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ABSTRACT

The polycystic ovarian morphology (PCOM) is a generally accepted ultrasound marker
for ovulatory dysfunction, is one of the criteria for polycystic ovary syndrome (PCOS)
and is established based on the assessment of ovarian volume (OV) and the follicle
number per ovary (FNPQ), taking into account the upper normal values determined
in healthy premenopausal women. However, there is a necessity for regular revision
of the PCOM characteristics depending on ethnic and age characteristics.

The aim. To develop differentiated standards for assessing the ultrasonographic ovary
structure in premenopausal women of various ethnicity.

Materials and methods. From March 2016 to December 2019, a multicenter
cross-sectional prospective study was conducted in Eastern Siberia (Irkutsk region)
and in the neighboring Republic of Buryatia. The study included 1134 participants:
715 women of Caucasian origin, 312 Asian women, 107 women of mixed ethnic
subpopulation.

Results. It has been established that for Caucasians, it is advisable to diagnose PCOM
when the ovarian volume is 9 cm? and/or FNPO > 12; for women of the Asian popula-
tion — when the ovarian volume is 7 cm? and/or FNPO > 11; for women of mixed ethnici-
ty —when the ovarian volume is 8 cm® and/or FNPO = 9. An important advantage of our
study is that all participants were recruited from a non-selective multi-ethnic popula-
tion of women with comparable socio-demographic characteristics living in the same
geographical conditions.

Conclusion. Differentiated approach for identifying the polycystic ovarian morphol-
ogy in premenopausal women of different ethnic groups requires using ethnically dif-
ferentiated normative readings.

Key words: PCOS, polycystic morphology, follicle number per ovary, ovarian volume,
pelvic ultrasound, premenopausal women, ethnicity
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PE3IOME

MonukucmosHaa cmpykmypa auyHukos ([1KA) aenaemca obwenpusHaHHbIM Yilb-
mpaseyKo8bIM MAPKepOM 08YNAMOPHOU OUCHYHKYUU, CITyKUM OOHUM U3 Kpume-
pues CUHOPOMA NOMUKUCMO3HbIX AuYHUK08 (CITKA) u ycmaHasnueaemcsa Ha OCHO-
8aHUU OUeHKU 06véma auyHukos (OA) u konudecmeaa ¢onnukynos Ha AudHUK (KOA)
C y4eéMom 8epXHUX HOPMAJIbHbIX 3HAYeHUU, onpedesiaemMbix 8 300p08bIX NONYAAYU-
AX XeHWUH penpodykmugHozo 8o3pacma. OOHAKo ommeyaemcsa Heobxooumocme
pe2ynapHo20 nepecmompa xapakmepucmuk [1KA 8 3asucumocmu om 3mHuUYecKux
U 803pacmHsix ocobeHHocmed.

Lenws. Paspabomames OuggepeHyupo8aHHbie HopMmamuesl 0719 OUeHKU yabmpa-
COHo2paghuyeckol Cmpykmypel AUYHUKOB y XeHWUH penpo0yKmueHo20 803pacma
pasnu4YHol SmHuUYeckol NpUHAadIexHoCmu.

Mamepuansl u Memoosl. B nepuod ¢ mapma 2016 no dekabpe 2019 2. nposedeHo
MHO20UeHmMposoe nonepeyHoe (Kpocc-CeKYUOHHOe) NpochekmusHoe Ucc/1ed08da-
Hue Ha meppumopuu BocmouHot Cubupu (Mipkymckasa obaacme) u 8 conpedeso-
HoU Pecnybnuke bypamus. B uccnedosaHrue sowsu 1134 yuacmHuysl: 715 XeHWUH
esponeoudHol npuHadnexHocmu, 312 — azuamckod, 107 — cMewaHHoU 3mHuye-
ckol cybnonynayuu.

Pe3ynemamel. YcmaHosneHo, ymo 011 esponeoudos [1KA yenecoobpasHo dua-
2HOCMuposames npu 06vémMe AUYHUKO8 9 cM’ u/unu KOA = 12; 0na XeHWUH asu-
amckou nonynayuu — npu 06véme Au4HUK08 7 cm? u/unu KOA = 11; 0na xeHWUH
cMewaHHol 3mHuyeckol NpuHadsexHocmu — npu ob6wvéme 8 cm? u/unu KOA = 9.
BaxHbiM npeumywiecmaom Hawe2o Uucc1e008aHUA ABAEMCA MO, YMO 8ce y4acm-
HUYbl 661U peKpymupOoBaHbl 8 HecesieKmugHoU MybmusmHuyeckol nonynayuu
JKEHUWUH C COnoCmMasumsiMu CoyuaabHo-0eMmopagpuyeckumu Xxapakmepucmuka-
MU, NPOXUBAIOUUX 8 0OUHAKOBbIX 2€02pAhuHeCKUX YC/T08USAX.

Bb1800bl1. []ns OuppepeHyupo8aHHo020 N0OX00d K 8blABEHUIO NOJUKUCMO3HOU
CMpYKMypbl AUYHUKOB Y XeHWUH penpodyKmueHo20 803pdcma pasIuyHbIX 3m-
HU4YecKux epynn HeobxoOUMO NPUHUMAMb 3MHUYecKU OupgpepeHyupos8aHHble
HOpMAamMuseHble 3Ha4eHus.

Knrouessle cnosa: C[TKA, nonukucmo3sHas cmpykmypd, Koau4ecmao (osuKky1o8
HAa AUYHUK, 06BéM AuYHUKaA, ¥Y3U op2aHo8 Mano2o masa, xeHWuHel penpooyKmues-
HO020 803pACMA, SMHUKA

Ana uyntnposaHua: Jlazapesa J1.M., Atanan A.B., laHycesuu W.H., Hagensaesa A.[,
BeneHbkasn J1.B., Eroposa W.10., babaesa H./., CytypuHa J1.B. YnbTpacoHorpaduueckne
HOPMATUBbI CTPYKTYPbl ANYHNKOB Y MEHLIUH PenpoayKTMBHOro BO3pacTa pasfnyHon
STHMYECKON NpuHaanexxHocTu. Acta biomedica scientifica. 2024; 9(3): 49-68. doi: 10.29413/
ABS.2024-9.3.5
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INTRODUCTION

Polycystic ovary structure (PCOM) is a generally
accepted ultrasound marker of ovulatory dysfunction
and, since 2003, following the adoption of the Rotter-
dam Consensus [1], has served as one of the criteria
for polycystic ovary syndrome (PCOS) [2-4]. Currently,
PCOM is defined based on the assessment of ovarian
volume (OV) and follicle number per ovary (FNPO) tak-
ing into account the upper normal values determined
in healthy populations of women of reproductive age [2,
4]. The latest guidelines on the diagnosis and manage-
ment of PCOS, published in 2023 [4], propose to con-
sider the provisions adopted in Rotterdam as basic
for the diagnosis of PCOS [4, 5]. However, it is noted
that there is a need for regular revision of the charac-
teristics of PCOM, taking into account ethnic and age
characteristics. The following updated criteria for defin-
ing PCOM in women of reproductive age are relevant:
the most effective ultrasound marker for identifying
PCOM in adults with transvaginal access should be con-
sidered FNPO, while FNPO > 20 in at least one ovary
should be considered the threshold value for polycystic
ovary structure. As an equally effective marker of PCOM,
along with OV = 10 ml, it is again proposed to consider
follicle number per cross-section (FNPS) > 10 in at least
one ovary. When using old ultrasound technologies
and/or transabdominal ultrasound (US) and/or when
the image quality is insufficient for an accurate assess-
ment of the follicle number in the entire ovary, the fol-
lowing criteria are necessary for establishing polycystic
ovary structure: OV = 10 ml or FNPS > 10 in both ova-
ries. When describing the ultrasound, it is proposed
to use clear standardized protocols for assessing poly-
cystic ovary structure, including at least the following:
date of the last menstruation (or phase of the cycle);
characteristics of the sensor used; high-quality count
of the total follicle number measuring 2-9 mm per ova-
ry. It is mandatory to measure the ovary in three di-
mensions and calculate the volume of each ovary; de-
scription of other ovarian features and/or pathologies,
including ovarian cysts, corpora lutea, dominant folli-
cles (= 10 mm) (which should not be taken into account
when calculating ovarian volume). It is recommended
to rely on the contralateral ovary FNPO for the diagnosis
of PCOMin the presence of adominantfollicle in the ova-
ry being evaluated. Uterine features and/or pathologies,
including endometrial thickness and structure, should
not be ignored.

