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Objectives: Ethinylestradiol (EE)-based combined oral contraceptives (COC) affect adrenal function by al-
tering steroid and corticosteroid-binding globulin (CBG) synthesis that may contribute to adverse effects
related to these drugs. The effects of COCs containing natural estrogens remain unclear. We compared the
effects of COCs containing estradiol valerate (EV) and EE on cortisol and other adrenal steroid hormones.
Study design: A spin-off study of a randomized, open-label trial. Fifty-nine healthy women were allocated
to groups that engaged in the continuous use of EV+dienogest (DNG), EE+DNG, or DNG only for 9 weeks.
We measured changes in adrenal steroids, CBG, and the free cortisol index (FCI).
Results: Treatment with EE+DNG increased total cortisol (mean increment 668 nmol/L, p < 0.001) and
cortisone (10 nmol/L, p= 0.001) levels, whereas the change from the baseline was insignificant for the
EV+DNG and DNG-only groups. Dehydroepiandrosterone sulfate decreased by 24% in the EE+DNG group
but remained unchanged in the EV+DNG and DNG-only groups. Aldosterone and 17-hydroxyprogesterone
levels did not differ between the groups. All preparations increased CBG, but the increase in the EE+-DNG
group (median increment 42 pg/mL, p < 0.001) was 9- and 49-fold higher than that in the EV+DNG and
DNG-only groups, respectively. The FCI remained unchanged in all study groups, indicating that cortisol
and CBG mainly increased in parallel, although some individuals demonstrated larger alterations in the
cortisol-CBG balance.
Conclusion: In COCs, EV had a milder effect on circulating CBG and adrenal steroid levels than EE; how-
ever, further research is necessary to determine the long-term effects.
Trial Registration: ClinicalTrials.gov NCT02352090
Implications: EV-based COC had reduced effects on circulating CBG and adrenal steroids compared to
EE, probably due to a lower hepatic impact. Whether the sensitization of the adrenals to ACTH varies
according to COC contents and whether it relates to experienced side effects needs to be investigated.
These results encourage further research and development of contraceptives containing natural estrogens.
© 2022 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Millions of women worldwide use combined oral contraceptives
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(COCs), but studies on their effects on adrenal endocrine function
are limited. The adrenal cortex produces glucocorticoids, miner-
alocorticoids, and androgens, which regulate, for instance, energy
metabolism, salt-water homeostasis, inflammatory functions, and
mood [1]. Steroid hormones in the circulation are mostly bound
to carrier proteins, and only the unbound free fraction is con-
sidered biologically active. Cortisol, the most important glucocor-
ticoid in humans, binds to corticosteroid-binding globulin (CBG).
Both CBG and cortisol levels increase during COC use [2-6], as es-
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trogens modulate cortisol balance by stimulating hepatic CBG syn-
thesis [1]. Increases in CBG levels during COC use are followed by
concomitant increases in cortisol production, resulting in a new al-
tered CBG-cortisol equilibrium [1]. COC use also increases adrenal
responsiveness to adrenocorticotrophic hormone (ACTH) [7].

COC use also decreases circulating androgen levels by upreg-
ulating sex hormone binding globulin and inhibiting ovarian and
adrenal androgen production [8]. Adrenal androgen production
plays a role in hyperandrogenic conditions, such as polycystic ovary
syndrome (PCOS), which is often managed using COCs [9,10]. Al-
though the mechanism underlying adrenal suppression by COCs re-
mains unclear, decreased ACTH and increased cortisol levels have
been proposed as a candidate [8].

Most COCs contain ethinylestradiol (EE) combined with a pro-
gestin. EE is a highly potent estrogen with an up-to-600-fold effect
on hepatic protein synthesis compared to estradiol (E2) [11]. EE-
containing COCs also affect cortisol-related inflammatory cascades,
glucose metabolism, and blood coagulation [12-17]. To avoid these
unfavorable effects from EE, COCs containing natural estrogens,
such as E2 (and its valerate, EV) and estetrol (E4), have been de-
veloped. However, due to their recent market introduction, the dif-
ferences between natural estrogens and EE in COCs are still poorly
understood. Previous studies have mainly compared E2/EV/E4 and
EE in combination with different progestins. However, since the
progestin component delivers its own effect and modulates the es-
trogens’ effects, a meaningful comparison is made using prepara-
tions containing the same progestin [18]. Nevertheless, the impact
of different E2/EV/E4 combinations on adrenal steroids and CBG
seems to be less significant than that resulting from EE-based COCs
[3,6,19].

This spin-off study aimed to compare the effects of EE+DNG,
EV+DNG, and DNG only on adrenal steroids and CBG. This work is
part of a randomized trial comparing COCs containing EE and EV
with the same progestin, primarily focusing on glucose metabolism
[20].

