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A B S T R A C T

Maintaining pregnancy to term is important as preterm delivery is a risk factor for impaired infant development,
which may have negative long-term consequences. Therefore, developing biomarkers that can predict pregnancy
longevity during early gestation is essential for the prevention of preterm birth. Here we explored whether
maternal hair testosterone and cortisol, representing the pre-conception and first trimester periods respectively,
may be used to predict pregnancy longevity. We recruited 125 pregnant women that contributed hair samples
and answered a personal information questionnaire that included pre-conception smoking. We quantified
steroids using commercial enzyme-linked immunosorbent assay kits. Gestational age at delivery was obtained
from medical records. We used General Linear Models to predict gestation length. The model that included first
trimester cortisol, pre-conception smoking, pre-conception testosterone and the interaction between first tri-
mester cortisol and pre-conception smoking predicted 13% of the variance in gestation length (R2 = 0.130;
n= 105; p= 0.007). First trimester cortisol was the best predictor of gestational length. Women with high
levels of cortisol in their first trimester had an increased probability of a full-term delivery. The effect of cortisol
was especially pronounced in smokers (ß= 1.69), compared to non-smokers (ß= 0.45). Pre-conception tes-
tosterone also contributed to the model. Our study suggests that hair steroids may be used to predict pregnancy
longevity, together with other contributing factors.

1. Introduction

The first trimester of gestation is a sensitive and critical period for
teratogenic damage that may affect fetal development and pregnancy
longevity [1]. In recent years, there has also been growing awareness of
the importance of the pre-conception period. Women are encouraged to
prepare their bodies for pregnancy by avoiding alcohol, smoking, and
caffeine, and by supplementing their diet with vitamins to increase
their chances of conceiving a healthy, full-term baby [2]. Preterm birth,
prior to 37 weeks of gestation, is associated with maternal health
conditions prior to conception [3] and during pregnancy [4]. Risk
factors that are associated with preterm birth are obstetric history (e.g.,
previous preterm deliveries, short inter-pregnancy interval, multiple
pregnancies; [5–10]), anatomical characteristics (e.g., short cervix;
[6,8,11]), medical conditions [e.g., pre- and gestational diabetes mel-
litus [9,10], hypertension [11], asthma], lifestyle [e.g., smoking and
alcohol consumption pre- and during pregnancy [3,12,13], body mass
index (BMI; [14]), maternal stress [15], and depression [16]]. These

risk factors also influence the baby’s health, mortality, and morbidity
[4].

Since newborn outcomes are directly related to maternal health,
markers that provide information on maternal wellbeing may sig-
nificantly improve fetal condition. Such markers may include circu-
lating steroid hormone levels, which may be associated with maternal
health [17]. Maternal steroid concentrations have been shown to be
related to maternal lifestyle [18], which impacts pregnancy duration
[4]. For example, cortisol is a glucocorticoid that is released when the
hypothalamic-pituitary-adrenal (HPA) axis is stimulated [19]. Cortisol
plays multiple roles in metabolism (e.g., supporting glycogen break-
down; [20]), homeostasis (e.g., maintaining stable glucose levels in
blood; [20,21]), and acts as an anti-inflammatory agent [22]. During
pregnancy, cortisol plays a role in preparing the fetus for life outside the
womb by stimulating fetal maturation, lung development, and meta-
bolic processes [23]. Accordingly, cortisol rises during the first trime-
ster, and peaks between the second and third trimester [24]. In addition
to these supportive roles, cortisol is often associated with its role as an
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internal mediator of external stress [25,26]. It is linked to type 2 dia-
betes [27], decreased muscle tissue [28], reduced fertility [29], and
thyroid gland suppression [30]. Pregnant women in their first weeks of
gestation are advised to avoid exposure to stressors since chronic stress
might increase the possibility of preterm delivery due to high cortisol
levels that trigger high corticotropin releasing hormone (CRH) levels
[31]. Therefore, cortisol during early pregnancy may be negatively
associated with pregnancy continuation and length.

