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Background/objectives: Although cortisol levels increase during normal
pregnancy, particularly high levels of cortisol or stress have been associated
with adverse maternal/child outcomes. Obesity is associated with altered
cortisol metabolism, but there is limited information on pregnancy-related
changes in cortisol in pregnant women with overweight/obesity. The objective
of this study was to examine weekly measures of urinary cortisol and perceived
stress throughout ~10-36 weeks gestation, if levels differ by pre-pregnancy BMI
categories, and whether concurrent measures of urinary cortisol and perceived
stress are associated.

Methods: Longitudinal observational data from Healthy Mom Zone, a
gestational weight management intervention, and an ancillary fetal growth
study were combined. Pregnant women with normal (n=7), overweight (n=11),
or obese (n=14) pre-pregnancy BMI were recruited at >8 weeks gestation.
Overnight urinary cortisol and Perceived Stress Scale were measured weekly
from ~10-36 weeks gestation.

Results: Higher pre-pregnancy BMI was associated with overall lower urinary
cortisol throughout gestation, but rate of increase in urinary cortisol across
pregnancy was similar across weight status groups. Women with obesity
reported higher levels of overall perceived stress than normal weight women.
Regardless of weight status, perceived stress was not associated with
gestational age or cortisol.

Conclusions: Although women with obesity reported higher perceived stress,
they had lower urinary cortisol than women with normal BMI, and gestation-
related increases in cortisol were similar across weight groups and unrelated to
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perceived stress, suggesting that physiological factors that drive increases in
cortisol as pregnancy may outweigh effects of stress and adiposity.

Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT03945266,
identifier (NCT03945266)
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pregnancy, cortisol, stress, obesity, intensive longitudinal data

1 Introduction

Perceived psychosocial stress during pregnancy has been
associated with a number of adverse pregnancy outcomes,
including preterm birth and low birth weight (1). There is also
evidence that prenatal maternal perceived stress may influence
longer term outcomes for offspring health (2). Maternal level of
cortisol, a biomarker of stress exposure, has separately been
associated with a number of child outcomes, including fetal
growth and infant cognitive ability, temperament, and stress
regulation (3). Although it is known that cortisol increases
during normal pregnancy (4), there is little information
available on the trajectory of this change, as most studies
examining changes in cortisol across pregnancy have
measured cortisol at three (e.g. once per trimester) or fewer
times throughout gestation (5-10). More frequent assessment
and detailed examination of how cortisol level changes
throughout pregnancy is needed to better understand the
physiology of cortisol during pregnancy.

Over half of US women enter pregnancy with overweight or
obesity (11), and pregnant women with obesity report greater
levels of psychological distress (12). Maternal obesity is a well-
established risk factor for adverse pregnancy outcomes,
including gestational diabetes, caesarean birth, and large-for-
gestational age birth (13), as well as long term obesity risk for
children (14). In a rodent model, animals with a genetic
predisposition to obesity were more susceptible to the effects
of prenatal stress (15). In non-pregnant humans, perceived
psychosocial stress has been associated with weight gain,
particularly among those with an already elevated BMI (16).
Furthermore, adults with greater abdominal adiposity have been
shown to have greater cortisol reactivity to acute physical and
psychosocial stressors (17). Obesity is also associated with
alterations in cortisol metabolism (18), including placental
metabolism (19). However, there has been little research on
how the effects of prenatal perceived stress and cortisol may
differ depending on maternal weight status.

The literature examining associations between cortisol levels
in pregnancy and maternal weight status is scant; studies are
either cross-sectional (20, 21) or longitudinal with a limited
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number of time points (8, 9, 22). These studies have consistently
found lower levels of cortisol in pregnant women with obesity
than those with normal weight, but whether patterns of change
throughout pregnancy vary by weight status remains unclear. In
addition, other factors such as maternal age (21-23), parity (21,
22,24), and fetal sex (21, 25) have been inconsistently associated
with maternal cortisol in the literature. Finally, although obesity-
related differences in cortisol reactivity to stress have been
reported in non-pregnant populations (17), studies examining
concordance between cortisol and self-reported stress during
pregnancy have not considered obesity as a moderator.