2. Materials and methods
2.1. Study design

This study is a spin-off from a researcher-initiated ran-
domized open-label trial conducted at the Helsinki and Oulu
University Hospitals, Finland, between April 2015 and January
2018. The detailed study protocol has been described previ-
ously [17,20], and it was approved by the independent Ethics
Committee of Helsinki University Central Hospital. The study
was registered in the Clinical Trials database (NCT02352090;
https://clinicaltrials.gov/) and the EU Clinical trials register (2014-
001243-20; https://www.clinicaltrialsregister.eu). All subjects pro-
vided informed consent via a signed form. The sample size calcula-
tion was based on glucose metabolism, the trials’ primary outcome
[20].

2.2. Study subjects and intervention

Seventy-seven women volunteered for the study (Fig. 1). After
the eligibility assessment, 59 healthy White women were enrolled.
All women had regular menstrual cycles and a minimum wash-out
period of 2 months from hormonal medication or 3 months from
breastfeeding. Exclusion criteria were age > 35 years, body mass
index (BMI) > 25 kg/m?2, blood pressure > 140/90 mm Hg, smok-
ing, alcohol or drug abuse, and abnormal findings in the standard
2-hour oral glucose tolerance test (OGTT) or in the gynecological
ultrasound examination. The women had no contraindications for
COC use.
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The women were randomized into groups that used either
EV+DNG (Qlaira, Bayer AG, Germany), EE+DNG (Valette, Bayer AG,
Germany), or DNG-only preparations (Visanne, Jenapharm, Bayer
AG, Germany) for 9 weeks continuously. The original blister packs
were modified to better match each other’s hormonal contents
(Fig. 1). The women were evaluated at baseline, during the first
5 days of the menstrual cycle, and during the fifth and ninth
weeks of the study. After randomization, there was one dropout
in the EE+DNG group due to minor nonspecific side effects and
two dropouts in the DNG group due to general malaise and mood
changes. Two women in the EV+DNG group and one woman in the
EE+DNG group had a C-reactive protein value > 10 mg/L at one
appointment and were excluded from analyses as infection might
have interfered with adrenal steroid levels.

2.3. Steroid hormone measurements

Blood samples were collected at baseline and at the fifth
and ninth weeks of treatment to measure the levels of adrenal
steroids (progesterone, 17-hydroxyprogesterone [17-OHP], dehy-
droepiandrosterone sulfate [DHEAS], aldosterone, cortisol, and cor-
tisone). Fasting samples were collected between 07:00 and 10:00
AM after 15 minutes of resting while subjects were sitting. Serum
(300 pL) was used for analysis with liquid chromatography-
tandem mass spectrometry (LC-MS/MS). Serum proteins were pre-
cipitated with acetonitrile, and the supernatant was subjected to
liquid-liquid extraction with ethylacetate-heptane on a Hamilton
STAR pipetting robot (Bonaduz, Switzerland). An Acquity UPLC sys-
tem (Waters, Milford, MA) was used to chromatographically sepa-
rate the steroids on a C-18 column (50 x 2.1 mm, 1.7 mm particle
size), which was developed by gradient elution using water and
methanol containing ammonium hydroxide as mobile phases. The
UPLC system was connected to a Waters Xevo TQ-S tandem mass
spectrometer equipped with an electrospray ionization source, and
the steroids were detected in the multiple reaction monitoring
mode. Two product ions were monitored for each compound to
check for interference. Analytical sensitivity and precision were de-
termined as the lower limit of detection and total coefficient of
variation for intermediate concentrations, respectively, for proges-
terone (0.21 nmol/L and 10.3%), 17-OHP (0.021 nmol/L and 4.4%),
DHEAS (0.021 pmol/L and 10.4%), cortisol (0.59 nmol/L and 4.0%),
cortisone (0.17 nmol/L and 4.2%), and aldosterone (13 pmol/L and
7.5%). Accuracies were in the range 95% to 109%.

24. CBG ELISA

CBG was measured at baseline and at 9 weeks of treatment
using sandwich enzyme immunoassay (Cat. No. RD192234200R,
BioVendor, Brno, Czech Republic) according to the manufacturer’s
instructions. The detection limit of the assay was 0.1 ng/mL.
Briefly, samples were first incubated in microplate wells pre-
coated with polyclonal anti-human CBG antibodies. This was fol-
lowed by biotin-labeled monoclonal anti-human CBG antibodies,
streptavidin-horseradish peroxidase conjugate, and substrate so-
lution (tetramethylbenzidine). The reaction was stopped, and ab-
sorbance was measured at a 450 nm wavelength and a 650 nm
reference wavelength. To mitigate optical interference, 650 nm ab-
sorbance was deducted from the 450 nm measurement before
analysis. A standard curve was constructed, and the concentrations
were interpolated with GraphPad Prism 9 for macOS. The inter-
assay coefficient of variation (CV) was 11.5%, and the intra-assay
CV 7.0%.
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A. Assessed for eligibility

Excluded n=18
* Inclusion criteria not met n=9

n=77

Randomized
n=59

4 BMI >24.9

2 blood samples not obtained

1 PCOS
1 anorexia nervosa
1 amenorrhea after
assessment
Declined to participate n=9

EV+DNG
n=20

EE+DNG
n=20

DNG
n=19

Lost to follow-up n=0

Discontinued
intervention
n=0

Lost to follow-up n=0

Discontinued
intervention
n=1(minor non-specific
side effects)

Lost to follow-up n=0

Discontinued
intervention

n=2 (1 general malaise,
1 mood swings)

Completed n=20
Excluded from analysis
n=2 (infection)

Completed n=19
Excluded from analysis
n=1 (infection)

Completed n=17
Analyzed n=17

Analyzed n=18

Analyzed n=18

B.

