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= Hypothesis/Aims of study. Dyslipidemia is a common metabolic disorder and is an atherogenic factor in the develop-
ment of cardiovascular disease in women with polycystic ovary syndrome. Currently, four phenotypes of polycystic ovary
syndrome are distinguished, associated in varying degrees of severity with dyslipidemia, insulin resistance, impaired
glucose tolerance, and diabetes mellitus on one hand and chronic inflammation and oxidative stress on the other. Hyper-
androgenic phenotypes (A, B, C) in polycystic ovary syndrome are associated with the development of adverse metabolic
disorders and associated complications. The aim of this study was to evaluate the lipid profile in the serum of women of
reproductive age with various polycystic ovary syndrome phenotypes.

Study design, materials and methods. The study included 86 women of reproductive age from 22 to 37 years old
(average age was 26.6 + 4.3 years), who, in accordance with polycystic ovary syndrome phenotypes (A, B, C, D), were
divided into four groups. We studied the levels of anti-Miillerian hormone, follicle-stimulating and luteinizing hormones,
prolactin, estradiol, and androgens from days 2 to 5 of the menstrual cycle. The levels of progesterone in the blood serum
were determined by the enzyme immunoassay on days 20 to 23 of the menstrual cycle for three consecutive cycles. We
also used echographic methods for diagnosing polycystic ovaries. All women underwent a biochemical blood test with
an assessment of the lipid profile parameters (total cholesterol, triglycerides, high-density lipoproteins (HDL), and low-
density lipoproteins, LDL). Besides, an oral glucose tolerance test was assessed with the study of plasma glucose and
insulin levels on an empty stomach and two hours after ingestion of 75 g of glucose, the HOMA-IR index being used to
assess insulin resistance.

Results. Phenotype A was found in 40 (46.5%) women with polycystic ovary syndrome, phenotype B in 22 (25.6%),
phenotype C in 10 (11.6%), and phenotype D (non-androgenic) in 14 (16.3%) patients with PCOS. Of those 42 (48.8%)
individuals had changes in carbohydrate metabolism (impaired glucose tolerance), of whom 39 (92.8%) women had
androgenic polycystic ovary syndrome phenotypes (A, B, C). Both non-androgenic phenotype D and impaired glucose
tolerance were found in 7.2% of cases. In women with hyperandrogenic polycystic ovary syndrome phenotypes, both the
fasting and stimulated insulin levels were increased significantly comparing to the non-androgenic anovulatory phenotype
(p < 0.05). The HOMA-IR index in women with phenotypes A, B and C was significantly (p < 0.05) higher than in patients
with non-androgenic phenotype D. When evaluating the lipid profile parameters, no significant differences in cholesterol
level and atherogenic coefficient in women with various polycystic ovary syndrome phenotypes were found. The levels of
triglycerides and LDL were significantly (p < 0.05) higher in women with androgenic phenotype B compared to those in
patients with non-androgenic phenotype D and they correlated significantly (p < 0.05) with the serum levels of androgens
and sex hormone-binding globulin (SHBG). Patients with androgenic polycystic ovary syndrome phenotypes (A and B)
had significantly (p < 0.05) decreased HDL levels that correlated negatively (r = -0.29; p < 0.05) with the levels of free
testosterone and SHBG, when compared to the same parameters in women with non-androgenic phenotype D. In women
with androgenic polycystic ovary syndrome phenotypes (A, B, C), a significant correlation (r = 0.27; p < 0.05) between
the levels of stimulated insulin and SHBG were found, and a direct relation (r = 0.32; p < 0.05) between those parameters
and increased levels of triglycerides and LDL was also revealed.

Conclusion. In women with hyperandrogenic and anovulatory polycystic ovary syndrome phenotypes A and B,
atherogenic dyslipidemia and impaired carbohydrate metabolism were significantly more pronounced, when compared
with patients with non-androgenic phenotype D. A differential and personalized approach to the examination of patients
with various polycystic ovary syndrome phenotypes is an important step in the prevention of the risks of developing
cardiovascular diseases in women of reproductive age.

