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Abstract
The role of testosterone in females has not been fully elucidated. Studies usually involved
postmenopausal women. Literature data on age-related changes of testosterone levels are
contradictory. The application of sex hormones and their combination in medical practice
increases the importance of study of the menstrual cycle fluctuations in testosterone,
populational variability of testosterone and estradiol levels and their ratio in healthy females
to prevent the excessive doses of sex steroids and provide the using of optimal their doses in
different phases of menstrual cycle during treatment. The objective of our research was to
evaluate testosterone and estradiol levels, their interrelation and their ratio in different stages
of menstrual cycle in young healthy women. Twenty-two young Ukrainian females aged 18
to 22 years were enrolled in this study. Testosterone and estradiol levels in blood serum were
determined by Estradiol ELISA and Testosterone ELISA kits (Italy). Both estradiol and
testosterone levels depended on menstrual cycle phases. The highest testosterone level was
revealed in ovulation. No correlation between blood serum testosterone and estradiol levels
was found in all menstrual cycle phases. Differences in testosterone and estradiol levels
between Ukrainian women and some other populations of women were noted, indicating
that such differences must be taken into account when treating women of different populations.
Testosterone/estradiol ratio was not changed during menstrual cycle. Because of the constancy
of the ratio of testosterone to estradiol during menstrual cycle and the age-related change in
that ratio, this must be taken into account in the treatment of elderly women in order to
create a testosterone-estradiol ratio that is characteristic of young women.
Key words: Testosterone, estradiol, menstrual cycle phases, women.

THEORETICAL & EXPERIMENTAL MEDICINE

Corresponding Author:
Liudmyla Popova, PhD, DrSc, Professor,
Department of Biochemistry,
Kharkiv National Medical University, Ukraine.
E-mail:  popova_ld@ukr.net

Introduction
Testosterone is an essential hormone for

women [1, 2]. Its physiological effects are
mediated directly or via aromatization to estradiol
in peripheral tissues [1]. However, little attention
has been paid to functions of endogenous
androgens in females [3]. Conclusions about roles
of endogenous androgens are usually based on
clinical investigations [1, 4–6] or on data obtained

on postmenopausal women [3, 7–9]. Information
on healthy young women is scarce [10–12].
Moreover, age-related changes in blood
testosterone levels have been demonstrated.
However, data on the dynamics of such changes
are contradictory [3]. Testosterone and estradiol
and their combination are used not only in female
sexual dysfunction [13, 14], but also may become
a new therapeutic strategy in depression [15].
However the menstrual cycle-related fluctuations
of testosterone, populational variability of
testosterone and estradiol levels and their ratio in
healthy females remain insufficiently
investigated. These studies are necessary to
prevent the excessive doses of sex steroids and
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to provide the physiological menstrual cycle-
related fluctuations during the treatment.

2. Purposes, subjects and methods:
2.1. Purpose
Given the facts mentioned above, the aim of

our study was to assess testosterone and estradiol
levels, their interrelation and their ratio in different
stages of menstrual cycle in young healthy females.

2.2. Subjects & Methods
The study comprised 22 young healthy

Ukrainian women aged 18 to 22 years with body
mass index of 19–24. All females had the
regulatory 28–32-day-long menstrual cycle. They
had no surgery and traumas in anamnesis. They
have not been taking contraceptives and medicines
that may affect their hormonal profile by any way
for last 3 months. Blood samples were collected
3 times: in follicular, ovulation and luteal phases
of menstrual cycle at the same time of day (8.00 –
9.00 a.m.). Blood serum was prepared and used
for testosterone and estradiol level determination.

Testosterone and estradiol levels in blood
serum were determined by Estradiol ELISA and
Testosterone ELISA kits purchased from
DiaMetra (Italy). Both kits were based on the
quantitative sandwich enzyme immunoassay
technique. All procedures were carried out in
accordance with the instructions provided by the
manufacturer. As soon as the color development
was stopped, the optical density of the solutions
was determined with the help of the Awareness
Technology Stat Fax 303 Plus Microstrip Reader
(USA). Testosterone concentrations in blood
serum were expressed in nmol/l, while the level
of estradiol was expressed in pmol/l.

All procedures and manipulations were
carried out in accordance with the ethical
standards of the Committee of Ethics and
Bioethics of Kharkiv National Medical University
and the revised Declaration of Helsinki (2000).
All subjects signed a written informed consent.