The objectives of this study were to a) describe how cortisol
levels change throughout pregnancy using weekly urinary
cortisol assessments, b) determine whether overall urinary
cortisol level and it’s rate of change across gestation differ by
pre-pregnancy BMI and demographic factors (i.e., maternal age,
parity, fetal sex), and c) examine the association between urinary
cortisol and self-reported perceived stress, and whether this
relationship differs by pre-pregnancy BMI. Based on previous
research (8, 10, 17, 20, 21), we hypothesized that a) urinary
cortisol would increase across gestation; b) overall cortisol levels
would be lower in women with pre-pregnancy overweight or
obesity, older women, parous women, and women carrying male
fetuses, and the increase in cortisol across gestation would be
slower among women with pre-pregnancy overweight/obesity;
and ¢) urinary cortisol would be associated with concurrent self-
reported perceived stress, and pre-pregnancy BMI would
moderate this association such that the magnitude of the
association between cortisol and perceived stress would be
greater among women with higher BMI.

2 Materials and methods
2.1 Participants

Data for this analysis were from two samples that were
combined. Most participants (n=27) were from the Healthy

Mom Zone (HMZ) study, a randomized-controlled trial
designed to manage gestational weight gain in pregnant
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women with overweight or obesity (26). Women were eligible if
they were >8 weeks pregnant with a single fetus, English-
speaking, non-smoking, free of significant pregnancy
complications or medical conditions, and had a BMI ranging
from 24.5 to 45 kg/m” (>40 kg/m? with physician consultation).
Exclusion criteria included diabetes at study entry, severe
allergies or dietary restrictions, and contraindications to
prenatal physical activity. Participants were randomized to a
standard of care or the HMZ adaptive intervention, and all
participants completed an intensive longitudinal data collection
protocol, including an ancillary fetal growth study. Further
details of the intervention and data collection procedures have
been previously published (26). The remaining participants
(n=5) included pregnant women with a BMI > 18.5 enrolled
into an observation only group to increase sample size for the
fetal growth study and incorporate a greater BMI range. These
women were not randomized to an intervention condition but
completed the same measurement protocols as the participants
enrolled in the HMZ study. With the exception of BMI, the same
eligibility criteria were used as the HMZ study. This analysis
includes a final sample of 32 women who were studied through
approximately 36 weeks gestation. Demographics were reported
at study enrollment, and fetal sex was abstracted from medical
records. Height and pre-pregnancy weight were self-reported
and used to calculate pre-pregnancy BMI. Gestational age was
determined using last menstrual period. This project was
completed in accordance with the Declaration of Helsinki.
Written informed consent was obtained for each participant
prior to randomization or completion of any study measures.
Participants also provided consent for the study team to access
their medical records. All procedures were approved by the
Pennsylvania State University Institutional Review Board.

2.2 Urinary cortisol

Overnight urinary cortisol was measured once per week
throughout the study. Urinary cortisol was used to reflect the
systemic production of cortisol over a standardized period of
time (versus, for example, salivary sampling that only reflects a
point/momentary estimate) without the requirement of a blood
draw. Women were asked to collect their urine from the time
they went to bed at night through the first morning void.
Because the prevalence and frequency of nighttime urination
increases across gestation (27), this strategy helped ensure that
samples reflected cortisol excretion over a consistent time
window throughout gestation. Participants were instructed to
refrigerate samples after collection, and following collection
study staff retrieved and aliquoted the samples. Samples were
frozen at -4°C until the end of the study when all samples were
analyzed. Urinary cortisol was analyzed in duplicate using a
competitive enzyme immunoassay (R&D Systems #KGE008B,
Minneapolis, MN, assay range 0.2-10 ng/mL, sensitivity 0.111
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ng/mL), and normalized to urinary creatinine (R&D Systems
#KGE005, Minneapolis, MN, assay range 0.3-20 mg/dL,
sensitivity 0.07 mg/dL). The inter-assay coefficient of variation
was 14.0% for cortisol and 4.1% for creatinine, and the intra-
assay coefficient of variation was 5.6% for cortisol and 2.5%
for creatinine.

