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Abstract

Objective—We hypothesized second trimester serum cortisol would be higher in spontaneous 

preterm births compared to provider-initiated (previously termed ‘medically indicated’) preterm 

births.

Study design—We used a nested case-control design with a sample of 993 women with live 

births. Cortisol was measured from serum samples collected as part of routine prenatal screening. 

We tested whether mean adjusted cortisol fold-change differed by gestational age at delivery or 

preterm birth subtype using multivariable linear regression.

Result—An inverse association between cortisol and gestational age category (trend p=0.09) was 

observed. Among deliveries prior to 37 weeks, the mean adjusted cortisol fold-change values were 

highest for preterm premature rupture of the membranes (1.10), followed by premature labor 

(1.03) and provider-initiated preterm birth (1.01), although they did not differ statistically.

Conclusion—Cortisol continues to be of interest as a marker of future preterm birth. 

Augmentation with additional biomarkers should be explored.
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Prematurity affects more than 1 in 10 babies born globally, and is the second leading cause 

of death in children under 5 years.1 For many years, researchers have examined a range of 

biomarkers collected in pregnancy that were hoped to reliably predict some of the variance 

in risk of preterm birth or elucidate underlying biologic pathways. Cortisol is a hormone that 

is critical in fetal development and organ maturation,2 and it is the end product of the 

hypothalamic pituitary adrenal (HPA) axis, and thus is stress responsive. Maternal cortisol 

levels during pregnancy have been studied in saliva, plasma and hair, and thus far have been 

inconsistently associated with premature delivery.3–7 In a recent study examining cortisol in 

hair in each trimester, gestational age at delivery was negatively associated with second 

trimester cortisol, but not first or third.4 Similar findings were reported previously by 

Sandman and colleagues, where cortisol levels at 15 weeks of gestation predicted preterm 

birth, but not cortisol measured at later time points.8 A study in 646 women did not find any 

association between plasma cortisol measured at 24-26 weeks and spontaneous preterm 

birth.5 Another study found a positive association between hair cortisol (collected at 

delivery) and gestational age at delivery; however, authors note that the late collection may 

have primarily measured the strong natural rise in cortisol at the end of pregnancy, obscuring 

associations.6 Some of the heterogeneity in findings may be due to the timing of sample 

collection. One hypothesis supporting increased sensitivity to cortisol in the second trimester 

is that the fetus is relatively protected from maternal psychobiologic environment in the first 

trimester due to low maternal blood flow to the placenta and a small placental volume.4,9 In 

the third trimester, the HPA axis displays diminished responsiveness to exogenous 

corticotropin releasing hormone (CRH) challenge,10 potentially due to significantly higher 

function of the cortisol metabolizer 11β-hydroxysteroid dehydrogenase type 2 (11βHSD2), 

or reduced capacity of the maternal adrenal cortex, which is already producing high levels of 

cortisol in the third trimestser.4,11,12 A review of 15 studies of cortisol and preterm birth 

concluded that the majority of studies with samples prior to 23 weeks of gestation found 

relationships between cortisol and preterm birth, while analyses of samples collected later in 

pregnancy were not as consistent.7

Another area not well documented is whether cortisol is associated with spontaneous versus 

provider-initiated preterm birth subtypes. Provider-initiated preterm birth (previously 

referred to as ‘indicated’), accounts for 30-35% of preterm births. It includes delivery due to 

maternal or fetal factors such as congenital anomalies, maternal medical conditions (e.g., 

preeclampsia), and, fetal growth restriction.13,14 Spontaneous preterm birth includes 

premature labor (with intact membranes), accounting for 40-45% of preterm births, and 

preterm premature rupture of the membranes (PPROM), which accounts for 25-30% of 

preterm births.

In many cases of both premature labor and PPROM, inflammation or infection is believed to 

be involved in the underlying pathologic process.13,15–17 Inflammatory activation occurs 

during healthy parturition. Preterm labor, however, frequently entails early activation of 

these same processes, often on a larger scale, which at times may result from the bodies 

response to infection.17–19 Further, there are bi-directional associations between cortisol and 

inflammation. Pro-inflammatory cytokines IL-1β and TNF-α enhance production of 

placental CRH, a driver of cortisol, and down-regulate 11βHSD2,17 which could lead to 

higher cortisol levels. These and other inflammatory cytokines have been shown to be 
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elevated in asymptomatic women who went on to deliver preterm as early as 17-23 weeks of 

gestation,17,20 and have been described as key mediators of preterm labor.20 Asides from 

