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Abstract

Background: Advancements in ultrasound technology have facilitated identifying polycystic ovarian morphology
(PCOM) in women with and without polycystic ovary syndrome (PCOS), but it still has limitations due to follicle
counting methods and variation of phenotypes according to ethnicity. Ethnicity-specific ovarian morphology may help
to establish ethnicity-specific follicle count cut points for defining PCOM in women with PCOS.

Objectives: To investigate the prevalence and factors associated with PCOM in Thai women of a reproductive age
with PCOS.

Methods: This prospective cross-sectional study was conducted in our gynecology department at a tertiary teaching
hospital from February 2016 to May 2017. We included women with PCOS, who were measured for weight, height,
waist circumference, and blood pressure. Blood samples were taken to measure fasting blood glucose, lipid profile,
testosterone level, and 2 h post-load 75 g oral glucose tolerance test (OGTT). Transvaginal or transrectal sonography
was performed to evaluate their ovaries.

Results: All 143 patient participants we included had oligomenorrhea, 77.6% of them had acne, and 64.3% hirsutism.
Their average total testosterone level was 0.47 £ 0.10 ng/mL. The prevalence of PCOM was 55.2%. The proportions
of PCOM diagnosed by ovarian follicle and ovarian volume criteria were 36.4% and 42.0%, respectively. There were
20.0 + 9.5 follicles per ovary, 8.3 £ 3.1 follicles per cross section, and the mean ovarian volume was 7.9 £ 3.0 mL.
Conclusion: The overall prevalence of PCOM in Thai women of reproductive age with PCOS was 55.2%. Our
univariate analysis found no factors significantly associated with PCOM.
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Polycystic ovary syndrome (PCOS) is one of the most common
endocrinopathies, with a prevalence of approximately 10%
among women of a reproductive age [1]. Insulin resistance
(IR) is considered a main feature of women with PCOS. Con-
sequently, these patients are at a higher risk of having type 2

diabetes mellitus (DM) and metabolic syndrome [2—6]. Early
diagnosis of PCOS may facilitate early detection of metabo-
lic disorders, which may help to prevent long-term metabolic
sequelae. The etiology of PCOS remains unknown. Diagnosis
of PCOS is currently based on the Revised Rotterdam Criteria
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(2003) [7], which requires the presence of at least 2 of the
following 3 criteria: (1) oligomenorrhea and/or amenorrhea,
(2) clinical and/or biochemical hyperandrogenism, and/or (3)
ultrasonographic evidence of polycystic ovarian morphology
(PCOM). PCOM is defined as the presence of at least 12 follic-
les in cross-sectional plan measuring 2—-9 mm in diameter and/
or volume of either ovary greater than 10 mL. Other causes of
chronic anovulation must be excluded before making a diag-
nosis of PCOS.

Advancements in ultrasound technology have facilitated
identifying PCOM in women with and without PCOS [8, 9].
Evidence found by many studies suggests that the threshold
value of 12 or more follicles per cross section plane may need
to be revised. In 2014, the Androgen Excess and Polycystic
Ovary Syndrome Society (AEPCOS) conducted a systematic
review to validate a new threshold value of follicle number
per ovary (FNPO) for defining PCOM. The society task force
issued a revised recommendation that at least 25 follicles
should be used as a new threshold for defining PCOM [10].
Even with the new FNPO threshold for diagnosing PCOM,
ultrasonography has limitations [11]. These limitations include
differences in follicle counting methods, observer variabi-
lity regarding the number of follicles, the impact of imaging
technology on follicle count variability, and variation in phe-
notypes and endocrinology among different ethnic groups.
Ethnicity-specific ovarian morphology in PCOS women may
help to establish ethnicity-specific follicle count cut points for
defining PCOM in PCOS women.

Accordingly, the primary aim of this study was to deter-
mine the prevalence of PCOM in Thai women of reproduc-
tive age with PCOS. The secondary objective was to identify
factors associated with PCOM.

