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A B S T R A C T

Dysregulation of the maternal-fetal hypothalamic-pituitary-adrenal axis (HPAA) has been hypothesized to ne-
gatively influence various offspring physical and mental health outcomes. Limited data suggest that low ma-
ternal socioeconomic status (SES) in pregnancy may disrupt maternal HPAA functioning. Research is needed that
examines how maternal SES in childhood may influence maternal HPAA functioning in pregnancy, given evi-
dence that early life adversity can have persistent effects on physiological stress reactivity. In a sample of 343
sociodemographically diverse women, we tested whether indices of life course SES were associated with HPAA
functioning across pregnancy reflected in hair cortisol collected within one week after delivery. Mothers were
asked whether their parent(s) owned their home across three developmental periods, from birth through ado-
lescence, as an indicator of their childhood SES. Measures of maternal SES in pregnancy included maternal
educational attainment, annual household income, and current homeownership. Analyses revealed that in-
dicators of lower maternal SES in childhood and in pregnancy were associated with higher cortisol levels during
each trimester. In analyses adjusted for maternal race/ethnicity, pre-pregnancy body mass index, smoking in
pregnancy, use of inhaled and topical corticosteroids, and mode of delivery, each indicator of maternal SES in
pregnancy fully mediated maternal childhood SES effects on maternal hair cortisol levels in pregnancy. This is
the first study to show an association between maternal life course SES and hair cortisol in pregnancy. The
results suggest that maternal SES, starting in childhood, may have intergenerational consequences via disruption
to the maternal-fetal HPAA in pregnancy. These findings have implications for elucidating mechanisms con-
tributing to health disparities among socioeconomically disadvantaged populations.

1. Introduction

Dysregulation of the maternal hypothalamic-pituitary-adrenal axis
(HPAA) in pregnancy has been hypothesized to impact fetal develop-
ment negatively, with potentially long-term consequences. Studies have
linked prenatal exposure to disrupted cortisol levels in utero to nu-
merous maladaptive outcomes across the lifespan, including poor fetal
physical development and child health problems; disrupted HPAA
functioning; cortical thinning evident into childhood; poorer cognitive
and motor development; elevated negative affectivity and difficult

temperament in infancy and toddlerhood; greater emotional and be-
havior problems in childhood; and increased risk for posttraumatic
stress disorder in adulthood (Brand et al., 2006; Davis et al., 2007;
Davis et al., 2013; de Weerth et al., 2003; Bosquet Enlow et al., 2017;
Field and Diego, 2008; Zijlmans et al., 2015). Therefore, identifying
factors that influence functioning of the maternal HPAA functioning in
pregnancy has important public health implications.

Limited research suggests that maternal socioeconomic status (SES)
may influence maternal HPAA functioning in pregnancy. A few studies
have linked higher cortisol levels with contemporaneous indicators of
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low SES (education, income) in pregnant women, although these as-
sociations do not always hold when models are adjusted for other risk
factors (e.g., increased body mass index [BMI], smoking) (Braig et al.,
2015; Schreier et al., 2016; Thayer and Kuzawa, 2014; Ursache et al.,
2017). In a non-pregnant sample of adults, chronic exposure to low SES
from infancy through early adulthood was more consistently predictive
of various indicators of disrupted HPAA functioning than SES from any
particular developmental period (DeSantis et al., 2015b). To date, no
study has examined whether maternal SES prior to pregnancy influ-
ences HPAA functioning during pregnancy, although recent theories of
SES effects on health suggest that a life course approach may be ap-
propriate (Yang et al., 2017). A sensitive period model (Yang et al.,
2017) suggests that maternal SES in childhood may have lifelong im-
pact on the functioning of the HPAA, including during pregnancy. Data
link low SES in childhood with long-term disruption of the functioning
of the HPAA as well as other key physiological systems that influence
HPAA functioning (e.g., oxidative stress, inflammation) (Bates et al.,
2017; Lockwood et al., 2018; Sheridan et al., 2013). Consequently, the
effects of low SES in childhood may persist even if SES conditions later
improve (Yang et al., 2017). Maternal SES in childhood may also in-
fluence maternal HPAA functioning in pregnancy through a pathway
model, which posits that childhood SES establishes a trajectory to
adulthood SES (Yang et al., 2017). In this model, low SES in childhood
increases the likelihood of low SES in adulthood, with low SES in
pregnancy influencing HPAA functioning during pregnancy. Thus, in
the pathway model, the effects of maternal SES in childhood on ma-
ternal HPAA functioning in pregnancy are mediated through maternal
SES in pregnancy. Finally, an accumulation of risks model hypothesizes
that deleterious effects from maternal low SES in childhood and low
SES in pregnancy are compounded such that they have independent,
additive effects on HPAA functioning in pregnancy (Yang et al., 2017).
Identifying critical windows of effects and the mechanisms by which
SES operates to impact offspring health, for example via disrupted
maternal-fetal HPAA functioning, will improve our ability to develop
interventions to reduce health disparities among socioeconomically
disadvantaged populations.