= Keywords: polycystic ovary syndrome; phenotype; impaired glucose tolerance; insulin resistance; HOMA-IR index;
hyperandrogenism; lipid profile; cholesterol; triglycerides; high density lipoproteins; low density lipoproteins.
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= Ob6ocHosanue. [JucmunuieMus sB/seTCs YaCTHIM HapylleHyeM 0OMeHa BeIeCTB M OTHOCUTCS K aTepOreHHBIM (PaKTo-
paM pasBUTUA CEPIEeYHO-COCYANCTIX 3a00/IeBaHUIT Y XKEHIIVH C CUH/IPOMOM IIO/IVKVICTO3HBIX IMYHNKOB. B HacToAmee
BpeM: BBIICTIAIOT YeThIpe (eHOTUIIA CHHIPOMA HOMMKICTO3HBIX ANYHUKOB, ACCOLVIMPOBAHHbIX B Pa3HOI CTEIIEHM BbI-
Pa’K€HHOCTH KaK C JUCTUIINIeMMeET], pe3CTEHTHOCTDIO K MHCY/IMHY, HapyLIEH)EM TO/IEPAaHTHOCTH K IJII0KO3€, CAXapHBbIM
IuabeToM, TaK U C XPOHMYECKMM BOCHAIeHIeM U OKCUJIATYBHBIM CTpeccoM. [unepauaporeHHsle penorumnsl (A, B, C) mpu
CMHJIpOME MOMMKUCTO3HBIX AMYHMKOB aCCOLMIPOBAHDI C Pa3BUTVEM HeONIaronpuATHBIX MeTaO0MMYeCKUX HapyLUIeHWi
U CBSI3aHHBIX C HUMU OC/IOKHEHUIL.

Ienv uccnedosanus — U3yIUTh IIOKA3ATEN TAIUAHOTO POGIIIS Y KEHIIVH C PasIUIHbIMU (PEHOTUIIAMI CHHPOMA
MONMMKVCTO3HBIX AMYHUKOB B PEIPOYKTUBHOM BO3pacTe.

Mamepuanvi u memoouvi. B viccrenoBanye BoL 86 XXEHIVH PEIPORYKTVBHOTO Bo3pacTa oT 22 1o 37 net (cpemHui
BO3pPacT cOCTaBUI 26,6 * 4,3 rofa), KOTOpble B COOTBETCTBUM € (EHOTUIIAMY CUHAPOMA IIOMMKICTO3HBIX AMYHUKOB
(A, B, C, D) 6pumn pacnpepeneHsl Ha deTblpe Tpymnnsl. OIpefensny ypoBeHb aHTUMIO/UIEPOBa, QOUIMKYIOCTUMYIUPY-
IOIIIET0, TIOTEMHMU3YPYIOLIEr0 TOPMOHOB, IIPO/IAKTIHA, 3CTPA/INONA, AHAPOTEHOB CO 2-TO 1O 5-I1 IeHb MEHCTPYa/lbHOTO
LMK/Ia. YPOBEHb IMPOrecTePOHA B CBIBOPOTKE KPOBM MCCIENOBAIN MMMYHO(PEPMEHTHBIM METOHOM (C IIOMOIBIO TECT-
cuctem Ankop buo, Poccns) Ha 20-23-11 geHb MEHCTPYalIbHOTO LIMK/IA B TedeHMe TPeX MOCIeJOBaTeIbHBIX IVKIIOB.
Vicnionb3oBanu sxorpaduyeckyie MEeTObI AMATHOCTUKY IOMMKUCTO3HBIX AMYHUKOB. BceM KeHIMHaM ObII BBIIIOTHEH
OMOXMMIYECKMIT aHANMN3 KPOBY C OIIpefe/leHNeM JINMUFHOTO CIIeKTpa (KOHLEHTpauys OOI[ero XonecTepyuHa, TPUIn-
LIepMI0B, X0/IeCTepiHa JIUIOIPOTENHOB BBICOKON M HU3KOI IZIOTHOCTH), TaK>Ke IIPOBOAVIN IIepOPaIbHbII III0KO30-
TOJIEPAHTHBIN TECT C OLIEHKOI YPOBHA IMIIOKO3bI B IJTa3Meé KPOBM HATOIAK ¥ depes 2 4 IOocje IpueMa 75 T ITIIOKO3BbI,
OIIpefieNiANY YPOBEHD MHCYIMHA KPOBY HATOIIAK M Yepes 2 4 I0C/Ie IEPOPaTbHOrO ITIIOKO30TO/IEPAHTHOTO TECTA, MHCY-
JIMHOPE3UCTEeHTHOCTb OLeHMBA/IN C MoMolbio nHAekca HOMA.