Statistical analysis was performed using
nonparametric statistical methods for dependent
variables with the help of the Statistica 6.0
software (StatSoft, USA). A nonparametric
analogue of the dispersion analysis - the Friedman
ANOVA test – was used to reveal the dependence
of parameters on the menstrual cycle phase.
Wilcoxon test was used to compare parameters
in various phases of the cycle. Correlation
analysis according to Spearman was used to
compare parameters of the same group.
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3. Results and discussion
In order to detect the dependence of the

content of sex hormones on the phases of the
menstrual cycle, we used a Friedman ANOVA
test. Friedman ANOVA test is a nonparametric
alternative to one-way repeated measures
analysis of variance. According to our results, both
estradiol and testosterone levels depended on the
menstrual cycle phases: Chi Sqr. = 8,000000,
p<0.01832 for testosterone; Chi Sqr. = 6,888889,
p<0.03192 for estradiol.

No correlation between blood serum
testosterone and estradiol levels was found in all
menstrual cycle phases.

The highest -estradiol level was observed
in ovulation (Fig. 1). The differences between
estradiol levels in ovulation and the follicular phase,
in ovulation and the luteal phase were statistically
significant (p=0.003511 and p=0.012793,
respectively). The difference between estradiol
levels in the follicular and luteal phases was
statistically insignificant (p=0.656642).

Follicular phase: testosterone Mean+St.Dev.
0.3286+0.1491 nmol/l; estradiol Mean+St.Dev.
121.7629+33.0308 pmol/l; testosterone/estradiol
ratio 2.69.

Ovulation phase: testosterone Mean+St.Dev.
0.5476+0.192 nmol/l; estradiol Mean+St.Dev.
244.1746+138.949 pmol/l; testosterone/estradiol
ratio 2.91.

Luteal phase: testosterone Mean+St.Dev.
0.4251+0.2384 nmol/l; estradiol Mean+St.Dev.
122.1754+30.2833 pmol/l; testosterone/estradiol
ratio 3.58.

The highest testosterone level was revealed
in ovulation (Fig. 2). The difference between
testosterone levels in the follicular and ovulation

Fig. 1. -Estradiol levels (pmol/l) in blood serum
of women in different phases of the menstrual

cycle (Me [25%; 75%], min and max;
* – p<0.05 versus the ovulation phase)
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phases was significant (p=0.002162). The
differences between testosterone levels in the
follicular and luteal phases, in ovulation and luteal
phases were almost significant (p=0.062).

The differences between the testosterone/
estradiol ratios in various phases of the menstrual
cycle were insignificant.

Discussion. The -estrogen level was higher
in Ukrainian women compared with the
Norwegian ones [10] and lower than in Chinese
[16] or Greek [5] population. The testosterone
level was lower in women of Ukrainian origin in
comparison with the Norwegian [10], Spanish [16]
or Greek [5] women. Our findings of population
differences in the testosterone and estradiol levels
suggests that such differences must be taken into
account when interpreting data during medical
tests and discussing the findings of scientific
researches.

Our findings concerning the dynàmics of
estradiol during the menstrual cycle correspond
to the data of other resåàrchers. In pàrticular,
the låvels of estradiol in the follicular and luteal
phases did not differ [16]. Estradiol peak was
observed in ovulàtion.

According to îur data, not only estradiol but
also testosterone levels depend on the menstrual
cycle phases. Similarly to estradiol, the peak of
testosterone was observed during ovulation. As
in the case of estradiol, there was no difference
in the content of testosterone in the follicular and
luteal phases. Unlike estradiol, differences in
testosterone levels during ovulation and in the
luteal phase were insignificant. Statistically
significant elevation of mid-cycle testosterone
concentrations was found by other authors, but
they bålieve that that elevation is not clinically
relevant since day-to-day variation is higher and

independent of the menstrual cycle [17]. The påàk
of testosterone in ovulation may be due to a
control of androgen production by luteinizing
hormone in gînadotropin-dependent stages of
folliculogenesis [18].

In our study, the testosterone/estradiol ratio
was not changed during the menstrual cycle.
According to our data, testosterone levels in
women are on average 3 times higher than the
estradiol level. It has been reported that the
testosterone level exceeds the estradiol content
in blood serum dozens-fold, but this difference is
observed in the elderly women [5]. At the same
time, a decrease in the content of both hormones
is observed, but the estradiol level is reduced
more noticeably.

