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Objective: Polycystic ovary (PCO), a diagnostic component of polycystic ovary syndrome (PCOS), requires either an ovarian volume (OV) cri-
terion or a follicle number per ovary (FNPO) criterion. This study investigated the association of OV and FNPO criteria with various manifesta-
tions of PCOS. 
Methods: This cross-sectional study was conducted at a university hospital among 100 patients newly diagnosed with PCOS (according to 
the revised Rotterdam criteria). Fasting blood samples were collected to measure glucose, total testosterone (TT), luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), lipid, insulin, and hemoglobin A1c levels. An oral glucose tolerance test was performed. Transabdominal 
or transvaginal ultrasound of the ovaries was done, depending on patients’ marital status. All investigations were conducted in the follicular 
phase of the menstrual cycle. OV >10 mL and/or FNPO ≥12 indicated PCO. A homeostasis model assessment of insulin resistance (IR) value 
≥2.6 indicated IR, and metabolic syndrome (MS) was defined according to the international harmonization criteria. 
Results: Seventy-six participants fulfilled the OV criterion, 70 fulfilled the FNPO criterion, and 89 overall had PCO. Both maximum OV and 
mean OV had a significant correlation with TT levels (r=0.239, p=0.017 and r=0.280, p=0.005, respectively) and the LH/FSH ratio (r=0.212, 
p=0.034 and r=0.200, p=0.047, respectively). Mean OV also had a significant correlation with fasting insulin levels (r=0.210, p=0.036). Multi-
variate binary logistic regression analysis showed that IR (odds ratio [OR], 9.429; 95% confidence interval [CI], 1.701 to 52.271; p=0.010) and 
MS (OR, 7.952; 95% CI, 1.821 to 34.731; p=0.006) had significant predictive associations with OV alone, even after adjustment for age and 
body mass index. 
Conclusion: OV may be more closely related to the androgenic and metabolic characteristics of PCOS than FNPO. 
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Introduction 

Polycystic ovary syndrome (PCOS) is a complex disorder of un-

known origin that affects approximately 10% of females of repro-
ductive age. In addition to reproductive problems, patients may suf-
fer from cutaneous, cardiometabolic, and psychiatric problems [1]. 
However, PCOS is still an indeterminate disease of unknown patho-
physiology and, because of its heterogeneous presentation, several 
diagnostic criteria have been proposed. The most widely accepted 
criteria for diagnosing PCOS are the revised 2003 Rotterdam consen-
sus criteria. Among the three components of these criteria, the most 
debatable and least specific is polycystic ovary (PCO) on ultrasonog-
raphy (USG), because it is operator-dependent; differs with age, body 
mass index (BMI), ethnicity, route of USG used, and frequency of the 
USG probe; and must be performed in the follicular phase of the 
menstrual cycle [2]. The 2018 international evidence-based guide-



lines for PCOS recommended using this component as a last resort 
[3]. Despite the limitations in identifying PCO in isolation, it is consid-
ered to reflect a state of mild ovarian hyperandrogenism and insulin 
resistance (IR) [4]. Both IR and the increased pulse frequency of lu-
teinizing hormone (LH) contribute to theca cell proliferation and in-
creased androgen production by the ovary [5,6]. PCO may also re-
flect nutritional and metabolic influences on the reproductive axis 
[7]. Therefore, PCO may be a window into PCOS and its different 
manifestations. However, the relationship of PCO to the various char-
acteristics of PCOS remains a matter of debate. Furthermore, there 
are limited data from South Asian populations on the association of 
PCO with the manifestations of PCOS; thus, this study aimed to iden-
tify those associations in patients from Bangladesh. 

Methods 

This cross-sectional observational study was conducted in the out-
patient clinic of the Department of Endocrinology at a university 
hospital from September 2018 to February 2019. The minimum sam-
ple size was calculated using the following formula: n = Z2pq/d2. Us-
ing the prevalence of PCO in PCOS (p = 0.84), a 10% margin of error 
(d), and a 95% confidence interval (CI) (Z = 1.96), the minimum sam-
ple size (n) was approximately 52 [6]. We were able to enroll 100 pa-
tients with PCOS. Written informed consent was obtained from all 
participants, and the Institutional Review Board of Bangabandhu 
Sheikh Mujib Medical University (No. BSMMU/2018/11097, Date: 
17/09/2018) approved this study. 

