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Context: There is a paucity of longitudinal data on plasma and urinary cortisol levels during preg-
nancy using modern assays. Furthermore, conflicting data exist as to the effect of the low-dose oral
contraceptive pill (OCP) on cortisol.

Design, Subjects, and Measurements: We conducted a prospective longitudinal study on morning
plasma cortisol (total and free), corticosteroid-binding globulin (CBG), and 24-h urinary free cor-
tisol (UFC) levels in 20 pregnant women during the first, second, and third trimesters and 2–3
months postpartum compared with 12 subjects on low-dose OCP and 15 nonpregnant subjects not
taking the OCP (control group).

Results: A progressive rise in total plasma cortisol, CBG, and 24-h UFC was demonstrated during preg-
nancy, peaking during the third trimester (mean 3-fold rise compared with controls). Plasma free
cortisol increased 1.6-fold by the third trimester. In the OCP group, total plasma cortisol and CBG were
2.9- and 2.6-fold elevated, respectively, whereas 24-h UFC and plasma free cortisol were not signifi-
cantly different from controls. Compared with liquid chromatography-mass spectrometry, a commer-
cial immunoassay underestimated mean total plasma cortisol concentrations by 30% during second
and third trimesters and in OCP users and overestimated UFC levels by 30–35% during pregnancy.

Conclusions: Our study demonstrated elevations in total plasma cortisol and CBG concentrations
during pregnancy and with low-dose OCP use. Pregnancy was also associated with significant
increases in plasma free cortisol and UFC, suggesting that the rise in total plasma cortisol is con-
tributed to by up-regulation of the maternal hypothalamic-pituitary-adrenal axis in addition to
elevated CBG. (J Clin Endocrinol Metab 96: 1533–1540, 2011)

Normal human pregnancy dramatically affects the
maternal hypothalamic-pituitary-adrenal (HPA)

axis (1), resulting in progressive rises in CRH (2– 4),
ACTH (5, 6), and cortisol (6 –12). It has been suggested
that the increase in total plasma cortisol concentration
is primarily due to the estrogen-stimulated increase in
corticosteroid-binding globulin (CBG) concentrations
(1, 8), whereas the increase in free cortisol reflects al-

terations in the regulation of the maternal HPA axis
(13). Previous studies have demonstrated a 2- to 3-fold
increase in cortisol levels during the second and third
trimesters of pregnancy (6 –12). However, there is a
paucity of longitudinal studies that have evaluated both
plasma and urinary cortisol levels in the same group of
pregnant women from early pregnancy to postpartum
using modern assays.
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It has been long known that exogenous estrogens ad-
ministered alone or in combination with progestin in the
oral contraceptive pill (OCP) increase CBG (14, 15) and
total plasma cortisol (11, 14, 16) concentrations. How-
ever, conflicting data exist regarding the effect of low-dose
OCP containing 35 �g or less of ethinylestradiol or equiv-
alent on cortisol. Some studies report similar total plasma
cortisol concentrations compared with control subjects
(12, 16), whereas other studies have found elevation in
total cortisol concentrations (17, 18).

Weconductedaprospective longitudinal studyonplasma
cortisol (total and free), CBG. and 24-h urinary free cortisol
(UFC) in 20 pregnant women compared with 12 women
using the low-dose OCP and 15 nonpregnant subjects not
taking the OCP (control group). The main aims of the study
were to assess cortisol levels in normal pregnancy from first
trimester to postpartum and compare these with women us-
ing the low-dose OCP. A secondary aim of this study was to
compare a commercially used automated immunoassay
with liquid chromatography-tandem mass spectrometry
(LCMSMS) in the measurement of total plasma cortisol
and UFC in pregnancy. Our hypothesis was that there is
up-regulation of the HPA axis across pregnancy and that
the increase in total cortisol is not solely due to elevated
CBG concentrations.

Subjects and Methods

Subjects and study design
This study was conducted at St. Vincent’s Hospital (Melbourne,

Australia) between 2006 and 2009. The study protocol was ap-
proved by the St. Vincent’s Hospital Human Research Ethics Com-
mittee, and informed consent was obtained from all subjects.