2.3 Perceived stress

Participants completed the Perceived Stress Scale (28)
weekly as part of a paper survey that was turned in with each
urine sample. This 10-item scale is a measure of the degree to
which a person assesses situations in their life as stressful, and is
a commonly used measure of global subjective psychosocial
stress. Given the weekly sampling design, the questionnaire
was modified to ask about the previous week rather than
previous month. Cronbach’s alpha in this sample was 0.89,
indicating very good internal consistency.

2.4 Statistical analysis

Descriptive statistics (mean + SD or percentages) were
generated for demographic variables. One single cortisol
measurement was >15 SDs from the mean, and was thus
excluded from the data set. Intraclass correlation coefficients
(ICC) were calculated for urinary cortisol and perceived stress to
determine the proportion of variance due to between-subjects
variance. A series of simulations were used to estimate power to
detect a BMI group x gestational age interaction. A set of 1000
simulated data sets were generated using variances and covariances
from the current data set. Level 2 sample size was set to 32
individuals, and level 1 sample size set to 24 measurements per
individual. Simulations indicated that there was 80% power to
detect a BMI group by gestational age interaction with a difference
in slopes of 0.08. The association between cortisol and predictor
variables was evaluated using a generalized mixed-effects modeling
approach (PROC GLIMMIX in SAS). All models utilized the
Laplace estimation method and an unstructured covariance
structure. Cortisol level across gestation was modeled using the
loglinear distribution and identity link, with a random intercept and
slope for gestational age in weeks. Linear, quadratic, and cubic fixed
effects of gestational week were considered. Statistical significance of
the fixed effects and Akaike information criterion (AIC) were used
to determine that the linear model was the best fit, and a linear
gestational week term was included in all subsequent models. Next,
predictors including maternal pre-pregnancy BMI, age, parity, and
fetal sex were examined in separate models. Pre-pregnancy BMI
was analyzed both as a continuous variable to include maximal
variability, and as a categorical variable, with participants classified
as normal weight (BMI 18.5-24.9), overweight (BMI 25.0-29.9), or
obese (BMI >30.0), for greater clinical interpretability. Main effects
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and interactions with gestational week were tested for each
predictor. These analyses were repeated with perceived stress as
the dependent variable. Finally, concurrent weekly perceived stress
score was examined as a predictor of urinary cortisol. All models
controlled for study group assignment (i.e. randomized to
intervention, randomized to control, or non-randomized
observation only). Due to variability in enrollment date and final
study date, sample sizes at the earliest and latest gestational ages
were small, so analyses were repeated including only data from 11-
36 weeks gestation. Results were similar, so analyses with the full
data set are included herein.

3 Results

Sample characteristics are described in Table 1. Participants
(n=32) were predominantly non-Hispanic white (93.8%),

TABLE 1 Participant characteristics (n=32).

Variable Mean (SD) or n (%)
Maternal age (years) 30.5 (3.0)
Pre-pregnancy BMI (kg/mz) 31.3 (7.1)
Gestational week at study entry 10.6 (1.7)
Infant birth weight (g) 3386 (619)
Gestational age at birth (weeks) 39.5(1.4)
Race-ethnicity, n (%)

Non-Hispanic white 30 (93.8)

Hispanic white 1(3.1)

Asian 1(3.1)
Marital status, n (%)

Married 29 (90.6)

Single 2(6.3)

Divorced 1(3.1)
Parity, n (%)

0 21 (65.6)

1 11 (34.3)
Pre-pregnancy BMI classification, n (%)

Normal weight (BMI 18.5-24.9) 7 (21.9)

Overweight (BMI 25.0-29.9) 11 (34.4)

Obese (BMI = 30) 14 (43.8)
Fetal sex, n (%)

