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Abstract: We investigated the relationship between selected body composition (BC) parameters
and included 55 women diagnosed with PCOS and 29 women in which PCOS was excluded. Hor-
mone concentration and BC parameters were assessed during hospitalization. Women with PCOS
had higher concentration of luteinizing hormones, total testosterone, androstenedione, and Anti-
Miillerian hormones compared to women that were not diagnosed with PCOS. We did not observe
any significant differences in the BC parameters between both groups as well as between four PCOS
phenotype subgroups. Only in the group of women with PCOS was the concentration of sex hormone
binding globulin and free testosterone correlated with all investigated BC parameters. Correspon-
dence analysis did not confirm unambiguously associations between phenotypes of PCOS and the
value of BC parameters, while logistic regression revealed that increased Anti-Miillerian hormone
concentration and the value of body mass index could be useful parameters in differentiating women
with PCOS and women with other disorders. The ROC analysis performed on the entire group
of women also confirmed that the concentration of Anti-Miillerian hormones could be a powerful
parameter to categorize women as suffering from PCOS.
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1. Introduction

Improper diet, abnormal body weight, and lack of physical activity are some of the cru-
cial factors associated with development of many diseases as well as their exacerbation [1].
Polycystic ovary syndrome (PCOS) is a common reproductive and endocrine disorder
in which obesity intensifies metabolic and hormonal disorders [2]. According to studies
30-70% of women with PCOS are obese [3] and many are characterized by abdominal
obesity [4], which contributes to the clinical and biochemical expression of PCOS [5,6].
Weight reduction for obese patients with PCOS is beneficial in many ways. It helps de-
crease the concentration of androgen, luteinizing hormone and insulin as well as regulate
ovulation [7], therefore lifestyle improvement is the first line of treatment for women with
PCOS [8]. As the primary cause of PCOS is still unknown, the treatment is primarily
directed at symptoms [7]. Diagnosis of PCOS is based on meeting at least two out of three
Rotterdam criteria: clinical or/and biochemical hyperandrogenism, ovulatory dysfunction,
and polycystic ovaries found on an ultrasound [9]. According to these criteria it is possible
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to identify four PCOS phenotypes: (1) with clinical and/or biochemical hyperandrogenism,
oligoovulation or anovulation and polycystic ovaries; (2) with clinical and/or biochemical
hyperandrogenism and oligoovulation or anovulation; (3) with clinical and/or biochemical
hyperandrogenism and polycystic ovaries; and (4) with oligoovulation or anovulation and
polycystic ovaries [10]. However, studies show no significant differences in prevalence of
insulin resistance and metabolic syndrome in different PCOS phenotypes [11]. The most
widely used parameters which help to diagnose obesity are body mass index (BMI), waist
circumference (WC), waist-to-hip ratio (WHR), visceral fat area (VFA), and body fat per-
centage (BFP) [12]. Considering the presence of sexual dimorphism in fat distribution, we
already know that androgens play an important role in distribution of adipose tissue in the
human body [13]. Several previous studies showed a correlation between androgen levels
and amount of abdominal fat and visceral adipose tissue [14,15]. It was also demonstrated
that women with abdominal obesity have lower concentrations of sex hormone bounding
globulin (SHBG), which supports the thesis that free androgens are related to increased
visceral fat accumulation [14]. Furthermore, earlier studies also pointed out that android
type of fat distribution is associated with reduced reproductive capability and infertil-
ity [16]. Our study showed that abdominal obesity causes additional disorders in metabolic
and hormonal parameters in PCOS women [17], suggesting that further investigation is
needed to evaluate the influence of body fat distribution on PCOS to be able to improve
the course of future treatment. Our previous study [18] and the results obtained by other
authors of [19] indicate that the value of BMI and WC could be insufficient to measure the
percentage of body fat. Furthermore, the value of BMI does not capture information on the
mass of fat in different body sites and cannot diversify central and peripheral fat [20,21].
Analyzing body composition is much more useful than measuring body weight, since it
can distinguish body fat mass from fat free mass [22]. In our previous study we proposed
bioelectric impedance as a minimally invasive method that can be recommended for the
assessment of body weight, especially in young people [23]. Therefore, in our present study
we aimed to investigate the relationships between selected body composition parameters
and hormones concentration (follicle-stimulating hormone (FSH), luteinizing hormone
(LH), total testosterone (t-test), free testostereone (flest), androstenedione (AD), dehy-
droepiandrosterone sulfate (DHEA-S), SHBG, 17«x-hydroxyprogesterone (170-OHP), and
Anti-Miillerian hormones (AMH)) in a group of women with and without PCOS. We used
bioelectric impedance analysis (Bodystat 1500), which is a non-invasive, reliable, low-cost,
easy to use, and clinically validated method.

2. Materials and Methods

The study was conducted on the group of 84 women who were hospitalized in the
Gynecological Endocrinology Clinic of the Silesian Medical University in Katowice, Poland,
in 2021. On average, 90 &= 10 women suspected of PCOS are hospitalized at the clinic every
month. We selected a case-control study of women aged 18-43, who were hospitalized in
April 2020. According to Rotterdam criteria, 55 women were diagnosed with PCOS (study
group) and 29 women were excluded as not suffering from PCOS (control group). The
study was approved by the Bioethical Committee of the Medical University of Silesia (No
KNW/0022/KB1/140/11/15/16, 15 November 2016). In addition, in the group of women
with PCOS, four different phenotypes of PCOS were recognized based on Rotterdam
criteria. In the group of women without PCOS, one woman had polycystic ovaries, six
women had oligomenorrhea, and seven women were characterized by high levels of
androgens, but none of them were diagnosed with PCOS based on Rotterdam criteria.
In both groups, women exposed to tobacco smoke or alcohol abuse were excluded from
the study. Other exclusion criteria included previously diagnosed diabetes (type 1 and 2),
hypertension, Cushing’s syndrome, and adrenal tumors. Blood samples were collected
during the follicular phase (till day eight of the menstrual cycle) in the morning after an
overnight fast (>12 h) according to standard procedures. Blood samples were immediately
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centrifuged and serum and plasma were separated; parameters associated with PCOS were
assayed immediately.