Day 1{2]a]4]s|e]7]|8]o]10]11]12]13]14]15]16]17]18]19|20]21
EV+DNG g\h/lérggma EV 2mg + DNG 3mg

EE+DNG| EE 0.03 mg + DNG 2mg

DNG  |DNG 2mg

Fig. 1. A. Flowchart of the study. B. Hormonal contents of the study preparations. Each preparation was used for nine consecutive weeks without hormone-free intervals.

DNG, dienogest; EE, ethinylestradiol; EV, estradiol valerate.

2.5. Statistical analysis

The hierarchical linear mixed model was used to analyze the
repeated measurements of progesterone, 17-OHP, DHEAS, aldos-
terone, cortisol, and cortisone. Progesterone levels were primar-
ily analyzed and reported in our previous publication [21]. Given
that progesterone plays a role in adrenal steroid synthesis, the
progesterone data are re-presented as part of the synthesis cas-
cade (Fig. 2). Distributions of progesterone and 17-OHP residu-
als were skewed; therefore, these variables were logarithmically
transformed. Concentrations above the upper limit of quantifica-
tion (ULQ) were replaced with the ULQ value (7 samples of DHEAS
> 10 pmol/L and 1 sample of cortisol > 1500 nmol/L). Concen-
trations that were below the lower limit of quantification (LLQ)
were replaced with LLQ (2 samples of aldosterone < 13 pmol/L
and 61 samples of progesterone < 0.21 nmol/L). Two women were
excluded from the progesterone analysis due to major outliers at
baseline.
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The free cortisol index (FCI) was calculated by dividing corti-
sol by the CBG. Wilcoxon’s test was used for analyses since the
distributions of CBG and the FCI were skewed, and CBG was mea-
sured only twice. The intraindividual change from baseline was cal-
culated, and the Kruskal-Wallis test was used for the between-
groups comparison. IBM SPSS Statistics 27 was used for the sta-
tistical analysis.

3. Results
3.1. Study groups

The groups were comparable in terms of age, BMI, waist-hip
ratio, blood pressure, and metabolic measurements (Table 1). After
dropouts and exclusions due to high C-reactive protein levels, 18
women in the EV+DNG group, 18 in the EE+DNG group, and 17 in
the DNG-only group remained for analysis.
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Fig. 2. Alterations in adrenal steroids during the trial with the steroid synthesis pathway. EE, ethinylestradiol; EV, estradiol valerate; DNG, dienogest; DHEAS, Dehy-
droepiandrosterone sulfate; 17-OHP, 17-Hydroxyprogesterone. *Significant change within the group; # p < 0.05; ## p < 0.01; ### p < 0.001.

Table 1
Baseline demographics of the women participating in the study
EV+DNG EE+DNG DNG
Mean (SD) Mean (SD) Mean (SD) p-value?

Number of subjects 18 18 17
Age, y 24.28 (3.75)  25.89 (3.92) 24.00 (3.86) 0.296
BMI, kg/m2 22.42 (1.63)  23.02 (1.95) 21.87 (1.94) 0.197
WHR 0.76 (0.04) 0.78 (0.05) 0.78 (0.04) 0425
Systolic BP, mm Hg 118.00 (7.19) 11822 (8.72) 11194 (9.73) 0.060
Diastolic BP, mm Hg 74.44 (7.09) 73.44 (7.54) 72.53 (7.38) 0.743
Fasting Glucose, mmol/L 5.18 (0.44) 5.08 (0.31) 4.93 (0.35) 0.139
Total Cholesterol, mmol/L  3.96 (0.68) 4.18 (0.57) 4.07 (0.45) 0.504
HDL, mmol/L 1.64 (0.36) 1.76 (0.37)  1.62 (0.30) 0.430
LDL, mmol/L 2.16 (0.63) 2.23 (0.50) 2.39 (0.55) 0.465
Triglycerides, mmol/L 0.66 (0.24) 0.70 (0.17)  0.65 (0.17) 0.740
HbA1c, mmol/mol 33.11 (2.52) 3294 (2.24)  32.00 (2.37) 0341
hs-CRP, mg/L 0.62 (0.51) 0.95 (0.86)  0.65 (0.57) 0.282

BMI, body mass index; BP, blood pressure; DNG, dienogest; EE, estradiol valerate; EV, estradiol valerate;
hs-CRP, high sensitivity C-reactive protein; WHR, waist-hip ratio.
2 Between-the-groups comparison with Anova.

