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ORIGINAL ARTICLE

New reference intervals for cortisol, cortisol binding globulin and free cortisol
index in women using ethinyl estradiol

Kristine Kollerøs Pantona , Gustav Mikkelsenb,c, Wenche Øiestad Irgensb, Ann Kristin Hovded,
Marte Wien Killingmod, Monja Airin Øiene, Per Medbøe Thorsbyf� and Arne Åsbergb�
aF€urst Medical Laboratory, Oslo, Norway; bDepartment of Medical Biochemistry, St. Olavs Hospital, Trondheim University Hospital,
Trondheim, Norway; cDepartment of Clinical and Molecular Medicine, Norwegian University of Science and Technology, Trondheim, Norway;
dThe Molecular Pathology Laboratory, Department of Pathology, Oslo University Hospital, Oslo, Norway; eDepartment of Immunology and
Transfusion Medicine St. Olavs Hospital, Trondheim University Hospital, Trondheim, Norway; fThe Hormone Laboratory, Department of
Medical Biochemistry, Oslo University Hospital, Oslo, Norway

ABSTRACT
Healthy women using contraceptives containing a low dose of an estrogen may have a higher serum
concentration of cortisol (s-cortisol) and cortisol binding globulin (s-CBG) than the commonly used
upper reference limits. There are no published reference intervals for s-cortisol, s-CBG, serum free corti-
sol index (s-FCI) or cortisol in saliva (sa-cortisol) for these women. The aim was to establish the above-
mentioned reference intervals and document the differences in s-cortisol and s-CBG in one group of
women using and another group not using ethinyl estradiol (EE). In this cross-sectional study, the ref-
erence limits presented were given as the 2.5 and 97.5 percentiles of the distribution of reference val-
ues in a population of 277 healthy volunteer women, aged 18–45 years. 157 women were not using
any type of estrogen, while 120 women were using contraceptives containing a daily dose of
15–35lg of EE. Serum and salivary cortisol, and serum CBG were measured using standard laboratory
methods. S-FCI was calculated as s-cortisol/s-CBG. The reference intervals for s-cortisol in samples col-
lected at 0800–1030 am in women using and not using EE contraception were: 284–994nmol/L and
159–569nmol/L respectively, and for s-CBG: 847–3366 nmol/L and 860–1940 nmol/L, respectively. For
s-FCI and sa-cortisol, no clinically significant differences were found. Sa-cortisol may be the preferred
measurand for evaluation of possible hypercortisolism in women using estrogens, since cortisol in sal-
iva is not influenced by estrogen. If assessing morning s-cortisol and s-CBG in women using EE, we
recommend using separate – and not the commonly used – reference intervals.
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Introduction

The obesity and metabolic syndrome epidemics have
increased the number of patients screened for suspected
hypercortisolism. Although guidelines worldwide recom-
mend quantifying urine cortisol in a sample from a 24-hour
urine collection, short dexamethasone suppression test, or
evening salivary cortisol (sa-cortisol) as the initial tests,
morning serum concentration of cortisol (s-cortisol) is still
widely used. Hence, there is a need for reliable cortisol
assays and reference intervals for specific populations.
Approximately 5% of cortisol is circulating in a soluble, free
form, and 90–95% is bound to proteins [1] – 80% to cor-
ticosteroid binding globulin (CBG) with high affinity, and
<15% to albumin with low affinity. The plasma level of cer-
tain hepatic binding proteins, including CBG, increase in
women using oral contraceptive pills (OCPs) containing an
estrogen, leading to a higher cortisol-binding capacity. As a
result, a new equilibrium between the bound and the free