Methods

This prospective cross-sectional study in women diagnosed
with PCOS was conducted at the Gynecologic Endocrino-
logy Unit, Department of Obstetrics and Gynecology, Faculty
of Medicine Siriraj Hospital, Mahidol University, Bangkok,
Thailand, from February 2016 to May 2017. The study’s pro-
tocol was approved by the Siriraj Institutional Review Board
(COA Si049/2016), and written informed consent was obtai-
ned from all participants. The study was conducted in full
compliance with international guidelines for human research
protection, such as the Declaration of Helsinki, the Belmont
Report, CIOMS Guidelines, and the International Conference
on Harmonization in Good Clinical Practice (ICH-GCP) and
their contemporary amendments. The present study is reported
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according to STROBE cross-sectional reporting guidelines
[12].

Thai women with PCOS aged 18-45 years were inclu-
ded. PCOS was diagnosed according to the Revised Rot-
terdam Criteria 2003 [7]. Oligomenorrhea was defined
as menstrual cycle length of more than 35 days or having
menstruation fewer than 10 cycles per year. Amenorrhea was
defined as the absence of menstrual bleeding for more than
6 months or 3 cycles. The presence of acne, hirsutism, male
androgenetic alopecia (MAA), or virilization defined clini-
cal hyperandrogenism. Acne was evaluated using the crite-
ria recommended by the Dermatological Society of Thailand
2011 [13]. Acne severity was graded as follows: (1) mild
acne: “presence of comedones and/or more than 10 papules
or pustules”; (2) moderate acne: “more than 10 papules or
pustules, and/or less than 5 nodules”; and (3) severe acne:
“numerous papules, pustules, and/or nodules”. In the present
study, hirsutism was assessed according to the modified Fer-
riman—Gallway scoring (mFGs) system, with a cutoff score
for diagnosis of at least 5 [14—17]. The Ludwig scale was
used to categorize male androgenetic alopecia as mild, mode-
rate, or severe. Biochemical evidence of hyperandrogenemia
was defined as a serum total testosterone level >0.8 ng/mL
[18]. Women who had undergone surgery on either one or
both ovaries, who were pregnant at the time of study enroll-
ment, and/or who received hormone or steroid treatment
within 3 months before the invitation to enroll in the present
study were excluded.

Patient history was taken, including menstrual history,
underlying disease, and current medication. Physical exami-
nation was conducted to measure vital signs, height, weight
and waist circumference, mFGS or other signs of hyperand-
rogenism. All participants received a pelvic ultrasonographic
scan, which was followed by a venous phlebotomy.

Pelvic ultrasonography was performed by using either a
transvaginal approach (TVS) or transrectal approach (TRS),
and the scan was performed by 2 ultrasonographers to eva-
luate for FNPO, follicle number per cross-section (FNPS),
and ovarian volume (OV). A TRS was performed in virgin
women. Participants were evaluated during the follicular
phase or the anovulatory period. Pelvic ultrasonography was
performed using an Aloka ProSound Alpha 6 system (Hitachi
Aloka Medical, Mitaka, Japan) with a 7.5 MHz transvaginal
or transrectal probe. Ovaries were evaluated starting from
the inner to the outer border. If a dominant follicle, a corpus
luteum, or some other abnormal ovarian cyst was detected
by pelvic sonography, then participants were excluded. The
length and width of the ovary were measured at the plane that
demonstrated the most number of follicles. The transducer
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probe was then rotated 90° to measure the thickness of the
ovary. OV was calculated using a formula for a prolate ellip-
soid (0.5 x length x width x thickness). Follicle size was cal-
culated by taking the average of 2 perpendicular diameters,
and the follicles with a diameter of 2-9 mm were counted.
In each ovary, the FNPS was measured in the ovarian plane
containing the maximal number of follicles. The FNPO
was measured by counting the total number follicles in the
entire ovary, during slow and continuous scanning from one
border to the other. Variables for both ovaries were recorded,
and the highest values of FNPO, FNPS, and OV were used
for analysis.

FNPO, FNPS, and OV were examined by 2 ultrasonogra-
phers to assess interobserver reliability. According to a previ-
ous study, intraclass correlation coefficient analysis reported
an interobserver agreement of 0.94 for FNPS and 0.84 for
FNPO [18], whereas interobserver reliability was 0.945 for
FNPS and 0.959 for FNPO. Intraobserver reliability was 0.986
for the first sonographer and 0.981 for the second.