3.2. Adrenal steroids val, CI] -1.28 pmol/L [-1.92 to -0.64]) but did not change during
EV+DNG and DNG-only use. Aldosterone increased from baseline

The steroid levels at each time point are shown in Table 2, to 9 weeks in the DNG-only group (mean 109.76 pmol/L [25.49-
and the changes during the study period are shown in Figure 2. 194.03]) but did not differ between the study groups. Cortisol lev-
During the EV+DNG treatment, 17-OHP decreased slightly, but the els increased during EE4+DNG treatment (668.00 nmol/L [563.87-
difference was not significant between the groups. DHEAS de- 772.14]), whereas no significant change was seen in the EV+DNG
creased during EE+DNG treatment (median [95% confidence inter- (71.83 nmol/L [-2.37 to 146.03]) nor DNG-only (58.81 nmol/L [-
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Table 2

Measurements of adrenal steroid hormones and corticosteroid-binding globulin
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EV+DNG (N = 18)

EE+DNG (N = 18)

DNG (N = 17)

Week Mean/Median (SD/IQR) p-value  Mean/Median (SD/IQR) p-value  Mean/Median (SD/IQR) p-value
17-OHP 0 1.82 [1.38-2.68] 0.044° 1.28 [1.11-1.75] 0.130° 1.76 [1.08-2.05] 0.110°
nmol/L 5 1.58 [0.83-2.24] 0.028" 1.05 [0.66-1.35] 1.23 [0.95-1.53]

9 1.78 [0.70-2.38] 0.033 1.05 [0.52-1.43] 1.64 [1.30-2.20]

DHEAS pmol/L 0 5.34 (2.67) 0.036° 4.87 (1.98) 0.002¢ 4.86 (1.79) 0.548¢

5 5.79 (2.69) 0.166" 4.28 (2.07) 0.014" 5.24 (1.95)

9 5.09 (2.57) 0.468" 3.59 (1.59) 0.001° 4.89 (1.44)

Aldosterone pmol/L 0 289.28 (154.00) 0.030° 267.92 (221.80) 0.154% 236.43 (168.50) 0.033¢

5 414.19 (154.18) 0.009" 421.23 (223.09) 271.80 (225.89) 0.514"

9 380.19 (245.97) 0.157° 414.14 (252.48) 346.19 (191.28) 0.014°
Cortisol nmol/L 0 540.08 (91.71) 0.006% 495.95 (139.42) <0.001* 493.21 (165.31) 0.182¢

5 663.15 (173.37) 0.002° 1231.82 (157.31) <0.001" 537.41 (134.6)

9 611.92 (165.70) 0.057° 1163.95 (198.3) <0.001" 552.02 (191.81)

Cortisone nmol/L 0 69.40 (7.87) 0.838¢° 62.45 (9.50) <0.001° 63.84 (7.54) 0.653¢

5 68.51 (10.69) 73.33 (15.34) 0.001° 61.01 (12.08)

9 67.85 (10.26) 7247 (8.64) 0.001" 62.68 (7.82)

CBG pg/mL 0 22.04 [17.92-25.03] 25.42 [21.84-28.53] 20.82 [19.28-24.76]

9 27.16 [22.12-30.93] <0.001" 67.33 [58.85-75.62]  <0.001° 24.09 [19.72-26.77]  0.049°
FCI pmol/g 0 24.02 [21.64-27.96] 19.47 [15.00-23.31] 21.34 [16.41-26.50]

9 22.50 [18.18-26.10] 0.231" 17.46 [13.94-20.33]  0.145" 23.32 [15.64-29.00]  0.723"

CBG, Corticosteroid-binding globulin; DHEAS, dehydroepiandrosterone sulfate; DNG, dienogest; EV, estradiol valerate; EE, estradiol valerate; FCI, free

cortisol index; 170HP, 17-hydroksiprogesterone.

Adrenal steroid hormone and binding protein measurements during the trial. Data is presented as median [interquartile range, IQR] or mean (standard
deviation, SD). Concentrations outside the range of measurement were replaced with the limit value (DHEAS >10 pmol/L, cortisol >1500 nmol/L, and

aldosterone <13 pmol/L).
2 within-the-group comparison, change during the trial.
b pairwise analysis, compared to baseline.

2748 to 145.1]) groups. Cortisone levels changed with a similar
pattern to its precursor, cortisol.

3.3. CBG and FCI

CBG increased in all study groups, but the increase in the
EE+DNG group was nine-fold higher than in the EV4+DNG group,
and 49-fold higher than in the DNG-only group (Fig. 3). Even
though both cortisol and CBG levels changed, the FCI remained
unchanged in all three groups. This indicates that CBG and cor-
tisol mostly increased proportionately; however, some individuals
showed wider deviations in cortisol-CBG balance (Fig. 3).

