' [ ] [ ] [ ]
Wl hiomedicines
[=“I==]=]

Article

Specific Alteration of Branched-Chain Amino Acid Profile in
Polycystic Ovary Syndrome

Katarzyna Paczkowska 17, Dominik Rachori %*, Andrzej Berg 37, Jacek Rybka 4, Katarzyna Kapczynska 49,

Marek Bolanowski !

check for
updates

Citation: Paczkowska, K.; Rachon, D.;
Berg, A.; Rybka, ].; Kapczynska, K.;
Bolanowski, M.; Daroszewski, J.
Specific Alteration of
Branched-Chain Amino Acid Profile
in Polycystic Ovary Syndrome.
Biomedicines 2023, 11, 108.
https://doi.org/10.3390/
biomedicines11010108

Academic Editor: Bruno M. Fonseca

Received: 10 November 2022
Revised: 9 December 2022
Accepted: 27 December 2022
Published: 1 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Jacek Daroszewski !

Department of Endocrinology, Diabetes and Isotope Therapy, Wroclaw Medical University,

50-367 Wroctaw, Poland

Department of Clinical and Experimental Endocrinology, Medical University of Gdansk,

80-211 Gdarnisk, Poland

3 Department of Pharmaceutical Chemistry, Medical University of Gdansk, 80-416 Gdarisk, Poland
Laboratory of Medical Microbiology, Hirszfeld Institute of Immunology and Experimental Therapy,
Polish Academy of Sciences, 53-114 Wroctaw, Poland

*  Correspondence: dominik.rachon@gumed.edu.pl

Abstract: Polycystic ovary syndrome (PCOS) is one of the most common endocrinopathies in repro-
ductive age women; it is a complex health issue with numerous comorbidities. Attention has recently
been drawn to amino acids as they are molecules essential to maintain homeostasis. The aim of the
study was to investigate the branch chain amino acid (BCAA) profile in women with PCOS. A total
of 326 women, 208 diagnosed with PCOS and 118 healthy controls, participated in the study; all the
patients were between 18 and 40 years old. Anthropometrical, biochemical and hormonal parameters
were assessed. Gas-liquid chromatography combined with tandem mass spectrometry was used to
investigate BCAA levels. Statistical analysis showed significantly higher plasma levels of BCAAs
(540.59 + 97.23 nmol/mL vs. 501.09 & 85.33 nmol/mL; p < 0.001) in women with PCOS. Significant
correlations (p < 0.05) were found between BCAA and BMI, HOMA-IR, waist circumference and
total testosterone levels. In the analysis of individuals with abdominal obesity, there were significant
differences between PCOS and controls in BCAA (558.13 £ 100.51 vs. 514.22 + 79.76 nmol/mL) and
the concentrations of all the analyzed amino acids were higher in the PCOS patients. Hyperandrogen-
emia in PCOS patients was associated with significantly higher leucine, isoleucine and total BCAA
levels. The increase of BCAA levels among PCOS patients in comparison to healthy controls might
be an early sign of metabolic alteration and a predictive factor for other disturbances.
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1. Introduction

Polycystic ovary syndrome (PCOS) is a one of the most common endocrinopathies in
reproductive age women, affecting 6 to 20% of them according to different criteria [1,2],
with a wide range of clinical manifestations, including menstrual irregularity, impaired
fertility and cutaneous signs. However, PCOS is not only a reproductive disorder but
also a complex health issue with numerous comorbidities; it is associated with a higher
ratio of admissions to hospitals from various causes [3] and decreased work ability [4].
Several metabolic disturbances were found in PCOS, affecting carbohydrate, fat and protein
metabolism [5]. Women with PCOS have an increased risk of insulin resistance (IR), type
2 diabetes, obesity and cardiovascular disease [3] and they are predisposed to develop
metabolic syndrome with a rate of progression as high as 50% [6]. The mechanisms underly-
ing the connection between PCOS and metabolic disorders are still not well understood [7];
however, PCOS patients might be considered as a biological model using research to study
complex metabolic disturbances.
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Insulin resistance is found in approximately 50-80% of PCOS individuals [8], and a
connection between IR and hyperandrogenism is still being investigated. It was found that
increased levels of insulin enhance the secretion of ovarian androgens [9] and inhibit the
production of sex hormone-binding globulin [10]. Additionally, androgen excess seems to
be correlated with the reduction of insulin sensitivity in skeletal muscles [11].

