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Abstract
Background: Previous studies show an association between maternal plasma and salivary cortisol and preterm birth
but have been primarily conducted in high-income countries. It is unknown whether salivary cortisol is a risk factor
for preterm birth in Ghana. Our objective was to determine whether maternal salivary cortisol during pregnancy was
associated with pregnancy duration and preterm delivery in Ghana.
Methods: We conducted a cohort study of 783 pregnant women in Ghana. We measured salivary cortisol at baseline
(mean 16 wk), 28 wk., and 36 wk. gestation. Pregnancy duration was determined primarily by ultrasound. We used
adjusted linear regression models to examine the association between cortisol and pregnancy duration and Poisson
regression models to determine the risk of preterm delivery among women with high cortisol at baseline or 28 wk.
gestation.
Results: Mean pregnancy duration was 39.4 ± 1.8 wk. and 6.6% had a preterm delivery. Mean maternal corti‑
sol increased throughout pregnancy, from 4.9 ± 2.7 nmol/L at baseline (16 wk) to 6.4 ± 3.2 nmol/L at 28 wk. and
7.9 ± 3.0 nmol/L at 36 wk. gestation. In adjusted analyses, higher cortisol concentrations at baseline (β = − 0.39,
p = .002) and 28 wk. (β = − 0.49, p = .001), but not 36 wk. (β = − 0.23, p = .084) were associated with a shorter preg‑
nancy duration. Women with high cortisol at baseline (> 6.3 nmol/L) had an increased relative risk of preterm deliv‑
ery (RR (95% CI): 1.96 (1.13, 3.40)), but the association between high cortisol at 28 wk. and preterm delivery was not
significant. There was a significant interaction with fetal sex (p-for-interaction = 0.037): among women carrying male
fetuses, high cortisol at baseline increased the risk of preterm delivery threefold (3.18 (1.51, 6.71)) while there was no
association (1.17 (0.50, 2.74)) among women carrying female fetuses.
Conclusion: Higher maternal cortisol is associated with a shorter pregnancy duration and an increased risk of pre‑
term delivery. Subgroup analysis by fetal sex revealed that this association is evident primarily among women carrying
male fetuses. Future studies of cortisol and preterm delivery should include consideration of fetal sex as a potential
effect modifier.
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Introduction
Preterm birth is the leading cause of child mortality
globally, accounting for an estimated 1 million children
dying each year from complications that arise from being
born too soon [1]. However, the mechanisms that lead
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to preterm birth, defined as birth before 37 completed
weeks of gestation, remain poorly understood and the
actual cause of preterm birth is unestablished in most
cases [2]. Approximately 81% of preterm births occur in
Asia and sub-Saharan Africa, yet the majority of research
examining the mechanisms of preterm birth has been
conducted in North America and Europe [3, 4].
One potential contributor to premature labor is a high
concentration of circulating cortisol. During pregnancy,
the placenta produces corticotropin-releasing hormone
(CRH), the majority of which enters the maternal bloodstream and stimulates production of cortisol, causing circulating free cortisol to increase, beginning around the
25th week of gestation. The increased maternal cortisol
concentration further stimulates additional production
of placental CRH, creating a positive feedback loop that
leads to higher and higher CRH and cortisol concentrations until birth finally occurs. In addition to stimulating cortisol, CRH also increases placental production
of estrogen [5]. While the mechanisms underlying parturition, and thus preterm birth, are still not completely
understood, it appears that estrogen plays a key role in
this process by upregulating production of oxytocin, a
hormone that induces uterine contractions [6]. Most
studies [4, 7–9], but not all [10, 11], have shown that
women with high cortisol concentrations have a higher
risk of preterm, although nearly all of these studies were
conducted in high-income countries.
In addition to being a key hormone during pregnancy,
cortisol is also part of the hypothalamic-pituitary-adrenal (HPA) axis that responds to stress. Higher cortisol
concentrations have been reported among individuals
who experience stress from a variety of causes, including food insecurity [12], racism [13], and lower socioeconomic status [14]. Cortisol also responds to physical
stressors such as infection [15] or inflammation [16].
Consequently, psychological or physical stress during
pregnancy may further increase circulating maternal cortisol concentration, leading to higher concentrations of
estrogen and oxytocin too soon in pregnancy, potentially
triggering preterm birth [17, 18]. This pathway is supported by other studies showing that women who experience factors such as racism, infection or high-stress
events during pregnancy are at higher risk for preterm
birth [19–21]. However, other research demonstrates
that chronic stress exposure can cause dysregulation of
the HPA axis and lead to a blunted cortisol response to
stress [22].
The global average preterm birth rate is 10.6%, and in
high-income countries the rates are 5–9% [3]. By comparison, Ghana has an estimated preterm birth rate of
12%, resulting in approximately 105,000 infants born
preterm in Ghana in 2014 [3]. It is unknown whether
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high cortisol is a risk factor for preterm births in Ghana.
Given that pregnant women in Ghana experience different risk factors for high cortisol than women in highincome countries, including malaria and higher rates
of food insecurity, it is possible that they may have a
different stress exposure and that the association with
preterm birth is not the same as reported in previous
studies conducted primarily in high-income countries
[4, 7–9, 11]. We have previously reported that among
pregnant women in Malawi, higher cortisol during pregnancy was associated with a shorter pregnancy duration,
but there was no significant difference in preterm birth
rates between women in the highest versus lowest cortisol quartiles [10]. The aim of the current study was to
examine the association between cortisol and pregnancy
duration in a cohort of pregnant women in Ghana. We
hypothesized that higher cortisol would be associated
with a shorter pregnancy duration and an increased risk
of preterm delivery. Additionally, as previous literature
supports maternal age [23], parity [10], and fetal sex [24]
as characteristics that may modify associations of risk
factors with preterm birth, we also examined whether the
association between cortisol and pregnancy duration differed according to these characteristics.