2.1. Assessment of Body Composition

During hospitalization in all women body composition parameters were assessed
based on bioimpedance methods using Bodystat 1500 (Douglas, Isle of Man) according
to the instructions provided by the producer. The participants were asked not to eat for
4-5 h and not to exercise for 12 h before the test. The Bodystat 1500 was calibrated at the
beginning of a day of use. We focused on selected body composition parameters including
body mass index (BMI) (kg/m?); waist hip ratio (WHR); fat-free mass (FFM); body weight
(BW) (kg); skeletal muscle mass (SMM) (kg); fat mass (FAT) (kg); total body water (TBW)
(%); percent of body fat (PBF) (%); visceral fat area (VFA) (cm?); and basal metabolic rate
(BMR) (kcal).

2.2. Hormone and SHBG Concentrations

FSH, LH, t-test, fTest, AD, DHEA-S and SHBG concentrations were determined by
ELISA (DRG Instruments GmbH, Marburg, Germany) with the lower limit of sensitivity
at0.861IU/L, 1.27IU/L, 0.083 ng/L, 0.002 ng/L, 0.019 ng/L, 0.044 mg/L and 0.2 nmol/L,
respectively; the respective intra- and inter-assay coefficients of variations were 5.5% and
6.1% for FSH, 5.6% and 6.2% for LH, 3.6% and 7.1% for total testosterone, 6.4% and 8.0%
for free testosterone, 6.5% and 10.2% for androstenedione, 4.8% and 7.5% for DHEA-
S and 5.3% and 9.0% for SHBG. 17x-hydroxyprogesterone (170-OHP) was assayed by
RIA (Diagnostic Products Corporation, Los Angeles, CA, USA) with lower detectable
concentrations of 0.2 nmol/L. The respective inter- and intraassay coefficients of vari-
ation were 5.6% and 8.0% for 17-OH-P. The concentration of AMH was assayed using
commercial ELISA kit (Immunotech a.s., Prague, Czech Republic) with lower detectable
concentrations of 0.05 ng/mL, inter- and intra- assay coefficient of variations were 4.6%
and 4.6%, respectively.

2.3. Statistical Analysis

Statistical analysis was performed using the Statistica Software Package, version 13.3
(Polish version; StatSoft, Krakéw, Poland). Values, except age (presented as mean £ SD)
were expressed as median with interquartile range (IQR). Normality of variables was tested
using the Shapiro-Wilk test. Homogeneity of variance was assessed using Levene’s test.
Significant differences in hormones concentration and body composition parameters be-
tween groups of women with and without PCOS were investigated using non-parametric U
Mann-Whitney test. Differences between four PCOS phenotype subgroups were analyzed
using Kruskal-Wallis one-way analysis of variance by ranks. The correspondence analysis
was performed to evaluate the potential association between quartile of body composition
parameters and phenotypes of PCOS. Logistic regression was used to indicate which of
the analyzed parameters increased the patient’s odds of belonging to the PCOS group.
Furthermore, the ROC (receiver operating characteristic) analysis was performed to show
which parameter best categorized women as suffering from PCOS. In all instances, p < 0.05
was considered statistically significant.

3. Results

The studied groups were similar in terms of age. Women with PCOS had higher
concentration of LH, t-test, AD, and AMH compared to women without PCOS. The median
of AMH concentration was two-fold higher in the group of women with PCOS than in the
group of women without PCOS. Any other significant differences in hormones concentration
and selected values of body composition parameters were not found (Table 1).
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Table 1. Characteristics of women with PCOS including selected body composition parameters.

Women
Parameters
without PCOS with PCOS p Value

Age (years) 28.24 + 6.24 2591 4+ 4.70 0.058
LH (1U/L) 5.08 (4.17-6.55) 6.79 (5.23-9.36) 0.006
FSH (IU/L) 7.09 (5.89-8.21) 6.16 (5.27-7.39) 0.056
DHEA-S (ug/mL) 276.00 (216.00-350.00) 284.50 (217.00-384.00) 0.566
SHBG (nmol/L) 53.2 (37.00-75.10) 46.70 (30.70-73.10) 0.399
t-test (ng/mL) 0.22 (0.13-0.30) 0.28 (0.19-0.39) 0.025
fTest (pg/mL) 1.64 (0.93-3.02) 2.26 (1.28-3.39) 0.116
AD (ng/mL) 1.89 (1.37-2.26) 2.36 (1.81-3.13) 0.005
17x-OHP (nmol/L) 0.67 (0.39-0.92) 0.65 (0.46-0.89) 0.756
Prolactine (ng/mL) 9.81 (6.83-13.30) 11.60 (8.80-15.70) 0.086
AMH (ng/mL) 2.95 (1.58-3.63) 6.07 (4.84-8.25) 0.000
BMI (kg/ m?) 20.90 (19.80-23.80) 24.00 (20.50-30.30) 0.069
WHR 0.85 (0.83-0.90) 0.87 (0.83-0.96) 0.168
SMM (kg) 23.40 (21.20-25.10) 24.70 (22.20-28.40) 0.094
FAT (kg) 17.80 (13.50-22.50) 21.60 (13.60-31.90) 0.157
TBW (%) 31.10 (28.50-33.30) 32.70 (29.70-37.60) 0.081
FFM (%) 42.60 (39.00-45.30) 44.70 (40.60-51.40) 0.082
PBF (%) 31.00 (39.00-45.30) 32.40 (24.20-39.00) 0.271
VFA (cm2) 8.00 (5.00-10.00) 9.00 (5.00-15.00) 0.236
BMR (kcal) 1290.0 (1212.0-1349.0) 1336.0 (1246.0-1479.0) 0.080

