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Abstract

The aim of our work based on answers of Slovak women - university students that are representing an important
target group, was to analyse their reproductive behaviour and opinions, because the behaviour and opinions
concerning reproduction could differ significantly depending also on education. Our goal was to analyze associations
among reproductive behaviour of university student girls, their opinions and concentrations of endocrine regulators
(insulin-like growth factors IGF-1, estradiol, testosterone and progesterone) in the blood serum and record their
changes during the ovarian cycle. The group under study encompassed 301 female university students aged 19 +
1.371 years. Analysis of reproductive behaviour characteristics were based on a questionnaire method.
Concentrations of the IGF-1, testosterone, estradiol and progesterone in blood plasma according to ovarian cycle
phase had been set by biochemical methods and then linked with reproductive behaviour. Average value of sexual
debut for girls was 17.21 £ 1.31 years. Most of them get over their first sexual intercourse in the age of 19 and
almost half of them had one sexual partner. Differences in hormone concentrations were proved according to
ovarian cycle phase for estradiol and progesterone, but no differences were found for testosterone; physiological
role of IGF-1 during ovarian cycle did not alternate. IGF-1 influenced regulation of female students” opinion of
optimum age for sexual life beginning, their attitude to gender identity and marriage planning. Satisfaction with
sexual identity was associated with higher blood estradiol level (but not with testosterone and progesterone levels).
The outputs given in this work can help identifying insufficiently known relations between less known endocrine
regulators (IGF-1) and reproductive behaviour of young women. Practical results are assumed e.g. in possible
screening tests, diagnostics and subsequent troubleshooting concerning the reproduction behaviour of young
women.

Keywords: Insulin-like growth factor IGF-1; Estradiol; Testosterone;  neonatal life, rather high concentration of hormones, testosterone
Progesterone; Reproductive behavior; Female university students mainly, influences brain development and gender-specific behavior.

. This phenomenon has been primarily evaluated in rodents as well as
Introduction in primates and other mammals. The hypothalamus, hippocampus and
limbic system appear to be an important aim of sex steroids [8,9].
These brain structures and from here controlled behavior are then
activated at the beginning of puberty, when production of the sex
steroid hormones rises [10]. The hormones can influence behavior and
vice versa — the behavior (reproductive behavior, physical activity,
stress, alcohol and nutrition) can influence the hormone levels [11].
Important part in the reproductive behavior is played by reproductive
endocrine regulators (androgens, estrogens, progesterone). During
puberty the sexual appetite is triggered by hormones (inner factors); in
adolescence mainly relations (external factors) are relevant. Estrogens
are classed as female hormones together with estradiol, estrone and
estriol [12]. In addition to other functions, estrogens influence also
mental development for feminine type [13] and among all sex
hormones have the greatest impact on mood [14]. Estradiol is a sex
steroid hormone, primarily produced by ovaries, but it can be
produced also locally by various tissues by changing testosterone into
estrogen and subsequently by aromatases to estradiol [15]. Estradiol

Scientists involved in the growth and evolution of man are agreed
that during the second decade of human life (adolescence period)
numerous biological, psychic and social changes occur, which bring
also development of sexuality and reproductive behavior [1-4]. Human
reproductive behavior is determined by biological dispositions, but its
actual manifestations could be substantially modified by external
circumstances and it is characterized by three life milestones - first
sexual intercourse (sexual debut), marriage and birth of first child [5].
In general, we could say that acceleration of the rhythm of life,
deepening of educational processes, more breaking of young people
from their parents, availability of information relating to sex life and
also existence of effective contraception are phenomenon contributing
to earlier beginning of sexual life. Data in the literature can prove that
the average age of sexual debut is declining [4,6,7] and depending on
various factors, e.g. education, religion, abode, etc. During the fetal and
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stimulates reproductive organs to grow and function and it affects
growth of secondary sex characteristics and feminine fat distribution
model [16]. Less of recently published research deals with the estrogen
role in adolescent sexuality, but some of them point to the impact of
estrogen on the sexual behavior of adolescent girls [17]. With
hypogonadal adolescent girls estrogens positively influenced their
reproductive behavior [18]. Irving et al. [19] point out that in
measuring the blood testosterone or estrogens it is not clear, which of
them was primary or secondary in reproductive behavior as
testosterone can be converted into estrogen. Some authors quote
progesterone to mediate signals needed for sexual behavior [20].