Methods
Participants and study design

Women included in this nested cohort study were
enrolled in the International Lipid-Based Nutrient Supplements trial (iLiNS-DYAD) in Ghana. Details of the
trial study design and primary outcomes have been presented elsewhere [25]. Briefly, women were recruited
from antenatal clinics in the Yilo Krobo and Lower
Manya Krobo districts, semi-urban areas in the southeast
region of Ghana. To be eligible for enrollment, women
needed to be ≤20 wk. gestation and ≥ 18 y of age. Women
were excluded from the trial if they were HIV positive
or had asthma, epilepsy, tuberculosis, a milk or peanut
allergy, or a chronic disease that required medical attention. Women who provided signed or thumb-printed
informed consent were enrolled from December 2009 to
December 2011 and assigned to one of three nutrition
supplements taken daily throughout pregnancy: a lipidbased nutrient supplement (LNS), a multiple micronutrient capsule, or an iron-folic acid capsule. Otherwise, the
women received normal antenatal care, including intermittent preventive malaria treatment, from their nearest health facility. The Institutional Review Boards of
the University of California, Davis; the Noguchi Memorial Institute for Medical Research, University of Ghana;
and the Ghana Health Service approved the study protocol, and the trial was registered at clinicaltrials.gov
(NCT00970866). Women from the trial were included in
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the present cohort study if they had at least one measurement of salivary cortisol during pregnancy and an estimated pregnancy duration. We have previously reported
that salivary cortisol was similar across the three supplement trial arms, but in a subgroup analysis of women
≤26 years of age, women assigned to the LNS supplement
had lower cortisol at 36 wk. gestation [26]. Assigned supplement group was not the focus of the current study and
was adjusted for in present analyses.
Pregnancy duration was determined primarily by ultrasound at enrollment, although fundal height was used
for a small number of women who were not available for
ultrasound. All ultrasounds were performed by doctors
at the antenatal clinics using the Aloka SSD 500 Scanner
(Tokyo, Japan). A morning saliva sample was collected at
enrollment, 28 wk., and 36 wk. gestation. Research nurses
collected the saliva samples at enrollment and 36 wk. gestation when participants arrived for their clinic visit and
trained data collectors obtained the saliva sample at 28
wk. gestation during a home visit. All saliva samples were
collected after at least 30 minutes since eating or drinking
and before any other measurements or sample collection.
To collect the saliva, women inserted an inert polymer
cylindrical swab (10 mm × 30 mm, Salimetrics Oral Swab)
under their tongue for approximately 2 minutes and
were instructed to move their jaw in a chewing motion
to stimulate saliva production. Time of collection, time
of waking, and time of last food or drink were recorded.
We collected saliva samples between the hours of 8 am
and noon, with a mean collection time of approximately
10:30 am. The woman then placed the swab in a capped
tube which was then put in a refrigerator or on ice packs.
Laboratory technicians brought the swabs to room temperature before centrifuging at 1252 x g for 15 min. All
samples were processed and stored at − 20 °C within
24 h of collection and shipped to the USDA Agricultural
Research Service Western Human Nutrition Research
Center (Davis, CA) for lab analysis. We analyzed the
saliva samples in duplicate using Salimetrics Expanded
Range High Sensitivity Salivary Cortisol Enzyme Immunoassay Kit (Salimetrics, State College, PA), which can
detect cortisol concentrations ranging from 0.193 to
82.8 nmol/L. The intra- and inter-assay coefficients of
variation were 4.4 and 7.8%, respectively.
Trained data collectors interviewed women at enrollment about sociodemographic characteristics, household
assets, food security, and mode of delivery, and trained
anthropometrists measured maternal weight and height
and infant birthweight. A phlebotomist collected blood
samples by venipuncture at enrollment and 36 wk. gestation and assayed malaria parasitemia with a rapid
test (Vision Biotech, South Africa) in peripheral blood.
Remaining blood samples were centrifuged at 1252×g
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for 15 min and plasma samples were stored at − 20 °C
and shipped to the USDA ARS Western Human Nutrition Research Center (Davis, CA) where lab technicians
measured alpha-1-acid glycoprotein (AGP) and C-reactive protein (CRP) concentrations using a Cobas Integra
400 plus Automatic Analyzer (Roche Diagnostic Corp.,
Indianapolis, IN). The inter- and intra-assay coefficients
of variation for these assays were: AGP intra-assay: < 3%,
AGP inter-assay: < 2%; CRP intra-assay: < 4%, CRP interassay: < 1%.
Statistical analysis