Legend: PCOS, polycystic ovary syndrome; LH, luteinizing hormone; FSH, follicle-stimulating hormone; DHEA-S,
dehydroepiandrosterone sulfate; SHBG—sex hormone-binding globulin; ¢-test—total testosterone; fTest, free
testosterone; AD, androstenedione; 17-OHP, 17x-hydroxyprogesterone; AMH, Anti-Miillerian hormone; BMI,
body mass index; WHR, waist hip ratio; SMM, skeletal muscle mass; FAT, fat mass; TBW, total body water; FEM,
fat-free mass; PBE, percent of body fat; VFA, visceral fat area; BMR, basal metabolic rate.

Comparison of the value of body composition between four phenotypes of PCOS did
not show any statistically significant differences (Table 2).

Table 2. Comparison of the value of body composition parameters dependent on phenotype in the group of women

with PCOS.
Phenotype 1 Phenotype 2 Phenotype 3 Phenotype 4
Parameters p Value
n=231 n=7 n=11 n==6

Age (years) 26.00 (22.00-29.00) 25.000 (19.00-27.00) 25.00 (24.00-28.00)  27.50 (2500-33.00) 0.546
BMI (kg/m?) 23.40 (20.50-27.00) 30.90 (21.00-35.30) 24.80 (23.20-33.00)  20.45 (17.30-24.30) 0.178
WHR 0.87 (0.83-0.93) 0.98 (0.84-1.00) 0.89 (0.87-0.97) 0.81 (0.79-0.90) 0.168
SMM (kg) 25.90 (23.00-29.00) 24.80 (22.30-26.40) 22.20 (21.80-27.90)  23.05 (20.20-23.40) 0.335
FAT (kg) 21.60 (12.90-29.40) 36.70 (18.80-45.70) 21.90 (20.80-41.50)  14.00 (11.90-23.40) 0.245
TBW (%) 34.10 (31.00-38.00) 32.70 (29.80-34.60) 29.70 (29.10-36.90)  30.90 (27.70-31.10) 0.311
FFM (%) 46.60 (42.30-52.00) 44.70 (40.70-47.40) 40.70 (39.80-50.50)  42.10 (37.90-42.60) 0.331
PBEF (%) 31.70 (23.40-37.80) 43.70 (30.10-52.20) 36.30 (30.00-42.60)  25.90 (22.10-36.70) 0.180
VFA (cm?) 9.00 (5.00-14.00) 19.00 (7.00-22.00) 10.00 (8.00-20.00) 5.00 (4.00-12.00) 0.233
BMR (kcal) 1377 (1285-1492) 1336 (1249-1393) 1249 (1230-1460) 1279.5 (1188-1290) 0.318

Legend: PCOS, polycystic ovary syndrome; BMI, body mass index; WHR, waist hip ratio; SMM, skeletal muscle mass; FAT, fat mass; TBW,
total body water; FFM, fat-free mass; PBE, percent of body fat; VFA, visceral fat area; BMR, basal metabolic rate.

Separately, in both study and control groups we investigated the relationships between
hormones concentrations and selected body composition parameters. In the group of
women with PCOS, a negative correlation between the concentration of SHBG and the
value of selected body composition parameters was found, while a positive correlation
was revealed in case of the concentration of fTest and the value of some body composition
parameters (Table 3). In the control group, the concentration of SHBG did not correlate
with any parameters of body composition, while the concentration of fTest was only
associated with PBF value (r = 0.40; p = 0.035). Only in the control group we found a
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positive correlation between the concentration of DHEA-S and the value of BMI (r = 0.39;
p = 0.038) as well as a negative one between the concentration of 17-OHP and the value of
WHR (r = —0.47; p = 0.010) (results not shown in the table).

Table 3. Correlation coefficient between SHBG or fTest concentration and selected body composition
parameters in the group of women with PCOS.

Parameters SHBG fTest
BMI (kg/m?) —0.68; 0.000 0.47; 0.000
WHR —0.68; 0.000 0.45; 0.000
SMM (kg) —0.47; 0.000 0.37; 0.004
FAT (kg) —0.63; 0.000 0.42; 0.001
TBW (%) —0.47; 0.000 0.38; 0.004
FFM (%) —0.47; 0.000 0.38; 0.004
PBF (%) —0.57; 0.000 0.37; 0.000
VFA (cm?) —0.61;0.000 0.41; 0.001
BMR (kcal) —0.47; 0.000 0.38; 0.005

Legend: PCOS, polycystic ovary syndrome; SHBG, sex hormone-binding globulin; fTest, free testosterone; BMI,
body mass index; WHR, waist hip ratio; SMM, skeletal muscle mass; FAT, fat mass; TBW, total body water; FEM,
fat-free mass; PBF, percent of body fat; VFA, visceral fat area; BMR, basal metabolic rate.