Three groups of subjects were recruited by advertisement
from the general community and were studied as outpatients: 1)
control group, 2) pregnancy group, and 3) OCP group. The con-
trol group consisted of 15 premenopausal women (age range
18–45 yr) who were not pregnant and not taking exogenous
estrogens. The pregnancy group consisted of 20 healthy pregnant
women who were followed longitudinally from first trimester to
postpartum; these women had uncomplicated pregnancies and
delivered at term. The OCP group consisted of 12 women (age
range 18–45 yr) who had been taking the low-dose combined
OCP, containing no more than 35 �g ethinylestradiol for at least
3 months. The clinical characteristics of the three groups are
shown in Table 1. Exclusion criteria for all three groups were
preexisting Cushing’s syndrome, adrenal insufficiency, psychi-
atric disorders, alcoholism, creatinine clearance less than 60 ml/
min, and the use of glucocorticoid medication. We excluded
women who developed pregnancy-related complications, such
as gestational hypertension (n � 1), gestational diabetes (n � 1),
and preeclampsia (n � 1).

Each subject in the control and OCP groups had one blood
test between 0800 and 0900 h and completed one 24-h urine
collection. Samples were collected from the control group during
the follicular phase from d 7–14 and from the OCP group during
the active pill-dosing phase from d 7–21. Samples were collected
from the pregnancy group during the following four stages: 1)
first trimester from 8–14 wk, 2) second trimester from 18–24
wk, 3) third trimester from 30–36 wk, and 4) 2–3 months post-
partum. Eighteen pregnant subjects (90%) had a blood test be-
tween 0800 and 0900 h and completed one 24-h urine collection
at each of the four stages. One pregnant subject (5%) had blood
testsonlyanddeclinedurinecollections.Onepregnantsubject (5%)
withdrew from the study after the second stage. All the available
data from the pregnancy group were included for analysis.

Plasma was separated within 1 h of collection and was stored
at �70 C until assay for total cortisol, free cortisol, CBG, and
creatinine concentrations. The 24-h urine volumes were mea-
sured, and urine was stored at �20 C until assay for urine cortisol
concentration (nanomoles per liter), excretion rate (nanomoles
per day), cortisone, and creatinine. Samples from individual

TABLE 1. Clinical characteristics of control, pregnancy, and OCP groups

Characteristic Control (n � 15) Pregnancy (n � 20)
OCP

(n � 12)
Age (yr)a 36.7 � 1.7 33.3 � 0.7 30.7 � 1.3b

BMI (kg/m2)a 26.5 � 1.8 22.9 � 0.9c 24.0 � 1.2
Preexisting medical illness (n) 1 participant had hypertension

controlled on medication
0 0

Singleton pregnancy (%) N/A 100 N/A
Gestational age at which samples were

collected (wk)a

T1 N/A 12 � 0.4 N/A
T2 21 � 0.4
T3 32 � 0.4
PP 11 � 0.3

Gestational age at delivery (wk)a N/A 39.7 � 0.4 N/A
Birth weight (kg)a N/A 3.6 � 0.1 N/A
Breast-feeding at the time of postpartum

sample (%)
N/A 95 N/A

a Values are represented as mean � SEM. N/A, Not applicable; PP, postpartum; T1, first trimester; T2, second trimester; T3, third trimester.
b P � 0.05 vs. control group.
c Body mass index (BMI) during the first trimester.
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pregnant subjects were measured in the same assay to eliminate
interassay variation.

Assays
Total plasma cortisol was measured by two methods: an in-

house LCMSMS assay and a commercially available immuno-
assay (ADVIA Centaur; Siemens Healthcare Diagnostics, Deer-
field, IL). The preparation of sample for cortisol measurement by
LCMSMS involved the following steps: 50 �l of 1 �mol/liter
d4-cortisol in 50% methanol was added to all samples and cal-
ibration standards before extraction with tert-butylmethyl-ether
and vigorously vortexed 10 times for 10 sec each. After separa-
tion of the phases by centrifugation for 5 min at 13,000 � g, the
organic phase was transferred to a fresh tube and evaporated at
room temperature. The dried residue was redissolved in 150 �l
50% methanol in water and centrifuged for 5 min at 13,000 �
g to remove insoluble material. The measurement of cortisol by
LCMSMS involved the following steps: 50 �l of reconstituted
sample was injected onto a 50- � 2-mm Phenomenex Hypersil
BDS C8 3-�m HPLC column with a C8 guard column. HPLC
was performed with an Agilent 1200 instrument and mobile
phase of 50:50 methanol/formic acid (0.2%) at 0.3 ml/min with
a column temperature of 30 C. An API 3200 Q Trap mass spec-
trometer (Applied Biosystems, Scoresby, Australia) was used
with electrospray in positive mode for detection of mass transi-
tions mass to charge ratio of 363–121 for cortisol and 367–121
for d4-cortisol. Quantitation was carried out from peak area
ratios using Analyst version 1.4 software. The imprecision of the
method (coefficient of variation) was 6.2% at a cortisol concen-
tration of 70 nmol/liter, 3.4% at 360 nmol/liter, and 4.6% at
1000 nmol/liter. The intra- and interassay coefficients of varia-
tion for ADVIA Centaur immunoassay were less than 4 and 6%,
respectively, and the analytical sensitivity was 5.5 nmol/liter. To
evaluate the possibility of interference in this immunoassay, five
samples from third trimester and OCP group were assayed be-
fore and after heat treatment at 60 C for 60 min to inactivate
cortisol-CBG binding as previously described (19).