Blood samples were collected on the same day the pelvic
scan was performed. After a 12 h overnight fast, blood was
collected twice. The first sample was taken between 8:00 and
10:00 am to measure the patient’s metabolic profile (glucose,
insulin, cholesterol, triglycerides, high-density lipoprotein
[HDL], low-density lipoprotein [LDL], and total testoste-
rone). The second sample was taken 2 h after administra-
tion of a 75 g glucose loading to determine their glucose and
insulin levels.

All blood samples were sent to the laboratory unit of the
Department of Clinical Pathology, Faculty of Medicine Siriraj
Hospital, Mahidol University, for analysis. Total testosterone,
HDL, LDL, cholesterol, triglycerides, and glucose assays
were assayed on a Modular P800 Chemistry Analyzer (Roche
Diagnostics). Insulin and total testosterone were assayed on
a Modular E170 Modular Analytics Immunoassay Analyzer
(Roche Diagnostics). All methods had inter- and intra-assay
coefficients of variation (CV) <5%.

Patients with a body mass index (BMI) of >25 kg/m? were
classified as obese according to the criteria set by the Internati-
onal Association for the Study of Obesity and the International
Obesity Task Force 2000 [19]. Central obesity was defined as
waist circumference (WC) >80 cm according to the Interna-
tional Diabetes Federation [6]. A blood pressure reading of
>140/90 mmHg was defined as hypertension according to
the criteria set by the World Health Organization/Internatio-
nal Society of Hypertension Writing Group (WHO/ISH) 2003
[20]. A serum level of total cholesterol >200 mg/dL, or LDL
>160 mg/dL, or HDL <50 mg/dL, or triglycerides >150 mg/dL
was defined as dyslipidemia according to the criteria set by
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the National Cholesterol Education Program Adult Treatment
(NCEP ATP) III [21]. Glucose tolerance was evaluated using
a 75 g oral glucose tolerance test (OGTT) according to the
American Diabetes Association (ADA) [22]. Abnormal OGTT
was classified as follows: (i) impaired fasting glucose (IFG) (i.e.,
fasting glucose >100 and <126 mg/dL), (ii) impaired glucose
tolerance (IGT) (i.e., 2 h glucose >140 and <200 mg/dL),
and (iii) type 2 DM (fasting blood glucose >126 mg/dL and/
or 2 h glucose >200 mg/dL). In the present study, IFG, IGT,
and type 2 DM were included in the summation of abnormal
OGTT.

Statistical analyses

Statistical analyses were performed using the Statistical
Package for the Social Sciences SPSS for Windows (version
14). Descriptive statistics were used to describe participant
characteristics. Data are presented as number, percentage, or
mean * standard deviation (SD). A Student # test and Mann—
Whitney U test were used for univariate analysis for conti-
nuous data, and 2 and Fisher exact tests were used for catego-
rical data. No multivariate model was employed in this study,
because univariate analysis revealed no significantly associa-
ted factors. P < 0.05 is regarded as significant.

Results

We enrolled 143 Thai women with PCOS. Table 1 provides
baseline demographic and other characteristics of the pati-
ents. All study participants had clinical oligo/amenorrhea and
hyperandrogenism. The 2 most commonly presenting symp-
toms of clinical hyperandrogenism were acne and hirsutism.
Half of all participants had dyslipidemia, and the average total
testosterone level was 0.47 £ 0.10 ng/mL.

The ovarian morphology of 143 Thai women with PCOS
is provided in Table 2.

Demographic, anthropometric, metabolic, and hormonal
characteristics of 143 Thai women with PCOS are compared
between those with and without PCOM in Table 3. There were
no significant differences between groups for any of the para-
meters evaluated.