Correspondence analysis showed that phenotype 2 of PCOS was associated with the
highest value (assigned to Q4) of analyzed body composition parameters (FAT, BMI, PBF,
VFA, FFM, BMR), while phenotype 4 was related to the lowest value (assigned to Q1 or
2) of body composition parameters (for Q1: VFA, FAT, BMI, WHR, PBF and for Q2: TBW,
BMR, FEM). Women with phenotype 1 and 3 presented average values of body composition
(Figure 1).
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Figure 1. Correspondence analysis showed the potential association between quartiles of body
composition parameters and phenotypes of PCOS. Legend: PCOS, polycystic ovary syndrome; BMI,
body mass index; WHR, waist hip ratio; FAT, fat mass; TBW, total body water; FFM, fat-free mass;
PBE, percent of body fat; VFA, visceral fat area; BMR, basal metabolic rate.
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Logistic regression revealed that increased concentration of AMH and selected values
of body composition such as BMI, PBF, and VFA analyzed as a separated models could be
useful in differentiating women with PCOS and women with other disorders, which are not
associated with PCOS (Table 4). Model 4 revealed that among body composition parameters
analyzed separately: BMI, PBF and VFA, BMI was the strongest and independent (other
than AMH) variable related to increased odds of belonging to the PCOS group.

Table 4. Logistic regression of the state variable of study group vs. control group.

Model 1 Model 2 Model 3 Model 4
OR OR OR OR
Variables (95% CI) Variables (95% CI) Variables (95% CI) Variables (95% CI)
P P P P
2.085 2.057 2.064 2.085
AMH (1.451-2.997) AMH (1.445-2.929) AMH (1.442-2.952) AMH (1.451-2.997)
(ng/mL) <0.001 (ng/mL) <0.001 (ng/mL) <0.001 (ng/mL) <0.001
1.198 1.079 1.141 1.198
(kBﬁﬁz) (1.036-1.386) I()]/ﬂ; (1.002-1.162) (Xi‘g) (1.012-1.287) (kBy[nIF) (1.036-1.386)
& 0.015 ° 0.043 0.031 & 0.015

Model 1 adjusted to: all hormones under fasting condition and BMI, Model 2 adjusted to all hormones under fasting condition and PBE,
Model 3 adjusted to all hormones under fasting condition and VFA, Model 4 adjusted to all hormone under fasting condition and BMI, PBE,

VFA. Legend: AMH, Anti-Miillerian hormone; BMI, body mass index; PBF, percent of body fat; VFA, visceral fat area; OR, odds ratio; CI,
confidence interval.

Both ROC analysis performed in the group of women <30 years old and >30 years old
indicated that specific concentrations of AMH could be a powerful parameter to categorize
women with PCOS. The cut-off concentration of AMH for women <30 years was estimated
as 5.00 ng/mL, while in the group of women >30 years old the threshold value was
4.39 ng/mL (Figure 2).
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95% 95% 95% 0.5)/v2
10925 |0.078 | 0.778 1 5.667 0.000 0.876 | 0.056 | 0.765 0.986 6.676 0.000

Figure 2. ROC curve of AMH concentration used to distinguish the women with PCOS from the whole group of women

younger (a) and older than 30 years old (b). Legend: ROC curve, receiver operating characteristic curve; AMH, Anti-
Miillerian hormone; AUC, area under curve; SE, sedimentation equilibrium.
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4. Discussion

The distribution of fat tissue in the visceral area is associated with many metabolic
and endocrine disturbances in PCOS [24]. It seems that obesity plays a fundamental role
in pathogenesis of PCOS [25]. Furthermore, Della Corte, et al. claimed that the main
goal of therapy in PCOS should be the reduction of body mass [26]. Therefore, in our
present study we were focused on the potential associations between the value of selected
body composition parameters and the magnitude of hormonal disorders in women with
PCOS. Firstly, we compared the results of selected body composition parameters between
women with and without PCOS. We did not find any significant differences in the value
of body composition parameters between those groups, which may be associated with
a small number of patients and their similar physical constitution. The same findings
were made when we analyzed those differences in four phenotypes of PCOS. Presumably
the lack of statistically significant differences between four phenotypes of PCOS was also
associated with a small number of cases, especially in phenotype 2 (n =7) and 4 (n = 6).
The correspondence analysis showed that body composition parameters were not directly
associated with phenotypes of PCOS. Women with phenotype 2 were mainly associated
with quartile 4 of BMI, PBF, and FFM values; regarding body composition parameters,
women with phenotype 1 and 3 had average values of body composition parameters (e.g.,
the value of VFA, FFM and PBF), while women with phenotype 4 had mainly the lowest
value of body composition parameters.

Our outcome indicates that the greatest disorders in body composition parameters
are present in phenotype 2, which similar to the results obtained by Giampaolino, et al.
could suggest that the women with phenotype 2 of PCOS has a different pathophysiologic
mechanism of disease [27].

Using logistic regression analysis we showed, especially in Model 4, that among
parameters analyzed separately the value of BMI was the strongest (besides AMH) variable
related to the increased odds ratio of belonging to PCOS group (Table 4).