Studies assessing links between maternal HPAA disruption in
pregnancy and offspring outcomes have relied largely on salivary or
serum measures of cortisol. Such measures represent relatively short-
term assessments of HPAA functioning and thus may not provide an
accurate depiction of the fetus’s overall cortisol exposure. Fetal cortisol
exposure may be better quantified by methods that characterize longer-
term HPAA activity during pregnancy (D’Anna-Hernandez et al., 2011;
Kalra et al., 2007; Kirschbaum et al., 2009; Russell et al., 2012). Mea-
sures of concentration of cortisol in hair are emerging as promising
markers of long-term HPAA activity, including in pregnancy (Braig
et al., 2015; D’Anna-Hernandez et al., 2011; Kalra et al., 2007;
Kirschbaum et al., 2009; Russell et al., 2012; Wosu et al., 2013). Im-
portantly, hair cortisol measures are not affected by factors that influ-
ence salivary and serum cortisol protocols (e.g., nonadherence, circa-
dian patterns, invasiveness, stress of sampling) (Braig et al., 2015;
Stalder and Kirschbaum, 2012; Wosu et al., 2013). Moreover, a few
cross-sectional studies have linked lower SES to greater hair cortisol
levels, including among pregnant women (Braig et al., 2015; Gray et al.,
2018; Schreier et al., 2016; Ursache et al., 2017).

The main aim of the current study was to investigate associations
between maternal life course SES and hair cortisol during pregnancy in
a large sociodemographically diverse pregnancy cohort. We hypothe-
sized that women who grow up in more socioeconomically dis-
advantaged circumstances have increased hair cortisol levels in preg-
nancy compared to women from more advantaged backgrounds. We
further hypothesized that lower maternal SES in pregnancy is asso-
ciated with higher hair cortisol levels. We tested whether maternal SES
in pregnancy mediates or has independent effects from associations
between maternal SES in childhood and maternal hair cortisol in
pregnancy. Finally, we examined whether associations between

maternal life course SES and hair cortisol in pregnancy are independent
of maternal race/ethnicity, given well-documented links between race
and SES as well as evidence for race differences in pregnancy cortisol
levels, including in hair (DeSantis et al., 2015a; Schreier et al., 2016,
2015). We also considered whether associations between maternal life
course SES and hair cortisol in pregnancy are independent of perinatal
health, as studies have linked lower SES with perinatal health indicators
associated with increased hair cortisol in pregnancy (e.g., increased
BMI, smoking) (Braig et al., 2015; Hastert et al., 2016). We hypothe-
sized that maternal SES in childhood has effects independent from
maternal SES in pregnancy on hair cortisol in pregnancy, as data sup-
port an accumulation of risks model of life course SES effects on health
during young to mid-adulthood, i.e., child-bearing years (Yang et al.,
2017). We further hypothesized that these effects are not attributable to
maternal race/ethnicity or to perinatal health status.

2. Materials and methods

2.1. Participants

Participants were women enrolled in the PRogramming of
Intergenerational Stress Mechanisms (PRISM) study, a prospective
pregnancy cohort designed to examine the role of maternal and child
stress exposures on child development. Between March 2011 and
December 2014, pregnant women were recruited from prenatal clinics
in urban hospitals and community health centers in the Northeast of the
United States. Recruitment sites were chosen given desired hetero-
geneity in sociodemographic and racial/ethnic characteristics.
Eligibility criteria for enrollment in PRISM included: 1) English- or
Spanish-speaking; 2) age ≥ 18 years at enrollment; 3) single gestation
birth. Exclusion criteria included: 1) maternal endorsement of drinking
≥ 7 alcoholic drinks/week during pregnancy and 2) maternal positive
HIV status, as these exposures would influence/confound biomarkers
and hypothesized pathways of interest. For the current analyses, addi-
tional exclusion criteria included oral steroid use in the past 12 months
(n = 8), as usage may influence hair cortisol measures (Braig et al.,
2015). Among eligible women, 343 consented to PRISM study partici-
pation and provided data relevant for the current analyses. Based on
screening data, there were no statistically significant differences in
race/ethnicity, education, or income between women who participated
and those who declined.

2.2. Measures

2.2.1. Maternal SES in childhood
Because adults are generally able to recall whether their parents

owned or rented their homes from an early age when they were
growing up, homeownership provides a good retrospective measure-
ment of SES over childhood and adolescence (Cohen et al., 2004).
Moreover, previous work indicates that homeownership is associated
with greater assets and income and that parental homeownership in
childhood is a predictor of health indicators in adulthood, independent
of concurrent measures of SES (educational attainment, current
homeownership) and parental educational attainment (Cohen et al.,
2004). Participants were asked whether their parent(s) owned their
home during three developmental periods—early childhood (between
birth and 5 years of age), middle childhood (between 6 and 10 years of
age), and adolescence (between 11 and 17 years of age)—as an in-
dicator of their family’s SES during their childhood. A composite score
was created that scored participants by the number of developmental
periods during which their parents owned their home, ranging from 0
to 3. Because relatively small numbers of participants’ families owned
their home during one or two developmental periods, these scores were
collapsed. The resulting scale scored participants as having no devel-
opmental periods, some developmental periods (i.e., one or two), or all
developmental periods of family homeownership.