Pesynomamuvt uccnedosanus. Y 40 (46,5 %) XEHIIMH C CHHAPOMOM IONMKMCTO3HBIX SIMYHUKOB BbIsBIEH (peHO-
i A; v 22 (25,6 %) — ¢enorun B; y 10 (11,6 %) — denorun C; y 14 (16,3 %) — cdenorun D (HeaHHpOTeHHBDIIT).
Y 42 (48,8 %) 60IMBbHBIX C CMHPOMOM ITONMKUCTO3HBIX AMYHUKOB OOHAPY>KeHBI I3MEHEHNs YITIeBOFHOro obMeHa (Ha-
PYLIeHNe TOTEPaHTHOCTY K IMIOKO3e ), U3 Hux 39 (92,8 %) >xeHImMH 6bUM ¢ aHAporeHHbIMu (enotunamu (A, B, C).
CoueraHye HeaHApOreHHOro ¢peHOoTMNA D 1 HapyLIeHN TOJIEPaHTHOCTY K ITIIOKO3€ 3aPeTYCTPUPOBAHO B 7,2 % CIy4aes.
Y XeHINVH ¢ TUIIepaHgpOreHHbIMI (EHOTUIIAMY CMHPOMA IIOJIMKICTO3HBIX ANYHUKOB II0 CPABHEHMIO C HeaHJpOTreH-
HBIM aHOBY/IATOPHBIM (DEHOTUIIOM OBII JOCTOBEPHO YBeMNYeH KaK yPOBeHb MHCYIMHA HATOIAK, TaK U YPOBEHb CTUMY-
nmpoBaHHOro MHCyMuHA (p < 0,05). Vingekc HOMA-IR y sxenumH ¢ ¢penotunamu A, B u C 611 goctoBepHo (p < 0,05)
BBIIIIe, YeM Y JKEHIIMH ¢ HeaHAporeHHbIM ¢eHorunomM D. IIpu nccnenoBanmny IUIMAHOTO IPOQUISL JOCTOBEPHBIX pas-
JINYMIL TIO YPOBHIO XOJIeCTepuHa, K09 (PUIIMEHTY aTepOreHHOCTY Y KEHIUH ¢ Pa3IMYHbIMU (PeHOTUIIaMM BBLAB/ICHO He
6b1710. YpOBEHD TPUITIMIIEPULOB ¥ XOTECTEPUHA TUIIOIPOTENHOB HI3KOM INIOTHOCTH 6511 fOCTOBepHO (p < 0,05) BbIIe
Y >KEHIIVH C aH[pOreHHBbIM (PeHOTUIIOM B 10 cpaBHEHMIO ¢ aHA/IOTMYHBIMY [IOKAa3aTe/IAMM Y HAI[IEHTOK C HeaH/[POTeH-
HbIM (eHOTHIIOM D 1 TocTOBepHO KOppenuposai (p < 0,05) ¢ conep>kaHMeM B CBIBOPOTKE KPOBY aH/[POr€HOB, IIO6Y/INHA,
CBS3BIBAIOIIETO IIO/IOBbIe TOPMOHBL. Y OO/NBHBIX C aHPOTeHHBIMY (PEHOTUIIAMM CHAPOMA ITOJIMKMCTO3HBIX AMYHUKOB
(A u B) obuapyxeno mocroBepHoe (p < 0,05) CHVDIKeHME YPOBHS XO/IeCTEPMHA JUIIONPOTENHOB BBICOKOI IIOTHOCTI
¢ oTpuLarenpHoil Koppensuuei (r = -0,29; p < 0,05) ¢ ypoBHeM CBOOOIHOTO TeCTOCTEPOHA, ITIOOY/IMHA, CBA3bIBAIOLLE-
TO TI0JI0OBbIe TOPMOHBI, II0 CPAaBHEHMUIO C aHATOTMYHBIMYU MOKA3aTe/sIMA Y SKeHIIMH ¢ HeaHAPOreHHbIM (eHoTumnom D.
Y KeHIIVH ¢ aHAPOTeHHBIMM (PEHOTUIIAMM CHHAPOMA IONMKUCTO3HBIX ANYHMKOB (A, B, C) Habmofamach mocToBep-
Has KOppeJAlMs MeXAY yPOBHEM CTUMYIMPOBAHHOTO MHCYIMHA (IOC/Ie IepOPaIbHOIO IIIOKO30TOIEPAaHTHOTO TeCTa)
Y ypOBHEM IJIOOY/INHA, CBSI3BIBAIOIIETO IIOJIOBbIe TOPMOHBI (1 = 0,27; p < 0,05), a TaxoKe mpsiMast 3aBUCUMOCTS (1 = 0,32;
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P < 0,05) MeXXIy yKasaHHBIMM [IOKa3aTe/IsIMU ¥ IIOBBIILIEHHBIM YPOBHEM TPUMINLIEPUIOB U XO/IECTEPIHA TNIOIPOTENHOB
HI3KOV IJIOTHOCTIL.

Bv1600b1. V eHIINH ¢ CHHAPOMOM IO/IMKUCTO3HBIX SIMYHUKOB ¥ IUIEPAHAPOreHHBIMY, AaHOBY/LITOPHBIMYU (PEHOTH-
mamu A u B 6uoxyrmudeckne IpU3HAKM aTepPOTeHHON AMCTMUINMAEMUY, HAPYLIEHNUs YIIIEeBOZHOrO obMeHa 6bumn 6omee
3HAYMMO BBIPaXKEHBI, 4eM Y IAI[EeHTOK C HeaHAporeHHbIM (enoTunoM D. [IuddepeHunaabHbLil 1 TepCOHUPUIIMPOBAH-
HBII1 TOZXOf, K 006C/IEN0BAaHNIO GOIBHBIX C Pa3IMIHBIMI (PEHOTUIIAMY CHHAPOMA MOMUKVMCTO3HBIX SIMYHNMKOB SB/ISETCS
B)KHBIM 9TAIIOM B TPOPIIAKTIKE PUCKOB PasBUTH CEPHEIHO-COCYAUCTHIX 3a00/IEBAHNUI Y XKEHIINH PeIPOSYKTUBHOTO
BO3pacTa C CUHAPOMOM IOMTMKUCTO3HBIX SUYHIKOB.