When we investigated the coefficient correlation between body composition parame-
ters and hormones concentration in the group of women with PCOS we found a significant
negative correlation between the concentration of SHBG and the value of all analyzed body
composition parameters. The highest value of coefficient correlations was found between
the concentration of SHBG and the value of BMI, WHR, FAT, and VFA, which showed
clearly that the concentration of SHBG was associated with the amount and placement
of fat tissue in visceral area (WHR and VFA). A study conducted by Azard, et al. [28]
demonstrated that in the group of premenopausal women the serum concentration of
SHBG was negatively associated with intra-abdominal adipose tissue. Moreover, a fat de-
pot was linked with an abnormal metabolic profile as well as inversely and independently
associated with SHBG [28]. Our earlier study showed that women with PCOS who were
obese in the visceral area (WHR > 0.8) had lower concentration of SHBG and higher concen-
tration of DHEA-S and value of FAI compared to women with PCOS and a normal value
of WHR (<0.8) [17]. Furthermore, our last study revealed that disorders in hormonal status
are probably indirectly associated with changes in lipid profile parameters [29]. Higher
quartiles of triglycerides concentration increased the odds ratio of lower concentration
of SHBG or higher value of free androgen index (FAI), while higher quartiles of HDL-C
level decreased concentration of SHBG concentration and FAI value. Moreover, we also
discovered that the phenotypes of PCOS, as well as the value of BMI, were significant
factors which influenced androgen hormone concentrations [29].

Interestingly, in our present study in the group of women without PCOS the concen-
tration of SHBG was not significantly associated with any parameters associated with body
composition analysis. Similar results were previously obtained in the study conducted by
Yucel et al. [30], who showed a negative correlation between the concentration of SHBG
and the value of total fat mass in PCOS women. At the same time, there was no similar
relationship in the group of healthy control. Apart of SHBG, in the women with PCOS fTest
concentration was in positive relation to investigated body composition parameters, with
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the highest value of coefficient correlation with BMI (r = 0.47), WHR (r = 0.45), FAT (r = 0.42)
and VFA (r = 0.41), while in the group of women without PCOS the concentration of free
testosterone was only positively correlated with the value of PBE. Our study confirmed the
results obtained by other authors, with lower concentration of SHBG being associated with
an elevation in fTest concentration. Moreover, we confirmed that both of these parameters
are closely related to obesity [31], which is in accordance with results obtained by other
authors [32].

It was confirmed that SHBG could play an important role in various metabolic dis-
orders in women with PCOS [33]. The meta-analysis conducted by Lim, et al. showed
that overweight or obese women with PCOS had decreased concentration of SHBG and
increased concentration of ¢-test and free androgen index [34]. Furthermore, hepatic synthe-
sis of SHBG can be suppressed by insulin, while excess of insulin is common in the group
of overweight women. It has been shown that insulin rises free and total testosterone,
and this contributes to upper-half type body fat distribution [35]. The results obtained in
our study confirmed that a decreased concentration of SHBG is associated with obesity
especially distributed in the visceral area.

The second important parameter taken under consideration was the concentration of
AMH. We observed a significant difference in AMH concentration between women with
and without PCOS, but we did not detect any correlation with body composition parame-
ters. Similar result was obtained by Bialka-Kosiec, et al. [36], who also did not discover any
significant correlation between body mass components including body fat, fat-free mass,
or water content and the concentration of AMH in women with PCOS. A study conducted
by Cassar, et al. also did not reveal any significant correlation between the concentration
of AMH and the value of body fat parameters [37]. The newest study conducted in the
Chinese population revealed the negative correlation between body fat percentage and
the concentration of AMH, and the authors claimed that the study should be continued
to explain the association between body fat-related AMH change with pathogenesis of
PCOS [38]. In addition, using ROC analysis the authors showed that AMH can be helpful
in distinguish between women with and without PCOS (the value of AUC was 88.5%,
with a sensitivity of 72.4% and specificity of 87.4%, the positive and negative predictive
values were 91.2% and 63.9%, respectively. The same findings were demonstrated in a
study conducted by Cassar, et al. [37]. Similarly, in our study we confirmed using the ROC
analysis that concentration of AMH is a sensitive and specificity parameter associated with
PCOS. We performed the ROC analysis in two groups of women: < and >30 years old, as
the concentration of AMH changes with the age [39]. The value of AUC in both groups of
women < and >30 years old was 87.6% and 92.5%, which confirmed that concentration of
AMH reflects the probability of belonging to the PCOS group. Furthermore, the results
obtained by Casarotto, et al. indicated that the concentration of AMH could be a prog-
nostic parameter of PCOS in women with metabolic and hormonal disorders. AMH was
associated with the pathophysiology of reproductive dysfunction in PCOS and reflects
PCOS status, therefore it may also be useful in PCOS diagnosis [40]. Dadachanyji, et al. [41]
revealed the importance of clinicians concurrently employing Rotterdam criteria along
with obesity status for ascertaining accurate disorders in the course of PCOS status.

Summarizing, in the group of women with PCOS the body composition parameters
were mainly associated with the concentration of SHBG and fTest, while the parameters
which are most strongly and independently related to belonging to the PCOS group were
the concentration of AMH and the value of BMI.

Some limitations should be considered when interpreting these study results. Due to
a small number of PCOS phenotype patients as well as of the control group, the obtained
results should be treated as a pilot, and should be considered for future studies.
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5. Conclusions

1. Inthe group of women with PCOS, the alteration in the value of body composition
parameters were significantly associated with the concentration of SHBG and fTest.

2. The concentration of AMH and the value of BMI were the parameters most strongly
and independently related to belonging to the PCOS group.