fraction of cortisol is found, making the interpretation of s-
cortisol challenging. Due to the technical challenges of dir-
ectly measuring the unbound fraction of cortisol in circula-
tion, most laboratories measure only total s-cortisol. This is
true for both immunoassays and chromatographic (LC-MS/
MS) technologies. The effect of estrogens on hepatic binding
proteins was first documented by Cobey et al. in 1956 [2]
and has later been confirmed by multiple studies [3–7].
Because of this well-known effect, some researchers argue
for using the change in hepatic binding proteins as a meas-
ure of OCP compliance [8]. Estrogens lead to an altered
and most likely higher rate of glycosylation, as seen during
pregnancy [9], and higher glycosylation of CBG may lead to
an increased CBG half-life [10]. According to the free hor-
mone concept [11], only the unbound fraction of cortisol
can elicit its glucocorticoid effects on tissues, but in recent
years, it has been debated whether the cortisol fraction
bound to albumin can be considered free, as it is bound
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with such low affinity [12]. There is also some uncertainty
around what role internalization of the CBG-cortisol com-
plex plays in the bioavailability of cortisol [13]. Nearly, all
the cortisol in saliva exists in its unbound form [14], as the
concentration of CBG in saliva is negligible. Salivary cortisol
is one of the most commonly used surrogates for measuring
plasma free cortisol. Measurement of free cortisol in a sam-
ple from a 24-hour urine collection is also used, but this has
got serious pre-analytical disadvantages due to complicated
sample collection [15]. Different equations have been used
in the attempts to find a serum free cortisol index (s-FCI)
or a calculated concentration of free cortisol that best cor-
relate with the actual concentration of free cortisol in circu-
lation [16–20]. However, no consensus on how to calculate
the free fraction of cortisol has been reached, partly due to
the lack of a ‘gold standard’ that is accurate enough.

It is still debated whether estrogens affect the basal con-
centration of unbound cortisol and the hypothalamo–pitui-
tary–adrenal (HPA) axis stress response [4,20–22]. Most
previous publications report that the concentration of corti-
sol in saliva is not affected by estrogens in contracep-
tion [23–26].

To the best of our knowledge, there are no published
data on reference intervals for s-cortisol, s-CBG, s-FCI or
sa-cortisol in women using contraceptives containing a low
dose of an estrogen (15–35lg/24 hours). The aim of the
present study was to establish such reference intervals in
order to avoid excessive investigations and improve diagno-
sis of cortisol disturbances in women of reproductive age.

Materials and methods

Population

This study was conducted at Trondheim University Hospital
and at the Hormone Laboratory at Oslo University Hospital
after the study protocol received approval from the Data
Protection Official at Trondheim University Hospital.
Regional Committees for Medical and Health Research
Ethics (REK) North were consulted regarding the ethical
permission for this study. The committee had no objections.

296 females – volunteer blood donors, laboratory workers
and students – of reproductive age (18–45 years) were
recruited for the study. Nineteen of the 296 women (6,4%)
were excluded due to various exclusion criteria
(Supplement 1).

A total of 277 women met the eligibility criteria and
were divided into two groups; 157 women, aged 18–45
(median 31) years, did not use any form of estrogens and
were assigned to the non ethinyl estradiol group (NEEG),
while 120 women, aged 19–44 (median 23) years, used a
combination contraceptive, containing ethinyl estradiol (EE)
and a synthetic progestagen, and were assigned to the
ethinyl estradiol group (EEG) (Figure 1).

According to the recommendations of the International
Federation of Clinical Chemistry (IFCC) on estimation of
reference intervals, a minimum of 120 reference individuals
is considered to be sufficient to establish a new reference
interval [27]. Each study participant completed a study

questionnaire, declared herself as healthy, and gave a writ-
ten, informed consent.

Measurement procedures

Ten milliliter of blood was collected from each study par-
ticipant between 0800–1030 am, using two 5-ml VacuetteVR

Serum Clot Activator tubes (Greiner Bio-One GmbH,
Kremsm€unster, Austria). The blood samples were centri-
fuged immediately and stored at room temperature until s-
cortisol was analyzed within 4 hours of collection. In add-
ition, morning (7–9 am) and evening (9 pm to midnight)
samples of sa-cortisol were analyzed. The study participants
received equipment for collecting saliva at home (2
SalivetteVR with citric acid (Sarstedt AG & Co, N€umbrecht,
Germany)), and returned the test material to the laboratory
by ordinary mail or by personal delivery within a few days.
When received at the laboratory of clinical chemistry,
Trondheim University Hospital, the samples were centri-
fuged and analyzed immediately thereafter. Serum and saliv-
ary cortisol was quantified using the ElecsysVR Cortisol assay,
an electrochemiluminescence immunoassay (ECLIA) on a
Modular PE instrument (RocheVR Diagnostics GmbH,
Mannheim, Germany). The within laboratory coefficient of
variation (CVw) of the s-cortisol method was 6.9% at
113 nmol/L and 4.5% at 571 nmol/L. The sa-cortisol method
had a CVw of 7.9% at 12 nmol/L. The assays used for meas-
urements of cortisol in serum is no longer available but has
been replaced by the ElecsysVR Cortisol II assay. Before esti-
mating the reference intervals of s-cortisol, the reference val-
ues were calculated into ElecsysVR Cortisol II values, using
the Passing & Bablok regression equation given by the pro-
ducer in the assays kit insert, y¼ 0.758xþ 10.1 nmol/L. This
equation was used on all s-cortisol values given in this pub-
lication, to make the values and reference intervals applic-
able to measurements made with cortisol II.

