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Abstract: The aim of the present study was to examine the possible role of steroid hormones and insulin-like 
growth factor 1 (IGF-I) in the control of human growth and obesity. We measured plasma level of progesterone, 
testosterone, estradiol and IGF-I in 301 young women at different stages of their ovarian cycle, and compared 
them to the standard morphometric indexes of their growth and obesity – body height, body weight, abdomen 
circumstance and waist to hip ratio (WHR). The ovarian cycle-dependent changes in plasma progesterone and 
estradiol, but not in testosterone and IGF-I level were found. Young women with higher body height had signifi -
cantly higher plasma level of estradiol, testosterone and IGF-I, but not of progesterone, compared to subjects 
with lower body height in both follicular and luteal phases of the ovarian cycle. Subjects with a higher body 
weight had signifi cantly higher plasma estradiol and progesterone, but not testosterone and IGF-I than subjects 
with lower body weight in both follicular and luteal phases of ovarian cycle. Women with a higher abdomen cir-
cumference had signifi cantly lower plasma estradiol, but not the other hormones than the subjects with lower 
abdomen circumference. Women with higher WHR index had signifi cantly higher plasma level of estradiol, but 
not other hormones than subjects with lower WHR index in both follicular and luteal phases of ovarian cycle. 
The present observations suggests: (1) that luteal phase of the women ovarian cycle is characterised by a dra-
matically increase in both progesterone and estradiol, but not in testosterone and IGF-I release, (2) that in hu-
man females growth can be up-regulated by testosterone, estradiol and IGF-I, but not by progesterone, (3) that 
body mass can be up-regulated by progesterone and estradiol, but not by testosterone or IGF-I, and (4) that 
women obesity (high WHR, but not abdomen circumference) can be promoted by estradiol, but not by other 
steroid hormones or IGF-I (Tab. 1, Fig. 4, Ref. 45). Full Text in PDF www.elis.sk.
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Growth and development of the individuals is a dynamic 
phenomenon, which is regulated by a complex of internal (genes, 
hormones) factors. The second decade of human life is character-
ized by many signifi cant changes (morphological, psychologi-
cal, social and economic). Physiological changes include rapid 
physical growth, endocrine (hormonal) changes, termination of 

sexual maturation and start of reproductive cycle (Kipke, 1999; 
Steinberg, 1998). 

Growth of organism is under control of growth hormone, 
which stimulates insulin-like growth factor I (IGF-I) and under 
the control of gonadal steroids – estrogens and androgens, whose 
promote growth hormone release and the local production of IGF-
I (Pescovitz et al, 1985).

Estradiol is the main female steroid hormone, which belongs 
to estrogen family (Mathews et al, 1999). Estradiol targets mainly 
reproductive organs, but also stimulates bone growth during the 
„pubertal jump“ (Creager, 1992). There are publications demon-
strating a positive association of a higher estradiol level with a 
higher body height and body weight in premenopausal (Dorgan, 
1995, Finstad, 2009) and fertile (De Pergola, 2006) woman, as 
well as an association of a higher estradiol level with lower WHR 
(Waist to hip ratio) value in premenopausal woman (Jasienska, 
2004). WHR is an appropriate indicator of body fat content (Park 
et al, 2002; Suh et al.; 2002), which is widely used as a conveni-
ent index of abdominal obesity (Pouliot et al, 1994; Ross et al, 
1992) and related metabolic syndrome (Hollmann et al, 1997).

Testosterone is a steroid hormone, which belongs to androgen 
family (Mathews et al, 1999). Testosterone plays a fundamental 
role in development and maintenance of reproductive tissues and 
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growth in both men and women (Mooradian et al, 1987). There 
are reports on the association of a higher testosterone level with 
higher body weight and high WHR value in premenopausal women 
(Sowers, 2001, Pasquali et al, 1991, Van Anders and Hampson, 
2005) and obese women (Kirschner, 1990).

Progesterone is a female sex hormone, which belongs to the 
group of progestagens (Stanczyk, 2002). There are publications 
demonstrating the association of a higher estradiol level with 
higher body height and body weight in both premenopausal and 
premenopausal women (Vitzthum, 2002, Lager and Ellison, 2005), 
as well as the negative association of a higher progesterone level 
with lower WHR level in premenopausal women (Jasienska, 2004).