Attention has recently been drawn to amino acids (AAs), as they are molecules essen-
tial to maintain homeostasis [12]. Skeletal muscles account for approximately 40% of body
mass and they are the most significant depository of free and bonded in the proteins amino
acids in the body [13]. Amino acids are the precursors of polypeptides and proteins, but
an increasing amount of evidence in the literature shows that they are regulating factors
in a variety of metabolic pathways as well [14]. The link between glucose and amino acid
metabolism is widely described; AAs might be the substrates for gluconeogenesis, but
glucose can be a substrate for non-essential AA synthesis as well [15].

The amino acids involved in the regulation of key metabolic processes are called
“functional AA” and this group includes leucine, tryptophan, glutamine, proline, cysteine
and arginine [13]. Amino acids may be categorized by the chemical structure as well; such
classification has been used in the present study, in which branched-chain AAs (BCAA)
were analyzed.

Structurally similar BCAA groups consist of valine (VAL), leucine (LEU) and isoleucine
(ILE) and they are included in the group of essential AAs that cannot be synthesized in the
human body and must be provided with food [16]. Recently, BCAAs have been found to
link several physiological processes, regardless of protein synthesis; [17] it was suggested
that BCAAs participate in the regulation of glucose, lipid and protein metabolism [18] and
also play a role in mitochondrial processes [19]. Leucine has been found to activate the
mTOR—a metabolic pathway that connects nutrition with aging. [20,21] Several studies
revealed higher levels of BCAA in patients with insulin resistance or type 2 diabetes
mellitus and the correlation of BCAAs with HOMA-IR [22].

The alteration in the AA profile has been proposed as an early sign of developing
metabolic disturbances. Simultaneously, PCOS patients develop numerous metabolic
disorders at a younger age than other women. Taking into account those facts, PCOS
individuals might be considered as the biological model of early metabolic disturbances.
Therefore, in the present study, the BCAA profile in PCOS patients was analyzed to look
for a link between AAs and anthropometrical, biochemical and hormonal parameters,
including known markers of affected metabolism.

2. Material and Methods
2.1. Study and Control Groups

A total of 326 women, 208 diagnosed with PCOS and 118 healthy controls, participated
in the study. All patients were between 18 and 40 years old, and they had no history of
diabetic or hypolipemic therapy. If they had taken hormonal contraceptives, the treatment
had been discontinued at least 6 months before blood tests were performed. The control
group had regular menses and normal ovarian morphology assessed in ultrasound exami-
nation. Polycystic ovary syndrome was diagnosed according to the revised 2003 Rotterdam
criteria [23]. The study was approved by the Bioethics Committee of the Medical University
of Gdansk (permission number NKBBN/27/2018) and all the subjects gave written consent
to participate.

2.2. Anthropometrical Parameters

Anthropometrical parameters such as weight, height and waist circumference were
assessed with standard techniques. Body mass index (BMI) was calculated as: BMI = weight
[kgl/ height2 [m?2].

Obesity was diagnosed in patients with BMI > 30 in accordance with WHO criteria [24].
Applying the BMI criterium, for further analysis, the study population was categorized as
obese (Ob+) or non-obese (Ob—).
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Abdominal (central) obesity was defined as waist circumference (WC) greater or equal
to 80 cm [25]. Therefore, in analysis, the subgroup of patients with abdominal obesity
(AbO+) was separated and included 143 PCOS patients and 74 controls.

Body composition (percentage of fat, fat-free and muscle mass) was measured with
bioelectrical impedance.

2.3. Biochemical and Hormonal Assessment

Blood samples for biochemical and hormonal assessment were collected after overnight
fasting and measurements were performed using commercially available methods.