Author Contributions: Conceptualization, A.B. and G.F,; methodology, A.B., S.P. and G.E; software,
A.B., S.P. and G.F; validation, S.P. and G.F,; formal analysis, A.B., S.P., A.P. and G.F,; investigation,
A.B,S.P,].N.,PM., M.L.,, AN,, D.P, A.P. and G.F,; resources, M.L., A.N., D.P,, PM. and G.E; data
curation, G.F,; writing—original draft preparation, A.B.; writing—review and editing, A.B.; S.P,
J.N., M.C. and A.P; visualization, A.B., S.P., M.C. and A.P,; supervision, PM., A.P. and G.F,; project
administration, A.P.,, PM. and G.F,; funding acquisition, PM. and G.F. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee on Silesian Medical University in
Katowice (No KNW/0022/KB1/140/11/15/16, 15 November 2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Swinburn, B.A.; Caterson, L; Seidell, J.C.; James, W.P.T. Diet, nutrition and the prevention of excess weight gain and obesity.
Public Health Nutr. 2004, 7, 123-146.

2. Barthelmess, E.K.; Naz, R.K. Polycystic ovary syndrome: Current status and future perspective. Front. Biosci. Elite Ed. 2014, 6,
104-119.

3. Rojas, J.; Chavez, M.; Olivar, L.; Rojas, M.; Morillo, J.; Mejias, ].; Calvo, M.; Bermudez, V. Polycystic Ovary Syndrome, Insulin
Resistance, and Obesity: Navigating the Pathophysiologic Labyrinth. Int. J. Reprod. Med. 2014, 2014, 719050. [CrossRef]

4. Vilmann, L.S,; Thisted, E.; Baker, J.L.; Holm, J.-C. Development of Obesity and Polycystic Ovary Syndrome in Adolescents. Horm.
Res. Paediatr. 2012, 78, 269-278. [CrossRef]

5. Barber, TM.; Hanson, P.; Weickert, M.O.; Franks, S. Obesity and Polycystic Ovary Syndrome: Implications for Pathogenesis and
Novel Management Strategies. Clin. Med. Insights Reprod. Health 2019, 13, 1179558119874042. [CrossRef]

6. Yang, H.; Xin, Z; Feng, ].-P,; Yang, J.-K. Waist-to-height ratio is better than body mass index and waist circumference as a
screening criterion for metabolic syndrome in Han Chinese adults. Medicine 2017, 96, e8192. [CrossRef] [PubMed]

7. Ndefo, U.A; Eaton, A.; Green, M.R. Polycystic ovary syndrome: A review of treatment options with a focus on pharmacological
approaches. P T Peer-Rev. ]. Formul. Manag. 2013, 38, 336-355.

8. Szczuko, M,; Kikut, J.; Szczuko, U.; Szydlowska, I.; Nawrocka-Rutkowska, J.; Zietek, M.; Verbanac, D.; Saso, L. Nutrition Strategy
and Life Style in Polycystic Ovary Syndrome-Narrative Review. Nutrients 2021, 13, 2452. [CrossRef] [PubMed]

9.  Escobar-Morreale, H.F. Polycystic ovary syndrome: Definition, aetiology, diagnosis and treatment. Nat. Rev. Endocrinol. 2018, 14,
270-284. [CrossRef] [PubMed]

10. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Revised 2003 consensus on diagnostic criteria and
long-term health risks related to polycystic ovary syndrome (PCOS). Hum. Reprod. Oxf. Engl. 2004, 19, 41-47. [CrossRef]

11. Daan, N.M.P; Louwers, Y.V.; Koster, M.P.H.; Eijkemans, M.].C.; de Rijke, Y.B.; Lentjes, E.W.G.; Fauser, B.C.].M.; Laven, ].S.
Cardiovascular and metabolic profiles amongst different polycystic ovary syndrome phenotypes: Who is really at risk? Fertil.
Steril. 2014, 102, 1444-1451.e3. [CrossRef]

12.  Gazarova, M.; Galsneiderova, M.; Metiarova, L. Obesity diagnosis and mortality risk based on a body shape index (ABSI) and
other indices and anthropometric parameters in university students. Rocz. Panstw. Zakl. Hig. 2019, 70, 267-275. [CrossRef]
[PubMed]

13. Tchernof, A.; Brochu, D.; Maltais-Payette, I.; Mansour, M.F,; Marchand, G.B.; Carreau, A.-M.; Kapeluto, ]. Androgens and the
Regulation of Adiposity and Body Fat Distribution in Humans. Compr. Physiol. 2018, 8, 1253-1290. [PubMed]

14. Blouin, K,; Boivin, A.; Tchernof, A. Androgens and body fat distribution. ]. Steroid. Biochem. Mol. Biol. 2008, 108, 272-280.

[CrossRef]


http://doi.org/10.1155/2014/719050
http://doi.org/10.1159/000345310
http://doi.org/10.1177/1179558119874042
http://doi.org/10.1097/MD.0000000000008192
http://www.ncbi.nlm.nih.gov/pubmed/28953680
http://doi.org/10.3390/nu13072452
http://www.ncbi.nlm.nih.gov/pubmed/34371961
http://doi.org/10.1038/nrendo.2018.24
http://www.ncbi.nlm.nih.gov/pubmed/29569621
http://doi.org/10.1093/humrep/deh098
http://doi.org/10.1016/j.fertnstert.2014.08.001
http://doi.org/10.32394/rpzh.2019.0077
http://www.ncbi.nlm.nih.gov/pubmed/31515986
http://www.ncbi.nlm.nih.gov/pubmed/30215860
http://doi.org/10.1016/j.jsbmb.2007.09.001