Another maternal steroid that is less studied in the context of
pregnancy, although its concentration increases throughout pregnancy,
is testosterone [32]. Testosterone is traditionally associated with men
since on the average, adult men have ten times the circulating con-
centrations of testosterone as adult women [33]. However, there are
vast individual differences in testosterone levels between women [34].
Women with higher testosterone levels were shown to be more prone to
infertility, preterm delivery, fetal loss, and low birth-weight fetuses
[35]. Fetal size has been associated with maternal testosterone in hu-
mans and other mammals in a negative dose-dependent manner via
downregulation of the specific amino acid transport activity, resulting
in deficient nutrient delivery to the fetus [36]. Maternal testosterone
levels have also been related to fetal sex [37], but most often testos-
terone is studied in the context of health and social conditions [38,39],
and may thus be a suitable indicator of the individual condition. Tes-
tosterone and cortisol are negatively associated in men so that high
cortisol levels suppress the hypothalamic–pituitary–gonadal (HPG) axis
[41]. In women, the relationship between the steroids is ambiguous
[41], and there is no information about their association during preg-
nancy.

Steroids are commonly measured in blood or urine, thus providing
data about circulating concentrations over the past minutes to hours.
Alternatively, hair-testing offers retrospective long-term information on
endogenous and exogenous substances. It also allows segmentation to
historic periods [42–44]. Hair growth rates vary between 0.6–1.4 cm
per month, depending on individual physiological and environmental
factors [43,45]. Hence, studies have generally used the mean rate of
1 cm per month to target specific time points via segmentation [43].
Pregnant women’s hair may carry information about integrated circu-
lating steroid levels during the first trimester, and as far back as the pre-
conception period [45]. Previous studies highlighted hair cortisol as a
reliable marker of stress in humans [46]. However, how steroids in-
tegrate or how they proceed along the hair shaft is still unknown. There
are several hypotheses concerning the source and method of steroid
incorporation in hair. These include active or passive diffusion from the
blood into growing cells in the hair follicle, diffusion through body
secretions (sweatandsebaceousglands,[47]), local synthesis by the hair
follicle [48], and environmental factors following hair growth [49]. It is
also possible that different steroids integrate through diverse routes
[44].

In this study, we tested whether steroids that have been shown to be
predictive of the maternal condition, namely cortisol and testosterone,
integrated over the first trimester and prior to conception, respectively,
can predict pregnancy length. We also included adverse maternal life-
style (i.e., smoking) in our models to account for a possible chronically
stressful health challenge. We hypothesized that elevated cortisol and
testosterone levels would reflect adverse maternal conditions, and that
high levels of these steroids, in combination with adverse maternal
lifestyle, would be associated with preterm delivery.

2. Methods

2.1. Ethics statement

The study protocol was approved by the Rabin Medical Center
Ethics (Helsinki) Committee (permit number: 0516-13-RMC). Informed
consent was obtained from all participants.

2.2. Subjects

In the current study, 125 pregnant women were recruited during
April-November 2014 from several hospital units at the Helen
Schneider Hospital for women of the Rabin Medical Center in Petah-
Tikva, Israel: ultrasound, maternal-fetal medicine, labor and delivery.
Inclusion criteria were: women that were older than 18 years old, who
completed first trimester, and subsequently delivered singletons.
Exclusion criteria were: history of all mental or psychological disorders,
language challenges that prevented completion of the questionnaire,
consumption of antidepressant drugs, anxiety, or mood stabilizers in
the past or during pregnancy, and fetal structural or genetic deficiency.
Each woman was asked to sign an informed consent form, to complete a
personal information questionnaire, and allow collection of a hair
sample. The study was anonymous; each subject received a serial
number for the questionnaire and hair sample. We extracted smoking
status (2-month pre-conception) from the personal information ques-
tionnaire (binary yes/no). Additional information was obtained from
the medical records, including: maternal age, BMI, birth process and
pregnancy outcome, as well as maternal and neonatal medical condi-
tions, and gestational age (weeks) at birth.