inflammation triggering increased cortisol, biobehavioral models of stress, infection and 

preterm birth have also postulated associations in the opposite direction. Wadhwa and 

colleagues hypothesized that maternal chronic stress, through cortisol, may modulate 

systemic and local immunity to increase susceptibility to intrauterine and fetal infections-

inflammatory processes. Among the direct mechanisms, this may occur through inhibition of 

production and response of lymphocytes to pro-inflammatory cytokines, and suppressing the 

differentiation of T-cells.18 Finally, further evidence for the association between stress and 

inflammatory cytokines was reported in the findings that elevated stress was related to IL-6, 

both in early and late pregnancy, and was also predictive of elevated IL-1β and IL-6 by 

stimulated lymphocytes in the 3rd trimester.19 Because of the bi-directional association 

between cortisol and inflammation/infection,21,22,19 we wanted to determine whether 

cortisol measured in the second trimester predicts the cause of a preterm delivery.

The frequency and morbidity associated with preterm deliveries warrants a continued 

research effort to identify early prenatal biomarkers that may signal a woman’s increased 

risk of any subtype of this outcome. Using a nested case-control design with a sample of 993 

live births in the state of California, we aimed to test two hypotheses. First, we hypothesized 

an inverse association between gestational age at delivery and second trimester serum 

cortisol levels. Second, among deliveries prior to 37 weeks, we hypothesized that due to 

unmeasured maternal stress, inflammation or infection, maternal serum cortisol would be the 

higher among spontaneous preterm births (both premature labor and PPROM) compared 

with provider-initiated preterm birth. Given the heterogeneity in causes of PPROM and 

premature labor, we chose to analyze these indications individually. Also, given the racial 

and ethnic disparities observed in both preterm birth23,24 and cortisol profiles,25 we further 

tested both of these aims taking into account race/ethnicity.

Methods

Source of the sample

From a cohort of 757,853 singleton live births in the state of California between 2009-2010, 

a nested case-control study of 993 live births was created. All women had a first trimester 

ultrasound and had a second trimester serum marker test done as part of routine prenatal 

screening for aneuploidies and neural tube defects done by the California Genetic Disease 

Screening Program (n = 241 000). Candidate cases and controls all had a record of a 15 to 

20 week second trimester serum sample that was banked by the California Biobank Program 

after it was used for routine screening (n = 77 604) and had detailed demographic and 

obstetric information in a linked hospital discharge birth cohort database maintained by the 

California Office of Statewide Health Planning and Development (OSHPD) (n = 61 339). A 

number of previous studies have leveraged data and screening results for women in this and 

other California cohorts.26,27 The final source set for this study included 4 025 singletons 

with births before 37 weeks, and 56 081 with births on or after 37 completed weeks through 

44 weeks. From this set, 500 terms births and 500 preterm births were selected with over-

sampling for births before 32 completed weeks gestation (n = 200). This sample included 
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196 women with deliveries before 32 weeks, 300 with deliveries between 32 and 36 weeks, 

and 497 with deliveries at or after 37 weeks, all with available serum samples. Serum 

samples for the remaining seven women were unavailable due to insufficient volume of 

sample or due to an inability to locate the specimen by the California Biobank Program.28 

Methods and protocols for the study were approved by the Committee for the Protection of 

Human Subjects within the Health and Human Services Agency of the State of California.

Cortisol

Sample metabolic profiling was performed by Metabolon, a commercial supplier of global 

metabolomic data.29 Samples were split into four extracts of approximately 25 ug; one for 

chromatography/mass spectrometry (LC/MS) in positive ionization mode, one for 

chromatography/mass spectrometry (LC/MS) in negative ionization mode, one for gas 

chromatography/mass spectrometry (GC/MS), and one aliquot was retained. LC/MS was 

performed on a Waters ACQUITY UPLC and a Thermo-Finnigan LTQ mass spectrometer, 

which consists of an electrospray ionization (ESI) source and linear ion-trap (LIT) mass 

analyzer. The sample extracts were analyzed under acidic positive and basic negative ion 

optimized conditions. Sample extracts designated for GC/MS analysis were analyzed on a 

Thermo-Finnigan Trace DSQ fast-scanning single-quadrupole mass spectrometer using 

electron impact ionization. Peaks were identified using Metabolon’s proprietary peak 

integration software. Compounds were identified by comparison to library entries of purified 

standards or recurrent unknown entities. Metabolon maintains a library based on 

authenticated standards that contains the retention time/index (RI), mass to charge ratio 

(m/z), and chromatographic data (including MS/MS spectral data) on all molecules present 

in the library. Data normalization was performed to correct variation resulting from 

instrument inter-day tuning differences.