We requested that patients with symptoms suspicious of PCOS 
(oligomenorrhea and/or significant hirsutism) present to the clinic in 
a fasting state (8 to 12 hours) during days 2 to 5 of spontaneous 
menstruation or randomly for those with amenorrhea. The patients’ 
personal and family histories were obtained, and physical examina-
tions were completed (height, weight, waist circumference [WC], 
blood pressure, and documentation of any hirsutism, acne, or acan-
thosis nigricans). Fasting blood was taken to measure glucose, insu-
lin, total testosterone (TT), prolactin, thyroid stimulating hormone 
(TSH), 17-hydroxy progesterone, and lipid levels. Next, an oral glu-
cose tolerance test (OGTT) was conducted. IR was calculated using 
the homeostasis model assessment (HOMA) of IR: HOMA-IR = (fast-
ing insulin [μIU/mL] × fasting plasma glucose [FPG, mmol/L])/22.5. 
USG of the ovaries was performed on all participants by a single ex-
pert sonologist, with either a transabdominal (TAS) (unmarried 
women, n = 60) or transvaginal (TVS) (married women, n = 40) ap-
proach. USG was done during days 2 to 7 of menstruation for the TAS 
route and just after cessation of menstruation but within 10 days of 
its onset for the TVS route. 

A diagnosis of PCOS was based on the revised 2003 Rotterdam 
consensus criteria [8]. Oligo-ovulation or anovulation was diagnosed 
for delayed menstruation ( > 35 days) or fewer than nine sponta-
neous menstrual cycles per year. Clinical hyperandrogenism was de-
fined as significant hirsutism with a measured modified Ferri-
man-Gallwey (mFG) score ≥ 8, and biochemical hyperandrogenism 
was defined as a TT level > 46 ng/dL. PCO was identified on USG as 
≥ 12 follicles in any ovary measuring 2 to 9 mm in diameter and/or 
any increased ovarian volume (OV) > 10 cm3 [8]. Participants with 
primary amenorrhea, hyperprolactinemia (serum prolactin > 25.0 
ng/mL), hypothyroidism (TSH > 5.0 µIU/mL), Cushing syndrome, or 
systemic illnesses such as chronic liver or kidney disease were ex-
cluded. Participants treated with oral contraceptives, metformin, or 
glucocorticoids within 3 months of starting the study were excluded.  

Glucose was measured by glucose oxidase, lipids by peroxi-
dase-dehydrogenase, and all hormones by chemiluminescent mi-
croparticle immunoassay. The TOSHIBA Aplio 500 USG imaging ma-
chine, with 3.5 MHz for TAS and 3 to 11 MHz for TVS, was used with 
all participants. OV was calculated using the simplified formula of an 
ellipsoid (0.5 × length × width × thickness of the ovary) structure us-
ing three-dimensional USG. The number of follicle number per ovary 
(FNPO) included the total number of antral follicles present through-
out the entire volume of each ovary.  

A BMI ≥ 25 kg/m2 and a WC ≥ 80 cm indicated generalized obesi-
ty and central obesity, respectively. Any abnormality in FPG ( ≥ 5.6 
mmol/L), 2-hour OGTT glucose ( ≥ 7.8 mmol/L), or glycated hemo-
globin ( ≥ 5.7%) indicated abnormal glycemic status. In this study, a 
HOMA-IR value ≥ 2.6 was considered to indicate IR, and metabolic 
syndrome (MS) was defined by the international harmonization cri-
teria [9,10]. 

Statistical analysis was done using SPSS version 22.0 (IBM Corp.). 
Data were expressed as frequency (percentage [%]) or median (inter-
quartile range [IQR]). Comparisons between groups were conducted 
using the chi-square test, Fisher exact test, or Mann-Whitney U test, 
as appropriate. The correlations of OV and FNPO with the clinical and 
biochemical variables were analyzed using the Spearman correlation 
test. Binary logistic regression analysis was used to identify the pre-
dictive associations of the different manifestations of PCOS, with OV 
and FNPO as dependent variables. Statistical significance was set at a 
p-value < 0.05. 

Results 

Considering both ovaries, 76 participants fulfilled the OV criterion, 
70 fulfilled the FNPO criterion, and 89 overall had PCO. The median 
OV was 11.50 mL (IQR, 8.90 to 14.20), and the median FNPO was 
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12.0 (IQR, 9.0 to 16.0). Considering the presence of hyperandro-
genism (HA), ovulatory dysfunction (OD), and PCO, the frequency of 
phenotypes A (HA+OD+PCO), B (HA+OD), C (HA+PCO), and D 
(OD+PCO) were 46, 1, 10, and 33, respectively. The characteristics of 
the study population with PCO are shown in Table 1. PCOS patients 
without PCO had a significantly higher percentage of hyperandro-
genism than those with PCO. However, patients with PCO had a sig-
nificantly higher percentage of hyperandrogenemia, but a lower 
percentage of significant hirsutism. Other variables were statistically 
similar in patients with or without PCO (not statistically significant 
[NS] for all). 