2.3. Hair-testing

Hair strands from the back of the head were tied with an elastic
band and cut as close to the scalp as possible with sterile scissors
(Fig. 1). Cut samples were masking taped to a piece of paper indicating
its proximal end. Paper was folded into an envelope. In the laboratory,
we used our published protocols [50] for extraction and measurement
of steroid hormones from hair. Briefly, hair samples were placed in a
petri dish (Romical Ltd., Beer Sheva, Israel) and washed twice with
isopropanol while mixing on an orbital rotator for 3min. Then iso-
propanol was decanted, and hair samples were covered with Kim wipes
and left on top of a table to dry overnight. Next, hair samples were
segmented in two sections: pre-conception and first trimester, 2 cm and
3 cm respectively (Fig. 1). The appropriate segments were collected
taking into account gestational age at the time of hair collection, a 2
week (0.5 cm) confidence factor when hair grows under the scalp, the
length of the collected hair segment, and the average rate of hair
growth in humans; approximately 1 cm per month [43]. Each segment
was inserted into a vial with 2ml of methanol (Sigma–Aldrich Israel
Ltd., Rehovot, Israel), sonicated for 30min, and incubated overnight at
50 °C while shaking. The following day, all the methanol was trans-
ferred to a glass vial and evaporated to dryness under a stream of ni-
trogen at 45 °C using a Techne Sample Concentrator FSC496D.

Samples were reconstituted in 10% methanol and 90% assay buffer
provided by the kit manufacturer and steroids were quantified using
commercial competitive Enzyme-Linked Immunosorbent Assays
(ELISA; Salimetrics Europe, Newmarket, cat.no1-3002-5 for cortisol
and 1–2402 for testosterone, UK). For testosterone, the manufacturer
reported antibody cross reactivity of 36.4% with dihydrotestosterone,
21.02% with 19-nortestosterone, 1.9% with 11-hydroxytestosterone,
1.157% with androstenedione, and less than 0.49% with all other
steroids. For cortisol, reported antibody cross reactivity was 19.2% with
dexamethasone, and less than 0.568% with all other steroids. Cortisol
and testosterone were validated for pregnant women’s hair by ex-
amining parallelism with kit standards and linearity. Serial dilutions of
separate hair pools, consisting of> 20 random samples, all showed
parallelism with the provided kit standards (slope covariance P=0.15
and P=0.379 for cortisol and testosterone, respectively). Linearity was
demonstrated for pregnant women between 10–120mg of hair for
cortisol and 2–20mg hair for testosterone. We therefore used 11–60mg
of hair for cortisol and 10mg of hair for testosterone. Assay sensitivity
was 0.15 pg/mg hair for cortisol and 0.12 pg/mg hair for testosterone.
By measuring 6 replicate pool samples of pregnant women’s hair extract
on the same ELISA plate, we calculated intra-assay variability (CV;
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11.2% for cortisol and 6.68% for testosterone). By quantifying 4 sam-
ples of the same pool on 4 different plates over 4 days for cortisol and
quantifying 6 samples of the same pool across 15 different plates over
13 days for testosterone we calculated inter-assay variability (CV;
16.4% for cortisol and 12.39% for testosterone). Recovery was esti-
mated by the addition of a known amount of cortisol or testosterone
standard to the hair extract (80% for cortisol and 103.02% for testos-
terone).