Testosterone in women is associated with mood changes during the
menstrual cycle, at high levels it results in negative feelings and
depression [21-23]. It is created by conversion of androstenedione;
another place of its production are the ovaries and adrenal cortex
[24-26]. Creation of testosterone also takes place in brain cells [26].
During pregnancy, testosterone is produced by the placenta [27].
Besides steroidal sex hormones, a group of peptide hormones that are
growth factors is relevant in growth processes, such as the insulin-like
growth factor IGF-1, which belongs to the IGF family that includes
insulin, IGF-1 and IGF-2 [28]. IGF has a wide range of metabolic and
developmental functions, including embryogenesis and postnatal
organogenesis [29]. In humans, the IGF-1 serum concentration is
related to age and it increases slowly from birth to adolescence [30],
where it culminates and then slowly decreases with increasing age and
is in contrast to IGF-2, the serum concentration of which is virtually
unchanged from birth to adulthood. Hormone IGF-1 plays an
important role not only in the growth of organism, but also in many
other biological, psychic and other effects. Connection of its hormonal
effects with physical and emotional changes and clarification of these
effects could elucidate the biological role of the IGF-1 at different
stages of ontogenetic development and help solve the issue of human
growth, reproductive and social behavior or regimen.

The aim of our work based on answers of Slovak women - university
students that are representing an important target group, was to
analyze their reproductive behavior and opinions, because the
behavior and opinions concerning reproduction could differ
significantly depending also on education. Other aims of the work
were to characterize endocrine regulators (IGF-1, estradiol,
testosterone and progesterone) in the blood serum and record their
changes during the ovarian cycle. We wanted to verify whether there is
a correlation between concentrations of these hormones and selected
elements of reproductive behavior; this way we would like to deepen
knowledge about the biological function of hormones IGF-1, estradiol,
testosterone and progesterone. In particular, the associations among
IGF-1, reproductive behavior and opinions are missing in the available
literature.

We believe that it is necessary to known the real reproductive
behavior of Slovak young women - university students and their
opinions to optimize reproductive health and increase possibilities and
modalities of information on sexual and reproductive health. These
data have to be updated continually, as they may change with time, age,
living conditions, education,

Materials and Methods

This survey was a cross sectional study. Data was collected in April-
July 2014. Participation of these female students was voluntary. Target
study population included 301 female students of the first year of the

Constantine the Philosopher University in Nitra at the age of 19 +
1.371 years. It was an ethnically homogenous group consisting of
young women of Slovak nationality who came from various regions of
Slovak Republic. The women were selected at random. Recruitment
was carried out by research assistants, and students. At first, an
interview was conducted with the women, in which we investigated
their health and informed them of the research aim. Only healthy
women with regular menstrual cycle participated in the research
(women with history of chronic respiratory illnesses, endocrine
disorders, immunodeficiency, renal disease, neurologic were
excluded).

The women who admitted having used any drugs were excluded
from the research. No women taking hormonal contraceptives were
included in the research. In accordance with the Helsinki Declaration
1975, obtaining the written permission of the female students for a
blood collection, the questionnaire investigation and processing the
results was a vital condition. 117 female students agreed with the blood
collection and subsequent biochemical analysis. Completed
anonymous questionnaires were used for analysis of selected elements
of reproductive behavior of young women (sexual debut, number of
sexual partners), but also for analysis of their opinions concerning
contentment/discontentment with their own feminine sexual identity,
optimum age for sexual debut and marriage. Willingness of the women
to answer the questionnaire with intimate questions varied in spite of
the fact that anonymity was respected. Some female respondents did
not answer all questions in the questionnaire.

Concentrations of endocrine regulators IGF-1, testosterone,
estradiol and progesterone in the blood serum were set by biochemical
methods. Before their blood was collected, the women have answered
the date of last menstrual period and the length of menstrual cycle.
These data were needed to set the phase (follicular/luteal) of ovarian
cycle. The blood samples were processed at the accredited workplace of
the Department of Nursing, Faculty of Social Sciences and Health,
Constantine the Philosopher University in Nitra. The women were on
an empty stomach and the blood samples were taken by certificated
nurses in sterile conditions during the morning hours from 7.00 to
9.00 a.m. Subsequently the samples were processed at the biochemical
laboratory. The blood was centrifuged x300g and the blood plasma was
refrigerated under -70°C. The hormone concentrations (IGF-1,
testosterone, progesterone and estradiol) in the blood serum were set
by the RIA (radioimmunoassay) method with Imunotech commercial
sets according to the producer s instructions.