We tested variables for normality using the Shapiro–Wilk
test and log transformed cortisol, AGP, and CRP. We
used linear regression models to examine the association
between salivary cortisol concentration (at each of the 3
time points, enrollment, 28 wk. and 36 wk. gestation, as
well as the change in cortisol between enrollment and
36 wk) and pregnancy duration, with p < 0.05 to indicate
statistical significance. Cortisol and pregnancy duration were analyzed as continuous variables and model
assumptions were checked using standard regression
diagnostics for linearity, leverage, and influence. Because
cortisol was log transformed, the decrease in pregnancy
duration (wk) was calculated for an x percent increase in
cortisol concentration by multiplying the coefficient by
log(1.x). Poisson regression was used to estimate relative
risk for preterm delivery (< 37 wk. gestation) for women
with high cortisol, with p < 0.05 to indicate statistical significance. Because there is no established clinical definition of high cortisol during pregnancy, we assessed three
common cutoffs used in such situations (highest quartile, highest quintile, top 10%) to examine the association
between high cortisol and preterm delivery. If there was a
significant association with more than one of those cutoffs, we used the lowest of those cutoffs in order to maximize sample size in the “high cortisol” subgroup. Preterm
delivery was examined only with respect to cortisol
measured at enrollment and 28 wk. gestation because
many preterm births occurred before the 36 wk. saliva
sample was collected.
For adjusted analyses, we considered covariates for
inclusion in the model if they were significantly (p < 0.1)
associated with the outcome in bivariate analyses. Based
on previous literature, variables identified a priori as
potential covariates were gestational age at enrollment,
maternal age, parity (nulliparous vs. parous), marital status, education level, household food insecurity, household asset index, season at enrollment (dry vs wet),
maternal height, infant sex, twin pregnancy, time since
waking, and time since last meal. Household food insecurity was measured using a 9-item scale with responses
ranging from 0 to 3. Scores were summed up to obtain a
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final score which ranged from 0 (no food insecurity) to
27 (every food insecurity condition occurs often) [27].
We created the household asset index based on lighting
source, drinking water supply, sanitation facilities, flooring materials, radio, television, refrigerator, cell phone,
and stove using principal components analysis [28].
The multivariable models examining 28 wk. and 36 wk.
salivary cortisol concentrations were also adjusted for
assigned supplement group. Because the inflammatory
markers (AGP and CRP) are strongly related to cortisol,
but the causal pathway is indeterminate, we conducted
adjusted analyses with and without adjustment for AGP
and CRP and present both adjusted models. We also conducted a sensitivity analysis with and without twin pregnancies included in the analysis. We identified maternal
age, parity, and fetal sex a priori as potential effect
modifiers based on previous literature and performed
stratified analyses for significant interactions (p-for-interaction < 0.1). All analyses were performed using SAS 9.4
(SAS Institute, Cary, NC).

Results
Of the 1320 women enrolled in the trial, 783 women
were included in this cohort study (Fig. 1). A single
morning saliva sample was collected from 783 women
at baseline, 741 women at 28 wk., and 658 women at 36
wk. All women had a baseline saliva sample. Approximately 80.3% had saliva samples at all three timepoints,
13.8% had only the baseline and 28 wk. saliva samples,
3.2% had only the baseline and 36 wk. saliva samples,
and 2.7% had only the baseline saliva sample. Included
women were similar to excluded women in baseline
characteristics (Table 1) and had a mean ± SD age of
26.6 ± 5.4 years, a mean BMI of 24.8 ± 4.6 kg/m2, and a

Fig. 1 Study participant flow chart
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Table 1 Characteristics of iLiNS-DYAD trial participants at
≤20 weeks gestation who were included in or excluded from the
current cohort study
Mean ± SD or n/n (%)

Maternal age (y)

Included
(n = 783)

Excluded
(n = 537)

p

26.6 ± 5.4

26.9 ± 5.7

0.406

Nulliparous (%)

260/783 (33.2%) 186/537 (34.6%) 0.589

Total school years completed
(y)

7.6 ± 3.4

7.7 ± 3.9

0.709

Married (%)

720/783 (92.0%) 504/537 (93.9%) 0.263

Gestational age (wk)

16.1 ± 3.0

16.1 ± 3.7

0.851

Twin pregnancy (%)b

15/783 (1.9%)

7/457 (1.5%)

0.619

BMI (kg/m2)

24.8 ± 4.6

24.8 ± 4.5

Male fetus (%)a

Anemia (%, Hb < 100 g/L)

372/783 (47.5%) 189/376 (50.3%) 0.379

112/783 (14.3%) 73/537 (13.6%)