Plasma CBG was measured by a monoclonal ELISA as pre-
viously described (20).

Urine cortisol concentration (nanomoles per liter) was mea-
sured by two methods: LCMSMS as described above and a com-

mercially available immunoassay (Immulite 2000; Siemens) after
dichloromethane extraction. The intraassay coefficient of vari-
ation for the immunoassay was less than 8%. UFC excretion rate
(nanomoles per day) was calculated by multiplying urine cortisol
concentration by 24-h urine volume. Urine cortisone was mea-
sured by LCMSMS as described above.

Plasma free cortisol was isolated at 37 C using a commercial
equilibrium dialysis kit [Pierce (Rockford, IL) rapid equilibrium
dialysis device inserts (catalog item 89810)], and measured by
LCMSMS as described above. Equilibrium dialysis involved the
following steps: 200 �l plasma was dialyzed against 350 �l PBS
(pH 7.4) for 6 h at 37 C with orbital shaking at 100 rpm, and 100
�l retained sample and 200 �l dialysate were removed for anal-
ysis. Plasma free cortisol was calculated using the following
equation: free cortisol � total cortisol � dialysate cortisol/re-
tentate cortisol.

Statistical analysis
Results are presented as the mean � SEM. For statistical pur-

poses, the value corresponding to the limit of detection of assays
was used for undetectable concentrations. The unpaired Stu-
dent’s t test was used for comparisons between two groups.
ANOVA was used for comparisons of three or more groups with
post hoc analysis carried out by Tukey’s multiple-comparison
test. Statistical significance was taken as P � 0.05. Statistical
analyses were performed using Prism version 4.0 (GraphPad, San
Diego, CA).

Results

Total plasma cortisol measured by LCMSMS
A progressive rise in morning total plasma cortisol was

demonstrated during pregnancy (P � 0.0001 by ANOVA,
Table 2 and Fig. 1A), peaking during the third trimester,
and the differences between trimesters were statistically
significant (P � 0.05). The mean total cortisol concentra-
tions measured by LCMSMS were 1.6-, 2.4-, and 2.9-fold
elevated during the first, second, and third trimesters, re-

TABLE 2. Total plasma cortisol, CBG, plasma free cortisol, and 24-h UFC levels (mean � SEM) in the control,
pregnancy, and OCP groups

Group

Total plasma
cortisol by
LCMSMS

(nmol/liter)
CBG

(nmol/liter)

Plasma free
cortisol

(nmol/liter)

24-h UFC excretion
by LCMSMS

(nmol/d)

24-h urine
concentration
by LCMSMS
(nmol/liter)

24-h urine
volume
(liters/d)

Control group 364 � 28 375 � 19 12.2 � 1.6 78 � 12 46 � 9 1.97 � 0.2
Pregnancy group

T1 577 � 30a 700 � 43a 14.5 � 1.2 135 � 10a 81 � 9a 1.99 � 0.2
T2 878 � 28a 920 � 43a 17.2 � 1.4a 187 � 13a 87 � 8a 2.36 � 0.2
T3 1043 � 41a 1107 � 52a 19.6 � 1.5a 242 � 15a 121 � 13a 2.27 � 0.2
PP 486 � 38a 657 � 43a 12.3 � 2.0 75 � 9 43 � 5 2.09 � 0.2

OCP group 1048 � 61a 973 � 55a 16.8 � 1.5 114 � 15 66 � 11 1.93 � 0.2

Results are expressed in Système International (SI) units. To convert plasma cortisol from the SI unit (nanomoles per liter) to the metric unit
(micrograms per deciliter), divide by the conversion factor 27.59. To convert CBG from the SI units (nanomoles per liter) to the metric unit
(milligrams per liter), divide by 19.18. To convert UFC from the SI unit (nanomoles per day) to the metric unit (micrograms per 24 h), divide by
2.76. PP, Postpartum; T1, first trimester; T2, second trimester; T3, third trimester.
a P � 0.05 vs. control group.
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spectively, compared with the control group. Postpartum,
the mean total cortisol concentration was lower compared
with values obtained during pregnancy but higher com-
pared with the control group (P � 0.02). In the OCP
group, the mean total cortisol concentration was 2.9-fold
elevated compared with the controls (P � 0.0001).