The hormone concentrations in the blood serum were assessed in a
duplicate with the acidethanol extraction by the IRMA method. We
used the DSL commercial set (Webster, TX, USA) according to the
producer s instructions. All analytical kits were designed to determine
women’s blood and they contained plasma reference samples for
validation of measured values and calibration curves. The IGF set
sensitivity was 0.3 ng/ml. The intraassay variation coefficient was
<3.4%. The interassay variation coefficient was <8.2%. Estradiol set
sensitivity was 6.0 pg/ml. The intraassay variation coefficient was
<12.1%. The interassay variation coefficient was <11.2%. Progesterone
set sensitivity was 0.05 ng/ml. The intraassay variation coefficient was
<5.8%. The interassay variation coefficient was <9%. Testosterone set
sensitivity was 0.025 ng/ml. The intraassay variation coeflicient was
<14.8%. The interassay variation coefficient was <15.0%.
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Data Analysis

In the research, measurement results were processed by
mathematical and statistical analysis. In each group (group of students
with under- and above-average values of the individual characteristics)
mean + S.E.M were calculated. Significant differences in plasma steroid
hormones and IGF-1 concentration between the groups were evaluated
at level of significance *p < 0.05 (5%). Mathematical and statistical
analyses were determined using statistical package Statistica 7 cz
(Statsoft, Prague, Czech republic).

Results

The group reproductive characteristics

Regarding the reproductive characteristics of the group under
research, we learned that at the age of 20, 75% (n=228) have got their
sexual debut over. Twenty eight girls (9%) had their sexual intercourse
at the age of 15. Average age of the sexual debut in the group under
study was 17.21 * 1.31 years. We can say that 127 of them (42%)
behaved risk as we considered the sexual debut under the age of 18 to
be risk behavior (Table 1). Another indicator of sexual behavior was
number of existing sexual partners (Table 2), which ranged from one
to fourteen (1 woman). One sexual partner was the most common
response (n=99.33%).

Age of sexual| €15 16 17 18 19 20 None
debut/years

Number of girls 28 41 58 | 63 31 7 73
Number of girls in% | 9 14 19 | 21 10 2 25
x+SD 17.21 + 1.31 years

x: Arithmetric Average; SD: Standard Deviation

Table 1: Age of sexual debut.

Number of| 0 1 2 3 4 5 6 (7 |8 9
sexual
partners

= v

Number of| 73 |99 |58 |28 |14 |9 |8 |5 |1 2 4
girls

Number of| 24 |33 |19 |9 5 3 (3|2 |04 |06 |1
girls in%

x: Arithmetric Average; SD: Standard Deviation

Table 2: Number of existing sexual partners.

Opinions on reproductive behavior

In the second part we investigated the women’s opinions
concerning the reproductive behavior. Nearly half of the girls (n=136;
45%) believe the age between 15-17 years to be appropriate for sexual
debut. Interesting finding was that 11 girls (4%) deem the right time
for sexual debut is after the marriage (Table 3). In opinions concerning
the optimum reproductive behavior, views consistent with the society-
wide acceptable patterns were prevailing. Sexual activity of many
women, however, appears earlier than they themselves consider
optimum. Opinions on the appropriate start of sexual debut of women
are also related to the age of respondents, while it is expected that at

lower ages, this line moves downward. Majority of the female students
(n=264; 87.5%) has future marriage plans, 37 (12.5%) is not decided
yet. According to the wishes of the majority of respondents (n=124;
41%) optimal age for the marriage is 25-26 years of life (Table 4).

Agelyears <15 | 1517 | 18-19 | 20-21 | 22-24 | >24 | After
marriage

Number  of| 4 88 136 40 8 14 11

students

Number  of | 1 29 45 13 3 5 4

Students in

%

Table 3: Opinions of the respondents on optimal age for sexual debut.