2.4. Statistical analysis

Cortisol and testosterone levels were transformed due to abnormal
distribution using the log and Johnson Su transformations, respectively.
Generalized liner model (GLM) with the logit link function was used to
analyze the associations between first trimester hair cortisol, pre-con-
ception hair testosterone, maternal smoking two months pre-concep-
tion (binary yes/no), maternal age (years), fetal sex (binary female/
male), BMI, pregnancy length (weeks), previous births (binary yes/no),
physical activity (binary yes/no), alcohol and coffee consumption
(binary yes/no), thyroid disorders (binary yes/no), fertility treatments
(binary yes/no), polycystic ovaries (binary yes/no) and gestational
diabetes mellitus (GDM) (binary yes/no). Variables that were not sig-
nificant were removed from the model. Bivariate testing (Chi test, T-
test, correlation) was applied to evaluate variables’ relations. All the

Fig. 1. An example of hair segmentation for pre-conception and first trimester sections in a woman at 31 weeks of gestation. Considering 2 weeks of growth inside the
scalp, and an average growth rate of 1 cm per month, hair samples representing 2 months pre-conception and 3-month first trimester were segmented into 2 cm and
3 cm respectively.

Table 1
Study population characteristics (n= 125).

a.

Characteristics Mean ± SD Range

Age (years) 33.2 ± 4.5 23–43
Gestational length (weeks) 36.9 ± 3.3 25–41
Cortisol (pg/mg hair) 5.1 ± 7.9 0.15–50.45
Testosterone (pg/mg hair) 1.1 ± 1.0 0.12–6.30
Pre-conception BMI (score) 24.9 ± 5.4 16.5–43

b.

Characteristics N (% of total)

Fetal sex (male) 59 (47.2%)
Previous births 80 (64%)
Gestational diabetes mellitus (GDM) 28 (22.4%)
Polycystic ovaries 13 (11.2%)
Thyroid disorders 13 (10.4%)
Fertility treatments 26 (20.8%)
Pre-conception Smoking 31 (24.8%)
Pre-conception alcohol consumption 13 (11.2%)
Pre-conception physical activity 54 (43.2%)
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analyses were performed with JMP 12 (SAS Institute Inc. 1255)

3. Results

3.1. Descriptive analysis

Descriptive statistics are summarized in Table 1. Among 125 sin-
gleton births, 47.2% were males. Women’s age ranged between 23–43
years old (M=33.2, SD=4.5). Pregnancy length at sample collection
was between 17–41 weeks (M= 31.9, SD=6.5; corresponding to hair
segments 1.25–6 cm away from the first trimester) and delivery be-
tween and 25–41 weeks (M= 36.9, SD= 3.3). Preterm delivery, prior
to 37 weeks of gestation, was documented in 39% of women. For 64%
of the women, the current pregnancy was not their first. Hair cortisol
levels were M= 5.1, SD= 7.9 pg/mg hair and testosterone levels were
M= 1.1, SD= 1.0 pg/mg hair. Furthermore, 31% reported smoking
two months prior to conception. Mean subject BMI ± SD was
(M=24.9, SD= 5.4) with 39 missing values.

3.2. Findings

The model that included first trimester cortisol, pre-conception
smoking, pre-conception testosterone and the interaction between first
trimester cortisol and smoking, predicted 13.0% of the variance in ge-
station length (R2 =0.130; N=105; p= 0.007; Table 2). First tri-
mester cortisol was the best predictor of gestation length (Table 2).
Mothers with higher hair cortisol had longer gestations (Fig. 2). Non-
smokers had longer gestations (M= 37.3, SD= 0.4 weeks) than smo-
kers (M= 36.1, SD= 0.6 weeks). The interaction between maternal
pre-conception smoking and first trimester cortisol was marginally
significant (p= 0.05; Table 2). Estimated model slopes showed that
cortisol levels were more significant in smokers (ß= 1.69), compared
to non-smokers (ß=0.45). In other words, smokers that had higher
cortisol had longer pregnancies than those with lower cortisol (Fig. 2).
Pre-conception testosterone was involved in a negative manner, al-
though its association with pregnancy length was marginally significant
(p= 0.06; Table 2). There was a significant, weak association between
pre-conception testosterone and first trimester cortisol (R2= 0.16,
N= 106; p < 0.001). BMI, maternal age, previous births, physical
activity, alcohol and coffee consumption, thyroid disorders, fertility
treatments, polycystic ovaries, gestational diabetes mellitus and fetal
sex did not contribute to the model and were hence removed. We found
no evidence for the decline in steroids with time (i.e., washout effect) as
there was no relationship between the pregnancy week in which the
sample was collected and hair steroids (cortisol or testosterone).