Total plasma cortisol measured by immunoassay
The mean total plasma cortisol concentrations by im-

munoassay were not significantly different from those by
LCMSMS in the control group (P � 0.37) or during the
postpartum period (P � 0.15). However, compared with
LCMSMS, total plasma cortisol by immunoassay was
15% lower in the first trimester (P � 0.02) and 30% lower

in the second (P � 0.0001) and third
(P � 0.0001) trimesters and in the OCP
group (P � 0.0003, Fig. 2A). Table 3
shows total plasma cortisol concentra-
tions by immunoassay before and after
the heat treatment compared with
LCMSMS in a representative sample of
five subjects in each group. After heat
treatment, cortisol concentrations by
immunoassay were similar to those ob-
tained by LCMSMS (third trimester,
P � 0.8; OCP, P � 0.9).

CBG
A progressive rise in CBG was dem-

onstrated during pregnancy (P �

0.0001 by ANOVA, Table 2 and Fig.
1B), and the differences were signifi-
cant between the trimesters. The mean
CBG concentrations were 1.9-, 2.5-,
and 3.0-fold elevated during the first,
second, and third trimesters, respec-
tively, compared with the control
group. CBG concentrations remain el-

evated 2–3 months postpartum and 1.8-fold higher com-
pared with the control group (P � 0.0001). In the OCP
group, the mean CBG concentration was 2.6-fold elevated
compared with the control group.

Plasma free cortisol
Plasma free cortisol concentrations increased during

pregnancy (P �0.0054 by ANOVA, Table 2 and Fig. 1C).
The mean concentrations were 1.2-, 1.4-, and 1.6-fold
elevated during the first, second, and third trimesters, re-
spectively, compared with the control group. There was a
wide spread of results within the groups, and in post hoc
analysis, the between-group differences reached signifi-
cance only between the controls and third trimester. Post-

partum, plasma free cortisol concentra-
tions were similar to controls (P � 0.996).
There was a trend toward higher plasma
free cortisol concentrations in the OCP
group that bordered on statistical signifi-
cance (P � 0.05).

UFC and cortisone measured by
LCMSMS

UFC excretion rates (nanomoles per day)
and concentrations (nanomoles per liter) in-
creased across the gestation (P � 0.0001
and P � 0.0001, respectively, by ANOVA,
Table 2 and Fig 1D), reaching peak values

FIG. 1. Total plasma cortisol (nanomoles per liter) (A), CBG (nanomoles per liter) (B), plasma
free cortisol (nanomoles per liter) (C), and 24-h UFC (nanomoles per day) (D) levels in the
control group, first trimester (T1), second trimester (T2), third trimester (T3), 2–3 months
postpartum (PP), and OCP group. *, P � 0.05 vs. control group. To convert from the SI unit to
the metric unit, divide by the conversion factor 27.59 for plasma cortisol, 19.18 for CBG, and
2.76 for 24-h UFC.

FIG. 2. Mean (� SEM) total plasma cortisol concentrations (nanomoles per liter) (A) and 24-
h UFC excretion (nanomoles per day) (B) measured by LCMSMS (E) and immunoassay (�).
To convert from the SI unit to the metric unit, divide by the conversion factor 27.59 for
plasma cortisol and 2.76 for 24-h UFC. PP, Postpartum; T1, first trimester; T2, second
trimester; T3, third trimester.
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during the third trimester. The mean 24-h UFC excretion
rates were 1.7-, 2.4-, and 3.1-fold elevated during the first,
second, and third trimesters, respectively, compared with
the control group. The mean 24-h UFC postpartum and in
the OCP group were not significantly different from con-
trols (P � 0.8 and P � 0.08, respectively). There were no
differences in 24-h urine volumes (P � 0.6 by ANOVA) or
creatinine excretion (P�0.2 by ANOVA) either across the
gestation or compared with the control group. Urinary
cortisone excretion increased during pregnancy to peak
during the third trimester (475 nmol/d), whereas levels
were similar between OCP (220 nmol/d) and control (207
nmol/d) groups (P�0.76).

UFC measured by immunoassay
Compared with LCMSMS, the mean UFC excretion

rates measured by immunoassay were 30 –35% higher
in the first (P � 0.007), second (P � 0.005), and third
(P � 0.005) trimesters and 60% higher during the post-
partum period (P � 0.006, Fig. 2B). The UFC excretion
by immunoassay was not significantly different from
LCMSMS in the OCP group (P � 0.8) or the controls
(P � 0.13, Fig. 2B).