Ethnic differences in the number of follicles and/
or ovarian volume are actively studied. Thus, in Chi-
nese women, the sufficient criteria for defining PCOM
[6] are smaller ovarian volumes and the follicle num-
ber compared to women of the European population:
> 6.3 cm® and > 10 follicles, respectively. Lower val-
ues compared to the Western population were also
demonstrated by Turkish women. The threshold criteria
for PCOM for them are OV = 6.43 cm?® and FNPO > 8 [7].
In the population of Korean patients, the follicle number
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is considered a more significant criterion for polycystic
disease than ovarian volume due to the smaller ovarian
volume characteristic of Asian women [8].

The volume of the ovaries and the number
of follicles change during a woman’s reproductive
period, reaching a maximum value in adolescence,
with a gradual decrease in adulthood and a rapid de-
crease at menopause. For example, in women over
35 years of age, the prevalence of PCOM is 7.8 %,
compared to 21 % in younger women [9]. Moreover,
the decrease in the number of follicles occurs faster
than the decrease in ovarian volume [10]. Age-related
processes in women involve a decrease in the number
of growing antral follicles [10].

The relevance of detecting PCOM is determined
by the fact that even in women with normal men-
strual function and without clinical signs of hyperan-
drogenism (HA), PCOM is associated with higher lev-
els of androgens and insulin and a lower pregnancy
rate [11]. However, hirsutism, ovulatory dysfunction
and menstrual cycle disorders were equally present
in patients with normal ovarian volume and enlarged
ovaries.

The diagnostic significance of PCOM depends on age
and ethnic characteristics, which requires large-scale
epidemiological studies to determine the population
characteristics of PCOM. Standardization of diagnos-
tic criteria for PCOM is the key to effective diagnostics
of PCOS and, accordingly, prevention of complications
and concomitant diseases associated with PCOS.

THE AIM OF THE STUDY

To develop differentiated standards for assessing
the ultrasonographic ovary structure in premenopausal
women of various ethnicity.

HYPOTHESIS

Ultrasonographic characteristics of the ovaries vary
among women depending on ethnicity and age.

MATERIALS AND METHODS

Study design and population. Subjects were re-
cruited during a cross-sectional prospective study (Clin-
icalTrials.gov: NCT05194384) conducted in two large re-
gions of Eastern Siberia (Irkutsk Region and the Republic
of Buryatia) from March 2016 to December 2019 [12, 13].
The study included women of reproductive age subject
to annual medical examination at their place of work.
The study was conducted in accordance with the World
Medical Association Declaration of Helsinki (1964)
and approved by the local Ethics Committee of the Sci-
entific Centre for Family Health and Human Reproduc-
tion Problems (Irkutsk) (protocol No. 2.1 dated February
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24, 2016). Informed consent was obtained from all sub-
jects. The study was conducted as part of the research
work “Prediction of metabolic and psychoemotional
disorders in women of different age groups with hyper-
androgen disorders for the development of personal-
ized approaches to prevention and treatment” (regis-
tration number 123051600030-1). The study was carried
out using the equipment of the Centre for the Develop-
ment of Progressive Personalized Medical Technologies
of the Scientific Centre for Family Health and Human
Reproduction Problems.

Inclusion criteria for the sample: age from 18 to 44
years inclusive; signing of informed consent; partic-
ipant’s willingness to fully comply with all study pro-
cedures; availability throughout the study period.
Exclusion criteria: age under 18 and over 45 years;
unwillingness to participate or difficulty under-
standing informed consent or the aims and require-
ments of the study; presence of factors that interfere
with the participant’s full compliance with the study
conditions. A total of 1,490 women of reproductive age
were invited to participate in the study, 92 of whom
were not included in the study due to lack of informed
consent. In total, 1,398 women of reproductive age
were included in the study.

Hyperandrogenism was defined as hirsutism (Hs)
greater than 4 (> 5 points) according to the cut-off values
for the modified Ferriman - Gallwey visual scale (mFG)
previously established by us for the entire population
using 2k-cluster analysis, and/or hyperandrogenemia -
with a blood serum total testosterone (tT) concentra-
tion > 73.90 ng/dl and/or a free androgen index (FAI)
value > 6.90 for Caucasians and a blood serum tT con-
centration > 41.03 ng/dl and/or FAl > 2.92 for Asians
and/or a dehydroepiandrosterone sulfate (DHEA-S)
level of 355 mg/dl for the entire population (according
to the cut-off values reflecting the 98" percentile con-
centrations of tT, DHEA-S, and FAIl in the blood serum
in the reference cohort). Oligomenorrhea was defined
as amenstrual cycle duration < 21 or > 35 days ora men-
strual frequency of less than 9 cycles per year (accord-
ing to the Rotterdam Consensus recommendations)
[1], and in the case of an intact menstrual cycle — a de-
crease in the blood serum progesterone level on days
20-24 of the cycle below 3-4 ng/ml. Primary amen-
orrhea was defined as the absence of menstruation
during life or the failure to reach menarche by the age
of 15 years or 3 years after thelarche [14]. Secondary
amenorrhea was defined as the absence of previous-
ly regular menstruation for 3 months, and in the case
of previously irregular menstruation - the absence
of menses for 6 months.

The clinical methods of the study included a ques-
tionnaire survey, general medical and gynecological ex-
aminations. During the objective examination, the hir-
sute number was assessed using mFG [15]in accordance
with the standardized scoring technology. During
the examination by the gynecologist, all women un-
derwent the following: assessment of the condition
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of the mammary glands; gynecological bimanual exam-
ination of the pelvic organs; Pap smear study.

To determine the hormone levels in each patient,
blood was collected from the cubital vein on an empty
stomach from 8 to 9 a.m., after a 15-minute rest (accord-
ing to the generally accepted method) and taking into
account the phases of the menstrual cycle, using dis-
posable vacuum systems BD Vacutainer (Becton, Dickin-
son and Company, USA).

Determination of concentrations of thyroid stimu-
lating hormone (TSH), free thyroxine (Free T4), prolactin
(PRL), luteinizing hormone (LH), follicle-stimulating hor-
mone (FSH), 17-OH-progesterone, sex hormone-bind-
ing globulin (SHBG) and progesterone was carried
out using the competitive solid-phase enzyme immu-
noassay method using the Alkor-Bio test systems (Rus-
sia). The study of total tT was carried out using a liquid
chromatography-mass spectrometry (LC-MS) LCMS-
8060 (Shimadzu, Japan). DHEA-S in blood serum was
determined using a chemiluminescent enzyme immu-
noassay analyzer Immulite 1000 (Siemens, USA).

Instrumental examination methods included pelvic
ultrasound performed by three experienced specialists
trained to perform ultrasound examinations uniformly
with coefficients of variation of examination results less
than 6 %, using only the Mindray M7 device (Mindray
Bio-Medical Electronics Co., China) with a transvaginal
probe (5.0-8.0 MHz) for sexually active subjects. Ovari-
an volume was calculated using the formula for an ob-
late ellipsoid: length x width x height x /6 [4, 5, 16].
The number of follicles was determined by scanning
each ovary from the inner to the outer edge in longitu-
dinal section (follicle number per ovary). Follicles were
measured in two planes of the ovary, and the follicle
diameter was determined as the average value of two
diameters (longitudinal and transverse).

Sample size calculations were carried out using
the formula:

n=I[(z,_J*P(1-P)/D?]

1-a

where n is the sample size for the study; z, =1.96
(at a = 0.05); P is the estimated prevalence of PCOS ac-
cording to previously published data; D is the absolute
error.

As a result, the sample size that would allow us
to identify a significant diagnostic potential of the ovari-
an volume and follicle count values per ovary using ROC
curves was at least 198 women for the entire sample.

The study data were entered and managed (report
generation, data export for statistical analysis) using
the REDCap information system, which is deployed
on the server of Scientific Centre for Family Health
and Human Reproduction Problems.