Male 18 (56.3)

Female 14 (43.8)
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married (90.6%), and pregnant with their first child (65.6%).
The mean age of women at study entry was 30.5 £ 3.0 years and
the mean pre-pregnancy BMI was 31.3 + 7.1 kg/mz. Fourteen
women (43.8%) were classified as having obesity (BMI > 30), 11
(34.4%) were classified as having overweight (BMI 25-29.9), and
7 (21.9%) were classified as having a normal BMI (18.5-24.9). All
women gave birth to live infants (56.3% male) with a mean birth
weight of 3386 + 619 grams and mean gestational age of 39.5 +
1.4 weeks.

Adherence to the urine collection protocol was very high. On
average, women collected 24.4 (SD 2.6, range 16-29) urine
samples, reflecting a mean of 94.4% compliance with weekly
sample collection. The ICC for urinary cortisol was 0.41,
indicating both within- and between-person variability. As
expected, urinary cortisol increased significantly across
gestation (Table 2). Across the whole sample, mean urinary
cortisol approximately doubled from the start of the second
trimester at 14 weeks (66.4 + 30.5 ng/mg creatinine) through 36
weeks (131.5 + 84.8 ng/mg creatinine), with an average rate of
increase of 3.1% per week.

As a continuous variable, pre-pregnancy BMI was negatively
associated with weekly urinary cortisol (Table 2), with a 1 unit
increase in BMI being associated with -1.5% lower urinary
cortisol. When considered as a categorical variable, women
with overweight or obesity tended to have lower urinary
cortisol than women with normal weight, though this
difference did not meet the threshold for statistical significance
(p=0.054). Mean values by BMI category across gestational week
are plotted in Figure 1. On average, women with overweight/
obesity had 28.2% lower urinary cortisol compared to women
with normal weight. There was no significant interaction
between pre-pregnancy BMI and gestational week, indicating
that the rate of increase in urinary cortisol across pregnancy was
similar across the range of BMI. There were no significant
associations between urinary cortisol and maternal age, fetal
sex, or parity, nor were there any interactions between
gestational age and these factors.

Participants completed an average of 23.7 perceived stress
scale questionnaires (SD 4.4, range 3-29), reflecting a mean
compliance of 91.2% with the weekly questionnaires. One
participant completed only 19% of their questionnaires; all
others completed > 80% of questionnaires. The ICC for
perceived stress was 0.63. Self-reported perceived stress did
not systematically change across gestation (Table 2). Mean
values by BMI category across gestational week are plotted in
Figure 2. Pre-pregnancy BMI was positively associated with
perceived stress, with each 1 unit increase in BMI being
associated with 1.9% greater perceived stress. When
categorized into pre-pregnancy BMI classes, women with
obesity had significantly higher perceived stress than women
with normal BMI (p=0.005, Figure 3), with the average score
among women with obesity being 42% higher than women with

frontiersin.org


https://doi.org/10.3389/fendo.2022.1014574
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hohman et al. 10.3389/fendo.2022.1014574

TABLE 2 Predictors of maternal urinary cortisol (ng/mg creatinine) and perceived stress.

Perceived stress

Urinary cortisol (ng/mg creatinine)

Predictor

Model estimate

SE

p-value

Model estimate

SE

Gestational age (weeks) 0.0302 0.0036 <0.0001 0.0021 0.0023 0.36
Pre-pregnancy BMI (kg/m?) -0.0156 0.0072 0.03 0.0185 0.0062 0.003
Maternal age (years) 0.0079 0.0019 0.67 -0.0209 0.0159 0.19
Nulliparous 0.0220 0.1189 0.85 0.2585 0.0947 0.007
Fetal sex - female -0.0651 0.1074 0.54 0.1100 0.0961 0.25
Perceived stress -0.0004 0.0028 0.90 - - -