In the data normalization process, a median normalization (to a value of 1.0) was performed 

to correct for variation from inter-day/inter-batch tuning differences. The fold change was 

calculated as the ratio of each observation scaled value to the median of 1.0. Cortisol values 

were slightly right (positive) skewed (skewness=0.93, Kurtosis=1.4, Shapiro-Wilk W=0.93, 

p<0.001). Transformation of the values by taking the square root reduced the right skew 

(skewness=0.24, Kurtosis=0.57, Shapiro-Wilk W=0.99, p<0.001). However, results were 

unchanged when estimated with the square root of the fold change; thus, for ease of 

interpretation, all results are shown as the untransformed values.

Gestational age at delivery, preterm birth subtype

Gestational age at delivery was categorized into <32 weeks (births at or prior to 32 weeks 0 

days) 32-36 weeks (births between 32 weeks 0 days and 36 weeks 6 days), 37-38 weeks 

(births at 37 weeks 0 days and 38 weeks 6 days), and >38 weeks (39 weeks 0 days and 

later). The first two categories are reflective of “very preterm birth” and “late preterm 

births.” Separating 37-38 weeks (“early term”) from >38 weeks accounts for the 

maturational heterogeneity that continues to occur through late gestation.30 For deliveries 

prior to 37 weeks, preterm birth subtype was defined as spontaneous preterm birth which 

included “premature labor” or “PPROM” analyzed separately, as coded in hospital discharge 

records by ICD-9 CM diagnosis. As described elsewhere,26 mothers delivering before 37 
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weeks receiving tocolytics based on hospital discharge records were also coded as having 

had a spontaneous preterm birth with premature labor. Preterm babies without a spontaneous 

preterm birth were considered to have a provider-initiated preterm birth if there was no 

spontaneous preterm birth and if there was a code for cesarean delivery or induction present 

in the hospital discharge file. If none of the codes for spontaneous or provider-initiated 

preterm birth were present in the hospital discharge files the baby was coded as having 

preterm birth with an unknown subtype.

Covariates

We relied on hypothesized causal models operationalized as directed acyclic graphs to select 

covariates a priori for multivariable adjustment from hospital discharge records and birth 

records. In final models, we included race/ethnicity, maternal pre-pregnancy weight, Medi-

Cal recipient status, and sex of the infant in models as potential confounders. Maternal pre-

pregnancy weight was missing in 30 samples (3%). We relied on single imputation by 

regressing weight on race/ethnicity, age, education and parity in order to calculate each 

woman’s predicted weight and used these values in instances of missing responses.

Statistical analyses

We first described the maternal and pregnancy characteristics by their frequency or mean 

values, both for the full sample and stratified by gestational age at delivery.

Gestational age at delivery and cortisol fold-change—To evaluate cortisol levels by 

gestational age category, we performed multivariable linear regression, with gestational age 

category as the predictor (with >38 weeks reference) and cortisol concentration as the 

outcome. We then abstracted the multivariable adjusted mean cortisol levels for each 

gestational age category from this model to present in a figure. Finally, we again performed 

multivariable linear regression with a continuous indicator variable for gestational age 

category to test for trend.

Gestational age at delivery and cortisol by race—To examine potential effect 

measure modification by race/ethnicity, the multivariable linear regression model was then 

stratified by each race/ethnicity, testing the association between gestational age category and 

cortisol level for each strata.

Preterm birth indication and cortisol fold-change—To estimate the association 

between cortisol and indication of preterm birth, we restricted the sample to those with 

deliveries prior to 37 weeks. We regressed cortisol on preterm birth subtype in multivariable 

linear regression, with provider-initiated deliveries serving as the reference group for 

PPROM and premature labor. Because very preterm birth (<32 weeks completed gestation) 

may have different underlying etiology than preterm deliveries between 32-36 weeks of 

gestation,26,31 we chose to further stratify the model by very preterm/preterm births.

Preterm birth indication and cortisol fold-change by race/ethnicity—To examine 

heterogeneity by race/ethnicity, we stratified the multivariable model by race/ethnicity, and 

again regressed cortisol level on the categorical indication for preterm birth variable, with 

Bandoli et al. Page 5

J Perinatol. Author manuscript; available in PMC 2018 November 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



provider-initiated deliveries serving as the reference. We then abstracted each adjusted mean 

cortisol value for bar graphs in the figure.