= KiroueBble cmoBa: CMHIPOM IOJIMKNCTO3HDIX AMIHNKOB; (bCHOTI/[l'I; HapylmeHe TOIEPAHTHOCTY K I/IIOKO3€; MHCY/IN-
HOPE3NCTEHTHOCTD; MHAEKC HOMA; TUIIEPpAaHOPOTE€HNS; TNINAOTPAaMMa; XOJIECTEPUH; TPUITINLEPUADL; TUIIOIIPOTEVMHBL
BBICOKOJ TIJIOTHOCT; JINTIOIIPOTENHbDI HU3KOM IIJIOTHOCTU.

Introduction

Polycystic ovary syndrome (PCOS) is a com-
mon disease that is diagnosed in 8%-13% of
women of reproductive age [1]. Metabolic disor-
ders in PCOS are associated with obesity, insulin
resistance, hyperinsulinemia, dyslipidemia and
chronic inflammation, and oxidative stress [2].
Dyslipidemia represents a common metabolic dis-
order and is an atherogenic factor in the develop-
ment of cardiovascular diseases in women with
PCOS. Dyslipidemia is known to be characterized
by increased blood levels of low-density lipopro-
teins (LDL) and triglycerides (TG) and reduced
levels of high-density lipoproteins (HDL). Small
dense particles of LDL are the most atherogenic
forms of lipoproteins related to metabolic pre-
dictors of coronary heart disease [3]. HDL pre-
vents the oxidation of LDL particles and has
anti-atherogenic and anti-inflammatory proper-
ties. Researchers suggested that in women with
PCOS, not only the HDL level decreases, but the
quality of HDL also changes [4]. This form of
atherogenic dyslipidemia is often associated with
insulin resistance. In addition, PCOS patients
were found to have elevated levels of oxidized
LDL, which are a proven predictor of coronary
heart disease. Studies have shown that altered
lipid metabolism in PCOS is associated with oxi-
dative stress [5]. Oxidative stress is defined as an
imbalance between excess production of reac-
tive oxygen species and a reduced ability of cel-
lular systems for antioxidant defense. Chronic
inflammation and oxidative stress are believed to
be involved in the implementation of endothe-
lial dysfunction [6]. Hyperglycemia, dyslipidemia,
chronic inflammation, and insulin resistance lead
to excessive formation of reactive oxygen spe-
cies, which exceeds the capabilities of cellular

systems in the implementation of antioxidant
protection [7]. Reactive oxygen species activate
proinflammatory signaling pathways in endothe-
lial cells and thereby initiate atherosclerosis de-
velopment in women with PCOS [8]. Currently,
PCOS is diagnosed using the criteria revised in
2012 by the US National Institutes of Health and
the harmonized criteria of the European Society
of Human Reproduction and Embryology and
the American Society for Reproductive Medicine
(ASRM/ESHRE), adopted in Rotterdam in 2003,
with the definition of PCOS phenotypes [9].
Researchers recommend allocating patients with
phenotypes A and B in PCOS to a special moni-
toring group for developing adverse metabolic
disorders and associated complications [10, 11].

The study aimed to analyze the lipid profile
indicators in women with different PCOS pheno-
types at reproductive age.

Materials and methods

The study included 86 women with PCOS
aged 22 to 37 years (mean age 26.6 + 4.3 years).
Menstrual cycle disorder by the type of opsomen-
orrhea was noted in 76 (88.4%) female patients.
Infertility associated with the absence of ovula-
tion (97.0 according to the International Statistical
Classification of Diseases-10th Revision) was
registered in 80 (93%) women. Of patients,
53 (66.3%) had primary infertility and 27 (33.7%)
secondary infertility, and a history of miscarriage
was found in 27 (31.4%) women. Overweight was
found in 36 (41.9%) women, and 8 had degree I
obesity. The body mass index (BMI) averaged
24.6 £ 2.9 kg/m?, and in women with overweight
and obesity, BMI was 27.6 + 2.3 kg/m* The wo-
men did not have type 1 or 2 diabetes melli-
tus (DM).
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The study included patients with various PCOS
phenotypes, who were distributed into 4 groups
(A, B, C, and D).