M. Bosquet Enlow et al. Psychoneuroendocrinology 99 (2019) 216–224

217



2.2.2. Maternal SES during pregnancy
Three indicators of SES during pregnancy were considered, in-

cluding maternal educational attainment, annual household income,
and current homeownership. Maternal educational attainment was
scored as follows: “less than completion of high school,” “completion of
high school/GED,” “some college,” “college degree,” or “graduate de-
gree.” Annual household income was scored as follows: less than
$10,000, $10,000-$19,999, $20,000-$34,999, $35,000-$49,999,
$50,000-$69,999, $70,000-$100,000, or greater than $100,000.
Homeownership status was categorized into whether or not the parti-
cipant owned her home (including having a mortgage).

2.2.3. Hair cortisol in pregnancy
Hair cortisol was assessed from participants’ scalp hair, collected

within one week after delivery. A hair strand roughly 3mm in diameter
was cut with scissors as close to the scalp as possible from the posterior
vertex, the suggested standard position for hair cortisol collection,
given that this region has the most uniform rate of growth, lowest inter-
individual variability, and lowest proportion of resting phase in the hair
follicle (Stalder and Kirschbaum, 2012). Hair samples were cut into
three 3-cm segments, length permitting, with each 3-cm segment cor-
responding to one trimester based on a hair growth rate of approxi-
mately 1 cm/month (Wennig, 2000). As previously described (Braig
et al., 2015; Kirschbaum et al., 2009), the 3-cm segment closest to the
scalp reflected cortisol levels during the third trimester, and the next
two 3-cm segments reflected second and first trimester levels, respec-
tively. Data support the use of cortisol measured from hair collected
postpartum as an indicator of maternal HPAA activity during pregnancy
(Braig et al., 2015; D’Anna-Hernandez et al., 2011; Kirschbaum et al.,
2009).

Hair was stored in manila envelopes at room temperature out of
direct sunlight until shipment for analysis. Hair samples were analyzed
in the Kirschbaum laboratory at the Technical University of Dresden,
Germany. Washing and steroid extraction followed an established
protocol (Stalder et al., 2013). Hair was washed in isopropanol, and
cortisol was extracted from 7.5 mg of whole nonpulverized hair using
methanol in the presence of internal standards. Samples were cen-
trifuged at 15,200 x g, and the supernatant was collected; alcohol was
evaporated under a stream of nitrogen and reconstituted with double-
distilled water and then injected into a Shimadzu HPLC-tandem mass
spectrometry system (Shimadzu, Canby, Oregon) coupled to an AB
Sciex API 5000 Turbo-ion-spray triple quadrupole tandem mass spec-
trometer (AB Sciex, Foster City, CA), with purification by on-line solid-
phase extraction (Gao et al., 2013). Lower limits of quantification were
0.1 pg/mg; inter- and intra-assay variabilities were 3.7–8.8%.

2.2.4. Covariates
Participants reported their race/ethnicity, which was categorized

into White, Black, Hispanic, and other. The “other” race/ethnicity
group consisted primarily of individuals who self-identified as Asian or
multi-racial. Maternal pregnancy health variables that may impact
cortisol levels were considered (Braig et al., 2015), including pre-
pregnancy BMI, smoking during pregnancy, use of inhaled corticos-
teroids or topical corticosteroids in the past year, and mode of delivery.
BMI was calculated by dividing maternal self-reported pre-pregnancy
weight (kg) by height squared (meter). Smoking during pregnancy was
categorized as yes/no based on maternal self-report of smoking at
baseline and/or in the third trimester. Use of inhaled corticosteroids
and topical corticosteroids over the prior year were each categorized as
yes/no based on self-report and/or medical records. Mode of delivery
was categorized as vaginal or cesarean delivery, based on medical re-
cords.

2.3. Procedure

Participant sociodemographics were assessed shortly following

recruitment (M=22.7 weeks gestation, SD = 8.9 weeks gestation) via
in-person interviews. Within one week after delivery, staff collected
maternal hair samples. Study procedures were approved by the relevant
institutions’ human studies ethics committees (Brigham and Women’s
Hospital/Partners HealthCare, Mount Sinai School of Medicine).
Participants provided written informed consent in their preferred lan-
guage.

2.4. Data analytic plan

Hair cortisol values were examined for outliers, with values> 3
standard deviations (SD) above the mean removed from analyses; the
remaining values were log-transformed to reduce skewness, as re-
commended (Braig et al., 2015). Descriptive statistics were calculated
to describe the sample. Associations between measures of maternal SES
in childhood and during pregnancy were first examined. Analyses then
examined associations between the maternal childhood and pregnancy
SES variables and maternal hair cortisol during each trimester. Asso-
ciations between the covariates and hair cortisol were then tested. For
all analyses, Pearson’s correlation coefficients were calculated when
both variables were continuous and normally distributed; Spearman’s
correlation coefficients when both variables were continuous and at
least one was non-normally distributed and/or ordinal; point biserial
correlations when one variable was dichotomous and the other was
continuous; phi correlation coefficients when both variables were di-
chotomous; Kruskal-Wallis H tests when one variable was categorical
and the other continuous; and chi-square (χ2) tests when both variables
were categorical. These analyses were conducted using SPSS v23.