IGF-I is a peptide hormone, an important extracellular media-
tor of growth hormone and gonadotropins effects (Schams et al, 
1999, Werner and LeRoith, 2000). There are publication demon-
strating stimulatory effect of IGF-I on growth in rats (Liu et al, 
1993) and people (Melmed and Cohn, 2005).

The examination of the association between hormone level 
with their possible target processes, such as growth and obesity is 
a popular approach to understand hormonal mechanisms regulating 
these processes. There are only few published data suggesting the 
association of steroid hormones and IGF-I with growth and obesity. 
Furthermore, the results of these studies are not always consistent 
and inconclusive. There are practically no data concerning the in-
volvement of hormones in the control of growth and metabolism 
in the most important, adolescent period. Some data concerning 
the association of hormone levels and indicators of growth and 
obesity in young people are completely missing. The associa-
tions of estradiol level with obesity indicators, such as abdomen 
circumference, associations of testosterone level with body height 
and abdomen circumference, associations of progesterone level 
with abdomen circumference and associations IGF-I level with 
abdomen circumference and index of WHR has not been studied 
yet. This suggests the importance of further studies, whose could 
provide the missing information concerning the associations be-
tween steroid and peptide hormone release and individual indices 
of growth and obesity in youth.

The aims of this work was to determine the plasma levels of 
steroid hormone and IGF-I in Slovak students girls in different 
stages of ovarian cycle, as well as to examine a possible asso-
ciation between plasma levels of these hormones and common 
morphological indices of growth and obesity (body height, body 
weight, abdomen circumference, index of WHR) in these women.

Materials and methods

The subjects, morphological measurements and blood collection
The subjects of our studies were 301 young Slovak women 

aged 19–20, students of the Faculty of Natural Sciences, Constan-
tine the Philosopher University in Nitra, originating from different 
regions of Slovakia. All participants gave their informed consent for 
participation in the study, which was carried out in accordance with 
the Helsinki Declaration of 1975. The morfometric methods for de-
termining body proportion used in our studies were consistent with 
common methods of standard anthropometry (Martin, Saller, 1966; 

Fetter et al, 1967). Somatometric characteristic were measured us-
ing the following instruments: digital scale, anthropometer and tape 
measure. Body height, body height, abdomen circumference and 
index of central obesity (Waist to hip ratio, WHR) were measure-
ment with 0.1 cm accuracy, the accuracy of body weight measure-
ment was 0.1 kg. At the basis of the measured morphological pa-
rameters and type of fat distribution, we calculated the WHR index 
(Komárek, 2007) and resulted health risk (Svačina, 2000) (Tab. 1).

We divided the studied individuals into the two groups (a group 
of young women with above-average and below-average) accord-
ing to value of each morfometric index and WHR. In addition, in 
each person, we determined the levels of steroid hormones and 
IGF-I in blood plasma (see below).

Before collection of blood, each person completed the question-
naire, where she indicated the date of the last menstruation to deter-
mine the actual phase of the ovarian cycle. On the basis of the phase 
of ovarian cycle, the studied subjects were divided into two groups 
(women in the follicular and luteal phase of ovarian cycle). Subjects 
in ovulation phase of ovarian cycle were excluded from the studies. 

A blood sample was collected from all the fasting probands in 
the morning hours (8–10 a.m.), in sterile tubes with heparin, under 
the supervision of qualifi ed medical personnel, in accordance with 
ethical regulations of the SR on biomedical research, and written 
informed consent of all the participants. All procedures were ap-
proved by the Ethics Committee of Hospital in Nitra (Slovak re-
public). After collecting, the blood was centrifuged x300g, and ob-
tained plasma was frozen at -70°C until the analysis was performed. 

Determination of hormones in blood plasma
Blood samples were subsequently transferred to the Animal 

Production Research Centre, Nitra, where they were analysed. 
After thawing, we determined the steroid hormones and IGF-I 
hormone levels in blood samples by using commercial RIA or 
IRMA kits as described below. All analytical kits were designed 
to determine the corresponding molecules in human blood. They 
contained the reference plasma samples for validation of the mea-
sured values and calibration curves. All the samples were anal-
ysed in duplicates.