Insulin resistance was assessed with homeostatic model assessment of insulin resis-
tance (HOMA IR) and HOMA IR was calculated using the formula: HOMA IR = insulin
(WU/mL) x glucose (mmol/L)/22.5. The upper range for HOMA IR was taken with a
value of 2.5 [26-28]. Our study population was divided into groups, based on whether they
had insulin resistance (IR+) or not (IR—), according to values of HOMA-IR. The IR+ group
was classified as 85 PCOS women and 30 controls, while the IR— group was classified as
123 PCOS and 88 control.

Free androgen index (FAI) was calculated by the following formula: FAI = total
testosterone [nmol/L] * 100/SHBG [nmol/L] and reference interval 0.6-4.4 was applied
as it was determined for immunoassay [29]. In the present study, hyperandrogenemia
was diagnosed when level of total testosterone or androstenedione was above the upper
laboratory range or FAI was greater than 4.4. Among PCOS patients, 121 of them were
diagnosed with hyperandrogenemia (HA+) and 87 without (HA—).

2.4. Branched-Chain Amino Acids Profile Assessment

Gas-liquid chromatography combined with tandem mass spectrometry (GLC-MSMS
Focus GC—IlonTrap ITQ700 (Thermo) system) was used to assess AA levels. The methodol-
ogy was consistent with the one described in a previous study [30].

2.5. Statistical Analysis

Statistical analyses were conducted using Statistica (TIBCO), version 13.3. Compar-
isons of anthropometrical, biochemical, hormonal and BCAA profiles were assessed using
t-test and the Mann-Whitney U test for normally and non-normally dispersed parameters,
respectively. The correlations were calculated with the Spearman correlation. p < 0.05 was
taken as statistically significant in all analyses.

3. Results

A wide spectrum of anthropometrical parameters, endocrinological and biochemical
blood test results, were compared between PCOS women and healthy women; these are
presented in Table 1.

Table 1. Analysis of anthropometrical, biochemical and hormonal parameters in PCOS and con-
trol groups.

PCOS Control 4

age 25.86 + 5.38 31.08 & 6.99 <0.001
BMI 26.09 + 6.37 25.39 £5.22 0.67
waist circumference (cm) 89.75 + 15.16 87.17 + 14.59 0.12
fasting glucose (mg/dL) 87.22 + 6.56 86.97 + 8.37 0.41
HDL 65.69 + 18.44 66.97 + 15.64 0.40
triglycerides 95.39 + 60.55 86.79 £ 42.61 0.31
total cholesterol 188.23 + 35.60 188.89 £+ 35.71 0.86
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Table 1. Cont.

PCOS Control 4

LDL 104.47 £ 33.37 104.46 + 32.52 0.81

albumin 48.09 + 2.85 47.35 £ 2.62 0.03

non-HDL 122.65 £+ 37.94 121.91 £+ 35.18 0.83

CRP 1.78 £3.28 1.72 £2.54 0.88

WBC 6.26 + 1.57 5.67 £ 1.35 0.001

TSH 2.49 +1.55 2.10 + 1.30 0.02
LH 9.57 +7.40 7.09 £+ 6.03 <0.001

FSH 6.85 + 4.05 6.76 + 2.30 0.85
LH/FSH 1.46 +1.04 1.13 £ 0.98 <0.001
estradiol 232.79 +151.47 391.13 +179.84 <0.002
prolactin 433.11 + 194.11 372.35 £ 152.38 0.006
DHEA-S 314.53 + 125.92 204.22 + 74.25 <0.001
testosterone 1.86 + 0.67 1.05+0.33 <0.001

SHBG 65.75 + 38.41 76.77 £ 37.17 0.001
fasting insulin 11.83 £ 6.89 8.91 +4.80 <0.001
FAI 3.99 +3.29 1.75 +£1.28 <0.001
androstendione 328 +£1.31 2.13+0.82 <0.001
HOMA-IR 2.55 + 1.53 1.96 +1.15 <0.001

percentage of fat mass (%) 31.96 + 10.41 30.32 +£9.27 0.53

percentage of fat-free mass (%) 68.05 £ 10.41 69.68 £ 9.27 0.53

percentage of muscle mass (%) 64.95 & 8.87 66.95 & 8.83 0.23

BMI—Body Mass Index, CRP—C-reactive protein, WBC—white blood cells, TSH—thyroid-stimulating hor-
mone, LH—luteinizing hormone, FSH—follicle-stimulating hormone, DHEA-S—dehydroepiandrosterone sulfate,
SHBG—sex hormone-binding globulin, FAI—free androgen index, HOMA-IR—homeostatic model assessment of
insulin resistance.