The statistical analysis methods included descrip-
tive statistics, testing statistical hypotheses, analysis
of relationships between variables, and construction
of statistical models. Interval estimation of propor-
tions and frequencies is performed by calculating 95%



confidence intervals (95% Cl). To test statistical hypoth-
eses, we used parametric Student’s t-test, nonparamet-
ric Mann — Whitney test, parametric one-way analysis
of variance (ANOVA, ANalysis Of VAriance) or nonpara-
metric rank analysis of variance according to Kruskal -
Wallis and median test, z-test, x? criterion. The significance
level is defined as 0.05. ROC analysis was used to deter-
mine the upper limit of the norm (ULN) for ultrasono-
graphic parameters.

RESULTS

Among the overall population of women of repro-
ductive age included in the study and who underwent
a complete examination, 1134 participants had satis-
factory visualization of the ovaries based on the results
of ultrasonography, and we divided them in the follow-
ing groups: women with a regular cycle and no signs
of hyperandrogenism - group 0 (control group)
(n=642); a group of women with PCOS according to NIH
(National Institutes of Health) criteria - participants
were defined by the combination of the presence of ol-
igomenorrhea/oligoanovulation (OA) [4, 5] and hyper-
androgenism (hirsutism and/or hyperandrogenemia) [4,
5, 17] - group 11 (n = 82); a group with the presence
of any one criterion of PCOS according to NIH (hyperan-
drogenemia or hirsutism or oligoanovulation) - group
11 (n=410) (fig. 1).

The number of women in subgroups depending
on ethnicity is presented in the diagram (fig. 1).

The main sociodemographic, anthropometric char-
acteristics, menstrual and reproductive history of wom-
en of reproductive age by groups are presented in Ta-
bles 1 and 2.

Women with PCOS according to NIH crite-
ria and study participants with any one symptom
of PCOS were younger compared to the representatives
of the control group (p < 0.001 and p = 0.013, respec-
tively). The ethnic composition of the analyzed groups
was comparable.

Women with PCOS had higher weight and waist cir-
cumference (WC) compared to women in the control
group and participants with any one symptom of PCOS
(p <0.001 and p =0.018; p = 0.003, and p = 0.020, respec-
tively). We noted a trend towards higher blood pressure
valuesin the group of women with two symptoms of PCOS
compared to the control group (p = 0.007). As expected,
participants with PCOS had a higher incidence of ovu-
latory dysfunction, hyperandrogenemia, and hirsutism
compared to the group with one criterion (p < 0.001
for all frequencies). The mFG index was statistically sig-
nificantly different in both groups compared to the con-
trol group (p < 0.001 for all groups), as well as between
women with one and two PCOS criteria, with predictably
higher values in group 11 (p < 0.001) (table 2).

The average age at menarche did not differ be-
tween the study groups. However, women with two
symptoms of PCOS had a longer menstrual cycle length
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compared with both the control group (p < 0.001)
and the group with one criterion (p < 0.001); however,
women in group 12 also had a statistically significantly
longer cycle length than the control group (p < 0.001).
Accordingly, the frequency of cycles per year was sig-
nificantly lower in the PCOS group compared with both
the group with one criterion (p < 0.001) and the control
group (p < 0.001), and in the group with one criterion
compared with the control group (p < 0.001). When
assessing the reproductive history (table 2), we noted
a lower number of pregnancies and births in women
in the groups with one and two PCOS criteria com-
pared to the control group (p < 0.001 for both groups),
with the lowest rate in the PCOS group. The lower fre-
quency of pregnancy can probably also explain the lack
of statistically significant differences in the frequency
of ectopic and non-viable pregnancies, as well as ther-
apeutic abortions at the request of a woman in the rep-
resentatives of the groups with one and two symptoms
of PCOS compared to the control group. At the same
time, we noted a higher number of antenatal fetal
deathsin the group of women with one criterion of PCOS
compared to the group with two criteria and the con-
trol group, and a higher number of spontaneous abor-
tions in women with two criteria of PCOS compared
to the control group and the group with one criterion
(p < 0.001). Certainly, these data confirm the negative
impact of both hyperandrogenism and oligoanovula-
tion on the reproductive function of women and justify
the need for early detection, management and treat-
ment of such patients.

There were no significant differences in the mean
levels of prolactin, TSH, FSH, and 17-OH between
the groups, although the participants with PCOS had
slightly higher 17-OH values, which were within the nor-
mal range, compared with women with one criterion
for PCOS and the control group. The representatives
of the group with two criteria of PCOS demonstrated
higher levels of testosterone, DHEA-S, LH/FSH ratio,
FAl, and AMH and, accordingly, the lowest SHBG value
compared with the control group and women with one
criterion (p < 0.001 for all values). However, women
with one criterion of PCOS similarly differed statistically
significantly in these hormones from the control group
(p < 0.001 for all values) (table 3).

As for FNPO and OV, the following main results
were obtained: among the studied groups, antral fol-
licles number and OV for both the right and left ovary
were increased in the groups with hyperandrogenism.
Among the groups with the presence of PCOS criteria,
the highest values of antral follicles number and OV
were found in the group with two criteria (table 3).

Determination of cut-off points for ovarian
volume and follicle number in overall population
and by ethnicity

In the next step, we evaluated the ultrasound charac-
teristics of the ovaries of the women included in the study.
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Women included in the study (n = 1134)

OA (+); HA and/or Hs (+)
(n=282)

Any one symptom
of PCOS (n = 82)

OA (+); HA and/or Hs (+)
(n=46)

Any one symptom
of PCOS (n = 248)

OA (+); HA and/or Hs (+)
(n=27)

r L —

Any one symptom
of PCOS (n=113)

FIG. 1.

Diagram of the distribution of women into subgroups with no PCOS criteria, with one and two criteria overall, and according

to ethnicity

Y Y
aﬁ no(' Women with a least
H no; one symptom of PCOS
> no (n=492)
(n=642)
» (Caucasians (n=715)
I
Y Y
OA no; )
HA no: Women with a least
Hs no one symptom of PCOS
(n = 425) (n=294)
> Asians (n=312)
Y Y
OA no; .
HA 22. Women with a least
Hs no. one symptom of PCOS
(n:-|72) (n:140)
| Mixed ethnic group
(n=107)
|
Y Y
OA no; )
HA no; Women with a least
Hs no one symptom of PCOS
(n=49) (n=58)

OA (+); HA and/or Hs (+)
(n=09)
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Any one symptom
of PCOS (n =49)




TABLE 1

SOCIO-DEMOGRAPHIC CHARACTERISTICS OF WOMEN IN THE STUDY GROUPS

Variables

Age (years),
M (SD), Me (LQ; UQ)

Caucasians, n/N (%)
Asians, n/N (%)
Mixed ethnicity, n/N (%)

Note. p , - X’ test; p, - Mann - Whitney test.

TABLE 2

Group without OA, HA, Hs

(n =642)
0

35.12+6.17
36.0 (31.0; 40.0)

NIH group
(n =82)

11

31.65+£6.55
32.0(26.25; 36.0)

Ethnic composition

421/642 (65.58 %)
172/642 (26.79 %)
49/642 (7.63 %)

46/82 (56.10 %)
27/82(32.93 %)
9/82 (10.98 %)

Group with any one
symptom
(n=410)

12

33.67 £6.55
34.0 (29.0; 39.0)

248/410 (60.49 %)
113/410 (27.56 %)
49/410 (11.95 %)

p, = 0.000
p, = 0.000
p,=0.013

0-11
0-12

11-12

p,,>0.05
p,,> 0.05
p,, > 0.05

ANTHROPOMETRIC CHARACTERISTICS, MENSTRUAL AND REPRODUCTIVE HISTORY OF PREMENOPAUSAL

WOMEN

Variables

BMI (kg/m?),
M (SD), Me (LQ; UQ)

Waist circumference (cm),
M (SD), Me (LQ; UQ)

SBP (mm Hg),
M (SD), Me (LQ; UQ)

DBP (mm Hg),
M (SD), Me (LQ; UQ)

Oliganovulation, n/N (%)
Hyperandrogenemia, n/N (%)
Hirsutism, n/N (%)

Hirsutism (scores),
M (SD), Me (LQ; UQ)

Age at menarche (years),
M (SD), Me (LQ; UQ)

Duration of the menstrual cycle,
M (SD), Me (LQ; UQ)

Minimum duration of the men-
strual cycle (days),
M (SD), Me (LQ; UQ)

Maximum duration of the men-
strual cycle (days),
M (SD), Me (LQ; UQ)

Group 0
(n =642)

2542 +£5.11
24.7 (21.5;28.18)