Serum for analyzing CBG was frozen and stored at
�80 �C until it was sent to the Hormone Laboratory at Oslo
University Hospital for quantification by competitive radio-
immunoassay (DIAsource ImmunoAssays SA, Louvain-La-
Neuve, Belgium). The CVw for the s-CBG method was 7%
at 820 nmol/L. S-FCI was calculated as s-cortisol (nmol/L)
divided by s-CBG (nmol/L).

Statistical methods

Tukey’s method, as implemented in MedCalc Statistical
Software version 15.2.2 (MedCalc Software bvba, Ostend,
Belgium; http://www.medcalc.org; 2015) was used to check
for far-out values. In MedCalc, a far-out value was defined
as a value smaller than the lower quartile minus 3 times the
interquartile range, or larger than the upper quartile plus 3
times the interquartile range. The reference limits were esti-
mated using the software Stata, version 14, given as the 2.5
and 97.5 percentiles of the distribution of reference values
from the two reference populations. The same method was
used to estimate the medians of the various measurands. In
Stata, the point estimates of the percentiles were calculated
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according to the CSLI-document C28-A3c [28]. The ‘centile’
command was used for estimating percentiles and percentile
differences along with a bias corrected and accelerated boot-
strap technique [29] with 10000 bootstrap samples to esti-
mates the 90% confidence intervals for the 2.5 and 97.5
percentiles. Whether the 2.5, 50 and 97.5 percentiles were
different between the two groups of women using and not
using an estrogen, was tested by modeling the percentile as
a function of group, using quantile regression as imple-
mented in Stata, Version 14. This way, the independent
“effect” of using an estrogen was estimated. After a conser-
vative Bonferroni correction, the significance level was 0.
003. If the p-value of the group variable was <0.003, the
percentile was considered statistically significantly different
in the two populations.

Results

The reference interval (median) for morning s-cortisol was
159-569 (318) nmol/L in the NEEG and 284-994 (667) nmol/
L in the EEG. The point estimates 2.5, 50 and 97.5 percentiles
of morning s-cortisol were 42%, 52% and 43% higher in the

EEG than in the NEEG, respectively. For morning s-CBG the
reference intervals (medians) were 860-1940 (1101) nmol/L
and 847-3366 (2188) nmol/L in the NEEG and EEG, respect-
ively. The results are shown in Table 1. We found a statistic-
ally significantly higher value (p< .001) in the EEG than in
the NEEG for the upper and lower reference limits and
median of s-cortisol, and for the median of s-CBG. There
was no statistically significant difference between the upper
and lower reference limits of s-CBG in the two groups. The
90% CIs for the 2.5 and 97.5 percentiles of s-cortisol were
found to be narrower than 0.2 times the width of the refer-
ence interval. The 2.5–97.5 percentiles (median) of morning
sa-cortisol were 6–26 (15) nmol/L in the NEEG (n¼ 121)
and 6–28 (13) nmol/L in the EEG (n¼ 101). The same per-
centiles for evening sa-cortisol were 3–10 (5) nmol/L in the
NEEG (n¼ 124) and 3–9 (5) nmol/L in the EEG (n¼ 102).
There was no statistically significant difference between the
median values of s-FCI (Table 1), morning or evening sa-cor-
tisol in the two groups of women.