In all women, the levels of anti-Miillerian hor-
mone, prolactin, estradiol, and androgens were
examined on days 2 to 5 of the menstrual cycle.
The progesterone blood serum level was de-
termined by enzyme immunoassay (using the
Alkor Bio test system, Russia) on days 20-23
of the menstrual cycle for 3 consecutive cycles.
The menstrual cycle was considered anovula-
tory when the progesterone level was lower than
10 nmol/L.

The echographic methods for PCOS di-
agnostics were used. Based on the agreed
ASRM/ESHRE criteria adopted in Rotterdam, the
diagnostics of PCOS by ultrasonography requires
the presence of 12 or more ovarian follicles with
a diameter of 2-9 mm and/or an increase in ova-
rian volume of more than 10 mL. For PCOS di-
agnosis, it is sufficient if at least one ovary meets
these criteria [2].

All women enrolled in the study underwent
an oral glucose tolerance test (OGTT), and their
fasting blood insulin and 2-h OGTT levels were
determined; the fasting blood insulin and 2-h
OGTT levels were determined. The homeostatic
model assessment (HOMA) index, which was
determined using the formula of fasting glucose
(mmol/L) x insulin (pU/mL) / 22.5, was calcu-
lated to assess insulin resistance. An index value
of more than 2.18 was regarded as insulin resis-
tance [12]. All women underwent a biochemical
blood test with determination of the lipid profile

Polycystic ovary syndrome phenotypes
deHOTUMbI CUHAPOMA MOJIMKUCTO3HBIX ANYHUKOB

11.6%

HA B C D

Frequency of polycystic ovary syndrome pheno-
types

YactoTra BCTpeyaeMOCTH (PEHOTUIIOB CUHAPOMA
IIOIMKNCTO3HBIX ANYHMKOB

(concentration of total cholesterol, TG, HDL,
and LDL).

Statistical analysis was performed using the
SPSS program version 12.0 for Windows. Data
were presented as mean (M) * standard devia-
tion. The significance of differences between the
groups was assessed using the Students ¢ and
Mann-Whitney U tests, and the incidence of the
sign was assessed using the x-square method and
Fisher’s exact test.

Results

The women were distributed into 4 groups ac-
cording to their PCOS phenotypes. Phenotype A
[a combination of clinical signs and/or biochemi-
cal hyperandrogenism (HA), chronic anovulation,
and polycystic ovarian morphology according
to ultrasound examination] was detected in
40 (46.5%) women, phenotype B (signs of HA and
oligovulation/anovulation without PCOS by ul-
trasound) in 22 (25.6%), phenotype C [ovulatory;
represented by HA and PCOS but with a regular
ovulatory cycle (HA + PCOS)] in 10 (11.6%), and
phenotype D (chronic anovulation and PCOS but
without clinical/biochemical HA) in 14 (16.3%).
The distribution of PCOS patients by phenotype is
presented in Figure.

Of women, 76 (88.4%) had normogonadotropic
anovulation, which was diagnosed based on the fol-
licle-stimulating and luteinizing hormone levels on
days 2-5 of the menstrual cycle. The average pro-
gesterone blood level (on days 20-23 of the men-
strual cycle) was 4.2 + 1.7 nmol/L.

During hormonal examination, laboratory
signs of HA were noted in patients with pheno-
types A, B, and C. However, significant diffe-
rences were detected when examining the levels
of free testosterone, dehydroepiandrosterone sul-
fate (DHEAS), androstenedione, and sex hor-
mone-binding globulin (SHBG) in patients with
androgenic phenotypes A, B, and C than in those
with nonandrogenic phenotype D (p < 0.05). In
addition, the luteinizing hormone level was signif-
icantly higher in women with phenotype A than
in those with phenotypes D and C (13.8 £ 1.3
and 6.8 + 1.1 IU/L, respectively; p < 0.05). There
were no significant differences in the levels of
follicle-stimulating hormones, anti-Miillerian hor-
mones, prolactin, estradiol, dihydrotestosterone,
and hydroxyprogesterone in PCOS patients with
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Table 1/ Tabnauya 1

Serum levels of gonadotropins, prolactin, sex steroid hormones, and anti-Miillerian hormone in patients with various

polycystic ovary syndrome phenotypes

YpoBeHb rOHaAO0TPONMHOB, NPONAKTUHA, NONOBbIX CTEPOMAHBIX FOPMOHOB U aHTUMIONIIEPOBA FOPMOHA
B nepudepunueckoii Kposu 60/1bHBIX € pasNNUHLIMU GEHOTMNAMMN CUHAPOMA NOIMKUCTO3HBIX AUUHUKOB