Several parameters were significantly higher in PCOS patients, including LH, LH/FSH
ratio, prolactin, DHEA-S, testosterone, androstenedione, FAI, HOMA-IR and fasting insulin,
while SHBG was lower in comparison to controls. The control group was accurately
recruited and, apart from age and HOMA-IR, there were no significant differences between
groups in the crucial metabolic parameters, especially BMI, waist circumference, lipid
profile and percentage of body fat, fat-free and muscle mass, as well as in the level of the
inflammatory marker—C-reactive protein (CRP).

Total BCAA concentrations were a differentiating factor between the PCOS and healthy
individuals. Significant differences were observed both when BCAAs were analyzed as a
group or separately. The results are presented in the Table 2.

Table 2. Comparison of BCAA plasma concentration between PCOS and control group.

PCOS Control 4
VAL (nmol/mL) 331.02 + 64.75 305.26 £ 55.90 <0.001
LEU (nmol/mL) 131.83 +22.12 124.15 +19.89 <0.001
ILE (nmol/mL) 77.73 £15.76 71.68 £ 14.20 <0.001
BCAA (nmol/mL) 540.59 £97.23 501.09 £ 85.33 <0.001

VAL—valine, LEU—leucine, ILE—isoleucine, BCA A—branched-chain amino acids.
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Biochemical, hormonal and anthropometrical parameters were analyzed as the poten-
tial factors that affect the BCAA profile. The Spearman coefficients are shown in Table 3; all
the presented correlations were statistically significant. Positive correlations were found
between BCAA and BMI, HOMA-IR, waist circumference, testosterone level, FAI and
percentage of fat mass. Negative correlations were found between BCAA and estradiol,
percentage of muscle and fat-free body mass.

Table 3. Correlation of BCAA level with selected parameters.

BCAA
BMI 0.32
HOMA-IR 0.36
waist circumference 0.36
Estradiol -0.25
Testosterone 0.20
FAI 0.34
percentage of fat-free mass -0.37
percentage of fat mass 0.37
percentage of muscle mass —0.39

BMI—Body Mass Index, HOMA-IR—homeostatic model assessment of insulin resistance, FAl—free androgen index.

The classification of the study population according to insulin resistance (IR+, IR—)
showed significant differences in the IR+ subgroup between PCOS and control in total
BCAA (579.82 £ 102.66 vs. 530.21 £ 105.22 nmol/mL, p < 0.05), as well as in the LEU,
ILE and VAL concentrations when analyzed separately (respectively: 139.42 £ 23.8 vs.
128.4 £ 25.4 nmol/mL, p <0.05;83.5 £ 17.7 vs. 75.9 & 17.2 nmol/mL, p < 0.05; 356.9 & 67.2
vs. 325.9 £ 65.7 nmol/mL, p < 0.05). In this subpopulation, there were no significant
differences in HOMA-IR between PCOS and control women (3.96 + 1.36 vs. 3.52 4+ 0.95;
p = 0.12), while differences were observed in FAI, testosterone and androstenedione levels
(respectively: 5.63 £+ 4.09 vs. 2.50 + 1.97, p < 0.001; 2.01 £ 0.77 vs. 1.04 = 0.33 nmol/],
p <0.001; 3.36 £ 1.34 vs. 2.01 + 0.88 ng/mL, p < 0.001)

In the IR- subgroup, all the BCAA levels were higher in the PCOS group (total BCAA
513.47 + 83.48 nmol/mL vs. 491.16 & 75.56 nmol/mL; p = 0.05; VAL 313.14 + 56.72 nmol/mL vs.
298.22 + 50.65 nmol/mL; p = 0.07; LEU 126.59 + 19.29 nmol/mL vs. 122.70 + 17.53 nmol/mL;
p = 0.12) but significant difference was only observed in the ILE levels (73.7 4= 12.9 vs.
70.2 £ 12.8 nmol/mL; p = 0.04).