When dividing the EEG into subgroups based on daily
dose of EE, a dose-dependent relationship between these
subgroups and s-cortisol was found (Figure 1). This

● ●●

●

●●

●

●
●

●

●
●

● ●

●

●

●

●

●

●

●●
●

●

●

●
●

●

●

●

●●

●●
●

●
●

●

● ●

●
●

●

●

●

●

●

●

●

●

●●●

●
●

●

●

●●
●

●
●

●●

●
●

●

● ●

●

●
●

●

●

●

●
●●

●

●

●
●●

●

●●

●

●
●

●
●

●

●

●
●

●
●●

●

●

●
●

●

●
●

●
●

●

● ●●
●

●

●
● ●

●●

●

●
●

●

●

●

●

●

●
●

●
●

●

●
●

●

● ●
●

●

●
●

●
●●

●
●

●
●

●

●●

●
●

●
●

●
●

●●
●

●●

●
●

●
● ●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●●●●
●

●

● ●
● ●●

●

●

● ●
●

● ●●

●

●

●

●
●

●
●

● ● ●
●

●

● ●

●

●

●
●●

● ● ●
●

●
●

●

●●

●

●

●
●

●
●

●

●
● ● ●

●●
●

●

● ●

●

● ●● ●

● ●
● ●

● ●

●
●

●
● ●

●

●

●

●
● ●●

●

●

●
●

●

●
●

● ●●●

●

●

●
●

Control group
No estrogen, N=157

Daily dose of 15 µg EE
Contraceptive intravaginal ring, N=23

Daily dose of 20 µg EE
Oral contraceptive pill (OCP), N=40

Daily dose of 30 µg EE
Oral contraceptive pill (OCP), N=47

Daily dose of 33,9 µg EE
Contraceptive transdermal patch, N=2

Daily dose of 35 µg EE
Oral contraceptive pill (OCP), N=8

500 1000

S−Cortisol morning (nmol/L)

Ty
pe

 o
f c

on
tr

ac
ep

tio
n

Figure 1. Results shown by subgroup. The group of women using an estrogen containing contraception was divided into subgroups depending on the daily dose
of ethinyl estradiol (EE) in the contraception. In the subgroups of women using an oral contraceptive pill or a contraceptive intravaginal ring, the median value of
s-cortisol increase with increasing daily dose of EE. N: Number of women in the subgroup; S-Cortisol: serum concentration of cortisol.
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correlation was also found between the daily dose of EE and
s-CBG. The median values of s-cortisol and s-CBG in the
EEG subgroups were found to be: 531 and 1759 nmol/L for
users of 15 lg/24 hours vaginal ring, 610 and 2093 nmol/L
for users of 20 lg/24 hours OCPs, 749 and 2426 nmol/L for
users of 30 lg/24 hours OCPs, 809 and 2844 nmol/L
for users of 35lg/24 hours OCPs, and 597 and 2077 nmol/L
for users of 33,9 lg/24 hours transdermal patch.

Discussion

New reference intervals of s-cortisol and s-CBG in women
using and not using EE were established by the present
study. The results confirmed the presence of statistically and
clinically significant differences between the reference inter-
vals of s-cortisol of the two groups. A clinically significant
difference was here defined as a difference of more than
allowed bias based on biological variation: 10% for s-cortisol
[30]. There were no clinically significant differences between
the NEEG and EEG reference intervals of calculated s-FCI
or sa-cortisol. The estrogenic effect on CBG and indirectly
on s-cortisol was not found when the s-FCI was calculated.
Therefore, we recommend using one common reference
interval for s-FCI and sa-cortisol for women 18–45 years,
using and not using an estrogen-containing contraception.
To our knowledge, no reference interval for s-cortisol or s-
CBG has previously been established in a population of
women using EE, but the results from the present study
support previously published data, regarding the effect of
EE on s-CBG and indirectly on s-cortisol [2–7]. The refer-
ence intervals (Table 1) will provide useful information for
the medical practitioners aiding in explaining unexpected
answer of high s-cortisol in women of reproductive age. It
can prevent unnecessary, time-consuming, stressful and pos-
sibly expensive investigations and blood sampling for the
patient. It is important to underscore that this study did not
examine the effect of estrogens on s-cortisol and s-CBG in
patients suffering from Addison’s disease or Cushing syn-
drome. This issue needs further investigation.