All analyses were performed in SAS 9.4. A significance level of 0.05 was used for all 

analyses.

Results

Of the 991 births with complete data, 196 (19.8%) were delivered at less than 32 weeks of 

gestation, 300 (30.2%) were delivered between 32 and 36 weeks gestation, 165 (16.6%) 

were delivered between 37 and 38 weeks gestation, and 330 (33.3%) were delivered after 38 

weeks gestation (Table 1). On average, maternal serum samples were collected at 16.5 

weeks of gestation (range 15-20). Cortisol was not associated significantly with gestational 

age at sample collection (p=0.13). The median time lapse between second trimester serum 

collection and delivery was 20 weeks (range 4-26 weeks). Among births prior to 37 weeks, 

the median time lapse was 17 weeks (range 4-21 weeks).

Cortisol fold-change levels and gestational age

The multivariable adjusted mean cortisol value decreased with increasing categorical length 

of gestation (p for trend=0.09), however, in the full sample, the mean cortisol levels for each 

category of gestational length did not statistically differ from each other (Figure 1). When 

effects were stratified by race/ethnicity (Table 2), the same pattern of decreasing cortisol 

with increasing gestational age category was only observed among non-Hispanic White 

women. Among non-Hispanic White mothers, cortisol was significantly higher among 

women who gave birth at <32 weeks gestation relative to those who delivered after 38 weeks 

of gestation (standardized beta coefficient=0.14, 95% CI 0.01, 0.27). There were no other 

differences in cortisol levels by category of gestational age at delivery for any other race/

ethnicity groups.

Preterm birth subtype

In births prior to 37 weeks of gestation, cortisol fold-change values were generally highest 

for PPROM deliveries, followed by premature labor and provider-initiated preterm births; 

however, standardized beta coefficients did not statistically differ from the reference group 

(Table 3). When stratified by early (<32 weeks) and late (32-36 weeks) preterm birth, 

cortisol levels in provider-initiated deliveries were not statistically different than in the other 

two categories. Cortisol values by preterm birth subtypes for births prior to 37 weeks 

differed by race/ethnicity (Figure 2). Cortisol level in women with provider-initiated preterm 

births were significantly lower than those in women with PPROM in both non-Hispanic 

White and Black women, and significantly lower than Black women with premature labor. 

Cortisol did not differ by preterm birth subtype for any other race/ethnicity groups.

Discussion

Cortisol has been an inconsistent predictor of preterm birth in past research and our findings 

are no exception. We observed a marginally significant trend (p<0.10) for lower plasma 

cortisol with increasing gestational age, although the only statistically significant difference 
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was observed between the earliest and latest gestational age subgroups among non-Hispanic 

White women. When we limited births to deliveries prior to 37 weeks, cortisol levels 

appeared higher in both PPROM and premature labor indications compared to provider-

initiated deliveries; however, these differences were not statistically significant. In additional 

analyses stratified by race/ethnicity, cortisol levels were significantly higher in PPROM 

compared to provider-initiated deliveries among non-Hispanic White and Black women. 

This finding was not observed for Hispanics, Asians, or other race/ethnicities. Of note, 

exploratory analyses by race/ethnicity relied on small samples sizes, thus effect estimates 

may be unstable and would benefit from replication in larger samples.

The underlying causes of preterm delivery are assumed to be multifactorial.32 Our 

hypotheses that maternal cortisol levels may predict the timing of preterm birth and subtype 

relied on two rationales. First, premature labor may be an early activation of the normal 

labor process, which is influenced by fetal cortisol levels that stimulate a change in the 

progesterone/estrogen ratio at the time of parturition.13 Both maternal plasma and amniotic 

fluid cortisol have been shown to gradually increases from the 8th week of gestation to the 

36th week, with a steep rise through the onset of labor.33 Fetal cortisol concentrations of 

maternal origin are 10-fold lower than maternal levels, maintained through the expression of 

11βHSD2 in the placenta.34 However, elevated maternal plasma cortisol, which is further 

stimulated through the HPA axis by placental CRH, may lead to elevated cortisol exposure 

to the fetus, particularly in gestations with attenuated expression of 11βHSD2. Many factors 

have been associated with attenuated 11βHSD2 activity in humans and animal models, 

including stress, nutritional factors, environmental exposures, and elevated cortisol itself.
35–38 The resulting elevated fetal cortisol early in pregnancy may prematurely prompt 

mechanisms for parturition typically delayed until later in pregnancy. Our results showing an 

inverse marginal effect of maternal cortisol concentration with increasing gestational age 

support this thinking. Additionally, the cortisol concentrations, which were collected at a 

standard time in pregnancy, were measured an average of 17 weeks prior to preterm 

deliveries, reducing the likelihood that we were observing cortisol spikes associated with 

imminent labor or delivery. Interestingly, our samples collected in the second trimester 

correspond with a reported “sensitive period” with respect to timing of cortisol elevation and 

preterm delivery; however, without measures at other time points, we could not formally test 

this hypothesis.