Phenotype A Phenotype B Phenotype C Phenotype D
Indicator (n = 40) (n=22) (n =10) (n=14) p
Mtm Mtm Mtm Mtm
Follicle-stimulating 69+1.2 6.1+19 5910.6 6.3+0.7
hormone, IU/L
Luteinizing hormone, 13.8 £1.3* 8.8+23 6.4+1.7 6.8+1.1* <0.05*
1U/L (phenotypes A and D)
Anti-Mdillerian hormone, 9.814.1 82139 85143 10.5+4.3
ng/mL
Estradiol, pmol/L 297.2+79.4 238.8+81.4 288.2+81.4 171.3+84.9
Prolactin, mlU/L 270.8 £34.2 348.6%25.0 388.6 £ 45.0 202.6 £38.1
Dehydroepiandrosterone 13.1+1.6* 14.7 £ 1.3** 14.5 + 1.2%** 7.3 £ 1.1% K% Rk <0.05*
sulfate, umol/L (phenotypes A and D)
<0.05**
(phenotypes B and D)
<0.05%***
(phenotypes C and D)
Hydroxyprogesterone, 36113 39115 39+1.7 33107
nmol/L
Androstenedione, nmol/L 129+ 1.5* 14.5 + 1.3** 14.2 + 1.8%** 7.8 + 1. 3% k% k% <0.05*
(phenotypes A and D)
<0.05**
(phenotypes B and D)
<0.05%**
(phenotypes C and D)
Free testosterone, 13.1+2.1* 14.6 + 2.5%* 89+23 6.7 £ 1.2% ** <0.05
pmol/L (phenotypes A and D)*
<0.05
(phenotypes B and D**
Sex hormone-binding 44.0+7.5%  35.0%5.9** 58.0 £ 9.5%** 88.2 + 5.5% ** *xx <0.05*
globulin, nmol/L (phenotypes A and D)
<0.05**
(phenotypes B and D)
<0.05%***
(phenotypes C and D)
Progesterone, nmol/L 32+1.7* 2.7 £1.3** 18.5 & 1.3% **. *x* 3.2 £1.2%%* <0.05*
(phenotypes A and C)
<0.05**
(phenotypes B and C)
<0.05%**
(phenotypes D and C)

different phenotypes. Anovulatory PCOS phe-
notypes (A, B, and D) were comparable in terms
of progesterone levels, which were significantly
lower in these cases (p < 0.05) than phenotype C.
The data of hormonal examination are presented
in Table 1.

Echographic examination revealed an increase
in ovarian volume, as a diagnostic criterion for

PCOS, in women with phenotypes A, C, and D.
However, a significantly greater average ovarian
volume was noted in patients with phenotype A
(11.5 + 0.6 cm’) than in women with phenotype B
(7.9 £ 1.3 cm?).

When studying the lipid profile, there were no
significant differences in the cholesterol levels and
atherogenicity coefficient in women with different
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phenotypes. However, the TG and LDL choles-
terol levels were significantly higher in women
with androgenic phenotype B than in patients
with nonandrogenic phenotype D (p < 0.05).
There was a significant positive relationship be-
tween the levels of TG and LDL and the serum
levels of free testosterone, DHEAS, androstenedi-
one, and SHBG in patients with androgenic PCOS
phenotypes (A, B, and C; r=0.35 p <0.05).
In addition, women with PCOS with phenotypes
A and B had a significant decrease in HDL levels
compared with women with nonandrogenic phe-
notype D (p < 0.05). A significant negative corre-
lation was revealed for low HDL levels with serum
levels of free testosterone and SHBG in patients
with androgenic-anovulatory PCOS phenotypes
(A and B; r = -0.29; p < 0.05).

Table 2 presents the results of the study of the
lipid profile in women with different PCOS phe-
notypes.

Excess weight was detected significantly less
frequently (14.3% of women) in patients with
nonandrogenic phenotype D than in those with
androgenic phenotypes (p < 0.05). Thus, over-
weight was noted in half of patients with pheno-
types A and C, and BMI exceeded normal values
in 31.8% of cases in women with PCOS (pheno-
type B).

According to OGTT, impaired glucose tole-
rance (IGT) was detected in 42 (48.8%) patients
with PCOS, and 39 (92.8%) of them were women
with androgenic phenotypes (A, B, and C). In the
structure of IGT detection in PCOS, the number

Table 2 / Tabauya 2

of cases of nonandrogenic phenotype D amounted
to 7.2%. IGT was recorded in most patients with
androgenic phenotypes (A, B, and C), namely,
in 55%, 59.1%, and 40% of women with pheno-
types A, B, and C, respectively. Meanwhile, IGT
was revealed significantly less often in women
with phenotype D (only 21.4%; p < 0.05). In wo-
men with hyperandrogenic PCOS phenotypes
(A, B, and C), both fasting and stimulated insulin
levels were significantly increased compared with
those with nonandrogenic anovulatory phenotype
(D; p <0.05). The HOMA for insulin resistance
index in women with phenotypes A, B, and C was
significantly higher than in women with nonan-
drogenic phenotype D (p < 0.05). The carbohy-
drate metabolism study results are presented in
Table 3.