4. Discussion

In this study, we evaluated the ability of hair steroids in segments
representing pre- and early gestation to predict pregnancy longevity.
Our findings were the opposite of our hypothesis, namely that hair
cortisol in the first trimester was positively associated with gestational
length so that women with higher hair cortisol levels had longer
pregnancies. We also found that hair testosterone during pre-concep-
tion may be involved in pregnancy length in a negative manner. The

positive effect of cortisol on pregnancy length was especially profound
in smokers.

Previous studies showed that hair cortisol levels during the third
trimester were higher in women who delivered at full term than those
who delivered preterm [51,52]. Perhaps since cortisol elevation
throughout pregnancy is well documented [24,26,53], most studies on
cortisol in pregnancy were conducted during the late stages of preg-
nancy. A study that compared cortisol between the three trimesters
found that third-trimester cortisol was a better predictor of pregnancy
length than first trimester cortisol [26]. In the current study, we found
that first trimester cortisol was a significant predictor of pregnancy
length. Early detection of pregnancy risks is important in order to
prevent early delivery and premature babies, which are exposed to
multiple adversities [2,54]. Although we found that high cortisol level
is conducive to full-term pregnancy, cortisol is often associated with
exposure to stressful events. Maternal stress during early and mid-ge-
station has been associated with preterm birth [55,56]. The mediator
may be placental corticotropin-releasing hormone, which is involved in
the timing of delivery [31]. On the other hand, low cortisol levels at the
beginning of pregnancy might inhibit its continuation [57]. Women
with a dysfunctional HPA axis that causes low cortisol levels have an
increased chance of infertility, infection, hyperemesis, and delivery
complications [57]. These women are often prescribed glucocorticoid
therapy before and around the time of conception [58]. Thus, gluco-
corticoids may support pregnancy through their role in maintaining
homeostasis [21] and by their anti-inflammatory effects [22], which
may be especially crucial in smokers. Smoking both before and during
pregnancy has been shown to harm the fetus and increase the chances
of preterm delivery [3,13]. Although we asked women whether they
smoked two months prior to conception, and we lack information on
how many cigarettes they smoked or whether they continued smoking
throughout the pregnancy, studies show that either condition is mala-
daptive and can be equally harmful [3,13]. Smokers have been shown
to have elevated adrenocorticotropic hormone (ACTH), and conse-
quently, cortisol levels [18]. Heavy smokers are further prone to hy-
percortisolism, which is reflected by elevated basal cortisol [18]. Our
findings suggest that these high cortisol levels may have an important
protective effect on pregnancy length in smokers.

In our model, we also included pre-conception testosterone and

Table 2
Parameter estimates and effects test for the model predicting gestational length.
Significant effects are in bold. SE, standard error. Non-smokers (no), refers to
no pre-conception smoking.

Term Estimate SE F ratio Prob > F

Log cortisol 1.069 0.46 10.03 0.002
Testosterone −0.76 0.40 3.617 0.06
Smoking (no) 0.77276 0.392 3.8782 0.05
Smoking (no) *log cortisol −0.6191 0.324 3.6390 0.05