77.76 £12.02
76.0 (68.0; 85.0)

78.43 +£9.85
78.0(71.0; 84.0)

121.69 +13.75
121.0(113.0; 128.0)
0/642 (0.00 %)
0/642 (0.00 %)
0/642 (0.00 %)

0.56 +1.01
0.0 (0.0; 1.0)

133+1.35
13.0(12.0; 14.0)

27.67 £2.2
28.0(27.0; 29.0)

26.17 £2.39
26.0 (25.0; 28.0)

29.39+274
30.0 (28.0; 30.0)

Group 11
(n=82)

27.78 +6.09
26.9(22.82;31.85)

8291+ 1441
82.0(72.0;93.0)

80.7 +£10.75
80.0 (74.0; 84.75)

126.2+14.78
124.0(115.25; 135.0)

82/82 (100 %)
58/82 (70.73 %)
38/82 (46.34 %)

3.99+3.62
4.0 (0.25;6.0)

13.29+1.72
14.0 (12.0; 14.0)

35.22+12.49
32.0(28.0;38.0)

278+6.5
28.0(25.0; 30.0)

65.95 +37.43
51.0 (40.0; 90.0)
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Group 12
(n=410)

26.17 £6.02
24.9(21.8;29.4)

79.05+13.83
76.0 (69.0; 86.0)

78.65 +9.91
79.0 (71.25; 84.0)

122.7 £13.66
122.0(113.0; 130.0)
208/410 (50.73 %)
162/410 (39.51 %)

52/410 (12.68 %)

1.61+£251
0.0 (0.0; 2.0)

13.2+£145
13.0(12.0; 14.0)

29.27+53
28.0(27.0;30.0)

25.8+4.49
27.0 (24.0; 28.0)

40.73 + 28.68
31.0(28.0; 40.0)

p

p, =0.000
p,=0.175
p,= 0.01 811—12

p,=0.003
p,=0.346
p,= 0'02011-12

p,=0.109"
p,=0424
p,= 0'28011-12

p, = 0.007
p,=0.170
pP,= 0'06911—12

p,,=0.000
p,,=0.000
p,,=0.000

p, = 0.000
p, = 0.000
p, = 0.000

p,=0.843
p,=0.384
p,=0.556,,

p, = 0.000
p, = 0.000
p, = 0.000

p,=0.001
p, =0.945
p,=0.004,

p, = 0.000
p, = 0.000
p, = 0.000

0-11

0-12

0-11

0-12

0-12

0-11

0-12

11-12

11-12

11-12

0-11

0-12

11-12

0-11

0-12

0-11
0-12

11-12

0-11

0-12

0-11
0-12

11-12



TABLE 2 (continued)

Number of menstrual cycles per
year,
M (SD), Me (LQ; UQ)

Pregnancies

Number of pregnancies,
M (SD), Me (LQ; UQ)

Number of births,
M (SD), Me (LQ; UQ)

Number of stillbirths,
M (SD), Me (LQ; UQ)

Number of self-induced miscar-
riages,
M (SD), Me (LQ; UQ)

Number of ectopic pregnancies,
M (SD), Me (LQ; UQ)

Number of non-viable pregnan-
cies,

M (SD), Me (LQ; UQ)

Number of medical abortions,

M (SD), Me (LQ; UQ)

Infertility, n/N (%)

Note. p , - X’ test; p, - Mann - Whitney test.

TABLE 3

1223 +1.23
12.0(12.0; 12.0)

2.7 %254
2.0 (1.0; 4.0)

1.37 £1.01
1.0(1.0; 2.0)

0.02+0.17
0.0 (0.0; 0.0)

0.2+0.56
0.0 (0.0; 0.0)

0.04 +0.24
0.0 (0.0; 0.0)

0.03+£0.22
0.0 (0.0; 0.0)

1.06 + 1.85;
0.0 (0.0; 2.0)

120/633 (18.96 %)

9.2+256
9.0 (8.0; 11.75)

1.66 +2.48

1.0(0.0; 2.0)

0.74+0.89
0.0 (0.0; 1.0)

0.0+0.0
0.0 (0.0; 0.0)

0.07 £0.31
0.0 (0.0; 0.0)

0.06 +0.24
0.0 (0.0; 0.0)

0.04+0.19
0.0 (0.0; 0.0)

0.76 +1.87
0.0 (0.0; 0.75)

30/82 (37.04 %)

11.41£1.86
12.0(11.0; 12.0)

232+2.18
2.0(1,0;3,0)

1.27£1.11
1.0(0.0; 2.0)

0.0 £0.07
0.0 (0.0; 0.0)

0.16 £0.54
0.0 (0.0; 0.0)

0.04+0.23
0.0 (0.0; 0.0)

0.02+0.15
0.0 (0.0; 0.0)

0.88 = 1.41
0.0(0.0; 1.0)

104/404 (25.74 %)

p, =0.000
p, =0.000
p, =0.000

0-11
0-12

11-12

p,=0.000
p,=0.019
P, = 0'00011-12

p,=0.000
p,=0.035
p,=0.000

p,=0.193
p,=0.039
p,= 0‘52911-12

p,=0.000
p,=0.092
P,= 0.1 3511—12

p,=0.275
p,=0.720

0-11

0-12

0-11
0-12

11-12
0-12

0-11

0-12

0-11

p,=0.018
p,,=0071

0-12

11-12

HORMONAL CHARACTERISTICS OF PREMENOPAUSAL WOMEN AND DATA OF PELVIC ULTRASOUND

Variables

TSH (mIU/ml),
M (SD); Me (LQ; UQ)

PRL (mU/I),
M (SD); Me (LQ; UQ)

LH (mIU/ml),
M (SD); Me (LQ; UQ)

FSH (mlU/I),
M (SD); Me (LQ; UQ)

LH/FSH ratio,
M (SD); Me (LQ; UQ)

Group without OA, HA, Hs

(n=642)

0

372.01 +£256.99
314.5 (221.0; 445.5)

1.73+£1.2
1.5(1.1;2.1)

8.03+£10.89
53(3.2,7.9

7.02+8.25
5.4(3.8;7.3)

1.24+£1.12
0.93 (0.66; 1.5)

NIH group
(n=82)

11

403.91 +315.13
319.0 (239.5; 467.0)

1.75+1.05
1.6 (1.0; 2.28)

12.94 +13.06
8.5(5.28; 16.95)

6.91 +5.07
6.15(4.32;7.7)

191 +£1.31
1.61(1.02; 2.38)
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Group with any one

symptom
(n=410)

12

393.92 +251.01

329.0 (235.0; 483.0)

1.94 £ 1.95
1.5(1.1;2.2)

10.06 +12.31
6.0 (3.7, 10.85)

9.34+59
5.5(3.9;7.52)

14+£1.07
1.04 (0.67; 1.83)

p,=0.807
p, =0.065
p, =0.869

: 1-12

0-11

0-12

p,=0.756
p,=0.340
p,=0.826

° 11-12

0-11

0-12

p, = 0.000
p, = 0.000
p, = 0.000

0-11
0-12

11-12

p,=0.100
p,=0.260
p,=0.289

" 1-12

0-11

0-12

p, = 0.000
p,=0.022
p, = 0.000

0-11
0-12

11-12



TABLE 3 (continued)

Testosterone (g/dl),
M (SD); Me (LQ; UQ)

SHBG,
M (SD); Me (LQ; UQ)

FA,
M (SD); Me (LQ; UQ)

DHEA-S (mg/dl),
M (SD); Me (LQ; UQ)

17-OH-progesterone,
M (SD); Me (LQ; UQ)

AMH,
M (SD); Me (LQ; UQ)

247.03+132.3
246.38 (153.5; 326.87)

82.86 +54.5
67.45 (43.7; 105.65)

1.41+1.09
1.16 (0.63; 1.92)

158.59 £ 65.38
150.0 (110.5; 200.0)

55+£335
5.2(2.48;7.7)

278 £245
2.1(1.0;4.0)

Ultrasound characteristics of the ovaries

All ovaries

ov

FNPO

Left ovaries

(0)Y)

FNPO

Right ovaries

(0)Y)

FNPO

6.36 +2.57
5.93 (4.71;7.46)

6.74 +2.83

6.00 (5.00; 8.00)

8.12+9.0

6.34 (4.92; 8.57)

6.4 +2.65

6.0 (5.0; 8.0)