The differences in AAs levels between PCOS and controls were further analyzed in
the Ob+ and Ob— subgroups. The significant changes in amino acid profile continued to be
observed in the non-obese subgroup, while in the obese subgroup there were no significant
differences as is presented in Table 4.

Table 4. Comparison of BCAA profile between PCOS and control groups in the Ob— and OB+
subgroups.

Non- Obese Individuals (Ob—) Obese Individuals (Ob+)
PCOS Control p PCOS Control p
VAL (nmol/mL) 321.21 +59.44 299.46 + 54.38 0.003 365.59 +71.27  335.11 + 53.77 0.06
LEU (nmol/mL) 128.42 4+ 19.68 121.86 +19.91 0.002 143.86 + 25.99 134.87 + 16.79 0.10
ILE (nmol/mL) 75.14 + 14.11 70.19 £ 13.36 0.002 86.86 £ 17.91 79.37 + 14.54 0.12
BCAA (nmol/mL) 524.76 + 87.69 491.51 + 83.43 0.001 596.31 + 109.08  549.34 4 78.81 0.08

VAL—valine; LEU—leucine, ILE—isoleucine, BCA A—branched-chain amino acids.
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The study population was subsequently divided into two subgroups with and without
abdominal obesity (AbO+, AbO—). Total BCAA levels significantly differed between PCOS
and the control group in the AbO+ subgroup (558.13 = 100.51 vs. 514.22 & 79.76 nmol/mL;
p < 0.05) and concentrations of all the analyzed AAs were higher in PCOS patients
(VAL 343.48 £ 65.69 vs. 314.29 + 52.68 nmol/mL, p < 0.001; LEU 136.09 £ 22.83 vs.
126.41 £ 17.83 nmol/mL, p <0.001; ILE 80.66 4 16.26 vs. 72.79 4= 13.59 nmol/mL, p < 0.001).
In the AbO- subgroup, the significant differences between PCOS and the control group
were found only in the VAL level (311.67 &+ 57.70 vs. 292.13 £ 57.30 nmol/mL p < 0.05).
Total BCAA levels tended to be higher in PCOS patients but without statistical significance
(509.02 + 83.09 vs. 483.42 £ 92.37 nmol/mL; p = 0.053). It is worth mentioning that in
the AbO+ subgroup, as in the whole study population, the waist circumference did not
vary significantly (p = 0.20) between PCOS and the control group. However, the AbO+
PCOS women differed from healthy individuals in HOMA-IR (p < 0.001), FAI (p < 0.001),
testosterone (p < 0.001) and androstenedione levels (p < 0.001).

The BCAA levels were analyzed in PCOS patients according to whether they had hy-
perandrogenemia (HA+, HA—), and the results are shown in Table 5. Hyperandrogenemia
in PCOS patients was associated with significantly higher LEU, ILE and total BCAA.

Table 5. Differences in BCAA among PCOS patients with and without hyperandrogenemia.

With Hyperandrogenemia  Without Hyperandrogenemia

(HA+) (HA-)
VAL (nmol/mL) 338.54 = 71.61 320.56 £+ 52.41 0.10
LEU (nmol/mL) 136.47 £+ 23.33 125.38 £+ 18.59 <0.001
ILE (nmol/mL) 79.83 £ 16.89 74.81 £ 13.60 0.014
BCAA (nmol/mL) 554.85 £ 106.38 520.75 £ 79.24 0.02

VAL—valine; LEU—Ileucine, ILE—isoleucine, BCA A—branched-chain amino acids.

4. Discussion

Analyzing AA profiles in a large group of PCOS patients, major differences in com-
parison to healthy individuals were found. The most important finding was a significant
increase in plasma BCAA, especially leucine, in PCOS patients with hyperandrogenemia.
Additionally, more severe disturbances in BCAA were shown in PCOS patients when the
analysis was made in a subgroup with abdominal obesity.