Determination of estradiol
Concentration of estradiol in blood plasma was determined 

by RIA using the commercial kits from Imunotech (Marseille, 
France) according to the instruction of manufacturer. Sensitivity 
of the assay was 6.0 pg/ml. The intra- and inter-assay coeffi cients 
of variation were 12.1 % and 11.2 % respectively.

Index of central obesity (Waist hip ratio, WHR)
Waist circumference (cm) x 100 / gluteal hip circumference (cm)
Category of WHR              Type of fat distribution
˂0.85                                  more peripheral, ideal, no risk
0.85–0.90                           sedately, low risk
0.90–0.95                           more central, moderate risk
>0.95                                  central, high risk

Tab. 1. Categories of women WHR index and their relation to health 
risk (Svačina, 2000; Komárek, 2007).
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Determination of testosterone
The concentration of testosterone was determined by RIA us-

ing the commercial kits from Imunotech according to the guide-
lines of manufacturer. Sensitivity of the assay was 0.025 ng/ml. 
The intra- and inter-assay coeffi cients of variation were 14.8 % 
and 15.0 % respectively.

Determination of progesterone
Concentration of progesterone in blood plasma was determined 

by RIA using the commercial kits from Imunotech according to 
the instruction of manufacturer. Sensitivity of the assay was 0.05 
ng/ml. The intra- and inter-assay coeffi cients of variation were 5.8 
% and 9.0 % respectively.

Determination of IGF-I
Concentration of IGF-I in blood plasma was determined with 

acid-ethanol extraction by using IRMA kits from DSL (Webster, 
TX, USA) according to the instruction of manufacturer. Sensitivity 
of the assay was 0.3 ng/ml. The intra- and inter-assau coeffi cients 
of variation were 3.4% and 8.2% respectively.

Statistical analysis
As mentioned above, morphological indexes enabled us to 

divide all the studied subjects into the two groups, with above-
average and below-average values of indexes of growth and obe-
sity. In all groups, we evaluated the plasma level of hormones 
and calculated the average ± S.E.M in each group. Due to ovarian 
cycle-dependent changes in hormone level, subjects at follicular 

and luteal phases of cycle were analysed separately. Differences 
in hormone level between the groups were determined by using 
the computer software Statistica 7 (Statsoft, Prague, Czech Re-
public). Differences at levels * p≤0.05, ** p≤0.01 or *** p≤0.001 
were considered as signifi cant. 

Results

The association between phases of ovarian cycle and plasma hor-
mone levels

In the follicular phase of ovarian cycle were 47.12 % (n=49) 
of studied women. In the luteal phase of ovarian cycle were 52.88 
% (n=55) of subjects. The level of estradiol in the follicular phase 
of ovarian cycle (80.10±2.55 pg/ml) in young women was signifi -
cant lower (p<0.001) than in the luteal phase (226.05±3.31 pg/ml). 
No signifi cant differences between the level of testosterone in the 
follicular (0.37±0.07 ng/ml) and luteal (0.37±0.06 ng/ml) phase 
of ovarian cycle were found. The level of progesterone in the fol-
licular phase of ovarian cycle (1.23±0.27 pg/ml) in young women 
was signifi cantly lower (p<0.001) than in the luteal phase of the 
cycle (5.97±0.67 pg/ml). No signifi cant differences between the 
follicular (850.39±19.20 ng/ml) and luteal (848.55±18.03 ng/ml) 
phase of ovarian cycle in plasma IGF-I level were found. 

The association between plasma hormones level and body height 
Levels of hormones during both follicular and luteal phase of 

ovarian cycle in subjects with above-average and below-average 
body height are shown on the Figure 1.

320
300
280
260
240
220
200
180
160
140
120
100
80
60

luteal phase

follicular phase

*

above    below     above    below
average average average average

above    below     above    below
average average average average

above    below     above    below
average average average average

above    below     above    below
average average average average

10

8

6

4

2

0

luteal phase luteal phase

luteal phase

follicular phase

follicular phase

follicular phase

0.7

0.6

0.5

0.4

0.3

0.2

*
*

*

1100

1000

900

800

700

600

*

*

Le
ve

l o
f e

st
ra

di
ol

 in
 b

lo
od

 p
la

sm
a 

(p
g/

m
l)