9.06 + 23.65

6.72(5.23;8.84)

6.68 +2.79
6.0 (5.0; 8.0)

571.09 £ 659.06 403.15 = 384.43 P.= g'gggo—n
432.47 (306.46;609.6)  298.2 (209.63;434.57)  Pu= 7901,
pu = 0‘00011-12

60.08 + 43.87 7632+ 52.78 zu = g'gggo-n
44.3(29.72;75.4) 64.8 (38.1;98.9) .=0.027,
p,=0.003

4524492 31£678 zu = g’gggo-n
3.36 (1.82; 5.36) 1.65 (0.94; 3.5) u” T 012
p,=0.000,

244.67 £109.9 190.59 + 98.33 P.= g'gg:o-n
2330(16875;316.25)  170.0(118.0;2400)  Pu= 2¥ o012
p,=0.000,

6.01+3.18 5.83+4.78 Zu - 8@%«
5.6 (4.3;6.9) 4.9(2.9;6.9) .=0912,,,
p,=0.107, .,

6.58 + 5.51 466 +4.74 zu = g’gggo-n
5.3 (2.65;8.12) 32(1.7;6.1) .=0.000, ,,
p,=0.001,

9.66 + 5.43 7.35+3.73 P.= g’gggo-n
8.82 (5.96; 11.40) 6.53 (4.83;9.09) P, =9.999, ,,
p,=0.001,

1092 + 4.97 7.97 +3.70 P.= g'gggo—n
12,00 (7.00; 13.5) 7.00 (5.00; 10.00) p,=0.000, ,
pu =0.001 11-12

1025 + 8.67 833675 zu = g'gggo-n
8.68 (6.02; 11.69) 6.9(5.0;9.7) .=0.000,
p,=0.001,

10.44 + 531 7.26+338 zu = g'gg:o-n
10.0(7.0;13.0) 7.0 (5.0;9.25) . =0.000,,,
p,=0.000,

11.23£7.15 8.98+8.19 zu = g'gg‘s’o-n
9.74(6.67; 12.55 7.46 (5.34;10.54 w= 99930,
( ) ( ) o000
10.77 + 4.8 7.66 +3.84 ,’:u = g'gggo-n
12.0(7.0;14.0) 7.0 (5.0;10.0) .=0.000,,,
p,=0.000,

Note. p, — Mann - Whitney test.

The exclusion criterion for an ovary was the presence
of a mass, cyst, or follicle of 10 mm or more in diam-
eter detected during the ultrasound scan performed
in this study. A total of 1665 ovaries that met the in-
clusion criteria were ultimately included in the anal-
ysis. In the control group, 927 ovaries were evaluated
(group 0 in the diagram); in the group with at least
one PCOS criterion (group 12 in the diagram), 597
ovaries were evaluated; in women with two PCOS
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criteria (group 11), 132 ovaries were evaluated (fig. 2).
In women of Caucasian ethnicity, 1024 ovaries met
the inclusion criteria, in Asian women, 458 ovaries,
and in the mixed ethnicity group, 174 ovaries met
the inclusion criteria. Next, the cut-off points (upper
normal values) for ovarian volume and follicle number
were determined to classify women without symptoms
of PCOS with the group of participants demonstrating
single criteria of PCOS and with women with PCOS

Obstetrics and gynaecology
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both in general and taking into account their ethnic-
ity. To clarify the upper normal values for ovarian vol-
ume and of antral follicles number per ovary in wom-
en with any one criterion of PCOS, the following
subgroups were identified when stratifying by ethnic
groups. The overall population is group 0/12, which
included 1052 participants, the average age was

Group 0
OA(-) HA(-) Hs(-)
n =642

34.4 + 6.35 years, the number of ovaries in this group
was 1524. Group 0c/12c - Caucasians (n = 669, number
of ovaries — 953), the average age was 34.4 + 6.4 years.
Group 0a/12a - Asians (n = 285, number of ovaries —
412), average age 33.8 = 6.7 years. Group Om/12m -
participants of mixed ethnicity (n = 98, number of ova-
ries — 159), average age 32.1 £+ 7.3 years (fig. 2).

Group 12
(any symptom of OA or Hs or HA)
n=410

Average age 35.12 £ 6.17 years
Nov. =927

Group Oc — Caucasians

Average age 33.65 £ 6.55 years
Nov.= 597

Group 12c - Caucasians

(n = 421; Nov. = 604)
Average age 35.0 £ 6.2 years

Group 0Oa - Asians
(n =172; nov. = 248)

(n = 248; nov. = 349)
Average age 33.0 £ 6.6 years

Group 12a - Asians
(n=113; nov. = 164)

Average age 34.0 £ 6.7 years

Group Om — mixed
(n =49; nov. = 75)

Average age 32.6 £ 5.5 years

Group 11m - mixed
(n =49; nov. = 84)

Average age 30.8 £ 8.0 years

FIG. 2.

Average age 33.6 £ 5.9 years

Inclusion diagram of study participants to determine cut-off points for ovarian volume and follicle number when classifying pa-

tients into groups 0-12 overall and by ethnicity

FIG. 3.

ROC-curves for ovarian volume and antral follicles number per ovary for premenopausal women (group 0/group 12 (any one sign
of PCOS according to NIH criteria (hyperandrogenism/oligoanovulation)) for overall population, Caucasian women, Asian women,

and women of mixed ethnicity
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TABLE 4

CUT-OFF POINTS FOR OVARIAN VOLUME AND FOLLICLE NUMBER WHEN CLASSIFYING THE PATIENTS INTO
GROUPS OVERALL AND BY ETHNICITY (GROUP 0/GROUP 12 (ANY ONE SIGN OF PCOS ACCORDING TO NIH
CRITERIA (HYPERANDROGENISM/ OLIGOANOVULATION))

Parameters c:;"‘::f 95 :A’ﬁc;:‘i’;:s“t' AUC fi i °/A°lfé Sensitivity  Specificity PSPR  PSNR
Ovarian volume
All ethnic groups 7.55 (6.83; 8.75) 0.57 (0.54; 0.60) 0.39 0.77 0.11 0.54
Caucasians 7.71 (6.95;9.79) 0.58 (0.54; 0.62) 0.42 0.75 0.14 0.51
Asians 5.74 (5.19;9.36) 0.56 (0.50; 0.62) 0.54 0.63 0.24 0.35
Mixed ethnicity 741 (6.04;7.47) 0.61 (0.52;0.70) 045 0.89 0.11 0.67
Antral follicles number per ovary

All ethnic groups 8.50 (6.50; 9.50) 0.60 (0.57;0.63) 0.39 0.80 0.09 0.61
Caucasians 8.50 (6.50; 9.50) 0.62 (0.58; 0.66) 0.44 0.78 0.12 0.56
Asians 6.50 (5.50; 10.50) 0.58 (0.52; 0.64) 0.55 0.61 0.23 0.36
Mixed ethnicity 7.50 (7.50; 8.50) 0.63 (0.55;0.72) 0.44 0.85 0.14 0.57

Note. PSPR - prognostic significance of a positive result; PSNR - prognostic significance of a negative result.

ROC-analysis was performed on the data set ob-
tained in the groups of women presented in figure 3.
The threshold values and diagnostic efficiency of the OV
and antral follicles number per ovary are presented
in table 4.

Determination of cut-off points for ovarian volume
and follicle number when classifying the patients
into groups 0-12 of women of Caucasian, Asian,
and mixed ethnicity aged less than 35 years
and aged 35 years and older inclusive

To clarify the cut-off values for OV and antral folli-
cles number per ovary in women with any one criteri-
on of PCOS, the following subgroups were identified
when stratifying the patients by ethnic groups and age.
The overall population is the 0/12 group, which includ-
ed 1052 participants, the average age was 34.4 + 6.35
years, the number of ovaries was 1524; then, depend-
ing on age, the women were divided into participants
aged 18-34 years and 35-44 years. As a result, the dis-
tribution by groups is as follows: group 0al1/12a1 -
496 participants, the average age was 28.91 + 3.84
years, 726 ovaries were subject to assessment; Group
0c_,/12c_, - Caucasians aged 18-34 years (n = 324,
number of ovaries — 466), average age 28.94 + 3.85
years; Group Oa, /12a, - Asians aged (n =122, number
of ovaries — 177), average age 28.84 + 3.95 years; Group
Om, /12m, - participants of mixed ethnicity (n = 50,
number of ovaries — 83), average age 28.88 + 4.06 years
(fig. 4).