0.939
0.715

Positive malaria test (%)

74/783 (9.5%)

60/536 (11.2%)

0.303

Cortisol, nmol/L

4.9 ± 2.7

4.5 ± 2.2

0.147

AGP, g/L
CRP, mg/L
a

0.65 ± 0.21

7.2 ± 11.5

0.65 ± 0.22

6.6 ± 11.7

0.916
0.336

Based on infant sex at birth; missing data among excluded women (n = 161)
due to either miscarriage or loss to follow-up

b

Based on ultrasound or determined at birth; missing data among excluded
women (n = 80) due to either miscarriage or loss to follow-up

malaria prevalence of 9.5%. Mean pregnancy duration
was 39.4 ± 1.8 wk. and 6.6% of women had a preterm
delivery. Mean maternal cortisol increased throughout pregnancy, from 4.9 ± 2.7 nmol/L at baseline to
6.4 ± 3.2 nmol/L at 28 wk. and 7.9 ± 3.0 nmol/L at 36
wk. gestation. The mean birthweight was 3035 ± 439 g
and 17.3% of births were delivered by caesarean section.
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Overall, a higher salivary cortisol concentration at
all three timepoints in pregnancy was associated with
a shorter pregnancy duration (Table 2). The association was strongest with cortisol measured at baseline
and 28 wk. gestation, with a pregnancy duration that
was approximately 1.2 days shorter with a 50% increase
in cortisol, after adjusting for covariates. At 36 wk. gestation the association was weaker but still significant,
with a pregnancy duration that was 0.8 days shorter with
a 50% cortisol increase. When models were additionally
adjusted for the inflammatory biomarkers AGP and CRP,
the association with cortisol measured at 36 wk. gestation
became nonsignificant (p = 0.084), but the associations
with cortisol measured at baseline and 28 wk. gestation
remained significant. Change in cortisol from baseline to
36 wk. was not associated with pregnancy duration.
Of the three cutoffs for high cortisol we examined (top
quartile, top quintile, top 10%), the top quintile (above
the 80th percentile) and the top 10% for baseline cortisol were both associated with preterm delivery. We
used the cutoff of > the 80th percentile (baseline cortisol: > 6.3 nmol/L, 28 wk. cortisol: > 8.5 nmol/L) in subsequent analyses, as explained previously. Women with
high cortisol at baseline were twice as likely to have a

preterm delivery compared with women below the cutoff of 6.3 nmol/L (adjusted RR (95% CI): 1.96 (1.13, 3.40),
p = 0.017). This association was not significant at 28
wk. gestation (adjusted RR (95% CI): 1.03 (0.46, 2.29))
(Table 3).
In a sensitivity analysis, results did not differ when
women with twin pregnancies were included versus
excluded, so both twin and singleton pregnancies were
included in the dataset, with twin pregnancy included as
a covariate in adjusted analyses.
We tested for interactions and found fetal sex to be a
significant effect modifier of the association between cortisol and pregnancy duration (p-for-interaction = 0.037).
In adjusted analyses, maternal cortisol at any time point
was not significantly associated with pregnancy duration if women were carrying a female fetus, but cortisol
was significantly associated with pregnancy duration
at all 3 timepoints if women were carrying a male fetus
(Table 2). Among women carrying a female fetus, there
was no difference in preterm delivery risk with high cortisol concentration. However, among women carrying
a male fetus, the risk of preterm delivery was 3 times
higher if they had high cortisol at baseline (adjusted RR
(95% CI): 3.18 (1.51, 6.71), p = 0.002) (Table 3). There was

Table 2 Association between pregnancy duration and maternal salivary cortisol (nmol/L) measured at ≤20 wk., 28 wk., and 36 wk.
gestation a
Duration of gestation (wk)
n (%)

Unadjusted β coefficient
(95% CI)

P

Adjusted β coefficient
(95% CI), Model 1b

p

Adjusted β coefficient
(95% CI), Model 2c

p

All women
  
≤ 20 wk. log cortisol

783 (100%)

28 wk. log cortisol

741 (94.6%)

36 wk. log cortisol

658 (84.0%)

Change log c ortisold

654 (83.5%)

−0.43 (− 0.66, − 0.20)

−0.43 (− 0.67, − 0.19)

−0.25 (− 0.49, 0.00)
0.09 (−0.08, 0.27)

<.001
<.001
0.050
0.297

− 0.42 (− 0.66, − 0.17)

−0.44 (− 0.73, − 0.15)

−0.29 (− 0.54, − 0.02)
0.08 (−0.11, 0.27)

0.001
0.003
0.032
0.409

− 0.39 (− 0.64, − 0.14)

−0.49 (− 0.78, − 0.20)

−0.23 (− 0.49, 0.03)
0.07 (−0.12, 0.27)

0.002
0.001
0.084
0.447

Female fetal sex
  
≤ 20 wk. log cortisol

411 (100%)

−0.19 (− 0.51, 0.12)

− 0.37 (− 0.71, − 0.03)

0.233
0.031

− 0.25 (− 0.59, 0.09)