Univariate analysis for factors significantly associated
with PCOM is shown in Table 4. This analysis revealed
no significant associations between PCOM and any of the
investigated factors, including obesity, clinical hyperan-
drogenism, hyperandrogenemia, glucose intolerance, or
dyslipidemia.
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Table 1. Baseline demographic and clinical characteristics of 143
Thai women with PCOS

Demographic or characteristic Mean + standard deviation

orn (%)
Age (years) 252+53
Body mass index (kg/m?) 243+6.0
<25 86 (60.1)
>25 57(39.9)
Waist circumference (cm) 79.6+13.8
Parity >1 10 (4.9)
Systolic blood pressure (mmHg) 115.3+15.9
Diastolic blood pressure (mmHg) 70.7£12.5
Clinical presentation
Oligomenorrhea 143 (100)
Hyperandrogenism 143 (100)
Acne 111 (77.6)
Alopecia 24 (16.8)
Hirsutism 92 (64.3)
Biochemical investigations
Fasting blood sugar (mg/dL) 839+114
2h 75 g OGTT (mg/dL) 112.6+38.2
Abnormal OGTT 23 (16.1)
Diabetes mellitus 8(5.6)
Impaired glucose tolerance 22 (15.4)
Dyslipidemia 72 (50.3)
Cholesterol (mg/dL) 194.8 +33.9
Triglycerides (mg/dL) 89.4+49.5
High-density lipoprotein (mg/dL) 61.3+17.8
Low-density lipoprotein (mg/dL) 115.1+33.9
Total testosterone (ng/mL) 0.47 £0.10

PCOS, polycystic ovary syndrome; OGTT, oral glucose tolerance test.

Table 2. Ovarian morphology of 143 Thai women with polycystic
ovary syndrome

Mean * standard
deviation or n (%)

Ovarian morphology

PCOM 79 (55.2)
PCOM by ovarian follicle 52 (36.4)
PCOM by ovarian volume 60 (42.0)

Follicle number per ovary 20.0£9.5

Follicle number per cross section 8.3+3.1

Ovarian volume (mL) 79+3.0

PCOM, Polycystic ovarian morphology.

Discussion

The 55.2% prevalence of PCOM found in this study differs
greatly from the 28% prevalence reported from a previous
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meta-analysis [23] that included 12 studies (5 from Europe, 4
from Asia, 2 from America, and 1 from Australia). However,
the subgroups in the previous meta-analysis were various
(Europe, 40%; America, 13%; Asia, 21%; Australia, 38%).
The meta-analysis found the prevalence of PCOM in PCOS
to be raised in people of European ancestry with obesity and
hyperandrogenism. In the present study, about 50% of women
in the PCOM group had obesity, hyperandrogenism, and
abnormal OGTT. Huang et al. reported a 92.9% prevalence
of PCOM in Asian women with PCOS and 69.9% in Middle
Eastern women with PCOS [23]. A previous study of Thai
women with PCOS found a prevalence of PCOM of 76.9%
[24]. The prevalence of PCOM was higher in that study due
to variations in the characteristics of the study population.
The patients in the present study were younger and less obese
than the population in the previous Thai study. It may then
be suggested that these 2 factors influence endocrinology and
ovarian morphology in PCOS women.

Welt et al. reported a larger OV and number of follic-
les in African American women and women with European
ancestry than in Asian women [25]. In French women,
Dewailley et al. found an FNPO of 19 follicles and OV
of 7 mL [26]. Lujan et al. studied Canadian and American
women with PCOS and found FNPO of 38 follicles, FNPS
of 10 follicles, and OV of 13 mL [17]. A study of Asian
women by Han et al. found an FNPO of 14 follicles and
an OV of 7 mL [27]. The present study found an FNPO of
20.0 £ 9.5 follicles, an FNPS of 8.3 + 3.1 follicles, and an
ovarian volume of 7.9 £ 3.0 mL. The presence of phenoty-
pic differences among various populations suggests genetic
variability, and/or genetic or environmental modifiers of the
PCOS phenotype in various ethnicities. Therefore, we were
unable to identify a definite PCOM cut-point in women with
PCOS because of variations in their phenotype, metabo-
lic abnormality, endocrinology, genetics, and variations in
follicle counting methods and methods of measurement by
ultrasonography.