Le
ve

l o
f p

ro
ge

st
er

on
e 

in
 b

lo
od

 p
la

sm
a 

(p
g/

m
l)

Le
ve

l o
f t

es
to

st
er

on
e 

in
 b

lo
od

 p
la

sm
a 

(n
g/

m
l)

Le
ve

l o
f I

G
F-

I i
n 

bl
oo

d 
pl

as
m

a 
(n

g/
m

l)

Fi  g. 1. Level of a) estradiol, b) testosterone, c) progesterone and d) IGF-
I hormone in blood plasma of young women with above-average and 
below-average body height, respectively. Values are the mean ± S.E.M. 
* signifi cant difference between groups of subjects with above-average 
and below- average body height in the same phase of ovarian cycle.
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Fig. 2. Level of a) estradiol, b) testosterone, c) progesterone and d) 
IGF-I hormone in blood plasma of young women with above-average 
and below-average body weight, respectively. Values are the mean ± 
S.E.M. * signifi cant difference between groups with above-average 
and below- average body weight in the same phase of ovarian cycle.
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The level of estradiol (Fig. 1a), testosterone (Fig. 1b) and IGF-
I (Fig. 1d) was signifi cantly higher in women with above-average 
body height (n=165; 54.81 %) than in women with below-average 
body height (n=136; 54.18 %). These differences occurred in 
both follicular phase (p<0.05) and luteal phase (p<0.05) of ovar-
ian cycle.

No signifi cant differences between women in above-average 
body height and below-average body height in both phases of 
ovarian cycle in plasma progesterone level (Fig. 1c) were found.

The association between plasma hormones level and body weight
The levels of hormones during the follicular and luteal phase 

of ovarian cycle in subjects with above-average and below-average 
body weight are shown on Figure 2.

The level of estradiol (Fig. 2a) and progesterone (Fig. 2c) 
was signifi cantly higher in women with above-average (n=143; 
47.51 %) than in subjects with below-average (n=158; 52.49 %) 
body weight. These differences occurred in both follicular phase 
(p<0.05) and luteal phase (p<0.05) of ovarian cycle.

No signifi cant differences between the groups in both phases 
of ovarian cycle in plasma testosterone level (Fig. 2c) and IGF-I 
level (Fig. 2d) were found.

The association between plasma hormones level and abdomen 
circumference 

The levels of hormones during the follicular and luteal phase 
of ovarian cycle in subjects with above-average and below-average 
abdomen circumference are shown on Figure 3.

The level of estradiol (Fig. 3a) was signifi cantly higher in 
women with below-average abdomen circumference (n=158; 52.49 
%) than in women with above-average abdomen circumference 
(n=143; 47.51 %). These differences occurred in both follicular 
phase (p<0.05) and luteal phase (p<0.05) of ovarian cycle.

No signifi cant differences between the above-average and 
below-average abdomen circumference groups in both phases of 
ovarian cycle in plasma testosterone level (Fig. 3b), progesterone 
(Fig. 3c) and IGF-I level (Fig. 3d) were found.

The association between plasma hormones level and WHR index 
The levels of hormones during the follicular and luteal phase 

of ovarian cycle in subjects with above-average and below-average 
WHR index are shown on Figure 4.

The level of estradiol (Fig. 4a) was signifi cantly higher in 
women with above-average WHR index (n=151; 50.17 %) than 
in women with below-average WHR (n=150; 49.83 %). These 
differences occurred in both follicular phase (p<0.05) and luteal 
phase (p<0.05) of ovarian cycle. No signifi cant differences be-
tween the groups with above-average and below-average WHR 
in both phases of ovarian cycle in plasma testosterone level (Fig. 
4b), progesterone (Fig. 4c) and IGF-I level (Fig. 4d) were found.

Discussion

Are there any relations between hormone levels and phases of 
ovarian cycle?

The values of plasma hormones levels in human plasma were 
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Fig. 3. Level of a) estradiol, b) testosterone, c) progesterone and d) 
IGF-I hormone in blood plasma of young women with above-average 
and below-average abdomen circumference, respectively. Values are 
the mean ± S.E.M. * signifi cant difference between the groups in the 
same phase of ovarian cycle.
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Fig. 4. Level of a) estradiol, b) testosterone, c) progesterone and d) 
IGF-I hormone in blood plasma of young women with above-average 
and below-average WHR index, respectively. Values are the mean ± 
S.E.M. * signifi cant difference between the groups in the same phase 
of ovarian cycle.
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within standard values reported by the manufacturer RIA kits and 
the previous investigators of hormones in women plasma (Neal, 
2000; Pospíšil, 2002; Skalba, 2003; Silbernagl and Despopou-
lus, 2004).