4. Discussion

To our knowledge, this is the first comparison of COCs contain-
ing EE and EV combined with the same progestin on the effects
on adrenal steroids. We found that EE+DNG increased CBG and
cortisol levels, resulting in a new modified CBG-cortisol equilib-
rium. Furthermore, DHEAS decreased with the EE-containing COC.
The EV+DNG and DNG-only treatments had only limited effects on
adrenal steroids.

In the present study, EE+-DNG increased cortisol and CBG levels,
which is a well-known effect of EE [2,4,5,11]. In contrast, natural
estrogens seemed to have a milder effect on cortisol and CBG lev-
els. In a study comparing EV+DNG and EE+levonorgestrel (LNG),
CBG levels increased in both groups; however, the increase was
less significant with EV+DNG treatment [19]. Another study com-
paring E2+nomegestrol acetate (NOMAC) and EE+LNG reported a
greater increase in total cortisol and CBG in the EE+LNG group
[3]. Furthermore, the combination of drospirenone (DRSP) and the
most recent natural estrogen on the market, E4, had a milder effect
on cortisol and CBG than EE+DRSP [6]. Taken together, it appears
that natural estrogens in COCs appear to exert less of an impact
on both CBG and cortisol concentrations than EE. We have demon-
strated the induction of hepatic protein synthesis also in our pre-
vious studies as greater increases in SHBG and prothrombin lev-
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els during EE+DNG use compared with EV+DNG or DNG-only use
[21,22].

The FCI correlates with serum free cortisol levels and describes
the balance of active cortisol in the body [23]. Consistent with the
results of a study comparing E4+DRSP and EE+DRSP [6], the FCI
remained unchanged in all study groups. Although most women
maintained this FCI-equilibrium, some individuals in all groups
showed greater variation from the baseline in the FCI at 9 weeks
(Fig. 3). Whether deviations in cortisol balance can explain some
of the individual variations in side effects, such as severe mood
swings, general malaise, and deteriorated glucose tolerance, should
be further explored. However, as side effects are usually most pro-
nounced during the initial months of contraceptive use and resolve
with time [24,25], this could hypothetically be related to the re-
obtained cortisol equilibrium. Unfortunately, we could not corre-
late the side effects with the CBG-cortisol response, as our study
was not designed for this purpose. Furthermore, a study investi-
gating the responsiveness to exogenous ACTH demonstrated an in-
creased adrenal response in COC users compared with non-users
[7]. Thus, it appears that COCs influence adrenal hormones also in-
dependently of increasing basal cortisol and CBG levels. It remains
to be investigated whether the altered adrenal responsiveness im-
pacts stress tolerance or affects the long-term health of COC users
and whether EE and EV in COCs alter this response differently.

In contrast to increases in CBG and cortisol, we found that
DHEAS levels decreased by 24% in the EE+DNG group, whereas
DHEAS remained unchanged in the EV+DNG and DNG-only groups.
Our results are consistent with earlier studies showing that
both EE+LNG and EE+DRSP decrease DHEAS levels more than
E2+NOMAC [3] and E4+DRSP [6]. Indeed, the increased activity of
the cortisol pathway during COC use most likely resulted in the de-
celeration of the DHEAS synthesis pathway. Even though increased
ACTH is required for achieving the new CBG-cortisol equilibrium
at early stage [1], high cortisol and reduced release of ACTH could
decrease adrenal androgen synthesis in the long term [8]. Given all
this, the use of EE-containing COC could benefit especially women
with congenital adrenal hyperplasia or some women with PCOS
who present with increased adrenal androgen levels [9,10].
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Fig 3. Changes in corticosteroid-binding globulin (CBG) and the free cortisol index (FCI) during the trial. Even though CBG increased during the use of EE+DNG, the FCI did
not change in any of the treatment groups. However, a few subjects in all groups showed notable changes in the FCI. CBG, corticosteroid-binding globulin; DNG, dienogest;
EE, ethinylestradiol; EV, estradiol valerate; FCI, free cortisol index; PCTL, percentile. *Significant change within the group; ### p-value < 0.001.

Table 3
Changes in previously reported measurements related to adrenal steroids
EV+DNG EE+DNG DNG
Mean  (95,0% CI) Mean  (95,0% CI) Mean  (95,0% CI) p-value?
Weight (kg) -049  (-0.95 to -0.03)  -0.08 (-0.81 to 0.65)  -0.57 (-1.09 to -0.05)  0.41
Systolic BP, mm Hg -2.89  (-6.46 to 0.68) -3.33 (-8.15to 1.49) -3.41 (-6.85 to 0.02) 0.98
Diastolic BP, mm Hg -1.56  (-4.53 to 1.41) -0.72 (-4.81 t0 3.36)  -2.53 (-5.01 to -0.05)  0.72
Fasting glucose, mmol/L  -0.08 (-0.23 to 0.08) 0.03 (-0.12 to 0.19)  0.11 (-0.1 to 0.31) 0.28
HbA1c, mmol/mol -0.56  (-2.07 to 0.96) -0.22 (-1.41 to 0.97) -0.88 (-2.38 to 0.62) 0.79

BP, blood pressure; DNG, dienogest; EV, estradiol valerate; EE, estradiol valerate; HbA1lc, hemoglobin Alc; OGTT, oral glucose

tolerance test.