−0.37 (− 0.77, 0.04)

0.151
0.079

−0.24 (− 0.59, 0.10)

−0.37 (− 0.78, 0.04)

0.160

28 wk. log cortisol

389 (94.6%)

0.077

36 wk. log cortisol

338 (82.2%)

0.20 (− 0.11, 0.51)

0.212

0.12 (− 0.21, 0.45)

0.468

0.11 (− 0.22, 0.43)

0.525

Change log c ortisold

338 (82.2%)

0.21 (−0.02, 0.44)

0.073

0.19 (−0.05, 0.43)

0.123

0.19 (−0.06, 0.43)

0.129

Male fetal sex
  
≤ 20 wk. log cortisol

a

372 (100%)

28 wk. log cortisol

348 (93.5%)

36 wk. log cortisol

316 (84.9%)

Change log c ortisold

316 84.9%)

−0.68 (− 1.02, − 0.34)

−0.50 (− 0.84, − 0.16)

−0.82 (− 1.20, − 0.43)
− 0.04 (− 0.32, 0.24)

<.001
0.004
<.001
0.775

−0.61 (− 0.97, − 0.25)

−0.44 (− 0.85, − 0.03)

−0.85 (− 1.26, − 0.44)
−0.04 (− 0.35, 0.27)

0.001
0.037
<.001
0.795

−0.57 (− 0.93, − 0.20)

−0.52 (− 0.93, − 0.10)

−0.74 (− 1.15, − 0.32)
−0.05 (− 0.37, 0.26)

0.003
0.016
0.001
0.752

Associations are presented for log-transformed cortisol concentrations. The decrease in pregnancy duration can be calculated for an x percent increase in cortisol
concentration by multiplying the coefficient by log(1.x). E.g., for a 50% increase in cortisol at ≤20 wk. using Model 1, there is a decrease in pregnancy duration by
− 0.42*log(1.50) = − 0.17 wk., or − 1.2 days

b

Model 1 adjusted for supplementation group, gestational age at enrollment, parity, maternal age, education, food insecurity, asset index, BMI, fetal sex, twin
pregnancy, time between waking and saliva collection, and time between last food or drink (except water) and saliva collection

c

Model 2 adjusted for all variables in Model 1, plus AGP and CRP

d

Change between ≤20 wk. and 36 wk. cortisol concentrations
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Table 3 Risk of preterm delivery for pregnant women with high cortisol during pregnancy
Cortisol, nmol/L

Cases (%)

Unadjusted RRa (95% CI)

≤6.3

34 (5.5)

1

> 6.3

18 (11.3)

2.07 (1.21, 3.58)

≤8.5

38 (6.4)

1

> 8.5

9 (6.5)

1.02 (0.50, 2.06)

≤6.3

21 (6.4)

1

> 6.3

7 (8.3)

1.30 (0.57, 2.95)

≤8.5

22 (6.8)

1

> 8.5

4 (6.0)

0.87 (0.31, 2.45)

≤6.3

13 (4.4)

1

> 6.3

11 (14.7)

3.35 (1.56, 7.18)

≤8.5

16 (5.8)

1

5 (6.9)

1.19 (0.45, 3.16)

p

Adjusted RRb (95% CI)

p

All women
Baseline
28wk

1
0.008

1.96 (1.13, 3.40)

0.017

1
0.958

1.03 (0.46, 2.29)

0.946

Female fetal sex
Baseline
28 wk

1
0.534

1.17 (0.50, 2.74)

0.714

1
0.800

1.16 (0.35, 3.81)

0.807

Male fetal sex
Baseline
28 wk

> 8.5

a

1
0.002

3.18 (1.51, 6.71)

0.002

1
0.715

0.86 (0.26, 2.89)

0.812

Relative risk

b

Adjusted for supplementation group, gestational age at enrollment, parity, maternal age, education, food insecurity, asset index, BMI, fetal sex, twin pregnancy, time
between waking and saliva collection, time between last food or drink (except water) and saliva collection, AGP at enrollment, CRP at enrollment

no significant association between preterm delivery and
cortisol at 28 wk. gestation among women carrying male
fetuses, and no other interactions were significant.

Discussion
In this cohort study of pregnant women in Ghana, we
tested the hypothesis that higher maternal cortisol during
pregnancy would be associated with a shorter pregnancy
duration and a higher risk of preterm delivery. We found
that higher cortisol in early and mid-pregnancy, but not
late pregnancy, was associated with a shorter pregnancy
duration and high cortisol at baseline was associated with
an increased risk of preterm delivery. When this association was further examined by fetal sex, the association
was evident only among women carrying male fetuses.
If a woman was carrying a female fetus, having high cortisol did not increase her risk of preterm delivery. If a
woman was carrying a male fetus, having high cortisol at
baseline increased her risk of preterm delivery by threefold. Additionally, we found all associations were maintained even after adjusting for AGP and CRP, supporting
higher cortisol as an independent risk factor for shorter
pregnancy duration and preterm delivery, regardless of
inflammation.
Our results are consistent with numerous studies conducted in high-income countries reporting that high
cortisol is associated with preterm birth [4]. However,
none of these studies examined whether the association
was modified by fetal sex. In our previous study among
pregnant women in Malawi, we also showed that higher

