glover, Bergman, Sarkar, & O’Connor, 2009), which may be a more accurate marker
of fetal exposure to cortisol than maternal hair cortisol concentrations. It could also be that
prenatal exposure to cortisol measured via maternal hair is moderated by other factors such
as maternal trauma exposure (Bosquet Enlow et al., 2017), a possibility we will explore in
future studies.

A limitation of this study is that we chose to collect a maximum of 6¢cm of hair from the
maternal scalp, which is the longest recommended length for conducting hair cortisol
analyses (Kirschbaum, Tietze, Skoluda, & Dettenborn, 2009). In previous research, hair
collected at delivery 6 — 9cm from the scalp had lower hair cortisol concentrations than did
3cm of hair collected during the first trimester of pregnancy (Orta et al., 2018). Hair cortisol
concentrations can decrease up to 30 — 40% from one 3cm segment to the next due to hair
washing and hair treatments (Wester, van der Wulp, Koper, de Rijke, & van Rossum, 2016).
We controlled for these factors in our analyses and collected hair cortisol during pregnancy
rather than the postpartum, given previous research showed that studies may have more
power if they examine associations between maternal distress during pregnancy and prenatal
hair cortisol at around the same time of pregnancy (Mustonen et al., 2018). In addition,
while hair grows on average 1cm per month, some women may experience slightly more or
less hair growth per month (Pragst & Balikova, 2006). Nevertheless, we have plans to
replicate this study in an independent sample of pregnant women to strengthen the validity
of our findings. We also cannot infer direction of effect with these findings given that our
prenatal predictors were measured cross-sectionally during the third trimester of pregnancy.

We tested the validity of hair cortisol concentrations as a marker of both prenatal stress and
emotion dysregulation and predictor of impaired newborn neurodevelopmental and birth
outcomes. We highlighted the importance of measuring both transdiagnostic markers of
psychopathology as well as common medical markers, like BMI, in future studies. We also
provide evidence that one pathway from elevated emotion dysregulation to elevated hair
cortisol concentrations may be via high BMI levels. Transdiagnostic markers of
psychopathology may have stronger prognostic value for stress biomarkers than chronic or
acute stress exposure during pregnancy. Research that leverages these transdiagnostic
mechanisms may prove more fruitful for identifying children and mothers most in need of
developmental support.
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Figure 1.

Scatterplots of the association between BMI and prenatal maternal hair cortisol
concentrations, and emotion dysregulation and prenatal maternal hair cortisol
concentrations.
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Figure2.

Path coefficients and standard errors depicting the indirect effect of prenatal maternal
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emotion dysregulation on hair cortisol concentrations through maternal prenatal BMI during

the third trimester of pregnancy.
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Table 1.
Sample characteristics
Characteristic N % Mean sb

Maternal age 162 --- 28.99 5.16
Maternal race/ethnicity 162

American Indian or Alaskan Native 3.1

Asian 9.3

Hawaiian or Pacific Islander 1.2

African American 1.2

Caucasian 79.0

More than 1 race 6.2

Hispanic 27.2
Maternal employment status 161

Full-time 385

Part-time 18.7

Not employed 36.3

Other 6.5
Maternal education 159

Less than 12t grade 31

High school or equivalent 13.2

Junior college or technical school 32.1

College graduate 321

Any post graduate school 19.5
Maternal marital status 160

Married 76.8

Single or never married 16.9

Separated or divorced 6.3
Prenatal maternal BMI 152 30.62 6.68
Diagnosis of gestational diabetes (yes) 160 3.1
Diagnosis of gestational hypertension (yes) 160 4.4
Diagnosis of pre-eclampsia (yes) 160 25
Prenatal DERS 160 79.93  26.74
UCLA life stress interview: Chronic stress 162 2.36 0.45
UCLA life stress interview: Number of stress episodes 162 3.58 2.48
Hair cortisol concentrations 137 4.65 3.05
NNNS arousal 155 0.00 .79
NNNS attention 155 0.01 .93
Newborn gestational age 159 38.89 1.33
Newborn birth weight (grams) 156 3360.03 491.32
Newborn sex (female) 160 51.2

Dev Psychobiol. Author manuscript; available in PMC 2021 September 01.

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Conradt et al.

Table 2.
Correlations among study variables
1 2 3. 4 5. 6. 7. 8.
1. Prenatal maternal hair cortisol - 18% 167 09 -08 -.03 =11 .01
2. Prenatal maternal emotion dysregulation s 297 gyt =16 _ g7 -.09 -.06
3. Prenatal chronic stress 37¥* .04 -.14 -11 -.14
4. Prenatal episodic stress -17% _qg7 -24™ 06
5. NNNS arousal -.13 .08 A1
6. NNNS attention .09 13
7. Gestational age 457
8. Birthweight
Note:
fp <.06
*
p<.05
p<.01
AAA
p<.001
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Table 3.

Predictors of 3" trimester hair cortisol concentrations

B SE b p

Covariates
Log-transformed maternal prenatal BMI .70 31 21 .02
Maternal education -08 .06 -11 .22
Key predictor
Maternal prenatal emotion dysregulation .003 .002 .12 .20

Note: Results from step 2 are presented; SE, standard error; R2 change =.013
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