Changes in measurements related to adrenal steroids, that were reported in our previous papers [17,20]. Values presented here
were calculated based on the subjects included to this study: subjects with C-reactive protein >10 mg/L at any appointment

were excluded from the analysis.
2 Group comparison with Anova.

Aldosterone, the main mineralocorticoid in humans, increases
the reabsorption of Na* in the kidneys and regulates extracellu-
lar fluid volume [1]. We found that aldosterone levels remained
unaltered in both the EE+DNG and EV+DNG groups. This aligns
with a previous study that compared EE+DNG with EE+LNG, the
results of which showed no consistent alterations in aldosterone
levels [26]. However, we found individual variation to be high and
a significant increase in the DNG-only group. The type of pro-
gestin seems to be a more important factor than the type of es-
trogen in determining the effects of COC on aldosterone; in a re-
cent study, both E4+DRSP and EE+DRSP increased aldosterone,
whereas EE+LNG decreased aldosterone [6]. This finding relates to
the antimineralocorticoid effect of DRSP, which is a spironolactone-
derived progestin [27].
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We have previously reported several endpoints from this trial
relating to the physiological functions of adrenal steroid hormones
(Table 3). We found that blood pressure, body weight [17] and glu-
cose tolerance [20] remained unchanged in all study groups during
the trial. Since glucocorticoids and mineralocorticoids regulate glu-
cose metabolism, blood pressure, and salt-water balance, the find-
ings indicate that elevated CBG indeed balances the increase in
cortisol levels during EE-based COC use. Whether individuals with
poor CBG balance experience detrimental effects of EE-based COC
use, in the long run, remains to be investigated.

This study has several strengths. Randomization of the groups
was successful, as reflected in comparable baseline characteris-
tics. Additionally, the dropout rate (three women) was low. More-
over, all preparations contained the same progestin, which allowed
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for a meaningful comparison of the two estrogens and DNG only.
Furthermore, the use of LC-MS/MS technology allowed for high-
quality steroid hormone data. A limitation of our study is the 9-
week follow-up, which is too short to draw conclusions regard-
ing possible long-term effects. Moreover, the possibility of a type
Il statistical error must be considered, as the sample size calcula-
tion was not based on the endpoints of this study. However, the
differences between the groups were significant for many of the
endpoints, and the results were consistent with previous studies,
indicating a sufficient sample size.

In conclusion, EV in a COC had less of an impact on DHEAS,
cortisol, and CBG levels compared to EE. Even though the FCI re-
mained mainly stable with both combinations, women could ben-
efit from less significant changes in CBG and cortisol levels. Un-
til recently, EE dose and progestin type has been the main fac-
tors in COC choice. However, with accumulating data showing the
milder metabolic impact of natural estrogens in COC, the estrogen
type should also be considered. Although more research regard-
ing the long-term effects of COCs on adrenal steroid hormones is
warranted, this pilot study emphasized the neutral effect of EV in
favor of EE, encouraging further research and development of COCs
containing natural estrogens.

Acknowledgments

The authors thank our research nurses Ms. Elina Huikari and
Ms. Pirjo Ikonen for their help during recruiting and admissions,
Ms. Maarit Haarala for laboratory assistance, and Ms. Elisa Korho-
nen for statistical guidance. Funding was obtained from Helsinki
University Hospital research funds (JST, OH, AH, KL), the Sigrid
Juselius Foundation (JST, TTP), the Academy of Finland (JST, TTP
315921 & 321763), the Finnish Medical Association (MHK, AH, TTP),
the University of Oulu Graduate School (MHK), the Emil Aalto-
nen Foundation (MHK), the Swedish Cultural Foundation in Finland
(AH), the Novo Nordisk Foundation (RKA), Orion Research Founda-
tion (AH), and the Northern Ostrobothnia Regional Fund (RKA). The
funders had no role in the study design, data collection and analy-
sis, decision to publish, or manuscript preparation.

References

[1] Barrett KE, Barman SM, Boitano S, Brooks HL. Ganong's review of medical
physiology. Twenty-Fourth Edition. New York: McGraw-Hill Medical; 2012. 24.
international ed.

Wiegratz I, Kutschera E, Lee JH, Moore C, Mellinger U, Winkler UH, et al. Ef-
fect of four different oral contraceptives on various sex hormones and serum-
binding globulins. Contraception 2003;67:25-32. doi:10.1016/S0010-7824(02)
00436-5.