Womenaged 35-44 yearsweredistributed asfollows:
group 0_/12_ - 556 women, average age 39.59 + 3.03
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years, 798 ovaries; group 0c_/12c_, - Caucasians aged
18-34 years (n = 345, number of ovaries — 487), average
age 39.56 * 3.08 years; group 0a_/12a_, - Asians aged
35-44 years (n = 163, number of ovaries — 235), aver-
age age 39.69 + 2.92 years; group 0c_/12c_, — women
of mixed ethnicity (n = 48, number of ovaries - 76), aver-
age age 39.42 + 3.07 years (fig. 4).

Next, ROC analysis was performed on the data set
obtained in the groups presented in figure 3. The thresh-
old values and diagnostic efficiency of the OV and antral
follicles number per ovary are presented in table 4.

The threshold values for OV in women with one cri-
terion of PCOS were: for all ethnic groups - 7.55 cm?;
for Caucasians — 7.74 cm?; for Asians - 5.74 cm?3; for rep-
resentatives of mixed ethnicity — 7.41 cm3. The area
under the curve (AUC) for ovarian volume was 0.57,
0.58, 0.56 and 0.61, respectively. The threshold values
for antral follicles number per ovary in women with one
criterion of PCOS were: for all ethnic groups - 8.50;
for Caucasians - 8.50; for Asians - 6.50; for representa-
tives of mixed ethnicity - 7.50. The AUC of antral follicles
number per ovary was 0.60, 0.62, 0.58 and 0.63, respec-
tively (table 3).

The cut-off values for OV in women with any one
PCOS criterion, taking into account age for all ethnic
groups, for participants aged 18-34 years were 7.48 cm?
(AUC = 0.63), which was statistically significantly high-
er than the cut-off levels for women aged 35-44 years
(4.63 cm?; AUC=0.53; p < 0.05) (table 5). For Caucasians
in the age group of 18-34 years, this value was 8.02 cm?
(AUC = 0.62), which was statistically significantly high-
er than the cut-off levels for women aged 35-44 years
(5.22 cm?; AUC = 0.535; p < 0.05) (table 5).

Obstetrics and gynaecology



Group 0 OA(-) HA(-) Hs(-) 18-44 years - »| Group 12 (any one symptom of PCOS according to NIH
0 (n =642; nov. = 927) criteria) (HA/OA) 18-44 years (n = 410; nov. = 597)
Group 0 OA(-) HA(-) Hs(-) Group 12 (any one symptom
> under 35 years - > of PCOS) under 35 years -
0al (n=277; nov.= 391) 12a1 (n = 219; nov. = 335)

| Group Caucasians Ocal (n = 182; nov. = 253) |<—>| Group Caucasians 12cal (n = 142; nov. = 213) |
| Group Asians Oaal (n =72; nov.= 101) |<—>| Group Asians 12aal (n = 50; nov. = 76) |

| Group Mixed ethnicity 0ma1 (n = 23; nov. = 37) |<—>|Group Mixed ethnicity 12ma2 (n = 27; nov. = 46)|

Group 0 Group 12
- OA(-) HA(-) Hs(-) _ _ any one symptom of PCOS -
35-44 years inclusive h - 35-44 years inclusive
0a2 (n = 365; nov. = 536) 12a2 (n=191; nov. = 262)

| Group Caucasians 0ca2 (n = 239; nov.= 351) |<—>| Group Caucasians 12ca2 (n = 106; nov. = 136) |

Group Asians 0aa2 (n = 100; nov. = 147) |<—>| Group Asians 12aa2 (n = 63; nov. = 88) |

| Group Mixed ethnicity Oma2 (n = 26; nov. = 38) |<—>|Group Mixed ethnicity 12ma2 (n = 22; nov. = 38)

FIG. 4.
Inclusion diagram of study participants to determine cut-off points for ovarian volume and follicle number when classifying pa-
tients into groups 0-12 overall, by age and by ethnicity

TABLE 5

CUT-OFF POINTS FOR OVARIAN VOLUME AND FOLLICLE NUMBER WHEN CLASSIFYING PATIENTS UNDER
35 YEARS OF AGE AND 35-44 YEARS OF AGE INTO GROUPS 0-12

Cut-off 95% ClI for cut- 95% CI ——_ S
Parameters T e AUC for AUC Sensitivity  Specificity PSPR PSNR

Ovarian volume

All ethnic groups
under 35 years of age, 748 (6.19;9.13) 0.63 (0.59; 0.67) 0.53 0.69 0.22 0.40
0/12a1 (n =726)

All ethnic groups
35-44 years of age, 4.63 (3.02;5.42) 0.53 (0.49; 0.58) 0.40 0.72 0.27 0.23
0/12a2 (n =798)

Caucasians under
35 years of age, 8.05 (6.33;9.76) 0.62 (0.57;0.67) 0.52 0.71 0.21 0.42
0/12a1 (n = 466)

Caucasians 35-44
years of age, 0/12a2 5.22 (3.65; 6.27) 0.55 (0.49;0.61) 0.49 0.65 0.29 0.26
(n=487)

Asians under 35 years
of age, 0/12a1 5.30 (5.04;9.53) 0.64 (0.55;0.72) 0.78 0.51 0.49 0.19
(n=177)

Asians 35-44 years
of age, 0/12a2 4.73 (3.09; 6.18) 0.62 (0.54; 0.70) 0.26 0.87 0.21 0.18
(n=235)

Mixed ethnicity
under 35 years of age,  7.30 (5.56; 8.63) 0.66 (0.54;0.78) 0.57 0.84 0.21 0.52
0/12a1 (n =83)

Mixed ethnicity 35-44
years of age, 0/12a2 6.83 (5.79; 8.63) 0.62 (0.50;0.73) 0.37 0.95 0.09 0.71
(n=76)
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TABLE 5 (continued)

Antral follicles number per ovary

All ethnic groups
under 35 years of age,
0/12al (n =726)

All ethnic groups
35-44 years of age,
0/12a2 (n =798)

Caucasians under
35 years of age,
0/12a1 (n = 466)

Caucasians 35-44
years of age, 0/12a2
(n =487)

Asians under 35 years
of age, 0/12a1
(n=177)

Asians 35-44 years
of age, 0/12a2
(n=235)

Mixed ethnicity
under 35 years of age,
0/12a1 (n=83)

Mixed ethnicity 35-44
years of age, 0/12a2
(n=76)

9.50

6.50

9.50

6.50

9.50

5.50

7.50

7.50

(7.50; 10.50) 0.63

(6.50; 10.50) 0.52

(8.50; 11.50) 0.63

(6.50; 10.50) 0.52

(5.50; 10.50) 0.60

(1.0; 0.45) 0.59

(7.50; 8.50) 0.68

(7.50; 8.50) 0.64

(0.58;0.67) 0.48 0.75 0.16 0.51
(0.48;0.57) 0.38 0.72 0.12 0.49
(0.58; 0.68) 0.53 0.72 0.20 0.45
(0.45; 0.58) 0.43 0.68 0.16 0.44
(0.52; 0.69) 0.37 0.86 0.09 0.66
(0.51;0.67) 0.56 0.59 0.27 0.31
(0.57;0.80) 0.57 0.86 0.25 0.49
(0.53;0.75) 0.34 0.87 0.07 0.69

Determination of cut-off points for ovarian

volume and follicle count when classifying
the patients into groups 0-11 overall
and by ethnicity

To clarify the upper normal values for OV and an-
tral follicles number per ovary in women with two signs
of PCOS according to the NIH criteria, the following
subgroups were identified when stratifying by ethnic

groups. The overall population is group 0/11, which in-
cluded 724 participants, the average age was 33.1 £ 7.2
years, the number of ovaries was 1059. Group 0c/11c -
Caucasians (n = 467, the number of ovaries was 675),
the average age was 34.8 + 6.9 years. Group 0a/11a -
Asians (n = 199, the number of ovaries was 294), the av-
erage age was 32.1 £ 6.9 years. Group Om/11m — women
of mixed ethnicity (n = 58, the number of ovaries was
90), the average age was 32.9 + 8.3 years (fig. 5).