When patients were categorized by the OV and FNPO criteria, pa-
tients with an OV > 10 mL had a significantly higher percentage of 
acanthosis nigricans than those with an OV ≤ 10 mL. No other vari-
able had a significant association with the OV and FNPO criteria (NS 
for all) (Table 2). 

Both maximum and mean OV had a significant correlation with TT 
levels and the LH/follicle-stimulating hormone (FSH) ratio. The mean 
OV also had a significant correlation with fasting insulin levels. No 
variable had a significant correlation with either the maximum or 
mean FNPO (NS for all) (Table 3). However, when the FNPOs were di-
vided according to USG route, both maximum (r = 0.345, p = 0.029) 
and mean FNPO (r = 0.371, p = 0.018) via TVS (n = 40) were signifi-
cantly correlated with TG levels only. 

Multivariate binary logistic regression analysis showed that IR 
(odds ratio [OR], 9.429; 95% CI, 1.701 to 52.271; p = 0.010) and MS 
(OR, 7.952; 95% CI, 1.821 to 34.731; p = 0.006) had significant predic-
tive associations with the OV criterion only, even after adjustment for 
age and BMI (Table 4). 

Discussion 

We found that approximately 90% of patients with PCOS had PCO, 
while Legro et al. [11] (USA) and Carmina et al. [12] (Italy) found 95%, 
and Hong et al. [13] (China) found 80%. Since the OV varies with 
race, the cutoffs for OV and FNPO may not be universal. A study of 
the Indian population proposed a cutoff value of 8 mL and nine folli-
cles for the OV and FNPO criteria, respectively [14]. In our study, the 
median OV (considering both ovaries) was 11.50 mL and the FNPO 
was 12. These results were similar to those of Ahmed et al. [14] 
(2014) (OV 11 mL and 13 FNPO). Shi et al. [15] found no significant 
differences in age, BMI, WC, LH/FSH ratio, or glucose and insulin lev-
els, which supports our results. However, they also found a worse 
lipid profile in the non-PCO group compared to the PCO group, 
which we did not.  

PCOS patients are divided into: With PCO and Without PCO. PCOS 
patients without PCO had higher percentages of hyperandrogene-
mia than those with PCO. Interestingly, patients with PCO had signifi-
cantly higher percentages of hyperandrogenemia, but lower per-
centages of clinical hyperandrogenism (as measured by the presence 
of significant hirsutism) than those without PCO. Shi et al. [15] found 
significantly higher TT levels and mFG scores in patients without PCO 
than in those with PCO among Chinese patients with PCOS. PCOS is 
a varied condition, and the correlation with mFG scores and TT levels 
is generally poor. Hyperandrogenemia may contribute to more met-
abolic abnormalities in patients without PCO [16]. We found a signifi-
cant association with acanthosis nigricans for the OV criterion only. 
Acanthosis nigricans is a specific dermatological manifestation that 
may also correlate with the androgenic and metabolic characteristics 
of PCOS [17]. 

We found significant correlations between OV and TT levels, the 
LH/FSH ratio, and fasting insulin levels. Carmina et al. [12] also found 
a significant correlation between OV and insulin levels. The OV cor-

Table 1. Characteristics of the study population with PCO (n=100) 

Variable
Polycystic ovary

p-value 
Present (n = 89) Absent (n = 11)

Age (yr) 21.0 (18.0–25.0) 24.0 (19.0–30.0) 0.342
Personal history
  Irregular cycle 79 (88.8) 11 (100.0) 0.596
  Subfertility (43)a) 13 (35.1) (37)a) 1 (16.7) (6)a) 0.645
  MR/abortion (43)a) 4 (10.8) (37)a) 2 (33.3) (6)a) 0.190
Family history
  PCOS 4 (4.5) 0 1.000
  Subfertility 21 (23.6) 1 (9.1) 0.448
  Obesity 31 (34.8) 5 (45.5) 0.518
  Diabetes mellitus 46 (51.7) 8 (72.7) 0.217
Physical findings
  Obesity 66 (74.2) 7 (63.6) 0.482
  Central obesity 20 (22.5) 1 (9.1) 0.450
  Significant hirsutism 49 (55.1) 11 (100.0) 0.003
  Acne 43 (48.3) 5 (45.5) 1.000
  Acanthosis nigricans 65 (73.0) 6 (54.5) 0.289
Investigations
  Hyperandrogenemia 28 (31.5) 0 0.031
  Hyperandrogenism 56 (62.9) 11 (100.0) 0.014
  Altered LH/FSH ratio 31 (34.8) 3 (27.3) 0.536
  Abnormal glycemic status 57 (64.0) 7 (63.6) 0.745
  Insulin resistance 73 (82.0) 8 (72.7) 0.433
  Metabolic syndrome 42 (47.2) 9 (81.8) 0.052