Estimates are from generalized linear mixed models using a loglinear distribution and including random intercept and random gestational age slope. All models controlled for study
group, and gestational week was included in models testing demographic characteristics and perceived stress as predictors. Est, fixed effect estimate; SE, standard error; BMI, body mass

index.

normal BMI. Women with pre-pregnancy overweight did not
differ from either women with normal weight or obesity.
Nulliparous women had 29.5% higher perceived stress scores
than women with previous births (p=0.03, Figure 3). There was
no association between perceived stress and either maternal age
or fetal sex, and rate of change in perceived stress across
pregnancy did not differ by these characteristics. There was
also no significant association between cortisol and concurrent
perceived stress in the sample as a whole (Table 2) or in any BMI
group (pre-pregnancy BMI by perceived stress interaction, p=0.61).

300
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4 Discussion

In this small but intensively characterized sample of
pregnant women, we observed that urinary cortisol increased
across gestation, and that levels were lower among women with
higher pre-pregnancy BMI. Perceived stress was positively
related to higher pre-pregnancy BMI. Unlike cortisol,
perceived stress did not systematically change across gestation,
and there was no association between urinary cortisol and
perceived stress, regardless of BMI. These findings contribute
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FIGURE 1

Mean weekly overnight urinary cortisol levels (ng/mg creatinine) across gestation by maternal pre-pregnancy BMI category. Values are mean +

standard error.

Frontiers in Endocrinology

frontiersin.org


https://doi.org/10.3389/fendo.2022.1014574
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hohman et al.

10.3389/fendo.2022.1014574

38

40
235
Q
?
230
S
& 25
?
© 20
P15
& —e—Normal weight
o 10
£ —o—Overweight
g 5

—=—QObese
OJLLILLL B P |G [ DU, PSS | SN [N GUN | S NN | SN [N S| (S S DU JUN (S S| |
10 12 14 16 48 20 22 24 26 28 30 32 34 36
Weeks gestation

Mean weekly perceived stress scale scores across gestation by maternal pre-pregnancy BMI category. Values are mean + standard error.

to our understanding of perceived stress and cortisol physiology
in pregnancies among women with obesity.

As expected, urinary cortisol increased across gestation,
approximately doubling from late first trimester through ~36
weeks gestation. This is in line with previous studies which have
reported a 1.5-3 fold increase in urinary cortisol during
pregnancy (7, 10). Although the physiological role of the
upregulation of cortisol during pregnancy is not fully
understood, evidence suggests contributes to regulation of
growth and the timing of birth (4). Although cortisol
increased across gestation, there was no statistically significant,
systematic change in perceived stress over time in this sample.

Also as hypothesized, we observed an inverse association
between pre-pregnancy BMI and urinary cortisol, a finding
consistent with previous research indicating that pregnant women
with obesity have lower urinary (20), serum (8, 21), or salivary (8, 22)
cortisol levels than those with lower BMIs. These findings in
pregnancy are in contrast to studies in non-pregnant adults, which
have mostly found either a positive or null relationship between BMI
and cortisol (17). However, in contrast to our hypothesis, the rate of
increase in cortisol across gestation did not differ by BMI. This
finding differs from a previous report suggesting that women with
obesity may not experience the same pregnancy-related increase in
urinary cortisol excretion that is seen in women with normal BMI (8).
Compared to this previous study, our sampling began earlier in
pregnancy and was more frequent, which may have allowed us to
better characterize gestational changes in urinary cortisol among
women with obesity. However, our finding should be interpreted
with caution as our study was not adequately powered to detect
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small-medium sized interaction effects. Despite lower cortisol levels,
women with pre-pregnancy obesity reported greater levels of
perceived stress than women with normal pre-pregnancy BML
Compared to women without obesity, rates of depression and
anxiety have been reported to be higher in pregnant women with
obesity, who may experience unique sources of stress, such as weight-
related stigma (12).