Age in which they wish to marry Number %
22 years 9 3
23-24 years 35 12
25-26 years 124 41
27-28 years 58 19
29-32 years 37 12
33-35 years 1 0.5
Undecided 37 125

Table 4: Opinions of the respondents on the assumed age of marriage.

Hormonal characteristics of the group under study

Concentrations of estradiol, progesterone, testosterone and IGF-1
that we have found are given in the Table 5. These values range within
the standard values as they are presented by the RIA kits producer [31].
In our work we presume to be first who monitored the connection
between the ovarian cycle phases and IGF-1 concentrations. No
significant difference in the blood IGF-1 concentrations in the
follicular and luteal phase of the ovarian cycle of the students under
investigation was found. This can indicate that no change in
physiological role of IGF-1 takes place in the ovarian cycle; we
therefore further associations of IGF-1 with the indicators of
reproductive behavior made of the total concentration of IGF-1 in the
blood plasma of young women. Average concentration of estradiol in
the luteal phase was 226.05 pg/ml, which is 145.95 pg/ml more than in
the follicular phase; this difference is statistically significant (p < 0.05).
Comparison of progesterone concentrations showed a significant
difference between follicular and luteal phase of the ovarian cycle (p <
0.05). Progesterone concentration in the luteal phase was 5.93 ng/ml,
which is 4.71 ng/ml more than in the follicular phase. Average
concentration of testosterone in the both phases was 0.37 ng/ml, which
is insignificant difference statistically.

Follicular phase of the cycle Luteal phase of the cycle
Hormone x+ SD Hormone x+SD
Estradiol 80.10 + 4.42* Estradiol 226.05 + 5.73*
Progesterone 1.22 +0.38* Progesterone 5.93 £ 0.94*
Testosterone 0.37 £0.12 Testosterone 0.37 £0.11
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IGF-1 850.38 + 33.25 IGF-1 848.55 + 31.23

x: Arithmetric Average; SD: Standard Deviation;

*Statistically proved difference (p < 0.05)

Table 5: Average concentrations of estradiol (pg/ml), progesterone (ng/
ml), testosterone (ng/ml) and IFG-I (ng/ml) in the follicular and luteal
phases of ovarian cycle.

Reproductive behavior and opinions in relation to blood
hormone concentrations

Concentrations of the hormones in relation to answers on
reproductive behavior of the young women are presented in the Table
6. We found no significant difference in IGF-1 concentration in the
blood plasma with women that already had (884.67 + 39.13) or had not

(823.76 + 73.04) sexual intercourse nor with women with below-
average (before the age of 18) or above-average (after the age of 18) age
of sexual debut (872.19 + 48.39 or 901.06 + 65.27). Similarly, no
significant difference was found in IGF-1 concentration in the blood
plasma (887.61 + 45.03 or 905.09 + 78.36) regarding existing sexual
partners (less than or three partners and more than three partners).
Concentration of IGF-1 hormone in the blood serum was significantly
higher (p < 0.05) with women whose opinion is that the optimum age
for sexual debut is to the age of 18 than those whose opinion is that the
optimum age for sexual debut is more than 18 years of life. Evaluating
relations between hormone concentrations and opinions of the
students under study (contentment/discontentment with gender
identity), conclusive differences were found. The women contented
with their gender identity had significantly lesser concentration of
IGF-1 in their blood plasma (p < 0.05) and significantly higher
concentration of estradiol (p < 0.05).

Have you had sexual intercourse?

Yes No

x +SD x +SD
IGF-1 (ng/ml) 884.67 + 39.13 823.76 + 73.04
Estradiol (f.ph.) 81.40 + 4.90 79.45+5.30
Estradiol (I.ph.) 227.35+5.80 225.23 +5.51
Testosterone (f.ph.) 0.37+0.11 0.37 £ 0.1
Testosterone (l.ph.) 0.37 £0.10 0.37£0.11
Progesterone(f.ph.) 1.31+£0.72 1.15+0.45
Progesterone (l.ph.) 6.04 + 0.86 5.96 + 0.91
Real age of sexual debut