The second rationale informing our hypothesis concerned preterm birth subtype. Many risk 

factors for spontaneous preterm birth– both for premature labor and PPROM – result in 

inflammation in the form of maternal systemic or local infections, tobacco use, stress, and 

immune disorders.13 As previously discussed, there is bi-directional cross-talk between 

inflammatory markers and cortisol. We therefore hypothesized that cortisol would be higher 

among both types of spontaneous preterm births compared to provider-initiated preterm 

births. Our results in the full sample of births prior to 37 weeks, and among non-Hispanic 

White women and Black women, supported this hypothesis; however, we did not observe 

this pattern among women of other race/ethnicity groups. It should be noted, however, that 

we did not have complete information on the reasons for provider-initiated preterm delivery, 

which may have also been inflammatory in nature and would be expected to diminish the 
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contrast with spontaneous or PPROM deliveries. Thus, future studies might be able to obtain 

such information and fine tune these analyses.

The underlying rationale for assessing the role of cortisol and preterm birth in previous 

studies is due to a large literature reporting an association between prenatal anxiety, 

depression or stress and the increased risk of preterm birth (reviewed in 201539). However, 

cortisol may be elevated for other reasons than psychological stress, including inflammation, 

obesity, physical inactivity, age, smoking, alcohol intake, and medical conditions.40–42 Thus, 

while it is important to understand the contribution from stress and the intact HPA axis, we 

chose to focus only on cortisol as opposed to upstream psychosocial predictors. By 

evaluating cortisol as a biomarker, particularly as it relates to preterm birth subtypes, we 

may be able to identify women at risk of preterm birth, as well as generate additional 

hypotheses to test in relation to the underlying mechanisms.

Although many studies have attempted to characterize the role of cortisol in preterm 

delivery, our study has unique strengths that add to the literature. The nested case-control 

study design allowed for a sufficient sample of very premature deliveries for analysis, which 

enabled us to study the differences with late preterm births. Additionally, cortisol was 

obtained from non-targeted metabolomics, which allow for reliable identification of small 

molecule biomarkers. Further, this is one of the few studies that has considered the role of 

cortisol in the indication for preterm delivery, which aims to elucidate underlying 

mechanisms and provide a biomarker that can be considered in routine clinical care. Our 

findings must be considered in light of the limitations. Our serum samples were collected 

throughout the day as part of routine prenatal screening, and are subject to variability of the 

natural circadian rhythm. Although we do not expect systematic bias in the time of sample 

collection, the fluctuations based on the timing of sample collection may attenuate results. 

Additionally, our sample had very few Black women, who are 49% more likely to deliver 

preterm compared with all other women.43 We were unable to adequately characterize 

cortisol in this high-risk group, and strongly support further investigation with larger 

samples. Lastly, we would have benefited from measures of CRH and placental 11βHSD2 to 

inspect the interplay with cortisol, as well as repeated measures, which were not available as 

we relied upon second trimester banked serum.

Preterm birth and the sequelae of prematurity can have sizable adverse effects on future 

health. In searching for early predictors of preterm birth, researchers aim both to identify 

those at increased risk, and to understand underlying pathways of this multifactorial 

outcome. Our findings that support the role of cortisol as a biomarker for both timing and 

indication of delivery could be refined by models that incorporate in other biomarkers and 

multiple time points for trajectory analysis. Ultimately, the refinement of these predictive 

markers may allow for early identification and intervention of this intractable outcome.
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Figure 1. 
Adjusted mean cortisol by gestational age at delivery. Models adjusted for race/ethnicity, 

maternal weight, Medi-Cal recipient, and sex of the infant.
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Figure 2. 
Adjusted mean cortisol levels by indication and race/ethnicity in births prior to 37 weeks of 

gestation. Models adjusted for maternal weight, Medi-Cal recipient, and sex of infant. 

Sample sizes reflective of complete case analysis. * indicates p<0.05.
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