Discussion

We conducted a prospective longitudinal study measuring
cortisol and CBG levels during pregnancy and postpartum
compared with nonpregnant subjects and women taking
the OCP. The major findings are 1) maternal total plasma
cortisol, CBG, plasma free cortisol, and 24-h UFC in-
creased in normal pregnancy to reach peak levels during
the third trimester; 2) total plasma cortisol and CBG re-
mained elevated 2–3 months postpartum compared with

the control group, whereas UFC and plasma free cortisol
returned to baseline; 3) women taking the OCP had higher
total plasma cortisol and CBG but similar 24-h UFC and
plasma free cortisol levels compared with the control
group; 4) compared with LCMSMS, a commercial immu-
noassay underestimated mean total plasma cortisol con-
centrations during pregnancy and in OCP users that cor-
rected after heat treatment; and 5) immunoassay yielded
higher UFC than LCMSMS during pregnancy.

Our study demonstrated a statistically significant in-
crease in plasma total cortisol by the late first trimester
(mean 12 wk gestation) compared with control subjects,
consistent with a previous cross-sectional study that dem-
onstrated a rise in total cortisol above nonpregnant values
after the 11th week of gestation (8). Previous studies have
reported a 2- to 3-fold increase in total plasma cortisol
concentrations during second and third trimesters (6–10),
similar to our findings. Two reported a plateau in total
plasma cortisol concentrations between second and
third trimesters (6, 7), whereas larger longitudinal stud-
ies (9, 10), including the present study, have provided
more convincing data demonstrating a progressive rise
in total plasma cortisol concentrations with advancing
gestation. Our study also confirms a progressive rise in
plasma CBG concentrations during pregnancy in par-
allel to the rise in total plasma cortisol, consistent with
previous reports (9, 10).

In addition to increases in CBG and total plasma cor-
tisol, our study also demonstrated significant increases in
urinary and plasma free cortisol levels indicating up-reg-
ulation of the HPA axis during pregnancy. Previous data
on maternal free cortisol levels were largely obtained from
cross-sectional studies (8, 11, 13, 21), with few exceptions
(7, 9). Ho et al. (9) reported a progressive rise in plasma

TABLE 3. Total plasma cortisol concentrations before and after treatment with heat measured by ADVIA Centaur
immunoassay and total plasma cortisol concentration measured by LCMSMS

Participant

Total plasma cortisol
(nmol/liter) before heat

treatment by immunoassay

Total plasma cortisol
(nmol/liter) after heat

treatment by immunoassay

Total plasma
cortisol (nmol/liter)

by LCMSMS
Third trimester

1 876 1256 1270
2 690 1173 1130
3 638 1346 1200
4 551 1149 1110
5 641 970 1100
Mean 680 1179 1162

OCP group
1 570 934 1110
2 536 953 911
3 653 1155 1070
4 908 1313 1470
5 563 1017 898
Mean 646 1074 1092
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free cortisol by 1.8-fold from 16–36 wk gestation in
healthy pregnant women. Cousins et al. (7) reported a
2.8-fold increase in the 24-h urinary free corticoid levels
by RIA in eight women during the second and third tri-
mesters compared with their postpartum results. Our
study followed 19 women from the first trimester and
found a progressive increase in 24-h UFC excretion with
advancing gestation, reaching a 3.1-fold increase in the
third trimester. We measured urine volumes and creati-
nine excretion to demonstrate adequacy of urine collec-
tions that was not documented in previous studies on UFC
during pregnancy (7, 11). Furthermore, we demonstrated
that increases in 24-h UFC excretion rates were not related
to changes in urine volumes that were similar across the
gestation, consistent with previous literature on osmoreg-
ulation during pregnancy (22). We found a proportionally
greater increase in UFC than in plasma free cortisol during
pregnancy. One possible explanation for this is that met-
abolic clearance of cortisol is increased in pregnancy.
Thus, to achieve an increase in plasma free cortisol con-
centration, a proportionally greater increase in cortisol
production is required.

There are a number of mechanisms that have been pro-
posed to explain the rise in free cortisol during pregnancy.
Previous studies have demonstrated increases in plasma
CRH and ACTH concentrations during second and third
trimesters (2, 6), possibly as a result of CRH and ACTH
production by the placenta (23, 24), which is autonomous
and not subject to normal glucocorticoid feedback control
(1, 6). In contrast to the negative feedback effects of cor-
tisol on hypothalamic CRH, cortisol stimulates placental
CRH release, resulting in a positive feedback loop that is
terminated by delivery (25). In addition, the adrenal
glands have increased responsiveness to ACTH during
pregnancy compared with nonpregnant women, as dem-
onstrated by a greater rise in the unbound cortisol in re-
sponse to synthetic ACTH, which increased as pregnancy
advanced (13). Another possible explanation for the ele-
vation in free cortisol is that pregnancy represents a state
of refractoriness to cortisol action, resulting in resetting of
the HPA axis at a higher level (13).