Nutrients 2021, 13, 4217 10 of 11

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Polak, A.M.; Adamska, A.; Krentowska, A.; Lebkowska, A.; Hryniewicka, J.; Adamski, M.; Kowalska, I. Body Composition,
Serum Concentrations of Androgens and Insulin Resistance in Different Polycystic Ovary Syndrome Phenotypes. J. Clin. Med.
2020, 9, 732. [CrossRef]

Kirchengast, S. Body composition characteristics and body fat distribution in lean women with polycystic ovary syndrome. Hum.
Reprod. 2001, 16, 1255-1260. [CrossRef]

Franik, G.; Bizoni, A.; Wloch, S; Pluta, D.; Blukacz, L.; Milnerowicz, H.; Madej, P. The effect of abdominal obesity in patients with
polycystic ovary syndrome on metabolic parameters. Eur. Rev. Med. Pharmacol. Sci. 2017, 21, 4755-4761.

Kokot, I.; Lilla Pawlik-Sobecka Ptaczkowska, S.; Zélciﬁska-Wilczyﬁska, M.; Piwowar, A. The relationship between total body fat
and distribution of body fat mass and markers of insulin resistance in young women with normal weight—A pilot study. Clin.
Diabetol. 2016, 5, 41-48. [CrossRef]

Flegal, K M.; Shepherd, J.A.; Looker, A.C.; Graubard, B.I; Borrud, L.G.; Ogden, C.L.; Harris, T.B.; Everhart, J.E.; Schenker, N.
Comparisons of percentage body fat, body mass index, waist circumference, and waist-stature ratio in adults. Am. J. Clin. Nutr.
2009, 89, 500-508. [CrossRef]

Cuta, M.; Baticova, K.; Cerny, D.; Sochor, O. Normal-weight obesity frequency in the Central European urban adult female
population of Brno, Czech Republic. Cent. Eur. |. Public Health 2019, 27, 131-134. [CrossRef] [PubMed]

Nuttall, EQ. Body Mass Index: Obesity, BMI, and Health: A Critical Review. Nutr. Today 2015, 50, 117-128. [CrossRef]
Arusoglu, G. The Use of SenseWear Armband for Assessment of Daily Energy Expenditure and the Relation to Body Fat
Distribution and Nutritional Intake in Lean Women with Polycystic Ovary Syndrome. J. Nutr. Metab. 2020, 2020, 9191505.
[CrossRef]

Placzkowska, S.; Pawlik-Sobecka, L.; Kokot, L.; Zéiciﬁska—Wilczyﬁska, M.; Piwowar, A. Use of direct and indirect methods for
measuring body composition of young people—Preliminary report. Fam. Med. Prim. Care Rev. 2015, 17, 33-38.

Després, ].-P. Is visceral obesity the cause of the metabolic syndrome? Ann. Med. 2006, 38, 52—63. [CrossRef]

Giampaolino, P.; Foreste, V.; Di Filippo, C.; Gallo, A.; Mercorio, A.; Serafino, P.; Improda, FP,; Verrazzo, P.; Zara, G.; Buonfantino,
C. Microbiome and PCOS: State-of-Art and Future Aspects. Int. . Mol. Sci. 2021, 22, 2048. [CrossRef] [PubMed]

Della Corte, L.; Foreste, V.; Barra, F.; Gustavino, C.; Alessandri, F.; Centurioni, M.G.; Ferrero, S.; Bifulco, G.; Giampaolino, P.
Current and experimental drug therapy for the treatment of polycystic ovarian syndrome. Expert Opin. Investig. Drugs 2020, 29,
819-830. [CrossRef] [PubMed]

Giampaolino, P; Della Corte, L.; De Rosa, N.; Mercorio, A.; Bruzzese, D.; Bifulco, G. Ovarian volume and PCOS: A controversial
issue. Gynecol. Endocrinol. 2018, 34, 229-232. [CrossRef] [PubMed]

Azrad, M.; Gower, B.A.; Hunter, G.R.; Nagy, T.R. Intra-abdominal adipose tissue is independently associated with sex-hormone
binding globulin in premenopausal women. Obesity 2012, 20, 1012-1015. [CrossRef] [PubMed]

Bizon, A.; Franik, G.; Niepsuj, J.; Czwojdzifiska, M.; Lesniewski, M.; Nowak, A.; Szynkaruk-Matusiak, M.; Madej, P.; Piwowar, A.
The Associations between Sex Hormones and Lipid Profiles in Serum of Women with Different Phenotypes of Polycystic Ovary
Syndrome. |. Clin. Med. 2021, 10, 3941. [CrossRef]

Yucel, A.; Noyan, V.; Sagsoz, N. The association of serum androgens and insulin resistance with fat distribution in polycystic
ovary syndrome. Eur. J. Obstet. Gynecol. Reprod. Biol. 2006, 126, 81-86. [CrossRef]

Wei, S.; Schmidt, M.D.; Dwyer, T.; Norman, R.J.; Venn, A.J. Obesity and Menstrual Irregularity: Associations With SHBG,
Testosterone, and Insulin. Obesity 2009, 17, 1070-1076. [CrossRef] [PubMed]

Dumesic, D.A.; Akopians, A.L.; Madrigal, V.K,; Ramirez, E.; Margolis, D.J.; Sarma, M.K.; Thomas, A.M.; Grogan, T.R.; Haykal,
R.; Schooler, T.A.; et al. Hyperandrogenism Accompanies Increased Intra-Abdominal Fat Storage in Normal Weight Polycystic
Ovary Syndrome Women. J. Clin. Endocrinol. Metab. 2016, 101, 4178-4188. [CrossRef] [PubMed]