In our experiments, a dramatic rise in both progesterone and 
estradiol, but not in testosterone and IGF-I level occurred in women 
after a transition from follicular to luteal phase. This observation 
corresponds the previous reports on an increase in plasma the 
level of progesterone and estradiol (Neal, 2000; Silbernagl and 
Despopoulus, 2004), but not of testosterone (Skalba, 2003) in the 
luteal phase of human ovarian cycle, when formation of corpus 
luteum is associated with an increase in ovarian steroidogenesis. 
We are probably the fi rst, who studied the ovarian cycle-associated 
changes in plasma IGF-I. 

Are there any relations between body height and hormone levels 
in blood plasma?

The association between higher levels of estradiol and higher 
body height in premenopausal women (20–40 years old) (Dorgan 
et al, 1995, Finstad et al, 2009) and in pubertal women (Pescovitz 
et al, 1985) was reported previously. In our studies, young women 
with above average body height had a higher estradiol level then 
women with below average body height. Our results correspond 
the observations on pre- and pubertal women published; previ-
ously. Moreover, is the fi rst demonstration of a similar association 
between the estradiol level and body height in young women. Our 
results together with previous observations suggest that estrogen 
can promote growth in women in different ages. 

Study Pescovitz et al (1994) demonstrated the association of 
higher testosterone level with higher body height in pubertal boys. 
In our work, we found signifi cantly higher testosterone level in 
young women with high body height. We are probably the fi rst 
who demonstrated the association of plasma testosterone level 
with growth, and, therefore, the possible stimulatory action of 
androgen on women growth.

Study Vitzthum et al (2002) demonstrated the association be-
tween higher progesterone level with higher body height in pre-
menopausal woman (average age: 28 years) from Bolivia. On the 
contrary, in our work, we didn’t fi nd the association of progester-
one level with body height in Slovak young women. Therefore, 
our results didn’t demonstrate the involvement of progestagen in 
control of women growth, however it is not to be excluded, and 
that the role of this hormone can depends on age and ethnic of 
observed women.

Studies Liu et al (1993), Melmed and Conn (2005) demon-
strated the stimulation effect of IGF-I on the growth of rats and 
of small children, respectively. However, to our knowledge, our 
work is the fi rst demonstration of the association between plasma 
IGF-I level and growth in mature people. We found signifi cantly 
higher IGF-I level in women with higher body height. Our results 
confi rmd the role of IGF-I in up-regulation of human growth.

Overall, our results confi rm and expand the data obtained 
previously suggesting that estradiol is involved in growth control 
in pubertal, young and premenopausal woman, testosterone is in-
volved in growth control in boys and young women, IGF-I is in-

volved in growth control in rats, small children and young woman. 
Furthermore, this is the fi rst demonstration that testosterone and 
IGF-I are involved in growth control in young woman. 

Are there any relations between body weight and hormone levels 
in blood plasma?

According to the results reported by De Pergola et al (2006), 
these lower levels of estradiol could be associated with higher body 
weight in obese premenopausal women (average age: 30 years). 
On the contrary, in our study estradiol level was signifi cantly 
higher in young healthy women with above average body weight. 
Our observations, as well as the observations of De Pergola et al 
(2006), indicated the interrelationships between plasma estrogen 
and body weight, and, therefore, involvement of this hormone in 
control of body mass. On the other hand, the pattern of this inter-
relationships observed by us and De Pergola et al (2006) are op-
posite. These differences might be explained by various estrogen 
functions in body weight regulation in normal and obese women 
and/or in women in different ages.

The results reported by Sowers et al (2001) demonstrated an 
association between higher testosterone levels and higher body 
weight in premenopausal women (25–50 years old). In our study 
on younger girls, we didn’t fi nd a relation between testosterone 
levels and body weight. They suggested that in young women, in 
contrast to older ones, testosterone might not be involved in body 
weight regulation.