In contrast to our hypothesis, there was no association
between urinary cortisol and perceived stress score; however,
this is perhaps not surprising. The utility of cortisol as a
biomarker of stress in pregnant women has been debated, as
physiological changes in the regulation of the hypothalamic-
pituitary-adrenal (HPA) axis that occur during pregnancy result
in increased cortisol levels (4). In line with our findings, studies
comparing cortisol and survey measures of stress during
pregnancy have found little evidence of correlation between
these measures (22, 29). However, studies using experimental
protocols to induce stress responses (30) or experience sampling
methods to measure subjective stress ‘in the moment’ (31) have
found that cortisol remains responsive to stress during
pregnancy. It is possible in our sample that more subtle
fluctuations in cortisol due to within-person changes in weekly
perceived stress were not detectible amid larger physiological
changes related to advancing gestation. Future studies of the
effects of stress during pregnancy would benefit from using a
combination of different types of measures to assess stress levels.

We did not observe any of the hypothesized associations between
cortisol levels and demographic factors including maternal age,
parity, and fetal sex, although perceived stress was higher among
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controlling for study group and gestational age.

nulliparous women. Previous studies have found higher levels of
stress among younger pregnant women (32), older women
experiencing their first pregnancy (32), and multiparous women
(33), whereas nulliparous women may experience greater stress
related to pregnancy-specific anxiety (34). Whether these
relationships are reflected in cortisol levels is unclear. One cross-
sectional study found that serum cortisol, assessed at an average of
12.9 weeks gestation, was higher among younger women (21).
Studies examining cortisol later in gestation, however, have not
found significant associations with maternal age (22, 23). Our
sample lacked women at the extremes of child-bearing age range,
which may have limited ability to detect such associations. The
association between parity and cortisol level is also uncertain. Two
studies have reported higher serum cortisol among nulliparous
women (21, 24), while another found salivary cortisol to be higher
in nulliparous women in early second trimester but not in later
pregnancy (22). While fetal sex is likely unrelated to maternal
exposure to stress, the effect of maternal stress on fetal
programming of many outcomes is sex dependent (35), which
could be related to differences in cortisol metabolism. One study
found that women carrying female fetuses had higher serum cortisol
levels (21). A longitudinal examination of salivary cortisol across the
second half of pregnancy found that cortisol was higher in mothers of
male fetuses from 24 to 30 week gestation, but mothers of female
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fetuses had higher levels after 30 weeks (25). Further research is
needed to understand how cortisol metabolism and stress effects
differ by fetal sex.

The intensive longitudinal characterization of cortisol and
perceived stress across gestation is a strength of our study, but
there are some limitations of note. The sample size was small
and likely underpowered for analyses of interactions, and
racially and socioeconomically homogenous, limiting
generalizability. Maternal report of stress was collected using
one instrument, the Perceived Stress Scale. Although this
instrument is widely used and well-validated, it does not
capture all types or sources of stress. Additional questions
assessing pregnancy-specific stress would have strengthened
the study.

In conclusion, this study demonstrated that pregnant women
with overweight and obesity had consistently lower urinary cortisol
than women with normal pre-pregnancy BMI across the study
period of ~10-36 weeks gestation. The rate of increase in cortisol
across gestation, however, was similar across BMI category, in turn
suggesting that the physiological upregulation of cortisol that occurs
as gestation advances may be common feature of pregnancy across all
weight statuses. This finding, coupled with the fact that studies in
non-pregnant individuals tend to observe positive or null
associations between adiposity and cortisol, suggests that obesity-
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related differences in maternal cortisol may arise early in gestation.
Further research is needed to evaluate the mechanisms and
consequences of obesity-related alterations of cortisol metabolism
in early pregnancy. Regardless of BMI status, weekly reports of
subjective stress throughout gestation were not predictive of
concurrent weekly urinary cortisol levels in this sample.
Longitudinal studies of pregnancy with intensively collected data
using a combination of biomarkers (e.g. cortisol), ambulatory
assessment (e.g. heart rate monitoring), and subjective measures of
stress (e.g. ecological momentary assessment, pregnancy specific
stress) would help to determine if stress management is a viable
intervention target to optimize maternal and fetal outcomes.
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