cortisol was associated with a shorter pregnancy duration (though not preterm birth), but fetal sex was not an
effect modifier [10]. Women in the Malawi study had a
mean BMI of 22 kg/m2, an average of 4 years of completed
school, and a malaria prevalence of 22%, which is double
the malaria prevalence in the current study. Additionally,
although women in the Malawi study were a cohort from
a similarly designed nutrition supplement trial that was
conducted in parallel to the present study, the Malawi
trial included adolescents 15–17 years of age and HIV
positive women while the present study did not. Thus,
the lack of an effect modification by fetal sex in Malawi
may be due to differences between the study populations.
For example, malaria during pregnancy and < 18 years of
age are both risk factors for preterm delivery [29, 30]. It is
possible that with these factors contributing to the risk of
preterm delivery in Malawi, the association with cortisol
is less prominent and the effect modification by fetal sex
is either not present or masked.
While this is the first study to report fetal sex as a
modifier of the association between cortisol and preterm delivery, other research is supportive of our results.
DiPietro et al. measured maternal salivary cortisol concentrations weekly during pregnancy starting at 24 wk.
gestation and found it varied according to fetal sex, with
women carrying male fetuses having higher cortisol
from 24 to 30 wk. gestation compared to women carrying female fetuses [31]. Additionally, male fetal sex is a
risk factor for preterm birth and multiple mechanisms
have been proposed to explain this relationship [32]. One
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potential mechanism relates to the placental 11β hydroxysteroid dehydrogenase (11βHSD-2) enzyme, which converts active cortisol from the maternal bloodstream into
its inactive form before it enters fetal circulation. Some
research has shown that placental 11βHSD-2 activity is
higher in female fetuses, which would result in lower cortisol exposure for female fetuses [33]. Fetal cortisol stimulates the hormonal pathway that results in increased
maternal plasma concentrations of estrogen and oxytocin, key hormones involved in the development of contractions. Therefore, if the male fetus has more exposure
to cortisol, this could result in a shorter pregnancy duration. This would explain why there was not an association
among women carrying female fetuses. If the placentae
of female fetuses are better able to deactivate maternal
cortisol, high maternal cortisol would have less impact
on pregnancy duration among women carrying female
fetuses.
Strengths of this study include a large study population
with cortisol measured at three different time points during pregnancy. In addition, our study measured a large
number and variety of potentially confounding variables,
enabling us to better determine the association between
cortisol and pregnancy duration by controlling for these
variables in adjusted analyses. However, an important
limitation is that at each time point in pregnancy, we only
have a single measurement of cortisol. The current gold
standard is to take several cortisol samples throughout
the day at standardized times over the course of 2 days.
However, this was not feasible in the present study.
Previous studies suggest that one salivary sample collected during the morning is adequate for differentiating
women as having high or low cortisol [34]. By not taking
multiple measurements of cortisol, our results are biased
towards the null, and thus our reported associations may
underestimate the magnitude of the association between
cortisol and pregnancy duration. Additionally, we do not
have data on what proportion of the preterm births were
spontaneous versus iatrogenic. Lastly, a small number of
women had their gestational age determined by fundal
height instead of ultrasound. However, we do not expect
these women to be systematically different from the rest
of the cohort in terms of cortisol or the risk of preterm
birth and their inclusion maintains an analysis that is as
reflective of the whole study sample as possible.

birth has become a critical component of reducing the
mortality rate in children under 5 years of age, particularly in lower- and middle-income countries, these results
advance our understanding of the association between
cortisol and preterm birth. We recommend that future
studies on this subject include examination of fetal sex as
a potential effect modifier.

Conclusions
We conclude that high cortisol in early pregnancy
increases the risk of preterm delivery in our study setting
in Ghana, as is the case in other types of populations. In
our cohort, this increased risk of preterm delivery was
evident predominantly among women carrying male
fetuses, which is a novel finding. As reducing preterm

Consent for publication
Not applicable.

Abbreviations
11βHSD-2: 11β hydroxysteroid dehydrogenase; AGP: Alpha-1-acid glycopro‑
tein; BMI: Body mass index; CRP: C-reactive protein; CRH: Corticotropin-releas‑
ing hormone; HPA: Hypothalamic-pituitary-adrenal; LNS: Lipid-based nutrient
supplement.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12884-022-05061-8.
Additional file 1.
Acknowledgements
We thank Lacey Baldiviez and Setti Shahab-Ferdows for conducting the CRP
and AGP analyses, Mary Arimond for iLiNS Project management, and Charles
Arnold for providing statistical advice.
Authors’ contributions
BMO conceived of the sub-study design, conducted the statistical analysis and
cortisol lab analysis, and wrote the paper; BMO, KDL, CPS, and KGD designed
the sub-study; SA-A and HO conducted the research; PA, AL, and KGD
designed the overall study; BMO and KGD had primary responsibility for final
content. All authors provided feedback on the draft manuscript and have read
and approved the final manuscript.
Funding
This publication is based on research funded by a grant to the University of
California, Davis from the Bill & Melinda Gates Foundation. The findings and
conclusions contained within are those of the authors and do not necessarily
reflect positions or policies of the Bill & Melinda Gates Foundation.
Availability of data and materials
All data generated or analysed during this study are included in this published
article and its supplementary information files.