The calculated, morning s-cortisol reference interval for
the NEEG, 159–569 nmol/L, correlates well with the refer-
ence interval for a population of presumably healthy adults,
given by the producer in the kit insert: 133–537 nmol/L.
This correlation supports the decision to calculate the ori-
ginal ElecsysVR Cortisol I values into ElecsysVR Cortisol II val-
ues and adds to the validity of the regression equation used,
and to the resulting reference interval.

One of the strengths of the study is the size. When col-
lecting material for estimating the reference interval of s-
cortisol, the recommendations of the IFCC on estimation of
reference intervals were followed [27]. A minimum of 120
reference individuals is considered to be sufficient, and ref-
erence limits were calculated based on the distribution of
reference values. We used a binomial method for obtaining
confidence intervals of the percentiles. This method makes
no assumptions about the underlying distribution of the
variable. To our knowledge, no other study of this size has
been performed on this topic, and the overall size provides
important statistical power to the results, with relatively nar-
row 90% confidence intervals for s-cortisol, meeting the
CLSI criteria of being less than 20% of the reference interval
[28]. The women in the study represented users of modern
types of contraception, various routes of administration,
containing daily doses of EE ranging from 15 to 35 lg/
24 hours. These different types of contraception are among
the most commonly used, and the study provides up to date
information on how they affect the circulating s-cortisol and
s-CBG.

Previous attempts to calculate a free cortisol index have
been made [16–19], using various formulas. Some include
only s-CBG and s-cortisol; some are more complex and
include several binding proteins (e.g. albumin). Albumin
has a several fold lower affinity for cortisol than CBG [12].
Previous studies reported the effect of albumin on the
CBG–cortisol interaction to be minimal in healthy individu-
als [31,32]. Due to these factors, it was decided not to
include albumin in the calculations of the s-FCI in the pre-
sent study. The simplicity of calculating s-FCI as s-cortisol
divided by s-CBG would also be an advantage to physicians

Table 1. Results. Reference intervals given as the 2.5 and 97.5 percentiles of the distribution of reference values, and the corresponding 90% confidence inter-
vals for the reference limits.

Nonestrogen group Ethinyl estradiol group
(NEEG) (EEG)

n Reference interval (median) n Reference interval (median) p-value for median

90% CI for 2.5 prc. 90% CI for 97.5 prc. 90% CI for 2.5 prc. 90% CI for 97.5 prc.

S-cortisol morning (8–10.30 am)
157 159–569 (318) 120 284–994 (667) <0.001

151–185 543–597 270–311 970–1064

S-CBG morning (8–10.30 am)
156 860–1940 (1101) 114 847–3366 (2188) <0.001

833–897 1513–2811 221–1339� 3201–3720�

S-FCI morning (8–10.30 am)
156 0.13–0.50 (0.28) 114 0.16–1.05 (0.29) 0.452

0.06–0.16 0.47–0.59 0.16–0.17� 0.64–3.39

The median values and p-values from testing whether the medians were statistically significantly different in the two reference groups are also given.�¼ Lower (respectively upper) confidence interval limit is held at the minimum (maximum) of sample values.
n: number of reference values; CI: Confidence interval; prc.: percentile; S-cortisol: Serum concentration of cortisol (nmol/L); S-CBG: Serum concentration of CBG
(nmol/L); S-FCI: Free cortisol index in serum (s-cortisol/s-CBG).
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and laboratory workers. CBG has got some diurnal variation,
though smaller than cortisol, with the peak early in the after-
noon [33]. Due to the diurnal variation of these measurands,
it is necessary to standardize the time of sample collection, as
the reference interval for s-FCI only will be valid for the time
of the day when the samples used as reference values were
collected, in this case between 8–10.30 am.

When checking for outliers, using Tukey’s method as
implemented in MedCalc, three high ‘far-out’ values of s-
CBG were identified in the NEEG: 4189, 2700 and 2411
(Table 2). Two individuals in the EEG, using OCPs contain-
ing 30 lg EE, had s-CBG values that were identified as low
‘far-out’ values: 221 and 222 nmol/L, and s-FCIs identified
as high ‘far-out’ values: 3.392 and 2.986. Possible reasons for
these high ‘far-out’ values are discussed in Supplement 2. If
the two s-CBG outliers with low values had been excluded,
the lower reference limit would have been 1269 nmol/L
in the EEG. This is statistically significantly higher than the
low reference limit of 860 nmol/L in the NEEG (p< .001).