2.4.1. SES life course effects models
To test whether any effects of maternal SES in childhood on ma-

ternal hair cortisol in pregnancy were independent of or mediated by
maternal SES in pregnancy, a series of mediational models were esti-
mated (Muthen et al., 2017). The effects of maternal SES in childhood
on maternal hair cortisol were investigated with or without their in-
direct effects through maternal educational attainment, annual house-
hold income, and homeownership during pregnancy in separate
models. Because indirect effects often are non-normally distributed,
confidence intervals were estimated using the non-symmetric bootstrap
distribution (Efron, 1979). Two sets of models were run. In the first set,
analyses were unadjusted; in the second set, analyses controlled for
covariates, including maternal race/ethnicity, pre-pregnancy BMI,
smoking during pregnancy, use of inhaled corticosteroids, use of topical
corticosteroids, and mode of delivery. Covariates were modeled as ex-
erting direct effects on maternal hair cortisol and indirect effects
through maternal SES in pregnancy (Muthen et al., 2017). Missing data
were treated as missing in a pairwise manner. Amount of missing data
ranged from 0.6% to 2.0% for all but the annual household income
variable, which was missing at 7.6%. These analyses were conducted
using Mplus v8.

These statistical models allowed for testing of the three theoretical
life course models: sensitive period, pathway, and accumulation of risk.
Results would support a sensitive period model if only maternal SES in
childhood and not maternal SES in pregnancy predicts hair cortisol in
pregnancy. Results would support a pathway model if (a) the associa-
tions among maternal SES in childhood, maternal SES in pregnancy,
and hair cortisol in pregnancy are significant in bivariate analyses; (b)
in the model including both maternal SES in childhood and maternal
SES in pregnancy, the effect of maternal SES in childhood on hair
cortisol in pregnancy becomes non-significant whereas the effect of
maternal SES in pregnancy on hair cortisol in pregnancy remains sig-
nificant; and (c) indirect effects are significant. Results would support
an accumulation of risk model if both maternal SES in childhood and
maternal SES in pregnancy each contribute significantly to predicting
hair cortisol in pregnancy when indicators of both SES in childhood and
SES in pregnancy are included in the model together.
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3. Results

3.1. Descriptive data

As shown in Table 1, the sample demonstrated variability across
sociodemographic characteristics assessed, including maternal race/
ethnicity, educational attainment, household income, and marital
status. The infants were primarily of normal birthweight (M=3312 g,
SD =521 g; 93% born greater than 2500 g) and born full-term
(M=39.0 weeks, SD= 1.7 weeks; 90% born 37 weeks or later). Due to
varied hair length, valid cortisol data (i.e., ≤ 3 SD from mean) were
available for 182 women during the first trimester, 281 during the
second trimester, and 3361 during the third trimester. Table 2 presents
the correlation coefficients among the predictor variables and covari-
ates.

3.2. Maternal SES in childhood and in pregnancy

Maternal SES in childhood was associated with all indicators of
maternal SES in pregnancy. Number of developmental periods of par-
ental homeownership in childhood was positively correlated with ma-
ternal education, rs = 0.26, p < 0.001, and with household income
during pregnancy, rs = .34, p < 0.001. Among mothers whose parents
owned their home during all childhood developmental periods, 48%
currently owned their home, compared to 30% among those whose
parents owned their home during 1–2 periods and 13% among those
whose parents did not own their home during any period, χ2(2,
N=341)=35.14, p<0.001.

3.3. Maternal SES in childhood and hair cortisol in pregnancy

The number of developmental periods of maternal parental home-
ownership was negatively associated with hair cortisol during each
trimester of pregnancy: first trimester rs = −.19, p = 0.010; second
trimester rs = −0.22, p<0.001; third trimester rs = −0.21, p<
0.001. Further analysis indicated that the mean hair cortisol scores for
each trimester increased linearly by number of developmental periods
of maternal parental homeownership. Additionally, the magnitude of
the association of each distinct developmental period (i.e., 0–5 years,
6–10 years, 11–17 years) with hair cortisol levels were not significantly
different, suggesting that equally weighting homeownership during
each of the developmental periods in the maternal SES in childhood
score was appropriate. Together, these data support the validity of the
method utilized for scoring maternal SES in childhood.

3.4. Maternal SES in pregnancy and hair cortisol in pregnancy

Each indicator of maternal SES in pregnancy was associated with
hair cortisol levels across pregnancy. Maternal educational attainment
was negatively associated with hair cortisol during each trimester: first
trimester rs = −0.21, p = 0.005; second trimester rs = −0.21,
p<0.001; third trimester; rs = −0.26, p< 0.001. Household income
in pregnancy was also negatively associated with hair cortisol during
each trimester: first trimester rs = −0.34, p<0.001; second trimester
rs = −0.30, p<0.001; third trimester rs = −0.34, p<0.001. Lower
levels of hair cortisol during all three trimesters were associated with
owning versus not owning a home during pregnancy: first trimester M
= 0.54, SD = 0.75 vs. M = 0.83, SD = 0.80, r = −0.18, p = 0.016;
second trimester M = 0.56, SD = 0.69 vs. M = 0.85, SD = 0.74; r =
−0.19, p = 0.001; and third trimester M = 0.66, SD = 0.66 vs. M =

1.05, SD = 0.76, r = −0.24, p<0.001.

3.5. Covariates and hair cortisol in pregnancy

Because hair cortisol levels across trimesters were highly correlated
(first and second trimester rs=0.96; second and third trimester
rs=0.94; first and third trimester rs=0.89) and the greatest number of
samples were available for the third trimester, for the sake of parsi-
mony, mediational models were only run on models considering third
trimester hair cortisol levels as the outcome. Thus, associations between
covariates and hair cortisol levels were tested only for third trimester
hair cortisol.