Declarations
Ethics approval and consent to participate
All the procedures performed in this study were in full compliance with the
1964 Helsinki Declaration and its later amendments or comparable ethical
standards and all methods were performed in accordance with the relevant
guidelines and regulations. The Institutional Review Boards of the University
of California, Davis; the Noguchi Memorial Institute for Medical Research, Uni‑
versity of Ghana; and the Ghana Health Service approved the study protocol,
and the trial was registered at clinicaltrials.gov (NCT00970866). All participants
provided signed or thumb-printed informed consent.

Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Nutrition and Food Sciences, University of Rhode Island, King‑
ston, RI 02881, USA. 2 Department of Nutrition and Food Science, University

Oaks et al. BMC Pregnancy and Childbirth

(2022) 22:727

of Ghana, Accra, Ghana. 3 Center for Child, Adolescent and Maternal Health
Research, Faculty of Medicine and Health, Technology, Tampere University,
Tampere, Finland. 4 Department of Pediatrics, Tampere University Hospital,
Tampere, Finland. 5 USDA Western Human Nutrition Research Center, Davis,
CA, USA. 6 Department of Nutrition, University of California, Davis, CA, USA.
7
Department of Nutritional Sciences, Oklahoma State University, Stillwater,
OK, USA.
Received: 24 February 2022 Accepted: 13 September 2022

References
1. Perin J, Mulick A, Yeung D, Villavicencio F, Lopez G, Strong KL, et al. Global,
regional, and national causes of under-5 mortality in 2000-19: an updated
systematic analysis with implications for the sustainable development
goals. Lancet child Adolesc Health. 2021;6:11–7.
2. Goldenberg RL, Culhane JF, Iams JD, Romero R. Preterm birth 1 - epidemi‑
ology and causes of preterm birth. Lancet. 2008;371:75–84.
3. Chawanpaiboon S, Vogel JP, Moller A, Lumbiganon P, Petzold M, Hogan
D, et al. Global, regional, and national estimates of levels of preterm birth
in 2014: a systematic review and modelling analysis. Lancet glob. Health.
2019;7(1):e37–46.
4. Giurgescu C. Are maternal cortisol levels related to preterm birth? J
Obstet Gynecol Neonatal Nurs. 2009;38(4):377–90.
5. Sirianni R, Mayhew BA, Carr BR, Parker CR, Rainey WE. Corticotropinreleasing hormone (CRH) and urocortin act through type 1 CRH recep‑
tors to stimulate dehydroepiandrosterone sulfate production in human
fetal adrenal cells. J Clin Endocrinol Metab. 2005;90:5393–400.
6. Chibbar R, Wong S, Miller FD, Mitchell BF. Estrogen stimulates oxytocin
gene-expression in human chorio-decidua. J Clin Endocrinol Metab.
1995;80:567–72.
7. Ruiz RJ, Pickler RH, Marti CN, Jallo N. Family cohesion, acculturation,
maternal cortisol, and preterm birth in Mexican-American women. Int J
Women’s Health. 2013;5:243–52.
8. Hoffman MC, Mazzoni SE, Wagner BD, Laudenslager ML, Ross RG. Meas‑
ures of maternal stress and mood in relation to preterm birth. Obstet
Gynecol. 2016;127(3):545–52.
9. García-Blanco A, Diago V, De La Cruz S, Verónica HD, Cháfer-Pericás C,
Vento M. Can stress biomarkers predict preterm birth in women with
threatened preterm labor? Psychoneuroendocrinology. 2017;83:19–24.
10. Stewart CP, Oaks BM, Laugero KD, Ashorn U, Harjunmaa U, Kumwenda C,
et al. Maternal cortisol and stress are associated with birth outcomes, but
are not affected by lipid-based nutrient supplements during pregnancy:
an analysis of data from a randomized controlled trial in rural Malawi.
BMC Pregnancy Childbirth. 2015;15:1–12.
11. D’Anna-Hernandez KL, Hoffman MC, Zerbe GO, Coussons-Read M,
Ross RG, Laudenslager ML. Acculturation, maternal cortisol, and
birth outcomes in women of Mexican descent. Psychosom Med.
2012;74(3):296–304.
12. Ling J, Robbins LB, Xu D. Food security status and hair cortisol among
low-income mother-child dyads. West J Nurs Res. 2019;41(12):1813–28.
13. Peterson LM, Stock ML, Monroe J, Molloy-Paolillo BK, Lambert SF.
Racial exclusion causes acute cortisol release among emerging-adult
African Americans: the role of reduced perceived control. J Soc Psychol.
2020;160(5):658–74.
14. Bosquet Enlow M, Sideridis G, Chiu YM, Nentin F, Howell EA, Le Grand BA,
et al. Associations among maternal socioeconomic status in childhood
and pregnancy and hair cortisol in pregnancy. Psychoneuroendocrinol‑
ogy. 2019;99:216–24.
15. Torpy DJ, Ho JT. Value of free cortisol measurement in systemic infection.
Horm Metab Res. 2007;39(6):439–44.
16. Sternberg EM. Neuroendocrine regulation of autoimmune/inflammatory
disease. J Endocrinol. 2001;169(3):429–35.
17. McLean M, Bisits A, Davies J, Woods R, Lowry P, Smith R. A placental clock
controlling the length of human pregnancy. Nat Med. 1995;1:460–3.
18. Hobel CJ, Dunkel-Schetter C, Roesch SC, Castro LC, Arora CP. Maternal
plasma corticotropin-releasing hormone associated with stress at 20
weeks’ gestation in pregnancies ending in preterm delivery. Obstet
Gynecol. 1999;180:S257–63.