Agren UM, Anttila M, Maenpia-Liukko K, Rantala ML, Rautiainen H, Som-
mer WF, et al. Effects of a monophasic combined oral contraceptive contain-
ing nomegestrol acetate and 178-oestradiol in comparison to one containing
levonorgestrel and ethinylestradiol on markers of endocrine function. Eur ]
Contracept Reproduct Health Care 2011;16:458-67. doi:10.3109/13625187.2011.
614363.

Westhoff CL, Petrie KA, Cremers S. Using changes in binding globulins to
assess oral contraceptive compliance. Contraception 2013;87:176-81. doi:10.
1016/j.contraception.2012.06.003.

Panton KK, Mikkelsen G, Irgens W@, Hovde AK, Killingmo MW, @ien MA, et al.
New reference intervals for cortisol, cortisol binding globulin and free cortisol
index in women using ethinyl estradiol. Scand ] Clin Lab Investig 2019;79:314-
19. doi:10.1080/00365513.2019.1622031.

Klipping C, Duijkers I, Mawet M, Maillard C, Bastidas A, Jost M, et al. En-
docrine and metabolic effects of an oral contraceptive containing estetrol and
drospirenone. Contraception 2021;103:213-21. doi:10.1016/].CONTRACEPTION.
2021.01.001.

2

13

[4]

5

(6

65

Contraception 116 (2022) 59-65

[7] Fujimoto VY, Villanueva AL, Hopper B, Moscinski M, Rebar RW. Increased
adrenocortical responsiveness to exogenous ACTH in oral contraceptive users.
Adv Contraception 1986;2:343-53. doi:10.1007/BF02340051.

Zimmerman Y, Eijkemans M]JC, Bennink HJTC, Blankenstein MA, Fauser BCJM.

The effect of combined oral contraception on testosterone levels in healthy

women : a systematic review and meta-analysis. Hum Reprod Update

2014;20:76-105. doi:10.1093/humupd/dmt038.

Luque-Ramirez M, Escobar-Morreale H. Adrenal hyperandrogenism and poly-

cystic ovary syndrome. Curr Pharma Des 2016;22:5588-602. doi:10.2174/

1381612822666160720150625.

Rosenfield RL, Ehrmann DA. The Pathogenesis of Polycystic Ovary Syndrome

(PCOS): the hypothesis of PCOS as functional ovarian hyperandrogenism revis-

ited. Endocr Rev 2016;37:467-520. doi:10.1210/ER.2015-1104.

Mashchak CA, Lobo RA, Dozono-Takano R, Eggena P, Nakamura RM, Brenner PF,

et al. Comparison of pharmacodynamic properties of various estrogen for-

mulations. Am ] Obstet Gynecol 1982;144:511-18. doi:10.1016/0002-9378(82)

90218-6.

Piltonen T, Puurunen J, Hedberg P, Ruokonen A, Mutt SJ, Herzig KH, et al. Oral,

transdermal and vaginal combined contraceptives induce an increase in mark-

ers of chronic inflammation and impair insulin sensitivity in young healthy
normal-weight women: a randomized study. Human Reprod 2012;27:3046-56.
doi:10.1093/HUMREP/DES225.

[13] Wang Q, Wurtz P, Auro K, Morin-Papunen L, Kangas A], Soininen P, et al.

Effects of hormonal contraception on systemic metabolism: cross-sectional

and longitudinal evidence. Int J Epidemiol 2016;45:1445-57. doi:10.1093/ije/

dyw147.

Haarala A, Eklund C, Pessi T, Lehtimdki T, Huupponen R, Jula A, et al. Use of

combined oral contraceptives alters metabolic determinants and genetic regu-

lation of C-reactive protein. The cardiovascular risk in young finns study. Scand

] Clin Lab Investig n 2009;69:168-74. doi:10.1080/00365510802449642.

[15] Lidegaard @, Lokkegaard E, Jensen A, Skovlund CW, Keiding N. Thrombotic
stroke and myocardial infarction with hormonal contraception. N Engl ] Med
2012;366:2257-66. doi:10.1056/NEJMoa1111840.

[16] Sitruk-Ware R. Hormonal contraception and thrombosis.
2016;106:1289-94. doi:10.1016/j.fertnstert.2016.08.039.

[17] Kangasniemi MH, Haverinen A, Luiro K, Hiltunen JK, Komsi EK, Arffman RK,
et al. Estradiol valerate in COC has more favorable inflammatory profile
than synthetic ethinyl estradiol: a randomized trial. J Clin EndocrinolMetab
2020;105:e2483-90. doi:10.1210/clinem/dgaa186.

[18] Stanczyk FZ, Archer DF, Bhavnani BR. Ethinyl estradiol and 178-estradiol in
combined oral contraceptives: pharmacokinetics, pharmacodynamics and risk
assessment. Contraception 2013;87:706-27. doi:10.1016/J.CONTRACEPTION.
2012.12.011.