Third trimester hair cortisol levels varied by maternal race/ethnicity
in a Kruskal-Wallis H test, χ2(3)= 52.13, p<0.001, with the lowest
levels among White mothers (M=0.53, SD = 0.64), then mothers self-
identified as other race/ethnicity (M=0.89 SD = 0.41), then Hispanic
mothers (M=1.03, SD = 0.69), and then Black mothers (M=1.22, SD
= 0.82). Third trimester hair cortisol was positively associated with
maternal pre-pregnancy BMI, rs= .17, p = 0.002. Third trimester hair
cortisol levels were lower among women who smoked during preg-
nancy (M=0.74, SD = 0.67) than among non-smokers (M=0.96, SD

Table 1
Sample characteristics (N= 343).

na % M SD

Maternal age (years) 30.21 5.83
Maternal race/ethnicity
White 106 31
Black 93 27
Hispanic 124 36
Otherb 20 6
Maternal relationship status
Married 179 52
Living together 88 26
Otherc 74 22
Maternal educational attainment
<High school completion 79 23
Graduated high school/GED 42 12
Some college 78 23
College degree 65 19
Graduate degree 76 22
Annual household income
<$10,000 34 10
$10,000 - $19,999 61 18
$20,000 - $34,999 49 14
$35,000 - $49,999 35 10
$50,000 - $69,999 20 6
$70,000 - $100,000 32 9
$100,000+ 86 25
Current homeownership (yes) 116 34
Parental homeownership in childhoodd

0 developmental periods 103 30
1–2 developmental periods 61 18
3 developmental periods 179 52
Maternal hair cortisol, log-transformed, 1st trimestera 0.72 0.80
Maternal hair cortisol, log-transformed, 2nd trimestera 0.74 0.74
Maternal hair cortisol, log-transformed, 3rd trimestera 0.92 0.75
Maternal pre-pregnancy body mass index (BMI), kg/m2 26.14 6.02
Maternal cigarette smoking during pregnancy (yes) 60 18
Maternal use of inhaled corticosteroids 25 7
Maternal use of topical corticosteroids 19 6
Mode of delivery (cesarean section) 92 27

Note. aData were missing for 0%–8% of participants across study variables, with
the exception of hair cortisol data. Hair cortisol data were available for n=182
in 1st trimester, n=281 in 2nd trimester, and n=336 in 3rd trimester.
bThe majority categorized as “other” race/ethnicity self-identified as Asian or
multi-racial.
cOther included never married (n = 37), divorced (n = 4), separated (n = 5),
and other relationship status (n = 28).
dDevelopmental periods assessed included early childhood (birth to 5 years
old), middle childhood (6–10 years old), and adolescence (11–17 years old).

1 Seven mothers had hair cortisol data that were measurable and within 3 SD
of the mean for the first and/or second trimester but not for the third trimester,
producing the final sample size of N = 343 participants with hair cortisol data
during any trimester.
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= 0.76), r = −0.11, p = 0.047. The association between third tri-
mester hair cortisol and mode of delivery approached significance,
r= .11, p = 0.052, with higher cortisol levels among mothers who
delivered via cesarean delivery. Third trimester hair cortisol was not
associated with use of inhaled corticosteroids, r = −0.07, p = 0.221,
or topical corticosteroids, r = −0.02, p = 0.729. Additionally, third
trimester hair cortisol was not associated with infant birthweight,
r=0.01, p = 0.856, or gestational age, r= .005, p = 0.934.

3.6. Life course effects of maternal SES on hair cortisol in pregnancy

The first set of models tested whether indicators of maternal SES in
pregnancy (maternal educational attainment, household income, cur-
rent homeownership) mediated the effects of maternal SES in childhood
on hair cortisol in the third trimester, unadjusted for covariates. In the
model including maternal educational attainment, partial mediation
was evident, with childhood SES exerting both direct effects (b =
−0.132, p = 0.011) and indirect effects through maternal educational
attainment (sum of indirect effects b = −0.057, p = 0.001) on ma-
ternal hair cortisol. In the model including homeownership in preg-
nancy, partial mediation was also evident, with childhood SES exerting
both direct effects (b = −0.123, p = 0.022) and indirect effects
through homeownership in pregnancy (sum of indirect effects b =
−0.064, p<0.001) on maternal hair cortisol. In the model including
household income in pregnancy, full mediation was evident, as the
direct effects of maternal SES in childhood on maternal hair cortisol
was no longer significant (b = −0.080, p = 0.139) when household
income in pregnancy was included in the model, whereas the sum of
indirect effects was significant (b = −0.109, p<0.001). The re-
spective bootstrap distributions for each of these models did not contain
zero in the 95% confidence intervals; thus, these findings are likely
robust and reflective of true population effects.