The increase in free cortisol during pregnancy has im-
portant clinical consequences. During the final weeks of
pregnancy, a substantial fall in plasma CBG with corre-
sponding rise in plasma free cortisol occurs (9), which was
not assessed in our study because the third-trimester sam-
ples were collected before 36 wk gestation. Physiologi-
cally, the rise in free cortisol in late pregnancy may be
important for preparing the mother for the metabolic de-
mands of pregnancy and labor and for growth and organ
maturation in the fetus (9, 26). By term, 25% of circulating
fetal cortisol is of maternal origin (27) despite the action

of placental 11�-hydroxysteroid dehydrogenase type 2
enzyme, which inactivates cortisol to cortisone (28). In the
investigation of possible cortisol excess during pregnancy,
the differentiation between physiological hypercortiso-
lism and Cushing’s syndrome during pregnancy can be
difficult, highlighting the importance of using trimester-
specific reference ranges (26).

During the postpartum period, the HPA axis gradually
recovers from its activated state during pregnancy (29).
Previous studies have shown that CRH and ACTH de-
crease within 2 h of delivery, and cortisol concentrations
normalize within 1 wk (30). There are inconsistent data on
the rate of normalization of CBG concentrations postpar-
tum, with some studies reporting normal CBG concentra-
tions by 3–6 wk postpartum (12, 31), whereas another
study found that it took about 3 months or longer for CBG
to fall within the nonpregnant range (32). Our study found
that compared with nonpregnant control subjects, total
plasma cortisol and CBG concentrations remain elevated
2–3 months postpartum, which was not explained by use
of exogenous estrogens because the majority of partici-
pants (95%) were breastfeeding at the time of postpartum
sample and not taking the combined OCP. One possible
explanation for the raised CBG concentrations postpar-
tum is the presence of pregnancy-specific CBG, an acidic
glycoform containing only triantennary oligosaccharides,
which accounts for 7–14% of total CBG concentration at
term (33). Previous data suggest that either the half-life of
the pregnancy-specific CBG in the circulation is signifi-
cantly longer than that of normal CBG (about 5 d) (34) or
its biosynthesis continues for some period of time after
delivery (33). Despite an increase in CBG, the finding of
normal urinary and plasma free cortisol concentrations in
our study indicate that there is no decrease in tissue ex-
posure to free cortisol 2–3 months postpartum compared
with the control state.

Previous studies using combined OCP containing at
least 50 �g ethinylestradiol (or equivalent) have demon-
strated 2- to 3-fold elevation in CBG (14) and total plasma
cortisol concentrations (11, 14, 16). However, there are
conflicting data regarding the effect of low-dose OCP con-
taining no more than 35 �g ethinylestradiol (12, 16–18).
In our study, we found an increase in total plasma cortisol
and CBG in the OCP group similar in magnitude to preg-
nant women in the third trimester. Similar to results of one
previous study (16), we found normal urinary and plasma
free cortisol levels, indicating that low-dose OCP has no
stimulatory effect on the HPA axis. This is consistent with
the observation that OCP users do not exhibit clinical
features of Cushing’s syndrome, even though their con-
centrations of total plasma cortisol can be as high as those
in patients with Cushing’s syndrome (35).
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Measurement of cortisol by structurally based assays
such as LCMSMS is considered to be the gold standard
because it is not as subject to interference as some immu-
noassays. Compared with mass spectrometry, immuno-
assays overestimate UFC concentrations by 1.5- to 2.0-
fold (36), particularly in unextracted samples that contain
cross-reacting cortisol metabolites. Although UFC was
measured in our study after extraction, we found higher
UFC levels by immunoassay compared with LCMSMS in
the pregnancy group, which raises the possibility of inter-
ference of immunoassay by higher concentrations of cor-
tisol metabolites. We found increased urinary cortisone
levels during pregnancy compared with the control sub-
jects. Other metabolites such as dihydro- and tetrahydro-
cortisol were not assessed and warrant further investiga-
tion in future studies. In contrast to the UFC data,
measurement by an automated immunoassay underesti-
mated total plasma cortisol concentrations during the sec-
ond and third trimesters of pregnancy and in the OCP
group. High CBG levels during pregnancy and in OCP
users may interfere with antibody binding to cortisol, thus
resulting in falsely low plasma cortisol concentrations by
immunoassay. CBG is heat sensitive, and heat treatment
ablated this interference, similar to a previous report (19).
However, heat inactivation may also affect other proteins,
and the interference in plasma cortisol immunoassay may
be due to other substances that have not been specifically
identified.