There were not enough study participants over 30 years
of age to evaluate whether there should be separate refer-
ence limits for different age groups. We recommend using
the same reference limits for women of all ages using EE
contraception.

Median age was 23 and 31 years in the EEG and NEEG,
respectively. Over the reproductive period of a woman’s life,
the type of contraception chosen may vary due to several
reasons. Stage in life (nulliparity, compatibility with breast-
feeding, between pregnancies, finished having children), cul-
ture and acceptability of the type of contraception, cost,
availability, medical conditions, or family history of
thromboembolic event or other cardiovascular illness are
among the factors that influence this decision. Surveys in
Norway in 2007 [34] and in Great Britain in 2008/2009 [35]
show that women in the early reproductive period of their
lives more often choose OCPs and that women closer to
menopause rather choose intrauterine devices or sterilization
as method of contraception. This could explain the differ-
ence in median age of the two groups in the present study.

The median values of s-cortisol and s-CBG in the EEG
subgroups imply that there is a dose-dependent relationship
between daily dose of EE, s-cortisol and s-CBG. This increase
in median values of s-cortisol in the subgroups, is visualized
in Figure 1. The effect of route of administration can also be
studied, even though the subgroups are not large enough to
evaluate statistical significance. The results of this study

support previous publications claiming that daily dose of EE
has a positive correlation with s-CBG [36,37], and that vagi-
nal administration of EE also leads to an increased s-CBG,
and indirectly increase the s-cortisol [38], as does OCPs.

Conclusion

When assessing serum cortisol and CBG in women using an
estrogen, we recommend using separate – and not the com-
monly used – reference intervals. There is a statistically and
clinically significant difference in s-cortisol between women
using and not using EE contraception. This difference is
due to the estrogenic influence on CBG. Calculating an s-
FCI may help to overcome these differences, but sa-cortisol
may be the preferred measurand for evaluating possible
hypercortisolism in women using estrogens, since sa-cortisol
is not affected by estrogens.

Acknowledgement

We would like to thank the department of Immunology and
Transfusion Medicine at St. Olavs Hospital, Trondheim University
Hospital, for their cooperation when collecting the material needed for
the study. Thanks to the women who donated blood, saliva and a few
minutes of their time to this study, and to Dr. Johan Bjerner at F€urst
Medical laboratory for his assistance in making the figure.

Disclosure statement

The authors alone are responsible for the content and writing of
the article.

ORCID

Kristine Kollerøs Panton http://orcid.org/0000-0002-9476-6693

References

[1] Keenan DM, Roelfsema F, Veldhuis JD. Endogenous ACTH
concentration-dependent drive of pulsatile cortisol secretion in
the human. Am J Physiol Endocrinol Metab. 2004;287:
E652–E6561.

[2] Cobey F, Leone L, Taliaferro I. Effect of diethylstilbestrol on
plasma 17-hydroxycorticosteroid levels in humans. Proc Soc
Exp Biol Med. 1956;92:742.

[3] Brien TG. Cortisol metabolism after oral contraceptives: total
plasma cortisol and the free cortisol index. BJOG. 1975;82:
987–991.

Table 2. ‘Far-out’ values. The ‘far-out’ values as identified by Tukey’s method, with the values of the other relevant parameters.

‘Far-out’ value Group S-CBG S-cortisol S-FCI Sa-cortisol (am) Sa-cortisol (pm)

High s-CBG NEEG 4189a 230 0.06b 21 4
High s-CBG NEEG 2700a 528 0.20 15 3
High s-CBG NEEG 2411a 441 0.18 – –
Low s-CBG and high s-FCI EEG (DD 30 mg) 222b 753 3.39a 11 8�
Low s-CBG and high s-FCI EEG (DD 30 mg) 221b 660 2.99a 14 6
aValues above the appropriate upper reference limit.
bValues below the appropriate lower reference limit.
– Missing value.�¼<50% fall in sa-cortisol from the morning to the evening sample.
NEEG: Non ethinyl estradiol group; EEG: Ethinyl estradiol group; DD: Daily dose of ethinyl estradiol; S-CBG: Serum concentration of CBG (nmol/
L); S-FCI: Free cortisol index in serum (s-cortisol/s-CBG); S-cortisol: Serum concentration of cortisol (nmol/L); Sa-cortisol: Salivary concentration of
cortisol (nmol/L).