Fig. 2. Estimated model parameter slopes and cortisol levels in smokers and
non-smokers. Pregnancy longevity can be predicted by maternal cortisol during
the first trimester in both smokers and non-smokers. Cortisol concentrations
were log-transformed. Smokers are represented by a dashed line, and non-
smokers by a continuous line. Shaded area indicates confidence intervals.
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expected to find a negative effect on pregnancy length. Elevated ma-
ternal testosterone during pregnancy has been shown to be negatively
associated with infant size at delivery [36]. In addition, maternal stress
may be associated with adrenal androgens that can lead to adverse
pregnancy outcome [35]. For example, in women with polycystic ovary
syndrome (PCOS), which is characterized by high testosterone levels,
the probability of premature delivery was related to elevated testos-
terone levels [59]. Although the effect of testosterone was marginally
significant in our study, it supported our expected outcome that tes-
tosterone may represent maternal adverse conditions [35]. Maternal
testosterone and cortisol were not related in our study. Unfortunately,
we did not have enough hair matrix to measure both cortisol and tes-
tosterone within the same segments. Therefore, we tested cortisol
during the first trimester, in contrast to other studies that measured
maternal hair cortisol in the second and third trimesters, and we
measured testosterone prior to fertilization in order to test the effect of
pre-conception conditions on reproduction. Despite their lack of asso-
ciation, once testosterone was removed from the model, the entire
model was less pronounced, including the effects of cortisol. Previous
studies linked thyroid disorders [30], polycystic ovary [59], and ferti-
lity treatments (e.g., IVF; [60]) to high cortisol levels. However, in the
current study, these conditions were not related to either testosterone,
cortisol, or pregnancy length.

In this study, we measured steroids in hair samples. Hair reflects
long-term levels integrated over the time of hair growth, in contrast to
blood samples used in most studies that provide the current (i.e., mo-
mentary) state [50]. The differences in sampling matrix may be pro-
nounced, leading to discrepancies in findings. Hair testing has been
shown to be a reliable biomarker throughout pregnancy [42,43], as
well as in various mental and physical health conditions [25,37]. Al-
though previous studies showed that hair cortisol may only be a reliable
marker in the first 6 cm (representing the past 6 months), our data did
not show a decline with time or hint at the presence of a ‘washout
effect’ in either cortisol or testosterone levels. On the contrary, our data
showed that first-trimester cortisol was quite robust, opposite to what is
found in other studies [42,44]. The cortisol levels that we measured in
this study were relatively low. It is possible that one of the dis-
crepancies between our study and others was antibody cross-reactivity.
The commercial Salimetrics antibody that we used exhibits low cross-
reactivity to other steroids. Alternative antibodies, such as the one used
by Kirschbaum et al. [44], showed approximately 15% overestimation
compared with liquid chromatography coupled with mass spectrometry
(LCMS/MS) results. Another difference that can explain the relatively
low cortisol levels that we measured, might be the hair-processing
procedures. Most studies (e.g., [42,47]) minced hair samples prior to
extraction. Since mincing may increase the matrix effect by releasing
interfering substances into the extraction medium, we left the hair
whole, and allowed the methanol to extract the steroids from within the
hair shaft [40]. The benefits of this approach are clearer extracts and
less interference. In addition, in some studies, hair samples were col-
lected from the apex [42–44], while we collected close to the nape of
the head for esthetic reasons. Different areas of the head exhibit dif-
ferent steroid concentrations [43], and may thus contribute to incon-
sistencies between studies.

One of the advantages of hair testing is that it allows segmentation.
Previous studies have found that hair-growth rates vary between
0.6–1.4 cm per month depending on age, sex, race, nutrition, preg-
nancy, and environmental conditions [43,45]. This vast variability adds
uncertainty to the segmentation process, presenting a limitation to our
study. Moreover, the anagen (i.e., active) phase of hair growth is ele-
vated during pregnancy and decreases postpartum, thus impacting
growth rate during gestation [45]. Because of these limitations, we
based our segmentation protocol on the average hair-growth rate in
human head hair, which is 1 cm per month [50], similar to other studies
[42–44,46,47].

In conclusion, both cortisol and testosterone during early pregnancy

and pre-conception, respectively, contributed to explaining pregnancy
length. The connection between these steroids and reproduction, fer-
tility, and maternal conditions, are well established. Here, we show that
they may both be important as biomarkers to predict pregnancy length,
and that they may be especially profound under less optimal conditions,
such as in the case of smoking. In future studies, larger hair samples
that would allow quantifying both steroids in the same segment should
be collected. We suggest that quantifying steroids in hair segments re-
presenting conception and early pregnancy can be developed as bio-
markers to predict pregnancy length.
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