<18 years 218 years

x +SD x +SD
IGF-1 (ng/ml) 872.19 + 48.39 901.06 + 65.27
Estradiol (f.ph.) 80.34 +4.70 80.45 + 4.50
Estradiol (I.ph.) 227.52 £5.80 225.7945.51
Testosterone (f.ph.) 0.37+0.11 0.37 £ 0.1
Testosterone (I.ph.) 0.37+£0.10 0.37 £ 0.1
Progesterone (f.ph.) 1.34 £ 0.98 1.28 £0.91
Progesterone (l.ph.) 5.88 + 0.55 5.73+0.87
Opinion on age of sexual debut

<18 years 2 18 years
IGF-1 (ng/ml) 836.69 + 42.82 620.67+ 46.36*
Opinion on future marriage

Planning to marry Undecided

IGF-1 (ng/ml) 858.40 + 33.23

456.50 + 66.77*
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Number of sexual partners

1-3 partners More than 3 partners

x +SD x + SD
IGF-1 (ng/ml) 887.61 £ 45.03 905.09 + 78.36
Estradiol (f.ph.) 83.65 + 5.86 80.78 + 3.99
Estradiol (I.ph.) 225.01 +4.11 225.09 +5.30
Testosterone (f.ph.) 0.37 £ 0.11 0.38 £0.16
Testosterone (I.ph.) 0.37+0.11 0.38+0.18
Progesterone (f.ph.) 1.37 £ 0.69 1.18 £ 0.89
Progesterone (l.ph.) 5.83+0.71 5.61+0.89
Contentment with gender identity

Contented Discontented

x +SD x +SD
IGF-1 (ng/ml) 860.18 + 34.60 1072.84 + 37.10*
Estradiol (f.ph.) 90.52 +4.77 70.22 + 4.11*
Estradiol (I.ph.) 236.14 £ 6.40 216.23 +5.7¢
Testosterone (f.ph.) 0.37+0.11 0.37£0.13
Testosterone (I.ph.) 0.36 £ 0.12 0.38+0.14
Progesterone (f.ph.) 1.24 £0.95 1.28 £0.91
Progesterone (I.ph.) 5.68 + 0.65 5.90 +0.83

x: Arithmetric Average; SD: Standard Deviation;

*Statistically proved difference (p < 0.05); I.ph.: Luteal Phase; f.ph.: Follicular Phase

Table 6: Comparison of hormone concentrations (IGF-1, estradiol, testosterone, progesterone) in the blood plasma in questions on reproductive

behavior and opinions.

Discussion

In our study, we analysed selected aspects of reproductive behavior
and some opinions on reproductive behavior among female university
students. We evaluated associations between concentrations of
endocrine regulators (IGF-1, estradiol, testosterone and progesterone)
and characteristics of reproductive behavior. Sexual debut is believed
to be the basic indicator of reproductive behavior that can have a
decisive impact on sexual behavior of the individual. We found that at
the age of 19, majority of women have already got over their first
sexual intercourse; average age of sexual debut was 17.21 + 1.31 years
and almost a half of the students had only one existing partner. Similar
study was carried out in 1996 by Slovak FOCUS agency with women at
the age of 15-44 years [32]. According to their results, 84.1% of the
women got over their sexual debut; average age of the first sexual
intercourse was 18 years. Our results cooperate with those that were
obtained by the FOCUS agency, the results are similar and slight
variations can be caused by wider age scale of the women studied by
the FOCUS agency.

Overall and base on our observations, we can state that with Slovak
women the age of sexual debut ranges between 17 to 18 years, but

according to the respondents” opinion it could be 18-19 years. Age of
sexual debut depends on different factors (level of education, social
and economic status, religion, residence, etc.) and that’s why the
results can differ significantly in various countries or populations.
Median age of sexual debut according to the study of adolescent
women in South Africa was 16 years [33], prevalence of early sexual
debut in the group of Nepal adolescent women was 39.2% and their
average age was 17.9 years [34]. In the USA, average age of sexual
debut dropped to 16.2 years while the research in the group of girls at
the age of 14-19 showed that 45.2% of them had sexual intercourse
already [4]. In Denmark, women and men born before 1920 got over
their sexual debut at the average age of 21 and 20 years respectively. In
the present days, median age of sexual debut is 16 years with the both
sexes [6]. Individuals with earlier sexual debut are more predisposed to
risk behavior that may result in higher incidence of sexually
transmitted infections STI/HIV [34]. Research in the group of 785
German adolescent girls proved that 70% of them got over their sexual
debut before the age of 18, but less than 5% of them were younger than
14 years [35]. Results of the research in group of Greek adolescent girls
documented the average age of sexual debut at the age of 14.5 + 0.9
years [36].
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Apart from the reproductive behavior, we evaluated also opinions of
the female university students under study in our study. We found that
majority of them consider the age of 18 to be optimum for sexual debut
and one sexual partner optimum in life. Most of them is contended
with their female gender identity and plan marriage in future.
According to the FOCUS agency results [32] more than 70% of female
respondents take the view sexual activity of women should begin up to
19 years of age. Our results therefore correspond with those obtained
by the FOCUS agency, which might suggest that reproductive behavior
and opinions of Slovak women have not changed within the last 17
years.