[19] Junge W, Mellinger U, Parke S, Serrani M. Metabolic and haemostatic ef-

fects of estradiol valerate/dienogest, a novel oral contraceptive: a randomized,

open-label, single-centre study. Clin Drug Investig 2011;31:573-84. doi:10.
2165/11590220-000000000-00000.

Haverinen A, Kangasniemi MH, Luiro K, Piltonen T, Heikinheimo O,

Tapanainen JS. Ethinyl estradiol vs estradiol valerate in combined oral contra-

ceptives - Effect on glucose tolerance: a randomized, controlled clinical trial.

Contraception 2021;103:53-9. doi:10.1016/j.contraception.2020.10.014.

Haverinen A, Luiro K, Kangasniemi MH, Piltonen TT, Hustad S, Heikinheimo O,

et al. Estradiol valerate vs ethinylestradiol in combined oral contraceptives: ef-

fects on the pituitary-ovarian axis. ] Clin EndocrinolMetab 2022;107:e3008-17.
doi:10.1210/clinem/dgac150.

Haverinen A, Luiro KM, Szanto T, Kangasniemi MH, Hiltunen L, Sainio S, et al.

Combined oral contraceptives containing estradiol valerate vs ethinylestradiol

on coagulation: a randomized clinical trial. Acta Obstetricia et Gynecologica

Scandinavica 2022. doi:10.1111/aogs.14428.

le Roux CW, Sivakumaran S, Alaghband-Zadeh ], Dhillo W, Kong WM,

Wheeler M]. Free cortisol index as a surrogate marker for serum free cortisol.

Ann Clin Biochem 2002;39:406-8. doi:10.1258/000456302760042182.

[24] Sabatini R, Cagiano R. Comparison profiles of cycle control, side effects
and sexual satisfaction of three hormonal contraceptives. Contraception
2006;74:220-3. doi:10.1016/].CONTRACEPTION.2006.03.022.

[25] Pérez-Campos EF. Ethinylestradiol/dienogest in oral contraception. Drugs
2010;70:681-9. doi:10.2165/11536320-000000000-00000.

[26] Wiegratz I, Kutschera E, Lee JH, Moore C, Mellinger U, Winkler UH, et al. Ef-
fect of four oral contraceptives on thyroid hormones, adrenal and blood pres-
sure parameters. Contraception 2003;67:361-6. doi:10.1016/S0010-7824(03)
00006-4.

[27] Palacios S, Regidor PA, Colli E, Skouby SO, Apter D, Roemer T, et al. Oestrogen-
free oral contraception with a 4mg drospirenone-only pill: new data and a
review of the literature. Eur ] Contracept Reproduct Health Care 2020;25:221-
7. doi:10.1080/13625187.2020.1743828.

[8

(9

(10]

(1]

[12]

(14]

Fertil Steril

(20]

[21]

(22]

(23]


http://refhub.elsevier.com/S0010-7824(22)00246-3/sbref0001
https://doi.org/10.1016/S0010-7824(02)00436-5
https://doi.org/10.3109/13625187.2011.614363
https://doi.org/10.1016/j.contraception.2012.06.003
https://doi.org/10.1080/00365513.2019.1622031
https://doi.org/10.1016/J.CONTRACEPTION.2021.01.001
https://doi.org/10.1007/BF02340051
https://doi.org/10.1093/humupd/dmt038
https://doi.org/10.2174/1381612822666160720150625
https://doi.org/10.1210/ER.2015-1104
https://doi.org/10.1016/0002-9378(82)90218-6
https://doi.org/10.1093/HUMREP/DES225
https://doi.org/10.1093/ije/dyw147
https://doi.org/10.1080/00365510802449642
https://doi.org/10.1056/NEJMoa1111840
https://doi.org/10.1016/j.fertnstert.2016.08.039
https://doi.org/10.1210/clinem/dgaa186
https://doi.org/10.1016/J.CONTRACEPTION.2012.12.011
https://doi.org/10.2165/11590220-000000000-00000
https://doi.org/10.1016/j.contraception.2020.10.014
https://doi.org/10.1210/clinem/dgac150
https://doi.org/10.1111/aogs.14428
https://doi.org/10.1258/000456302760042182
https://doi.org/10.1016/J.CONTRACEPTION.2006.03.022
https://doi.org/10.2165/11536320-000000000-00000
https://doi.org/10.1016/S0010-7824(03)00006-4
https://doi.org/10.1080/13625187.2020.1743828

	Effects of estradiol- and ethinylestradiol-based contraceptives on adrenal steroids: A randomized trial
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Study subjects and intervention
	2.3 Steroid hormone measurements
	2.4 CBG ELISA
	2.5 Statistical analysis

	3 Results
	3.1 Study groups
	3.2 Adrenal steroids
	3.3 CBG and FCI

	4 Discussion
	Acknowledgments
	References