In women with androgenic PCOS phenotypes
(A, B, and C), there was a significant correlation
between the stimulated insulin (after OGTT) and
SHBG levels (r = 0.27; p < 0.05) and a direct rela-
tionship between these indicators and the TG and
LDL levels (r = 0, 32; p < 0.05).

Discussion

PCOS is known to be associated with meta-
bolic disorders, insulin resistance, IGT, and DM
as well as an increase in the number of risk fac-
tors for cardiovascular diseases [10, 11]. Based
on a meta-analysis of 35 studies, conducted by
Kakoly et al. (2018), IGT, type 2 DM, and meta-
bolic syndrome were detected more often in wom-
en with PCOS [13]. In a 2017 Danish population

Lipid profile in women with various polycystic ovary syndrome phenotypes
MNokasaTenu AMNUAOrPaMMbl Y XKEHLMH C Pa3AnYHbIMU GEeHOTUNAMMN CUHAPOMA NOJIMKUCTO3HbIX ANYHUKOB

Phenotype A Phenotype B
Indicator (n = 40) (n=22)
Mtm Mtm
Triglycerides, mmol/L 1.3+0.2 1.4 +0.1*
Cholesterol, mmol/L 41+13 40+15
High-density lipoprotein 0.8+0.2* 0.9 +0.1*%*
cholesterol, mmol/L
Low-density lipoprotein 32102 3.3+0.1*
cholesterol, mmol/L
Atherogenic index 41+1.2 45+1.2

Phenotype C Phenotype D
(n =10) (n=14) p
Mtm Mtm

1.1+0.1 0.8+0.2* <0.05**
(phenotypes B and D)

48+1.0 51+1.1

1.1+0.6 1.6 £0.2% ** <0.05*
(phenotypes A and D)

<0.05**

(phenotypes B and D)

3.1+£0.2 2.8 +£0.2* <0.05**
(phenotypes B and D)

35115 21+£1.2
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Oral glucose tolerance test scores, fasting and stimulated insulin levels, and the HOMA-IR index in women
with various polycystic ovary syndrome phenotypes

MoKasaTtenu nepopanbHOro IOKO30TONIEPAHTHOrO TECTa, YPOBHU MHCYIMHA (HAaTOLWAK U CTUMY/IMPOBAHHOrO),
nmHaeKkc HOMA-IR y JKeHLMH C Pa3NnuHbIMKN GeHOTUNAMMN CUHAPOMA NOSUKUCTO3HbIX AUYHMKOB

Phenotype C
(n=10)
Mtm

57106

Phenotype D
(n=14)
Mtm

58+0.8

Phenotype A Phenotype B
Indicator (n = 40) (n=22)
Mtm Mtm
Glucose (1), mmol/L 5.7%0.8 59+0.4
Glucose (2), 2 h after 7.6 +1.0* 78+16
OGTT, mmol/L
Insulin (1), mIU/L 10.8 £ 2.4* 11.1+£2.1**
Insulin (2), 2 h after 68.9 + 27.4* 117.8 + 22.8**
OGTT, mIU/L
HOMA-IR 2.7 +0.9* 2.9+0.8%*

73109 72109 <0.05*
phenotypes A and D
<0.05**

phenotypes B and D

10.7 £ 1.8%** 7.3+ 0.7%%* <0.05*
i phenotypes A and D
<0.05%*
phenotypes B and D
<0.05%**
phenotypes C and D

58.7+14.6 459 £ 18.3*% ** <0.05*
phenotypes A and D
<0.05**

phenotypes B and D

<0.05*
phenotypes A and D
<0.05%*
phenotypes B and D
<0.05***
phenotypes Cand D

2.7 £0.6%** 19+0.4*

No te. OGTT, oral glucose tolerance test; HOMA-IR, homeostatic model assessment for insulin resistance.

study, the incidence of type 2 DM was four times
higher in women with PCOS than in the control
group. In addition, type 2 DM was diagnosed at
a younger age in patients with an established diag-
nosis of PCOS [14].

According to a previously conducted pro-
spective study of 1212 patients with PCOS and
254 healthy women, comparable in BMI, pheno-
type A was associated with a greater severity of
insulin resistance and HA, whereas phenotype B
was more metabolically unfavorable than phe-
notype C. The authors suggested including pa-
tients with phenotypes A and B into a special
study group for developing adverse metabolic
disorders and associated complications [10].
The combination of carbohydrate metabolism
disorders and diseases associated with normogo-
nadotropic anovulation contributes to changes
in the system of steroidogenesis and folliculo-
genesis in the ovaries [15, 16]. In our study, IGT
was detected in 42 (48.8%) patients with PCOS,
and 39 (92.8%) of these female patients with
impaired carbohydrate metabolism were found