318 K. K. PANTON ET AL.



[4] Vibarel-Rebot N, Rieth N, Lasne F, et al. Oral contraceptive use
and saliva diurnal pattern of metabolic steroid hormones in
young healthy women. Contraception. 2015;91:245–247.

[5] Kirschbaum C, Kudielka BM, Gaab J, et al. Impact of gender,
menstrual cycle phase, and oral contraceptives on the activity
of the hypothalamus-pituitary-adrenal axis. Psychosom Med.
1999;61:154–162.

[6] Westhoff CL, Pike MC, Tang R, et al. Estimating systemic
exposure to ethinyl estradiol from an oral contraceptive. Am J
Obstet Gynecol. 2015;212:614.e1–e7.

[7] Agren UM, Anttila M, Maenpaa-Liukko K, et al. Effects of a
monophasic combined oral contraceptive containing nomeges-
trol acetate and 17beta-oestradiol compared with one contain-
ing levonorgestrel and ethinylestradiol on haemostasis, lipids
and carbohydrate metabolism. Eur J Contracept Reprod Health
Care. 2011;16:444–457.

[8] Westhoff CL, Petrie KA, Cremers S. Using changes in binding
globulins to assess oral contraceptive compliance.
Contraception. 2013;87:176–181.

[9] Mitchell E, Torpy DJ, Bagley CJ. Pregnancy-associated cortico-
steroid-binding globulin: high resolution separation of glycan
isoforms. Horm Metab Res. 2004;36:357–359.

[10] Hossner KL, Billiar RB. Plasma clearance and organ distribu-
tion of native and desialylated rat and human transcortin: spe-
cies specificity. Endocrinology. 1981;108:1780–1786.

[11] Mendel CM. The free hormone hypothesis: a physiologically
based mathematical model. Endocr Rev. 1989;10:232–274.

[12] Tait JF, Tait SA. The effect of plasma protein binding on the
metabolism of steroid hormones. J Endocrinol. 1991;131:
339–357.

[13] Kisseleva EP, Vashkevich II, Avvakumov GV, et al. Transcortin
does not restrict the transmembrane transfer of cortisol.
Biochem Biophys Res Commun. 1990;173:961–966.

[14] Hammond GL, Langley MS. Identification and measurement of
sex hormone binding globulin (SHBG) and corticosteroid bind-
ing globulin (CBG) in human saliva. Acta Endocrinol
(Copenh). 1986;112:603–608.

[15] Miler M, Simundic AM. Low level of adherence to instructions
for 24-hour urine collection among hospital outpatients.
Biochem Med. 2013;23:316–320.

[16] Coolens JL, Van Baelen H, Heyns W. Clinical use of unbound
plasma cortisol as calculated from total cortisol and corticoster-
oid-binding globulin. J Steroid Biochem. 1987;26:197–202.

[17] le Roux CW, Sivakumaran S, Alaghband-Zadeh J, et al. Free
cortisol index as a surrogate marker for serum free cortisol.
Ann Clin Biochem. 2002;39:406–408.

[18] Mazer NA. A novel spreadsheet method for calculating the free
serum concentrations of testosterone, dihydrotestosterone,
estradiol, estrone and cortisol: with illustrative examples from
male and female populations. Steroids. 2009;74:512–519.

[19] Dorin RI, Pai HK, Ho JT, et al. Validation of a simple method
of estimating plasma free cortisol: role of cortisol binding to
albumin. Clin Biochem. 2009;42:64–71.

[20] Bonte HA, van den Hoven RJ, van der Sluijs Veer G, et al. The
use of free cortisol index for laboratory assessment of pituitary-
adrenal function. Clin Chem Lab Med. 1999;37:127–132.