The results published by Lager and Ellison (1990) demonstrat-
ed the association between lower progesterone levels and lower 
body weight in premenopausal women (average age: 29 years). In 
our study, we observed signifi cantly increased progesterone levels 
in younger women with an above average body weight. Therefore, 
our results confi rmed the observations of Lager and Ellison (1990). 
Our and previous results suggested that progesterone can be a pro-
moter of body weight not only in older, but also in young women.

There is no published data concerning the relation between 
IGF-I levels and body weight. Such relations were not been found 
in our studies, too. These results suggest that IGF-I is probably 
not involved in body weight regulation.

Overall, our main results confi rm and expand the observations 
of our predecessors suggesting that estradiol and progesterone are 
involved in body weight regulation in both young and premeno-
pausal women. Furthermore, our observations provide the fi rst 
evidence that testosterone and IGF-I aren’t involved in growth 
regulation in young women.

Are there any relations between abdomen circumference and hor-
mone levels in blood plasma?

Mayes and Watson (2004) demonstrated an association be-
tween higher estradiol levels and higher abdomen circumference 
in postmenopausal women. In our study, we found that plasma es-
tradiol level was signifi cantly higher in subjects with low abdomen 
circumference values. Therefore, results of both our studies and 
of Mayes and Watson (2004), indicated the association between 
estrogens and abdominal circumference. On the other hand, these 
two studies demonstrated different interrelations between estradiol 
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levels and abdominal circumference. This differences could be due 
to different age of the studied subjects. It is not to be excluded that 
stradiol can decrease abdominal circumference in young subjects 
and increase it in postmenopausal women.

In the available literature we did not fi nd data on the rela-
tion between testosterone, progesterone and IGF-I and abdomen 
circumference. In our study, we didn’t fi nd any signifi cant differ-
ence in the testosterone, progesterone and IGF-I levels between 
the subjects with low and high abdomen, which indicated that 
these hormones weren’t involved in the regulation of abdominal 
circumference.

Overall, our results, together with few relevant published data, 
suggest that estradiol is involved in the regulation of abdomen cir-
cumference in young and premenopausal women. Furthermore, 
it is the fi rst evidence that testosterone, progesterone and IGF-I 
aren’t involved in the regulation of abdominal circumference in 
young women.

The relation between WHR index and hormone levels
Jasienska et al (2004) demonstrated a negative relation between 

plasma estradiol levels and WHR index in premenopausal women 
(age average: 29 years). On the contrary, in our study, we found 
that estradiol levels were signifi cantly higher in the group of sub-
jects with above average WHR index. The available differences 
could be due to age-dependent changes in the role of estradiol in 
obesity regulation during individual development.

The results of several previous studies demonstrated the posi-
tive relation between higher testosterone levels and higher WHR 
index values in morbidly obese women (Kirschner et al, 1990) 
and premenopausal women (Pasquali et al, 1991; Van Anders 
and Hampson, 2005). In our study, we didn’t fi nd a relation be-
tween testosterone levels and WHR index, i.e. we did not confi rm 
the previous data on involvement of androgen in control of obe-
sity. The discrepancy between the obtained results can be due to 
differences in metabolic state (our study group was represented 
mainly by non-obese types with more peripherally distributed fat 
with low or without health risks) and age of studied women. Our 
observations suggested that in young women, unlike in older and 
obese women, testosterone presumably wasn’t involved in obe-
sity regulation.

The results obtained by Jasienska et al (2004) demonstrated 
also an association between higher progesterone levels and low 
WHR index values in premenopausal women. In our study, we 
didn’t fi nd any interrelationships between these parameters, and 
therefore we did not demonstrate the involvement of progesterone 
in control of obesity in young women. The differences between 
our observations and observations of Jasienska et al (2004) could 
be due to different ages women observed in different studies. 

In the available literature we didn’t fi nd any publications con-
cerned relation between IGF-I levels and WHR. In our study, no 
such association was found too suggesting that IGF-I is not directly 
involved in control of obesity in young women.

Altogether, the available observations suggest that estradiol, 
but probably not testosterone, progesterone or IGF-I can be in-
volved in control of women obesity.