Group 0

OA(-) HA(-) Hs(-)

n=642

Average age 35.12 + 6.17 years

Nov. = 927

Group 11
OA(+) HA(+) Hs(+)
n=282

Average age 31.65 + 6.55 years
Nov=132

Group Oc — Caucasians

(n = 421; Nov. = 604)

Average age 35.0 = 6.2 years

Group 11c - Caucasians

(n=46; nov.=71)
Average age 34.5 * 6.8 years

Group 0a - Asians
(n=172; nov. = 248)

Average age 34.0 = 6.7 years

Group 11a - Asians
(n=27; nov. = 46)

Average age 31.2 = 5.8 years

FIG. 5.

Group Om — mixed
(n=49; nov. = 75)

Average age 30.8 = 8.0 years

Group 11m - mixed
(n =9; Nov. = 15)

Average age 34.4 £+ 6.9 years

Inclusion diagram of study participants to determine cut-off points for ovarian volume and follicle number when classifying pa-
tients into groups 0-11 overall and by ethnicity
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ROC-analysis was performed on the data set ob- The threshold values for OV in women with two
tained in the groups presented in figure 6. The thresh- PCOS criteria were: for all ethnic groups - 8.11 cm?;
old values and diagnostic efficiency of OV and antral for Caucasians - 8.4 cm?; for Asians — 6.56 cm?; for rep-
follicles number per ovary are presented in table 6. resentatives of mixed ethnicity - 7.11 cm3. The AUC

FIG. 6.

ROC-curves for ovarian volume and antral follicles number per ovary for premenopausal women (group 0/group 11 (PCOS according
to NIH criteria (hyperandrogenism/oligoanovulation)) for overall population, Caucasian women, Asian women, and women of mixed
ethnicity

TABLE 6

CUT-OFF POINTS FOR OVARIAN VOLUME AND FOLLICLE NUMBER WHEN CLASSIFYING PATIENTS
INTO GROUPS OVERALL AND BY ETHNICITY (GROUP 0/GROUP 11 (PCOS ACCORDING TO NIH CRITERIA
(HYPERANDROGENISM/OLIGOANOVULATION))

Cut-off 95% Cl for cut- 95% Cl for P P
Parameters point off points AUC AUC Sensitivity Specificity PSPR PSNR

Ovarian volume

All ethnic groups 8.11 (7.62; 8.66) 0.73 (0.67;0.78) 0.62 0.80 0.15 0.61
Caucasians 8.40 (7.61;8.81) 0.74 (0.67; 0.82) 0.70 0.79 0.18 0.59
Asians 6.56 (4.71;9.37) 0.70 (0.62;0.79) 0.63 0.75 0.20 0.51
Mixed ethnicity 7.51 (5.73; 8.57) 0.89 (0.81;0.97) 0.87 0.91 0.17 0.73

Antral follicles number per ovary

All ethnic groups 9.50 (7.50; 10.50) 0.78 (0.73;0.82) 0.61 0.86 0.12 0.70
Caucasians 9.50 (8.50; 11.50) 0.79 (0.73; 0.86) 0.69 0.84 0.15 0.65
Asians 6.50 (6.50; 11.00) 0.76 (0.68; 0.83) 0.67 0.70 0.29 0.40

Mixed ethnicity 8.50 (7.50;9.00) 0.88 (0.75; 1.00) 0.87 0.95 0.15 0.78

Note. PSPR - prognostic significance of a positive result; PSNR — prognostic significance of a negative result.
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for ovarian volume was 0.73, 0.74, 0.71 and 0.89, re-
spectively. The threshold values for antral follicles
number per ovary in women with one PCOS criterion
were: for all ethnic groups - 9.50; for Caucasians - 9.50;
for Asians - 6.50; for representatives of mixed ethnici-
ty — 8.50. The AUC of antral follicles number per ovary
was 0.78, 0.79, 0.76 and 0.88, respectively (table 6). Con-
sidering the high values of sensitivity and specificity
for the threshold levels of OV and antral follicles number
per ovary both in the overall population and depending
on ethnicity, we can conclude that the diagnostic ability
of the studied variables is satisfactory.

Determination of cut-off points for ovarian volume
and follicle count when classifying the female
patients aged less than 35 years and aged 35 years
and older inclusive (group 0-11)

Atthe nextstage, to determine the upper normal val-
ues for OV and antral follicles number per ovary in wom-
en with two signs of PCOS according to the NIH criteria,
the following subgroups were identified when stratified
the patients by ethnic groups and age. The overall pop-
ulation is group 0/11, which included 724 participants,
the average age was 34.72 + 6.30 years, n_ = 1059.
The women were then divided depending on age into
participants aged 18-34 years (B1) and 35-44 years
(B2). Taking into account the age, the following groups
were ultimately formed. Group 0,/11_, included 329
participants, average age 28.96 + 3.93 years, n_ = 480.

Group 0 OA(-) HA(-) Hs(-) 18-44 years

Group Oc_ /11c_, included Caucasians aged 18-34 years
(n=212;n_=302),average age 28.83 + 3.94 years. Group
0a_/11a_ mcIuded Asians aged (n = 87; n,, = 128), aver-
age age 29 55 + 3.68 years. Group Om_ /1 7 m_, included
individuals of mixed ethnicity (n = 30; nov‘— 50) average
age 28.17 + 4.49 years (fig. 7).

Women aged 35-44 vyears were distributed
as follows: group 0_/11_, - 395 participants, average
age 39.52 £ 4.04 years,n_ = 579; group Oc_/11c_, - Cau-
casians aged 18-34 years (n = 255; n,= 373), average
age 39.49 + 3.08 years; group 0a_/11a_, - Asians aged
(n =112; n,= 166), average age 39.44 + 3.01 years;
group Om_/11m_, - individuals of mixed ethnicity
(n=28; n,= = 40), average age 40.14 + 2.85 years (Fig. 7).

Thethreshold values for OVin women with two crite-
ria of PCOS, taking into account age for all ethnic groups
were: for participants aged 18-34 years - 8.39 cm?
(AUC = 0.77); for women aged 35-44 years - 8.43 cm?
(AUC = 0.58); for Caucasians in the age group 18-34
years — 8.57 cm?® (AUC = 0.80); in the group of women
aged 35-44 years - 8.51 cm? (AUC = 0.80) (table 7).

For Asian women aged 18-34 years, the thresh-
old for ovarian volume was determined as 6.52 cm?
(AUC 0.75), for the age group 35-44 years -
6.75 cm?® (AUC 0.72). For 18-34-year-old partici-
pants in the mixed group, the threshold was 7.50 cm?
(AUC = 0.86), for the age group 35-44 years — 7.50 cm?
(AUC = 0.87) (table 7). We noted the absence of statisti-
cally significant differences in ovarian volume in women
aged 18-34 and 35-44 years in all ethnic groups.

Group 12 (2 symptoms of PCOS according to NIH criteria)

0 (n = 642; Nov. = 927)

Group 0 OA(-) HA(-) Hs(-)

(HA/OA) 18-44 years (n = 82; nov.= 132)

Group 11 (2 symptoms of PCOS)

under 35 years
0al (n=277; nov.=391)

Group Asians 0aal (n = 72; nov.= 101)

Group 0
OA(-) HA(-) Hs(-)

| Group Caucasians Ocal (n = 182; nov. = 253) |<—>| Group Caucasians 11cal (n = 30; nov.=49) |

p—

| Group Mixed ethnicity Oma1 (n = 23; nov. = 37) |<—>| Group Mixed ethnicity 11ma2 (n = 7; nov. = 13) |

under 35 years
11a1 (n=52; nov. = 89)

Group Asians 11aal (n = 15; nov. = 27) |

Group 11
2 symptoms of PCOS

35-44 years inclusive
0a2 (n = 365; nov. = 536)

Group Asians 0aa2 (n = 100; nov. = 147)

FIG. 7.

| Group Caucasians 0ca2 (n = 239; nov. = 351) |<—>| Group Caucasians 11ca2 (n = 16; nov.

pa—

| Group Mixed ethnicity 0Oma2 (n = 26; nov. = 38) |<—>| Group Mixed ethnicity 11ma2 (n = 2; nov. =

\i

35-44 years inclusive
11a2 (n = 30; nov. = 43)

Group Asians 11aa2 (n = 12; nov.= 19)

Inclusion diagram of study participants to determine cut-off points for ovarian volume and follicle number when categorized into

groups 0-11 overall, by age and by ethnicity
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TABLE 7