[21] Winkler UH, Sudik R. The effects of two monophasic oral con-
traceptives containing 30mcg of ethinyl estradiol and either
2mg of chlormadinone acetate or 0.15mg of desogestrel on

lipid, hormone and metabolic parameters. Contraception. 2009;
79:15–23.

[22] Boisseau N, Enea C, Diaz V, et al. Oral contraception but not
menstrual cycle phase is associated with increased free cortisol
levels and low hypothalamo-pituitary-adrenal axis reactivity. J
Endocrinol Invest. 2013;36:955–964.

[23] Walker RF, Riad-Fahmy D, Read GF. Adrenal status assessed
by direct radioimmunoassay of cortisol in whole saliva or par-
otid saliva. Clin Chem. 1978;24:1460–1463.

[24] Baillot A, Vibarel-Rebot N, Thomasson R, et al. Serum and sal-
iva adrenocortical hormones in obese diabetic men during sub-
maximal exercise. Horm Metab Res. 2011;43:148–150.

[25] Groschl M. Current status of salivary hormone analysis. Clin
Chem. 2008;54:1759–1769.

[26] Liening SH, Stanton SJ, Saini EK, et al. Salivary testosterone,
cortisol, and progesterone: two-week stability, interhormone
correlations, and effects of time of day, menstrual cycle, and
oral contraceptive use on steroid hormone levels. Physiol
Behav. 2010;99:8–16.

[27] Solberg HE. The IFCC recommendation on estimation of refer-
ence intervals. The RefVal program. Clin Chem Lab Med. 2004;
42:710–714.

[28] Wayne PA. Clinical and Laboratory Standards Institute (CLSI).
"Defining, Establishing and Verifying Reference Intervals in the
Clinical Laboratory; Approved Guideline - Third edition". CLSI
document C28-A3c. 2008.

[29] Carpenter J, Bithell J. Bootstrap confidence intervals: when,
which, what? A practical guide for medical statisticians. Statist
Med. 2000; 19:1141–1164.

[30] Ric�os C, Alvarez V, Cava F, et al. Current databases on bio-
logical variation: pros, cons and progress. Scand J Clin Lab
Invest. 1999;59:491–500.

[31] Cameron A, Henley D, Carrell R, et al. Temperature-responsive
release of cortisol from its binding globulin: a protein thermo-
couple. J Clin Endocrinol Metab. 2010;95:468995.

[32] Lewis JG, Bagley CJ, Elder PA, et al. Plasma free cortisol frac-
tion reflects levels of functioning corticosteroid-binding globu-
lin. Clin Chim Acta. 2005;359:189–194.

[33] Lewis JG, Mopert B, Shand BI, et al. Plasma variation of cor-
ticosteroid-binding globulin and sex hormone-binding globulin.
Horm Metab Res. 2006;38:241–245.

[34] Skjeldestad FE. Use of contraceptives in Norway in 2005.
Tidsskr nor Laegeforen. 2007;127:2803–2805.

[35] Lader D. Opinion Survey Report No. 41. Contraception and
Sexual Health, 2008/09. United Kingdom: The Office of
National Statistics, UK statistics Authority, 2009 Contract No.:
ISSN 978 1 85774 690 7.

[36] Wiegratz I, Kutschera E, Lee JH, et al. Effect of four different
oral contraceptives on various sex hormones and serum-bind-
ing globulins. Contraception. 2003;67:25–32.

[37] Jung-Hoffmann C, Fitzner M, Kuhl H. Oral contraceptives con-
taining 20 or 30 micrograms ethinylestradiol and 150 micro-
grams desogestrel: pharmacokinetics and pharmacodynamic
parameters. Horm Res. 1991;36:238–246.

[38] Sitruk-Ware RL, Menard J, Rad M, et al. Comparison of the
impact of vaginal and oral administration of combined hormo-
nal contraceptives on hepatic proteins sensitive to estrogen.
Contraception. 2007;75:430–437.

SCANDINAVIAN JOURNAL OF CLINICAL AND LABORATORY INVESTIGATION 319


	Abstract
	Introduction
	Materials and methods
	Population
	Measurement procedures
	Statistical methods

	Results
	Discussion
	Conclusion
	Acknowledgement
	Disclosure statement
	References