Deswal, R.; Yadav, A.; Dang, A.S. Sex hormone binding globulin—An important biomarker for predicting PCOS risk: A systematic
review and meta-analysis. Syst. Biol. Reprod. Med. 2018, 64, 12-24. [CrossRef] [PubMed]

Lim, S.S.; Norman, R.J.; Davies, M.].; Moran, L.]. The effect of obesity on polycystic ovary syndrome: A systematic review and
meta-analysis. Obes. Rev. Off J. Int. Assoc. Study Obes. 2013, 14, 95-109. [CrossRef]

Cosar, E.; Ugok, K.; Akgtin, L.; Koken, G.; Sahin, EK.; Arioz, D.T.; Bas, O. Body fat composition and distribution in women with
polycystic ovary syndrome. Gynecol. Endocrinol. Off J. Int. Soc. Gynecol. Endocrinol. 2008, 24, 428-432. [CrossRef]

Bialka-Kosiec, A.A.; Wilk, K.; Pytel, M.; Skrzypulec-Plinta, V.; Stojko, R.; Drosdzol-Cop, A. Body mass composition and dietary
habits in adolescents with polycystic ovary syndrome. Ginekol. Pol. 2019, 90, 589-595. [CrossRef]

Cassar, S.; Teede, H.J.; Moran, L.J.; Joham, A.E.; Harrison, C.L.; Strauss, B.].; Stepto, N.K. Polycystic ovary syndrome and
anti-Miillerian hormone: Role of insulin resistance, androgens, obesity and gonadotrophins. Clin. Endocrinol. 2014, 81, 899-906.
[CrossRef]

Luo, E.; Zhang, ].; Song, J.; Feng, D.; Meng, Y.; Jiang, H.; Li, D.; Fang, Y. Serum Anti-Miillerian Hormone Levels Were Negatively
Associated With Body Fat Percentage in PCOS Patients. Front. Endocrinol. 2021, 12, 659717. [CrossRef] [PubMed]

Délleman, M.; Faddy, M.].; van Disseldorp, J.; van der Schouw, Y.T.; Messow, C.M.; Leader, B.; Peeters, PH.M.; McConnachie, A.;
Nelson, S.M.; Broekmans, EJ.M. The relationship between anti-Miillerian hormone in women receiving fertility assessments and
age at menopause in subfertile women: Evidence from large population studies. J. Clin. Endocrinol. Metab. 2013, 98, 1946-1953.
[CrossRef]


http://doi.org/10.3390/jcm9030732
http://doi.org/10.1093/humrep/16.6.1255
http://doi.org/10.5603/DK.2016.0008
http://doi.org/10.3945/ajcn.2008.26847
http://doi.org/10.21101/cejph.a5133
http://www.ncbi.nlm.nih.gov/pubmed/31241288
http://doi.org/10.1097/NT.0000000000000092
http://doi.org/10.1155/2020/9191505
http://doi.org/10.1080/07853890500383895
http://doi.org/10.3390/ijms22042048
http://www.ncbi.nlm.nih.gov/pubmed/33669557
http://doi.org/10.1080/13543784.2020.1781815
http://www.ncbi.nlm.nih.gov/pubmed/32543238
http://doi.org/10.1080/09513590.2017.1391205
http://www.ncbi.nlm.nih.gov/pubmed/29043882
http://doi.org/10.1038/oby.2011.375
http://www.ncbi.nlm.nih.gov/pubmed/22222925
http://doi.org/10.3390/jcm10173941
http://doi.org/10.1016/j.ejogrb.2005.11.012
http://doi.org/10.1038/oby.2008.641
http://www.ncbi.nlm.nih.gov/pubmed/19180069
http://doi.org/10.1210/jc.2016-2586
http://www.ncbi.nlm.nih.gov/pubmed/27571186
http://doi.org/10.1080/19396368.2017.1410591
http://www.ncbi.nlm.nih.gov/pubmed/29227165
http://doi.org/10.1111/j.1467-789X.2012.01053.x
http://doi.org/10.1080/09513590802234253
http://doi.org/10.5603/GP.2019.0103
http://doi.org/10.1111/cen.12557
http://doi.org/10.3389/fendo.2021.659717
http://www.ncbi.nlm.nih.gov/pubmed/34149614
http://doi.org/10.1210/jc.2012-4228

Nutrients 2021, 13, 4217 11 of 11

40. Casarotto, A.A.F,; Galera, B.B.; Sumiyoshi, L.M.; Flo6r, T.M. Polymorphism rs7895833 in the SIRT1 gene and its association with
dyslipidaemia in the elderly. Rev. Espanola Geriatr. Gerontol. 2019, 54, 214-219. [CrossRef]

Dadachanji, R.; Patil, A.; Joshi, B.; Mukherjee, S. Elucidating the impact of obesity on hormonal and metabolic perturbations in
polycystic ovary syndrome phenotypes in Indian women. PLoS ONE 2021, 16, €0246862. [CrossRef] [PubMed]

41.


http://doi.org/10.1016/j.regg.2019.01.008
http://doi.org/10.1371/journal.pone.0246862
http://www.ncbi.nlm.nih.gov/pubmed/33635862

	Introduction 
	Materials and Methods 
	Assessment of Body Composition 
	Hormone and SHBG Concentrations 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