A significant difference in patients’ ages between the PCOS and control groups was
observed in this study. In order to search for PCOS-specific differences related to BCAA
metabolism, one of the basic conditions for the recruitment to the control group was a
similarity with PCOS patients in most metabolic parameters already known as cardiovas-
cular risk factors. Polycystic ovary syndrome individuals develop an altered metabolic
profile at a younger age than healthy ones. Finally, there were no differences between those
groups in LDL, TG, BMI, waist circumference, fasting glucose or body fat mass; however,
significantly higher levels of fasting insulin and HOMA-IR were found.

A difference in CRP levels between the groups was not observed in this study. In vari-
ous research, a higher CRP level in PCOS women was explained by chronic inflammation
due to metabolic alterations connected with an increased level of free radicals and oxidative
stress [6]. Patients with PCOS are predisposed to more severe metabolic disturbances,
which is why chronic inflammation is usually more strongly marked in this group [31]. A
similarity in the CRP level between the groups suggests a comparable severity of metabolic
derangements in the present study. Moreover, hormonal analysis did not show important
differences apart from LH, testosterone and prolactin concentrations and the LH/FSH
ratio, which is commonly known in PCOS women and has been confirmed in numerous
studies [32,33].

The results from the present study showed significantly higher levels of BCAA in PCOS
women compared with healthy ones, which is consistent with the previously published
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research [34-38], but the mechanism underlying this increase remains unknown. Although
a high amount of protein in the diet and the over-nutrition of women with PCOS might be
one of the causes, it was previously shown among men that the correlation of IR with a
higher BCAA level did not arise from increased protein intake [39]. An increased BCAA
concentration is considered the result of an altered catabolism due to the decreased activity
of BCAA catabolic enzymes in adipose tissue [40,41].

While higher total BCAA concentrations in PCOS women were reported in several
studies, the assessment of LEU levels in this group is inconsistent. In the current study, LEU
concentration was significantly higher in PCOS women—both in the whole study group
and in the subgroups with abdominal obesity or insulin resistance. Similar results have
been presented in a few studies [34,35,41,42]. but opposite results have been published as
well [43].

Leucine is one of the functional amino acids [14]; it may activate the mTOR pathway
and by this mechanism enhance protein synthesis and, indirectly, also insulin signaling. [44]
This process can be energetically costly, as it is usually connected with an increase in glucose
uptake in tissues such as skeletal muscle [19]. What is more, LEU is suspected to stimulate
insulin secretion from pancreatic b-cells [45] and to improve insulin sensitivity through
various mechanisms. This potent insulin-sensitizing capability was shown in mice model
research, in which leucine supplementation was given to one group and led to a reduction
in HOMA-IR and the fasting insulin level [46].

The LEU function in metabolism regulation seems to not only be connected with
insulin secretion and signaling. In vitro and animal studies revealed that LEU activates
BCKDC, which limits the enzymes responsible for BCAA catabolism; it is speculated that
LEU works as a nutritional signal that promotes BCAA disposal [47]. Our findings of LEU
and the total BCAA concentration increase suggest a more complex regulation of BCAA
clearance.

The results from the present study and the literature data lead us to the hypothesis
that PCOS might be connected not only with IR but with resistance to different molecules
involved in glucose homeostasis, including “leucine resistance”. A detailed explanation of
this phenomenon is worth looking for to understand the mechanism of PCOS development;
however, further studies are needed to assess if the alteration in LEU metabolism might
be a part of PCOS pathogenesis or, rather, a secondary disfunction arising from impaired
insulin signaling.

An association of increased BCAA levels with the risk of IR regardless of obesity
in normoglycemic middle-aged women [48] and in the PCOS population [34] was previ-
ously reported. It was suggested that BCAA excess might be a predictive factor of the
development of IR [49,50] and type 2 diabetes mellitus [51,52], and it might promote IR by
interference with insulin signaling in muscles [22].

In this study, BCAA concentrations were positively correlated with HOMA-IR. Among
the subgroup of patients with insulin resistance, significant differences in BCAA concentra-
tions were present between PCOS women and the control group, despite no differences
in the IR parameters between those groups. These results support the hypothesis that
metabolic disturbances, including alterations of the AA profile found in IR patients, are
more severe in PCOS independently from the severity of IR. The underlying reasons for
this PCOS-specific phenomenon should still be investigated.