to have androgenic-anovulatory PCOS pheno-
types, namely, 22 (52.4%) with phenotype A,
13 (31%) phenotype B, and 4 (9.5%) phenotype C.
Phenotype D (nonandrogenic) was registered
only in 3 (7.1%) women with PCOS and IGT. In
women with PCOS without disorders of carbo-
hydrate metabolism, the PCOS androgenic-anovu-
latory phenotypes (A, B, and C) were significantly
less frequent (p < 0.05). Phenotype D (nonandro-
genic) was registered in 20.5% of women without
disorders of carbohydrate metabolism. Clinical
manifestations of androgen-dependent dermopa-
thy (acne, seborrhea adiposa, and hirsuteness)
were noted in 34 (85%), 21 (95.5%), and 5 (50%)
PCOS patients with phenotypes A, B, and C, re-
spectively. Meanwhile, these clinical manifesta-
tions were found significantly less often in women
with phenotype D (30%; p < 0.05).

In our study, significant differences in the an-
drogen blood serum levels (free testosterone and
DHEAS) were revealed in women with andro-
genic-anovulatory phenotypes (A and B), which
is consistent with the recommendations of the
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ESHRE 2018 to determine the diagnostic criteria
for PCOS [2].

In an epidemiological study, to analyze the de-
velopment of risk factors for metabolic and car-
diovascular disorders in women with PCOS of
reproductive age, it was revealed that patients with
this disease had lower HDL levels with increased
cholesterol and TG and LDL levels compared
with healthy women [17]. The authors found
that the metabolic disorders identified are typi-
cal for young women. In our work, in women of
reproductive age (the average age of the partici-
pants was 26.6 + 4.3 years), lipid profile changes
associated with androgenic phenotypes of PCOS
were revealed, namely, the TG and LDL levels
were significantly higher in female patients with
androgenic phenotype B than in those with non-
androgenic phenotype D (p <0.05). There was
a significant positive relationship of TG and LDL
levels with the blood serum levels of free testos-
terone, DHEAS, androstenedione, and SHBG in
patients with androgenic PCOS phenotypes (A, B,
and C; r=0.35 p<0.05), which is consistent
with previous studies on the relationship of HA
with changes in lipid metabolism and oxidation.
One study revealed that women with PCOS with
HA and insulin resistance had increased LDL le-
vels [3, 17], but another study found that women
with PCOS had significantly lower HDL levels
than healthy women, whereas other lipid param-
eters did not differ between the study groups [18].
In our study, in women with PCOS with pheno-
types A and B, a significant decrease in HDL le-
vel as an antiatherogenic type of lipoproteins was
revealed compared with representatives of non-
androgenic phenotype D (p < 0.05). Thus, a de-
creased HDL blood level may be associated with
cell system failures in the implementation of anti-
inflammatory and antioxidant protection, which
contributes to the development of atherogenic
dyslipidemia in PCOS.

Researchers recommend including patients
with phenotypes A and B into a special study
group for developing adverse metabolic disorders
and associated complications [19]. Insulin resis-
tance is generally accepted to be a link between
obesity and cardiovascular disease, which causes
a high risk of vascular catastrophes in metabolic
syndrome [20, 21]. In our work, a significant
relationship was noted between the increased

stimulated insulin (after OGTT), SHBG (r = 0.27;
p<0.05), and TG and LDL levels (r=0.32;
p <0.05). This confirms that PCOS androgenic
phenotypes (A, B, and C) are associated with the
risk of developing disorders of carbohydrate me-
tabolism, metabolic syndrome, and cardiovascular
diseases [22].

Conclusion

Thus, in women with androgenic PCOS phe-
notypes (A, B, and C), changes in carbohydrate
metabolism by the IGT type and insulin resistance
were revealed, and lipid disorders associated with
the development of metabolic syndrome, com-
pared with nonandrogenic, anovulatory pheno-
type D, were verified.

A significant positive dependence of the levels
of TG and LDL with the levels of free testosterone,
DHEAS, androstenedione, and SHBG in the blood
serum and a significant decrease in the blood
level of HDL in patients with androgenic PCOS
phenotypes (A, B, and C) are associated with cel-
lular system failures in the implementation of
anti-inflammatory and antioxidant protection,
contributing to the development of atherogenic
dyslipidemia and cardiometabolic risks in PCOS.

Changes in the lipid profile and associated dis-
orders of carbohydrate metabolism were signifi-
cantly more pronounced in women with PCOS,
and phenotypes A and B were associated with an-
ovulation and HA.

A differential approach to the examination of
patients with different phenotypes of PCOS con-
tributes to the determination of a set of preventive
measures to improve the quality of life of repro-
ductive age women and to personalize the therapy
for this disease.

The article was prepared within the frame-
work of the applied research No. AAAA-A20-
120041390030-3.

The authors declare no conflict of interest.
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