Higher levels of testosterone compared with
estradiol in women, dependence of testosterone
levels on the menstrual cycle, the pråsence of
androgen receptors in womån, and the localization
of androgen receptor gene on the X chrîmosome
[5] suggest that tåstosterone performs certain
functions in females.

Only several researches have focused on the
role of testosterone in healthy women. Thus,
information on this subject is limited. In particular,
it has been demonstrated that endogenous
testosterone levels corrålate positively with
amygdala reactivity in female adolescents and
middle-àged women. After receiving a single nasal
dose of testosterone, the amygdala reactivity in
the middle-aged women rapidly increases to a
level comparable to the yîung women [19].
Exogenîus testosterone attenuates the integrated
central stress response in healthy young females
[12]. Authîrs believe that androgens promote
dynamic regulation of the stress system via central
nåuropeptidergic pathways that control
corticotropin-releasing hormone and arginine
vasopressin expression. A research performed on
the androgen receptor knockout female mice
revealed that the androgen receptors have a
functional rîle in neuroendocrine regulation and
timing of the ovulatory luteinizing hormone surge
as well as the antràl/preovulatory follicle
development [20].

Most of the data on the role of testosterone
in the body of women was obtained in clinical
studies. Such findings are frequently
contradictory.

Different authors have opposite opinions
about the testosterone influence on depression
development. According to some of them,
testosterone prevents the development of
dåpression, since the low testosterone levels are
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Fig. 2. Testosterone levels (nmol/l) in blood
serum of women in different phases of the

menstrual cycle (Me [25%; 75%], min and max;
* – p<0.05 versus the ovulation phase)
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observed in depressed women compared with
women in the cîntrol group and its elevated levels
are found after pharmacotherapy [4]. On the other
hànd, it has been show that testosterone does not
influence the depression development [21] or even
worsens symptoms of depression [22].

According to some clinical studies, exogenous
testosterone enhances cîgnitive performance and
improves musculoskeletal health in postmenopausal
women [1]. However, the other resåarches do
not support the hypothesis that increasing
testosterone concentrations prevent cognitive
decline in men and women over 65 years of age
[23]. Moråover, the results of other studies
support the hypothesis that the free testosterone
has a sex-specific impact on cognitive
performance. Positive correlation between free
testosterone levels and visual-spatial abilities,
semantic memory, and episodic måmory, with
gråater positive influence with increasing age wàs
demonstrated in males. In women, free
testosterone negatively correlated with verbal
fluency, semantic memory, and episodic memory
[24]. It has been reported in another study that in
older women the endogenous testosterone has a
negative association with verbal memory, which
is usually one of the first functions to dåcline in
dementia [6]. Some functions of testosterone in
women are provided by its conversion to estradiol.
This reaction is catàlyzed by aromatase. In the
hippocampus, it is upregulated in postmenopausal
women and downregulated in Alzheimer's disease
[25].

Although not all the effects of testosterone in
females are provided by its transformation into
estradiol. This is indirectly evidenced by our data

on the lack of correlation between the
testosterone and estradiol levels in the blood
serum.

Obviously, the optimal ratio between
testosterone and estradiol is of huge importance,
which is indirectly confirmed by the constancy
of this ratio throughout the menstrual cycle. It is
also confirmed by literature data. It is believed
that relative but no absolute levels of sex
hormones play more important role in etiology of
depression [26]. According to Huang Y et al.
(2019), in men the testosterone/estradiol ratio
correlated significantly with age, human leukocyte
telomerase reverse transcriptase mRNA levels,
telomerase activity of peripheral blood
mononuclear cells and telomere length [27].

Conclusions
The level of testosterone in blood serum of

young women depends on the phase of the
menstrual cycle. Population differences in the
testosterone and estradiol levels suggests that
such differences must be taken into account
during treatment of women from different
populations.

No correlation between serum levels of
testosterone and estradiol in all phases of the
menstrual cycle is found indirectly indicating that
testosterone in females has specific functions not
associated with its conversion to estradiol.

The testosterone/estradiol ratio does not
depend on the menstrual cycle phase. The age-
related changes in the testosterone/estradiol ratio
should be taken into account in the older women
treatment in order to create the optimal the
testosterone/estradiol ratio characteristic for
young women from the same population.
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