The comparison of BCAA in the subpopulation of IR- PCOS patients revealed increased
levels of all the BCAAs but only the ILE level was significantly changed, which is in
contradiction to results from another study [34] They reported only an elevated level of
VAL among PCOS women without IR. The inconsistency between studies might derive
from differences in study populations, especially the ones in BMI and the severity of
co-existing metabolic disturbances.

The present analysis revealed positive correlations of BCAA with BMI and the percent-
age of body fat mass. In the previous studies, significantly increased levels of circulating
branched-chain amino acids were observed in obese patients and the BCAA levels were
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positively correlated with HOMA-IR [22]. The association of obesity and insulin resistance
with BCAA was stronger than with lipid metabolites [22,53]. On the other hand, Chang
et al. did not find a correlation between BCAA levels, BMI and the percentage of body
fat mass [38]. The inconsistency might correspond to differences in the study design and
the inclusivity criteria for the study cohort. The women from both the PCOS and control
groups were older than our study subjects, and only overweight or obese women were
included; that is why they presented a more severe metabolic phenotype. The difference
between Asian and European populations in BMI impact on cardio-metabolic risk should
also be kept in mind when comparing results from various studies.

Separating an Ob— subgroup revealed a similarity to the whole study population in
an alteration of the BCAA profile between PCOS and control; however, differences were
not observed in the Ob+ subgroup. This might support the hypothesis that an alteration
in BCAA levels is an early sign of metabolic disturbances and distinguish lean PCOS
patients and controls but the differences are less marked in obese individuals. This finding
is inconsistent with another study, in which it was found that a higher BCAA level seems
to distinguish PCOS women from women with metabolic syndrome [38].

As far as we know, we found for the first time an association of the BCAA profile
with waist circumference. Abdominal obesity increases the incidence of cardiovascular
disease risk factors in women with proper BMI [54] and it was proven in several studies
that WC has a stronger association with other metabolic disturbances than BMI [55]. In the
present study, central obesity, as a harm negative factor affecting the cardiovascular system,
was correlated with BCAA alteration: a positive correlation of waist circumference with
BCAA was found and the correlation was stronger than the one observed with BMI. In the
AbO+ subgroup, concentrations of VAL, LEU and ILE were significantly increased in PCOS
patients. In this subgroup, there was no difference in mean waist circumferences. However,
the results might be affected by the differences in HOMA-IR to some extent.

Hyperandrogenemia is connected to IR and might be another factor that influences
the AA profile but it has not yet been widely investigated in women. The literature data
are very limited and the analysis of BCAA and hyperandrogenism in PCOS women was
not discussed in most previous studies. The comparison of HA+ and HA— PCOS women
in our study did not show significant differences in anthropometric parameters (BMI, waist
circumference, percentage of body fat and muscle mass). Simultaneously, significantly
increased LEU and ILE levels in HA+ in comparison to HA— PCOS women were observed.
Moreover, BCAA levels were positively correlated with circulating total testosterone con-
centrations. The positive correlation of BCAA with testosterone was also observed in one
study [37], but on the contrary no correlation was previously suggested. [38] In another
analysis, androgen excess was connected to disturbances in lipid metabolism and not
affecting LEU levels [34]. These inconsistences might result from a difference in hyperan-
drogenism definition; in our study only laboratory hyperandrogenemia was taken into
account when patients were categorized as HA+ or HA—, while in other studies women
with only clinical signs of hyperandrogenism were included in the HA+ group.

5. Conclusions

Polycystic ovary syndrome is a heterogenous disorder that is also connected with
changes in the serum BCAA profile. An increase in BCAA levels among PCOS women
in comparison to healthy controls might be an early sign of metabolic alteration and a
predictive factor for other disturbances. Moreover, an assessment of the influence of
androgens on BCAA levels in the female population should be more closely investigated in
future studies.

6. Limitations

The presented research also has some limitations. First of all, we were not able to assess
the influence of diet and protein intake on the BCAA level. Additionally, body composition
was assessed with bioelectrical impedance analysis, not with the gold standard of this
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measurement: dual-energy X-ray absorptiometry. Finally, it remains unclear whether
an alteration in the BCAA profile is a part of pathogenesis or rather a result of other
disturbances observed in PCOS women.
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