The second set of models adjusted for the covariates maternal race/
ethnicity, pre-pregnancy BMI, smoking during pregnancy, use of in-
haled corticosteroids, use of topical corticosteroids, and mode of de-
livery. In all three models, full mediation was evident, as the direct
effects of maternal SES in childhood on hair cortisol were no longer
significant when maternal educational attainment (direct effects of
maternal SES in childhood on hair cortisol b = −0.106, p = 0.053;
Fig. 1a) or homeownership in pregnancy (direct effects of maternal SES
in childhood on hair cortisol b = −0.090, p = 0.113; Fig. 1b) were
included, and the direct effects remained non-significant when house-
hold income (direct effects of maternal SES in childhood on hair cortisol
b = −0.064, p =0.255; Fig. 1c) was included. For each of these
models, the sum of indirect effects was significant (for the models

including maternal educational attainment, homeownership in preg-
nancy, and household income, respectively, sum of indirect effects: b =
−0.022, p = 0.041; b = −0.036, p = 0.009; b = −0.064, p = 0.001).
In addition, mode of delivery exerted independent direct effects on
maternal hair cortisol in all three of the models (b = 0.114, p = 0.043
in the model with maternal educational attainment, Fig. 1a; b = 0.113,
p = 0.046 in the model with homeownership during pregnancy,
Fig. 1b; b = 0.114, p = 0.040 in the model with household income
during pregnancy, Fig. 1c). Maternal race/ethnicity exerted in-
dependent direct effects on maternal hair cortisol in the model in-
cluding homeownership in pregnancy (b = 0.146, p = 0.002; Fig. 1b),
but not in the models including maternal educational attainment (b =
0.099, p = 0.053) or household income (b = 0.075, p = 0.133) in
pregnancy. Pre-pregnancy BMI, maternal smoking in pregnancy, in-
haled corticosteroid use, and topical corticosteroid use did not de-
monstrate independent direct effects on maternal hair cortisol in any of
the models. The respective bootstrap distributions for each of these
models did not contain zero in the 95% confidence intervals; thus, these
findings are likely robust and reflective of true population effects.

4. Discussion

The overall goal of this study was to examine whether maternal life
course SES predicts maternal HPAA functioning during pregnancy, as-
sessed via hair cortisol, in a sociodemographically diverse pregnancy
cohort. There were three main findings: (1) Lower maternal SES in
childhood predicted higher levels of hair cortisol across pregnancy
trimesters. (2) Each tested indicator of maternal SES in pregnancy
(educational attainment, household income, current homeownership)
was associated with hair cortisol in every trimester, with lower SES
consistently associated with higher cortisol levels. (3) In models ad-
justed for maternal race/ethnicity, pre-pregnancy BMI, smoking during
pregnancy, use of inhaled or topical corticosteroids, and mode of de-
livery, maternal SES indicators in pregnancy fully mediated the effects
of maternal SES in childhood on maternal hair cortisol levels.
Additionally, mode of delivery exerted independent direct effects on
maternal hair cortisol in all models, and maternal race/ethnicity ex-
erted independent direct effects on maternal hair cortisol in the model
including homeownership in pregnancy but not in the models including
maternal educational attainment or household income in pregnancy.

These findings provide support for a pathway model of maternal life
course SES effects on maternal HPAA functioning during pregnancy
(Yang et al., 2017); that is, maternal SES in childhood appeared to es-
tablish a trajectory to SES in adulthood such that maternal SES in
childhood impacts HPAA functioning during pregnancy through its

Table 2
Correlation coefficients among predictor and covariate variables.

1 2 3 4 5 6 7 8 9

1. Maternal SES, childhood –
2. Maternal educational attainment, pregnancy .26*** –
3. Annual household income, pregnancy .34*** .74*** –
4. Maternal homeownership, pregnancy .32*** .55*** .65*** –
5. Maternal race/ethnicitya −.36*** −.60*** −.67*** −.45*** –
6. Maternal body mass index (BMI), kg/m2 −.11* −.26*** −.27*** −.29*** .23*** –
7. Maternal smoking in pregnancy .01 .07 .09 −.02 −.16** −.04 –
8. Maternal inhaled corticosteroid use −.07 .04 .03 .02 −.01 −.05 .05 –
9. Maternal topical corticosteroid use −.02 .09 .09 .07 −.03 .04 .06 .13* –
10. Mode of deliveryb −.04 .07 .03 .03 −.01 .09 .03 −.04 .11*

Note. Pearson’s correlation coefficients were calculated when both variables were continuous and normally distributed; Spearman’s correlation coefficients when
both variables were continuous and at least one was non-normally distributed and/or ordinal; point biserial correlations when one variable was dichotomous and the
other was continuous; and phi correlation coefficients when both variables were dichotomous. aMaternal race dichotomized as 0 =White, 1 = racial/ethnic minority
(Black, Hispanic, other). bMode of delivery dichotomized as 0 = vaginal, 1 = cesarean delivery.
* p < 0.05.
** p < 0.01.
*** p<0.001.
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influence on maternal SES in pregnancy. Support for this conclusion
was evident when considering any of the SES indicators in pregnancy as
mediators in models adjusted for maternal race/ethnicity and perinatal

health covariates. Notably, the unadjusted model considering maternal
educational attainment and the unadjusted model considering maternal
homeownership in pregnancy as mediators of maternal childhood SES