CUT-OFF POINTS FOR OVARIAN VOLUME AND FOLLICLE NUMBER WHEN CLASSIFYING PATIENTS UNDER

35YEARS OF AGE AND 35-44 YEARS OF AGE INTO GROUPS 0-11

Parameters

All ethnic groups
under 35 years
of age, 0/11a1
(n=2815)

All ethnic groups
35-44 years of age,
0/11a2 (n =579)

Caucasians under
35 years of age,
0/11alc (n=302)

Caucasians 35-44
years of age,
0/11a2c (n=373)

Asians under
35 years of age,
0/12a1(n=128)

Asians 35-44 years
of age, 0/11a2a
(n=166)

Mixed ethnicity
under 35 years
of age, 0/11a1m
(n=50)

Mixed ethnicity
35-44 years of age,
0/11a2m (n = 40)

All ethnic groups
under 35 years
of age, 0/11a1
(n=815)

All ethnic groups
35-44 years of age,
0/11a2 (n =579)

Caucasians under
35 years of age,
0/11alc (n=302)

Caucasians 35-44
years of age,
0/11a2c (n=373)

Asians under
35 years of age,
0/12a1 (n=128)

Cut-off 95% Cl for cut-

point

8.39

8.43

8.57

8.51

6.52

6.85

7.51

7.50

10.50

6.50

11.50

11.50

10.50

off points Auc

(7.58;9.04) 0.77

(4.58; 10.62) 0.58

(7.58;9.06) 0.80

(7.58;9.17) 0.80

(5.23;9.53) 0.75

(5.34;9.50) 0.72

(5.73;8.57) 0.86

(5.73;8.57) 0.87

95% CI
for AUC

Ovarian volume

(0.71;0.82)

(0.49; 0.68)

(0.72;0.87)

(0.73;0.87)

(0.64; 0.85)

(0.62;0.82)

(0.75;0.97)

(0.77;0.97)

Sensitivity

0.73

0.40

0.84

0.41

0.78

0.84

0.92

1.00

Antral follicles number per ovary

(8.50;11.50) 0.82

(6.50; 9.50) 0.65

(9.50; 11.50) 0.84

(9.50; 11.50) 0.84

(7.50; 11.00) 0.76

(0.77;0.87)

(0.55;0.74)

(0.77;0.90)

(0.78; 0.90)

(0.65;0.87)
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0.73

0.58

0.82

0.59

0.63

Specificity

0.76

0.87

0.74

0.87

0.67

042

0.84

0.71

0.85

0.72

0.82

0.79

0.91

PSPR

0.24

0.05

0.29

0.06

0.35

0.54

0.30

0.35

0.19

0.73

0.23

0.13

0.11

PSNR

0.51

0.75

0.48

0.75

0.37

0.15

0.57

0.46

0.63

0.49

0.59

0.62

0.75



TABLE 7 (continued)

Asians 35-44 years
of age, 0/11a2a
(n=166)

6.50 (6.50; 11.00) 0.76

Mixed ethnicity
under 35 years
ofage, 0/11aTm
(n=50)

8.50 (7.50; 10.00) 0.96

Mixed ethnicity
35-44 years of age,
0/11a2m (n = 40)

8.50 (7.50; 11.00) 0.96

DISCUSSION

In our study, cut-off points for OV and antral folli-
cles number per ovary were determined using pairwise
comparisons of three groups: 1) women with regular
cycles and no signs of hyperandrogenism versus 2)
study participants with oligomenorrhea/olianovu-
lation [4, 5] and hyperandrogenism (hirsutism and/
or hyperandrogenemia) [4, 5, 17], the combination
of which allows the diagnosis of PCOS without assess-
ment of ovarian ultrasonographic characteristics, or 3)
women with either oligoanovulation or any one sign
of hyperandrogenism.

According to our data, for differentiation of the 1
and 2" comparison groups in Caucasians, the best
compromise between sensitivity and specificity was
achieved with a diagnostic threshold for OV > 9 cm?,
which did not depend on age (8.57 cm® and 8.51 cm?
in the younger and older age groups, respective-
ly) and was slightly lower compared to the results
of previous studies presented by E. Carmina et al. [18],
D. Dewailly et al. [19] and M.E. Lujan et al. [20], where
the ULN was 10 cm?.

For Asian women, the upper normal value for ovary
that we determined also did not differ statistically sig-
nificantly depending on age. Thus, at the age of 18-34
years, the ULN for ovary was determined as 6.52 cm?,
and for the age group of 35-44 years - 6.75 cm?, which
is consistent with the data obtained previously in Kore-
an patients with PCOS [8], who had the right ovary vol-
ume of 6.4 cm?, the left - 6.7 ml [8], as well as in Chinese
women [21]: the ULN values for ovary were 6.3 cm?® [22]
and 7 cm? [23]. A lower OV in women of the Asian pop-
ulation with PCOS compared to Caucasians has been
mentioned previously [24-26].

When comparing patients with two criteria
for PCOS and a control group of Caucasian ethnicity,
high values of sensitivity and specificity were deter-
mined at a threshold level of FNPO > 12, while D. De-
wailly et al. [19] and M.E. Lujan et al. [20] on a similar

(0.68;0.83)

(0.92; 1.00)

(0.92; 1.00)
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0.67 0.70 0.29 0.40

1.00 0.92 0.30 0.64

1.00 0.45 0.4 0.27

sample proposed an ULN for FNPO at a level of > 19
and > 26, respectively. The authors substantiated their
results by the high sensitivity of modern ultrasound
devices and assumed that the use of a lower thresh-
old for assessing FNPO would lead to overdiagnosis
of PCOM in young women with a high ovarian reserve.

Our study demonstrated the high performance
of FNPO as a marker of PCOM in women of the Asian sub-
population. The best compromise between sensitivity
and specificity was achieved with a threshold for FNPO
> 11, which is consistent with the results of estimating
the ULN for FNPO in Asian women obtained by other
researchers: > 10 [22], > 11.25 for young women under
35 years old and > 10.75 for the older age group [271].

For women of mixed ethnicity, according to the results
of our study, the ULN for OV was > 8 cm?, and for FNPO
> 9. The data obtained are unique, since similar stud-
ies have not been previously conducted in populations
of women of mixed (Caucasian-Asian) ethnicity.

The obtained values can be explained by the con-
tingent included in the study (a small number of young
women aged 18-25 years) with an average age of par-
ticipants in the 18-35 group of 28.83 + 3.94 years.
It is known that the period of the most rapid loss of fol-
licles in both women with PCOS and those without
PCOS occurs between the ages of 18 and 30 years [28].

Strengths of the study. Overall, given the high
sensitivity and specificity values for the ovarian volume
and antral follicles number cut-off levels which we de-
termined both in the overall population and depend-
ing on ethnicity, we can conclude that the diagnostic
ability of the studied variables is satisfactory. An im-
portant advantage of our study is that all participants
were recruited from a non-selective multiethnic popu-
lation of women with comparable socio-demographic
characteristics and living in the same geographic con-
ditions [12, 29]. We consider the population of Eastern
Siberia as an ideal model for studying the character-
istics of PCOM in Caucasians and Asians using ethni-
cally dependent normative ranges of androgens [30].

Obstetrics and gynaecology



Another advantage is that testosterone measurement
for the diagnosis of hyperandrogenemia in our study
was performed using the HPLC-MS/MS method [31],
while our previously developed population-specific
standards for assessing hirsutism were used.

Limitations of the study. In our study, the exam-
ination of patients was carried out using mid-range ul-
trasound equipment. At the same time, mid-range ultra-
sound devices are the most frequently used equipment
in practical healthcare and our data are as close as pos-
sible to the realities of routine medical practice.

CONCLUSION

For a differentiated approach to identifying PCOM
in women of reproductive age of different ethnic groups,
it is necessary to take into account the normative values
we have developed: thus, in Caucasians, it is advisable
to diagnose PCOM with an ovarian volume of 9 cm?® and/
or FNPO = 12; in women of the Asian population, an ovari-
an volume of 7 cm?® and/or FNPO = 11 is diagnostically sig-
nificant, and for women of mixed ethnicity - 8 cm® and/
or > 9, respectively. When assessing age aspects, we noted
the absence of statistically significant differences in the up-
per normal values of OV and FNPO in women aged 18-34
and 35-44 years in all ethnic groups.
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