The hormone concentrations (IGF-1, estradiol, testosterone and
progesterone) in the blood plasma we have found ranges within
standard values. We found no significant difference in IGF-1 level in
the blood in follicular and luteal phases of ovarian cycle. We suppose
physiological role of IGF-1 during the ovarian cycle does not change.
We found no associations between reproductive behavior
(characterized by age of sexual debut and number of sexual partners)
and concentration of IGF-1 in the blood serum. There is information
in available literature that demonstrates relations among sexuality,
reproductive behavior and concentrations of sex steroid hormones, e.g.
there are publications describing positive experience between
increased testosterone concentration and increased interest in the
opposite sex and higher number of sexual partners [37] with men, but
no relation was proved between testosterone concentration and
increased number of sexual partners with women. High testosterone
concentration can increase sexual activity with hyperandrogenic
women; with healthy women no relation between testosterone level
and sexual behavior was found [38].

With women, testosterone can influence their mood during the
menstrual cycle [38,39]. High progesterone concentration can lead to
decreased sex drive; estrogen affects sexuality while influencing mood
and well-being [38]. We found no physiological conception based on
linking the reproductive behavior with IGF-1 concentration in
available literature, though such possible associations are pondered.
One of possible physiological explanations could be in cooperation
between IGF-1 hormone and steroid hormones as it was observed with
rats [40]. Our work does not prove this possible functional link
unambiguously, what can be caused by different observation objects,
however, certain relations are indicated. We found that IGF-1
concentration is significantly higher with women who consider the age
to 18 to be optimum for sexual debut, with women discontent with
their female gender identity and with those planning future marriage.
In other opinions of the young women on reproductive behavior
(number of sexual partners, age at marriage) we learned no association
with IGF-1 concentration. We believe we are first who have
investigated these relations as no similar treatise was found in existing
literature. Physiological conception that could explain these complex
relations needs more detailed investigations. Our results demonstrate
that IGF-1 can participate in regulation of attitude of young women to
particular characteristics of reproductive behavior (the questions
under our investigation - optimum age of sexual debut, contentment
with female gender identity and view on planning of future marriage).

Conclusions

In our work we proved differences in hormone concentrations in
relation to ovarian cycle phases with estradiol and progesterone, but
not with testosterone; physiological role of IGF-1 during the ovarian
cycle does not change. IGF-1 participates in regulation of opinions of

young women on optimum age of sexual debut; it impacts contentment
with their gender identity and planning of future marriage.
Contentment with gender identity is associated with higher level of
estradiol in the blood plasma (but not testosterone and progesterone).
Results of our work can help clarify insufficiently known relations
between less known endocrine regulators (IGF-1) and reproductive
behavior of young women. In practice, the results achieved are
presupposed to be applied e.g. in possible screenings, diagnostics and
subsequent solving of problems in reproductive behavior. Actual
knowledge of reproductive behavior of young women can be useful
also for parents, educators, health professionals, doctors in
reproductive health protection. The work can contribute to
understanding the role of IGF-1 in control of individual physiological
phenomena (except from the already known role in growth, also in
possible association with reproductive behavior). Based on these
results, new approaches could be found to characteristics, prediction
and correction in development of these phenomena based on changes
of IGF-1 levels in the blood. The work can be a great asset also to
medicine (treatment of morpho-physiological, psychiatric and
reproductive disorders). Last but not least the results can help in
endocrinology to enrich the knowledge of steroid hormones impacts
and also that of less known endocrine regulators (IGF-1). A
physiological conception that could explain complex relations between
IGF-1 concentrations a reproductive behavior requires further more
detailed studies.
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