Fig. 1. Models testing contributions of maternal socioeconomic status (SES) in childhood and in pregnancy on maternal hair cortisol levels during pregnancy.
Maternal SES in childhood was operationalized as the number of developmental periods (early childhood, middle childhood, and adolescence) during which the
mother’s parents owned their home. Maternal hair cortisol in pregnancy was operationalized as hair cortisol level during the third trimester, log-transformed to
reduce skewness. Independent models tested three indicators of maternal SES in pregnancy: maternal educational attainment (Fig. 1a), current homeownership
(Fig. 1b), and annual household income (Fig. 1c). For all models, covariates (maternal race/ethnicity, pre-pregnancy BMI, smoking during pregnancy, use of inhaled
corticosteroids, use of topical corticosteroids, mode of delivery) were modeled as exerting direct effects on maternal hair cortisol in pregnancy and indirect effects
through maternal SES indicators in pregnancy. For all models, only significant paths are displayed (*p < 0.05, **p < 0.01, ***p < 0.001). The presence of a
significant path from maternal SES in pregnancy to maternal hair cortisol in pregnancy in conjunction with the lack of a significant path from maternal SES in
childhood to maternal hair cortisol in pregnancy indicates full mediation by the maternal SES indicator in pregnancy.
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effects on maternal hair cortisol in pregnancy suggested an accumula-
tion risk model of effects. In both models, SES in childhood and in
pregnancy exerted direct effects on hair cortisol in pregnancy in-
dependent of the mediational effects of childhood SES through ma-
ternal SES in pregnancy. However, household income during pregnancy
fully mediated the effects of maternal SES in childhood on maternal
hair cortisol levels even in the unadjusted model. This pattern of results
highlights the importance of the operationalization of SES in research,
with different SES variables producing somewhat different findings.
The extant literature contains various operationalizations of SES, which
likely contributes to inconsistencies in reports of SES effects on health.
This study’s findings suggest that measures of SES that are reflective of
current financial resources have greatest impact on maternal HPAA
functioning in pregnancy. The results also indicate that, once perinatal
health variables are considered in conjunction with concurrent SES
indicators, the direct effects of maternal SES in childhood on maternal
HPAA functioning in pregnancy are no longer apparent.

The mechanisms via which maternal SES influences maternal-fetal
HPAA functioning are as yet unknown, and may include increased
psychosocial stress, oxidative stress, inflammation, disruptions to au-
tonomic nervous system reactivity, and poorer health/health behaviors
(Hatch and Dohrenwend, 2007; Matthews et al., 2010; McEwen, 1998;
Seeman et al., 2010). In the current analyses, maternal pregnancy
health indicators (pre-pregnancy BMI, smoking during pregnancy, use
of corticosteroid medications) did not account for associations between
maternal SES and hair cortisol levels, suggesting other mechanisms are
responsible. Studies have linked maternal stress during pregnancy to
disruptions in HPAA functioning, including a blunted morning response
and flatter waking to bedtime rhythm in early to mid-pregnancy and
elevated evening cortisol in late pregnancy (Obel et al., 2005;
Rothenberger et al., 2011; Suglia et al., 2010). Our group has previously
reported associations of both childhood trauma and lifetime stress ex-
posures with maternal hair cortisol during pregnancy in a subsample of
the participants included in the current study (Schreier et al., 2016,
2015). Moreover, higher rates of exposure to stress and trauma have
been documented among low-income populations (Myers, 2009). Thus,
low SES individuals may experience higher rates of exposure to stres-
sors that disrupt HPAA functioning. Living in poverty/under dis-
advantaged economic circumstances may represent a stressor in itself
that influences HPAA functioning. Notably, a number of studies have
documented weak or no associations between maternal stress and
cortisol levels during pregnancy (Baibazarova et al., 2013; Davis et al.,
2007; DiPietro, 2012; Zijlmans et al., 2015), suggesting that relations
among SES, stress, and maternal-fetal HPAA functioning are likely
complex.

Our analyses found differences in maternal hair cortisol levels by
race/ethnicity. Consistent with prior work (Cohen et al., 2006; Hatch
and Dohrenwend, 2007; Roberts et al., 2011; Schreier et al., 2015,
2016), minority women, particularly Black women, demonstrated re-
latively higher hair cortisol levels. Further, in correlational analyses,
White women scored higher than racial/ethnic minority women on all
of the measures of SES in childhood and pregnancy. In mediational
analyses, maternal race/ethnicity exerted direct effects on maternal
hair cortisol levels independent of maternal SES in childhood, maternal
homeownership in pregnancy, and perinatal health indicators; how-
ever, the direct effects of maternal race/ethnicity on hair cortisol were
not significant when maternal educational attainment or household
income during pregnancy were considered. Prior studies suggest that
racial/ethnic groups may differ in their physiological stress responses,
including HPAA reactivity (Brunst et al., 2014; Cohen et al., 2006;
Hatch and Dohrenwend, 2007; Roberts et al., 2011; Suglia et al., 2010;
Thoits, 2010; Tse et al., 2012). Moreover, SES specifically may have
differential effects on cortisol production among different racial/ethnic
groups (O’Brien et al., 2013). In addition, epidemiological data indicate
that racial/ethnic groups vary in their exposure to risk factors that may
disrupt HPAA functioning, including negative life events/trauma,

ongoing discrimination stress, and reduced access to buffering re-
sources (Brunst et al., 2014; Cohen et al., 2006; Hatch and
Dohrenwend, 2007; Myers, 2009; Roberts et al., 2011). This study’s
findings produced mixed results as to whether maternal race/ethnicity
exerted effects on HPAA functioning independent of lifetime SES. The
extant literature indicates that various indicators of SES may impart
different levels of risk/protection among different racial/ethnic groups
and thus have different implications for health outcomes (Geronimus
et al., 2015). Further exploration of the nature of race/ethnicity effects
on maternal HPAA functioning during pregnancy in the context of SES
should be pursued in future research, particularly given literature
suggesting complex associations among race/ethnicity, SES, and health.
Determining how race/ethnicity, in combination with SES, contributes
to differences in HPAA functioning in pregnancy may enhance our
understanding of sociodemographic health disparities and suggest po-
tential interventions to prevent intergenerational effects.