The International PCOS Networks
2018 [28] suggests using pelvic ultrasonography to detect
PCOM, which could be used with either a transabdominal
or transvaginal approach. Transabdominal ultrasound is best

Recommendation

focused on an ovarian volume having a cutoff of 10 mL or
higher, while a transvaginal approach could be used for either
follicle count or volume. The frequency of vaginal transdu-
cer should be high to provide good resolution. An automated
volume calculation program in some ultrasound machines
could be used to determine the number of follicles per ovary,
per cross section, and ovarian volume. However, this program
might not be available in every hospital, especially in regions
having limited resources.
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Table 3. Demographic, anthropometric, metabolic, and hormonal characteristics of 143 Thai women with PCOS compared between those with

and without PCOM

Characteristic Total No PCOM PCOM P
Age (years) 252453 254+5.9 25.1+4.9 0.70
Body mass index (kg/m?) 242+6.1 253+7.0 234+5.1 0.050
Waist circumference (cm) 79.5£139 82.0+15.2 774+124 0.050
Hirsutism 92 44 (47.8) 48 (52.2) 0.38
Acne 111 51 (45.9) 60 (54.1) 0.69
Alopecia 24 7(29.2) 17 (70.8) 0.12
Fasting blood sugar (mg/dL) 840£11.4 8491147 833+78 0.39
2h75gOGTT (mg/dL) 112.4+38.0 114.6 £ 35.1 110.6 +40.4 0.52
Cholesterol (mg/dL) 195.0£34.0 192.6 £32.5 197.1£353 0.43
Triglycerides (mg/dL) 88.0+48.75 86.7 £44.9 90.7£51.9 0.62
Low-density lipoprotein (mg/dL) 115.3+34.1 1156 £33.7 115.1+34.7 0.93
High-density lipoprotein (mg/dL) 61.6+17.8 594+17.6 63.4+17.9 0.17
Fasting insulin (ulU/mL) 12.6£10.9 125+9.3 126 £12.1 0.29
Albumin (g/dL) 4.54+0.26 4.48 +£0.28 4.59+0.24 0.44
Testosterone (ng/mL) 0.47+0.18 0.41+0.17 0.52+0.18 0.43
OGTT, oral glucose tolerance test; PCOM, polycystic ovarian morphology; PCOS, polycystic ovary syndrome.

P < 0.05 is considered significant.

Data presented as number, number and percentage, or mean * standard deviation.

Table 4. Univariate analysis for factors significantly associated with PCOM

Factors Patients Patients with PCOM n (%) P
Age >30 years 26 12 (46.2) 0.30
Obesity 57 28 (49.1) 0.30
Central obesity 62 29 (46.8) 0.07
Hypertension 13 6(46.2) 0.49
Acne 1m 60 (54.1) 0.59
Hirsutism 92 48 (52.2) 0.32
Alopecia 24 17 (70.8) 0.09
Abnormal 75 g OGTT 23 12(52.2) 0.75
Diabetes mellitus 8 5(62.5) 0.73
Triglycerides >150 mg/dL 17 9(52.9) 0.84
Cholesterol >200 mg/dL 61 35(57.4) 0.66
High-density lipoprotein <40 mg/dL 14 6(42.9) 0.33
Testosterone >0.8 ng/mL 8 6 (75.0) 0.30

PCOM, polycystic ovarian morphology; OGTT, oral glucose tolerance test.
P <0.05 is considered significant.

The main clinical presentation of PCOS is anovulation,
and the major risk factors for anovulation are obesity, insulin
resistance, and hyperandrogenism. The pathophysiology of
PCOM disease is not precisely known. To our knowledge,
this is the first study to investigate the factors significantly
associated with PCOM, apart from the risk factors for anovu-
lation. However, we found no significant association between

any of the factors evaluated and PCOM, which suggests a
complex pathophysiology of PCOM and possibly underpow-
ered sample size.

A strength of this study is the presentation of new data
for PCOM in Thai women of reproductive age with PCOS,
including prevalence, ovarian morphology, and factors associ-
ated with PCOM. Our study has several limitations, including
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its small sample size and single-center design. Furthermore,
some factors might affect ultrasonographic findings of PCOM,
such as variability in population, ultrasound machine, and skill
of technicians. Further prospective studies in a larger study
population from multiple centers, and the other methods using
evaluation of ovaries, for instance, an automated volume cal-
culated program, AMH, or other serum markers are warranted
to confirm these findings and to elucidate PCOM further in
Thai women with PCOS.

Conclusion

The total prevalence of PCOM among Thai women of repro-
ductive age with PCOS was 55.2%. Our univariate analysis
found no factors significantly associated with PCOM.
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