Possible interactions between several observed indexes and their 
practical impact

The association between growth rate and plasma levels of the 
estrogen, progestogen, and IGF-I may be explained by the abil-
ity of steroid hormones to stimulate release of growth hormone 
which in turn stimulates the local production of IGF-I, promoter 
of cartilage growth (Pescovitz et al, 1985, Martel-Pelletier et al, 
1998, Goldenberg and Barkan, 2007). Our observations suggest 
that IGF-I may mediate growth-promoting affect not only of an-
drogens but also of estrogens and progestagens. Moreover, growth 
regulation via mutual functional interrelationships between es-
trogens, androgens and progestagens (as precursors, metabolites 
and object of feedback regulation) (Silbernagl and Despopoulos, 
2004) could not be excluded. Anyway, our observations confi rm 
and expand existing data concerning interaction between steroid 
hormones, peptide hormones (GH/IGF-I), growth, stature devel-
opment and obesity in young women.

Better development of adipose tissue and more frequent oc-
currence of obesity in women versus men could be associated 
with sexual dimorphism in production of steroid hormones. Adi-
pose tissue is involved in conversion of androgens to estrogens. 
This role of adipose tissue may explain the association between 
higher body weight, higher levels of estradiol but lover of tes-
tosterone in the blood plasma (Price et al, 1998, Powder et al, 
2006). On the other hand, the association of higher estradiol 
level with below-average abdomen circumference observed in 
our studies suggests that estradiol in young women participate 
in formation the female stature. Thus, the association of body 
weight and abdomen circumference with serum estradiol should 
be considered separately, but not as a comprehensive indicator 
of a single process.

An explanation the interrelationships between morphological 
indexes and hormones could be complicated by several different 
factors affecting these indexes. For example, WHR rate depends 
on growth, body mass and obesity, whose can be develop indepen-
dently under control of different regulators. For example, Zamba-
rano and Singh (1997) demonstrated, that androgenicity in women 
is associated with a higher WHR, independently of body weight. 
Similarly, in our studies, the increased levels of estradiol was as-
sociated with an increased WHR value, but also with increased 
body weight and body height, factors whose have an opposite ac-
tion on WHR value. 

The association between growth, body mass, obesity and 
hormones provides evidence for hormonal regulators of these 
processes. Our observations suggest (1) that in young women 
growth can be up-regulated by testosterone, estradiol and IGF-I, 
but not by progesterone, (2) that body mass can be up-regulated 
by progesterone and estradiol, but not by testosterone or IGF-I, 
and (3) that obesity (high WHR, but not abdomen circumference) 
can be promoted by estradiol, but not by other steroid hormones 
or IGF-I. These data could help in search for hormonal regulators 
of growth, development and metabolism, as well as for hormonal 
treatment of growth disorders and obesity.

An other potential area of application of the obtained data 
could be characterisation and prediction of growth, development 
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and obesity on the basis of blood analysis. The present observations 
suggest that plasma level of estradiol could be a marker of young 
women growth, body weight, female stature and obesity. Addi-
tional hormonal indicators could be useful to characterize and to 
predict only growth (testosterone, IGF-I) and body weight/obesity 
(progesterone). These additional hormones could be either func-
tional independent from estradiol or they could be its precursors, 
regulators or mediators of action on some parameters (Pescovitz 
et al, 1985; Silbernagl and Despopoulos, 2004). On the other hand, 
we cannot exclude, that the observed statistical association refl ects 
not the direct functional link between hormonal and morphological 
parameters, but the existence of hypothetical third factor affecting 
both hormonal and morphological parameter. For example, mal-
nutrition can reduce IGF-I level, which results impaired growth 
(Matera and Rapaport, 2002). Poor social environment and related 
alcohol consumption can both induce retardation in body growth 
and development (Ornoy and Ergaz, 2010), increased estradiol and 
reduce testosterone level in blood (Gavaler and Van Thiel, 1992).

Taken together, our observations and observations of our 
predecessors demonstrate statistical and, possiblyy, functional 
link between some hormonal and morphometric indices. These 
fi ndings may be useful for development of hormonal markers for 
diagnostics or prediction of growth and metabolic disorders. Fur-
thermore, they could help in search for hormonal regulators of 
growth, development and metabolism, as well as for treatment of 
growth disorders and obesity. It is not to be excluded that screening 
and application of these hormones can help to identify, to prevent 
and to treat these disorders.
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