In all adjusted models, mode of delivery exerted independent direct
effects on maternal hair cortisol levels in pregnancy, with cesarean
deliveries associated with higher hair cortisol levels than vaginal de-
liveries. Interestingly, the direction of effects was opposite of that found
by the one other study examining links between mode of delivery and
hair cortisol in pregnancy (Braig et al., 2015). The reasons for asso-
ciations between mode of delivery and maternal hair cortisol are cur-
rently unknown and may include higher levels of obstetric risk and
psychosocial stress among mothers requiring a cesarean delivery as well
as influences of mode of delivery directly on hair cortisol levels (Braig
et al., 2015). Given the discrepancies in findings across the studies,
more research is needed to determine how mode of delivery may in-
fluence hair cortisol measures and the mechanisms responsible for any
effects.

This study offers a number of strengths. It is one of a few studies to
explore determinants of maternal hair cortisol in pregnancy and the
first to consider maternal life course SES on maternal HPAA functioning
during pregnancy. The sample was large and sociodemographically
diverse. The study considered a range of maternal SES indictors, critical
given inconsistencies in the literature regarding SES effects on health,
which may be due in part to different operationalizations/reliance on
single indicators of SES across studies (Yang et al., 2017). The im-
portance of exploring maternal SES effects on HPAA functioning in
pregnancy is highlighted by the fact that young to middle adulthood
(i.e., child-bearing years) is the period when social inequities in health
are purported to be largest (Geronimus et al., 2015). Finally, this study
responds to recent calls to utilize a life course approach to character-
izing SES effects on biophysiological processes underlying health (Yang
et al., 2017).

Limitations may include relying on parental homeownership status
as the indicator of maternal SES in childhood. Factors other than SES
may contribute to homeownership status (e.g., regional housing avail-
ability). Parental homeownership in childhood may be a proxy for other
influences on the development of stress physiology systems, including
increased access to health care and nutrition, high quality schooling,
and community resources, and decreased exposure to chemical toxins,
community violence, and other stressors (Cohen et al., 2004). Lack of
parental homeownership may be associated with increased moves and
other forms of environmental instability in childhood (Cohen et al.,
2004). Further, homeownership may be an insensitive measure of SES
in areas of the country with inflated housing costs such that home-
ownership does not reliably reflect economic circumstances (Cohen
et al., 2004). Thus, other measures of SES may have stronger associa-
tions with HPAA functioning and health outcomes than homeownership
in certain geographic regions of the country. Additionally, there is
likely wide variability in parental income and education levels re-
presented within homeownership status groups. Thus, our analyses may
have underestimated the direct effects of maternal SES in childhood on
hair cortisol in pregnancy. The results presented here should be re-
plicated in analyses that consider more comprehensive measures of
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maternal SES in childhood. Hair growth rates may have varied across
participants, influencing the accuracy of the timing of the cortisol as-
sessment. Notably, studies suggest small individual differences in hair
growth rates, including between individuals from different racial/
ethnic backgrounds (Loussouarn et al., 2005). The mediational analyses
focused on third trimester cortisol output to maximize available sam-
ples. Cortisol levels were highly correlated across trimesters, suggesting
that third trimester levels may represent a reasonable proxy for relative
cortisol levels across pregnancy. Additionally, bivariate analyses
showed similar associations between childhood and pregnancy SES
measures and hair cortisol across all trimesters. These findings suggest
that associations between maternal life course SES and HPAA func-
tioning as reflected in hair cortisol are similar across pregnancy. This
hypothesis should be tested in future studies to determine whether SES
during different periods of life exerts differential effects on HPAA
functioning during various stages of pregnancy. This study focused on
hair cortisol as an integrated measure of HPAA functioning over long
periods (i.e., months). Future work should consider multi-method ap-
proaches to determine if other cortisol measures (e.g., diurnal rhythms,
stress reactivity and recovery) across the course of pregnancy con-
tribute to our understanding of life course SES effects on maternal-fetal
HPAA functioning.

4.1. Conclusions

Our findings suggest that maternal SES in childhood establishes a
trajectory to SES in pregnancy that influences maternal-fetal HPAA
functioning, reflected in maternal hair cortisol. Prior research indicates
that maternal HPAA functioning during pregnancy may influence off-
spring health and developmental outcomes. The current study suggests
that maternal SES history may be mechanistically involved in child
health outcomes via maternal HPAA effects on fetal programming and,
consequently, contribute to poorer health outcomes among socio-
economically disadvantaged populations. Future research should elu-
cidate the psychosocial and biological factors that mediate links be-
tween maternal lifetime SES and maternal-fetal HPAA functioning.
Addressing these questions will further our understanding of inter-
generational effects of maternal life course SES on offspring physical
and mental health, informing the development of interventions to
prevent health disparities in vulnerable populations.
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