Strengths of the study include its prospective design,
sample size, and recruitment of participants from early
pregnancy. This is the largest study to date that has as-
sessed both plasma and urinary cortisol levels in a cohort
of pregnant women across the gestation and postpartum
using modern assays. To obtain cortisol data from normal,
uncomplicated pregnancies, we recruited healthy women
with no preexisting illnesses and excluded those who de-
veloped pregnancy-related complications, such as pre-
eclampsia or gestational hypertension, which may be as-
sociated with HPA overactivity from immune activation
or, conversely, HPA underactivity from placental dysfunc-
tion (9). The control and OCP groups provided robust
data for comparison. We collected plasma samples within
a specified time between 0800 and 0900 h to minimize the
effect of the expected diurnal fall in plasma cortisol.
Plasma free cortisol was measured using equilibrium di-
alysis at 37 C to mitigate the effect of temperature on
protein-binding equilibrium (37). Samples were taken
from women taking the OCP during the active dosing
phase because total plasma cortisol and CBG concentra-
tions decrease during the pill-free (placebo) interval (18).

Although the mean age of the control group was higher
than the OCP group, there was no difference compared

with the pregnancy group. However, there are no data to
suggest that cortisol concentrations change with age either
in pregnant or nonpregnant individuals (9, 38).

Conclusion

Our study demonstrated a rise in plasma free cortisol dur-
ing pregnancy, indicating up-regulation of the maternal
HPA axis. Pregnancy was also associated with greater in-
creases in UFC, reflecting the increases in both cortisol
production and clearance during pregnancy. Total plasma
cortisol and CBG increased during pregnancy and with
low-dose OCP use. Given our findings, we recommend
that pregnancy gestation-specific reference ranges for
plasma cortisol and UFC need to be developed, and the use
of exogenous oral estrogens must be considered in the
interpretation of total plasma cortisol concentrations in
nonpregnant women.
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11. Lindholm J, Schultz-Möller N 1973 Plasma and urinary cortisol in
pregnancy and during estrogen-gestagen treatment. Scand J Clin
Lab Invest 31:119–122

12. Scott EM, McGarrigle HH, Lachelin GC 1990 The increase in
plasma and saliva cortisol levels in pregnancy is not due to the in-
crease in corticosteroid-binding globulin levels. J Clin Endocrinol
Metab 71:639–644

13. Nolten WE, Rueckert PA 1981 Elevated free cortisol index in preg-
nancy: possible regulatory mechanisms. Am J Obstet Gynecol 139:
492–498

14. Durber SM, Lawson J, Daly JR 1976 The effect of oral contracep-
tives on plasma cortisol and cortisol binding capacity throughout the
menstrual cycle in normal women. Br J Obstet Gynaecol 83:814–
818

15. Sandberg AA, Slaunwhite Jr WR 1959 Transcortin: a corticosteroid-
binding protein of plasma. II. Levels in various conditions and the
effects of estrogens. J Clin Invest 38:1290–1297

16. Burke CW 1969 The effect of oral contraceptives on cortisol me-
tabolism. J Clin Pathol Suppl (Assoc Clin Pathol) 3:11–18

17. Meulenberg PM, Hofman JA 1990 The effect of oral contraceptive
use and pregnancy on the daily rhythm of cortisol and cortisone. Clin
Chim Acta 190:211–221

18. Wiegratz I, Jung-Hoffmann C, Kuhl H 1995 Effect of two oral con-
traceptives containing ethinylestradiol and gestodene or norgesti-
mate upon androgen parameters and serum binding proteins. Con-
traception 51:341–346

19. Saleem M, Lewis JG, Florkowski CM, Mulligan GP, George PM,
Hale P 2009 A patient with pseudo-Addison’s disease and falsely
elevated thyroxine due to interference in serum cortisol and free
thyroxine immunoassays by two different mechanisms. Ann Clin
Biochem 46:172–175

20. Lewis JG, Lewis MG, Elder PA 2003 An enzyme-linked immunosor-
bent assay for corticosteroid-binding globulin using monoclonal
and polyclonal antibodies: decline in CBG following synthetic
ACTH. Clin Chim Acta 328:121–128

21. Rosenthal HE, Slaunwhite Jr WR, Sandberg AA 1969 Transcortin:
a corticosteroid-binding protein of plasma. X. Cortisol and proges-
terone interplay and unbound levels of these steroids in pregnancy.
J Clin Endocrinol Metab 29:352–367