Page 8 of 8

19. Romero R, Espinoza J, Gonçalves LF, Kusanovic JP, Friel L, Hassan S. The
role of inflammation and infection in preterm birth. Semin Reprod Med.
2007;25(1):21–39.
20. Shapiro GD, Fraser WD, Frasch MG, Séguin JR. Psychosocial stress in preg‑
nancy and preterm birth: associations and mechanisms. J Perinat Med.
2013;41(6):631–45.
21. Alhusen JL, Bower KM, Epstein E, Sharps P. Racial discrimination and
adverse birth outcomes: an integrative review. J Midwifery Womens
Health. 2016;61(6):707–20.
22. Lam JCW, Shields GS, Trainor BC, Slavich GM, Yonelinas AP. Greater
lifetime stress exposure predicts blunted cortisol but heightened DHEA
responses to acute stress. Stress Health. 2019;35(1):15–26.
23. Scime NV, Chaput KH, Faris PD, Quan H, Tough SC, Metcalfe A. Pregnancy
complications and risk of preterm birth according to maternal age: a
population-based study of delivery hospitalizations in Alberta. Acta
Obstet Gynecol Scand. 2020;99(4):459–68.
24. Cathey AL, Watkins DJ, Rosario ZY, Vega CMV, Mukherjee B, O’Neill MS,
et al. Gestational Hormone Concentrations Are Associated With Timing of
Delivery in a Fetal Sex-Dependent Manner. Front Endocrinol (Lausanne).
2021;15:12.
25. Adu-Afarwuah S, Lartey A, Okronipa H, Ashorn P, Zeilani M, Peerson JM,
et al. Lipid-based nutrient supplement increases the birth size of infants
of primiparous women in Ghana. Am J Clin Nutr. 2015;101:835–46.
26. Oaks BM, Laugero KD, Stewart CP, Adu-Afarwuah S, Lartey A, Ashorn P,
et al. Late-pregnancy salivary cortisol concentrations of Ghanaian women
participating in a randomized controlled trial of prenatal lipid-based
nutrient supplements. J Nutr. 2016;146:343–52.
27. Coates J, Swindale A, Bilinsky P. Household food insecurity access scale
(HFIAS) for measurement of household food access: Indicator Guide (v 3).
FHI/FANTA; 2007.
28. Vyas S, Kumaranayake L. Constructing socio-economic status indi‑
ces: how to use principal components analysis. Health Policy Plan.
2006;21:459–68.
29. Kawakita T, Wilson K, Grantz KL, Landy HJ, Huang C, Gomez-Lobo V.
Adverse maternal and neonatal outcomes in adolescent pregnancy. J
Pediatr Adolesc Gynecol. 2016;29(2):130–6.
30. Vogel JP, Lee ACC, Souza JP. Maternal morbidity and preterm birth in 22
low- and middle-income countries: a secondary analysis of the WHO
Global Survey dataset. BMC Pregnancy Childbirth. 2014;14:56.
31. DiPietro JA, Costigan KA, Kivlighan KT, Chen P, Laudenslager ML. Maternal
salivary cortisol differs by fetal sex during the second half of pregnancy.
Psychoneuroendocrinology. 2011;36:588–91.
32. Challis J, Newnham J, Petraglia F, Yeganegi M, Bocking A. Fetal sex and
preterm birth. Placenta. 2013;34(2):95–9.
33. Stark MJ, Wright IMR, Clifton VL. Sex-specific alterations in placental
11beta-hydroxysteroid dehydrogenase 2 activity and early postnatal clini‑
cal course following antenatal betamethasone. Am J Physiol Regul Integr
Comp Physiol. 2009;297(2):510.
34. Frith AL, Naved RT, Persson LA, Frongillo EA. Early prenatal food supple‑
mentation ameliorates the negative association of maternal stress with
birth size in a randomised trial. Matern Child Nutr. 2015;11:537–49.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