22. Brown MA, Crawford GA, Horgan EA, Gallery ED 1988 Arginine
vasopressin in primigravid human pregnancy. A prospective study.
J Reprod Med 33:35–40

23. Petraglia F, Sawchenko PE, Rivier J, Vale W 1987 Evidence for local
stimulation of ACTH secretion by corticotropin-releasing factor in
human placenta. Nature 328:717–719

24. Sasaki A, Tempst P, Liotta AS, Margioris AN, Hood LE, Kent SB,

Sato S, Shinkawa O, Yoshinaga K, Krieger DT 1988 Isolation and
characterization of a corticotropin-releasing hormone-like peptide
from human placenta. J Clin Endocrinol Metab 67:768–773

25. Robinson BG, Emanuel RL, Frim DM, Majzoub JA 1988 Gluco-
corticoid stimulates expression of corticotropin-releasing hormone
gene in human placenta. Proc Natl Acad Sci USA 85:5244–5248

26. Trainer PJ 2002 Corticosteroids and pregnancy. Semin Reprod Med
20:375–380

27. Beitins IZ, Bayard F, Ances IG, Kowarski A, Migeon CJ 1973 The
metabolic clearance rate, blood production, interconversion and
transplacental passage of cortisol and cortisone in pregnancy near
term. Pediatr Res 7:509–519

28. Krozowski Z, MaGuire JA, Stein-Oakley AN, Dowling J, Smith RE,
Andrews RK 1995 Immunohistochemical localization of the 11�-
hydroxysteroid dehydrogenase type II enzyme in human kidney and
placenta. J Clin Endocrinol Metab 80:2203–2209

29. Mastorakos G, Ilias I 2003 Maternal and fetal hypothalamic-pitu-
itary-adrenal axes during pregnancy and postpartum. Ann NY Acad
Sci 997:136–149

30. Okamoto E, Takagi T, Makino T, Sata H, Iwata I, Nishino E, Mit-
suda N, Sugita N, Otsuki Y, Tanizawa O 1989 Immunoreactive
corticotropin-releasing hormone, adrenocorticotropin and cortisol
in human plasma during pregnancy and delivery and postpartum.
Horm Metab Res 21:566–572

31. Sandberg AA, Slaunwhite Jr WR, Carter AC 1960 Transcortin: a
corticosteroid-binding protein of plasma. III. The effects of various
steroids. J Clin Invest 39:1914–1926

32. Magiakou MA, Mastorakos G, Rabin D, Dubbert B, Gold PW,
Chrousos GP 1996 Hypothalamic corticotropin-releasing hormone
suppression during the postpartum period: implications for the in-
crease in psychiatric manifestations at this time. J Clin Endocrinol
Metab 81:1912–1917

33. Strel’chyonok OA, Avvakumov GV 1990 Specific steroid-binding
glycoproteins of human blood plasma: novel data on their structure
and function. J Steroid Biochem 35:519–534

34. Sandberg AA, Woodruff M, Rosenthal H, Nienhouse S, Slaunwhite
Jr WR 1964 Transcortin: a corticosteroid-binding protein of
plasma. VII. Half-life in normal and estrogen-treated subjects. J Clin
Invest 43:461–466

35. Starup J, Sele V, Buus O 1966 Pituitary-adrenal function in oral
contraception. Acta Endocrinol (Copenh) 53:1–12

36. Wood L, Ducroq DH, Fraser HL, Gillingwater S, Evans C, Pickett
AJ, Rees DW, John R, Turkes A 2008 Measurement of urinary free
cortisol by tandem mass spectrometry and comparison with results
obtained by gas chromatography-mass spectrometry and two com-
mercial immunoassays. Ann Clin Biochem 45:380–388

37. Cameron A, Henley D, Carrell R, Zhou A, Clarke A, Lightman S
2010 Temperature-responsive release of cortisol from its binding
globulin: a protein thermocouple. J Clin Endocrinol Metab 95:
4689–4695

38. Parker Jr CR, Slayden SM, Azziz R, Crabbe SL, Hines GA, Boots LR,
Bae S 2000 Effects of aging on adrenal function in the human: re-
sponsiveness and sensitivity of adrenal androgens and cortisol to
adrenocorticotropin in premenopausal and postmenopausal
women. J Clin Endocrinol Metab 85:48–54

1540 Jung et al. Plasma and Urinary Cortisol in Pregnancy J Clin Endocrinol Metab, May 2011, 96(5):1533–1540

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/96/5/1533/2833895 by U
.S. D

epartm
ent of Justice user on 17 August 2022