Values are presented as median (interquartile range) or frequency (%). The 
Mann-Whitney U test, chi-square test, or Fisher exact test was applied as 
appropriate.
PCO, polycystic ovary; MR, menstrual regulation; PCOS, polycystic ovary 
syndrome; LH, luteinizing hormone; FSH, follicle-stimulating hormone.
a)Eligible for inclusion: Unmarried and married women who did not try for 
pregnancy for at least 1 year are not included for subfertility and menstrual 
regulation/abortion in the count.
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Table 2. Clinical and biochemical characteristics of the study population according to the OV and FNPO criteria 

Variable
OV criterion (OV cutoff of 10 mL) FNPO criterion (ovarian follicle cutoff of 12)

OV > 10 mL (n = 76) OV ≤ 10 mL (n = 24) p-value  FNPO ≥ 12 (n = 70) FNPO < 12 (n = 30) p-value 
Irregular cycle 67 (88.2) 23 (95.8) 0.444 63 (90.0) 27 (90.0) 1.000
BMI (kg/m2) 28.78 (25.03–32.84) 28.04 (23.83–32.34) 0.722 28.78 (24.61–32.44) 28.04 (24.22–33.85) 0.625
WC (cm) 89.0 (80.0–96.0) 91.0 (82.0–96.75) 0.793 88.0 (80.0–96.0) 92.50 (82.0–97.25) 0.140
Systolic BP (mm Hg) 110.0 (100.0–127.50) 110.0 (100.0–120.0) 0.872 110.0 (100.0–122.50) 105.0 (100.0–120.0) 0.704
Diastolic BP (mm Hg) 70.0 (70.0–80.0) 70.0 (70.0–80.0) 0.493 70.0 (70.0–80.0) 70.0 (70.0–80.0) 0.868
Acne 35 (46.1) 13 (54.2) 0.640 32 (45.7) 16 (53.3) 0.519
mFG score 8.0 (3.0–12.0) 8.0 (4.50–10.75) 0.964 8.0 (3.0–12.25) 8.0 (4.50–11.0) 0.782
Acanthosis nigricans 58 (76.3) 13 (54.2) 0.044 52 (74.3) 19 (63.3) 0.337
TT (ng/dL) 39.60 (26.48–54.30) 31.72 (24.95–41.39) 0.071 39.75 (26.83–51.98) 34.30 (24.73–45.15) 0.192
LH/FSH ratio 1.74 (1.17–2.3) 1.41 (1.03–2.23) 0.188 1.76 (1.22–2.39) 1.44 (0.84–2.0) 0.088
FPG (mmol/L) 5.30 (4.90–5.70) 5.35 (4.83–6.15) 0.837 5.35 (4.90–5.80) 5.30 (5.0–5.55) 0.961
2h-OGTT glucose (mmol/L) 6.95 (5.83–7.87) 6.40 (5.43–7.83) 0.508 6.70 (5.70–7.89) 6.95 (5.88–7.75) 0.606
HbA1c (%) 5.70 (5.30–5.90) 5.80 (5.33–6.08) 0.389 5.70 (5.30–5.90) 5.65 (5.30–6.15) 0.723
Fasting insulin (μIU/mL) 19.05 (14.15–26.65) 14.10 (10.53–24.30) 0.054 18.05 (12.93–25.90) 17.60 (11.65–26.83) 0.955
HOMA-IR 4.42 (3.29–6.19) 3.47 (2.36–6.79) 0.305 4.36 (2.92–6.22) 3.99 (2.87–6.69) 0.787
TC (mg/dL) 176.0 (156.25–197.0) 173.0 (151.50–210.25) 0.756 170.0 (155.25–197.0) 186.0 (160.0–201.25) 0.304
Triglyceride (mg/dL) 119.0 (90.25–155.50) 114.0 (80.75–186.25) 0.884 119.0 (90.0–180.50) 114.0 (97.50–155.75) 0.967
LDL-C (mg/dL) 112.0 (93.0–127.0) 118.50 (92.20–139.35) 0.325 110.0 (91.60–127.80) 117.0 (95.90–133.15) 0.460
HDL-C (mg/dL) 39.0 (33.0–45.75) 38.0 (34.25–44.0) 0.743 39.0 (33.0–46.0) 37.50 (33.0–44.0) 0.845
Metabolic syndrome 35 (46.1) 16 (66.7) 0.078 33 (47.1) 18 (60.0) 0.279

Values are presented as frequency (%) or median (interquartile range). The chi-square test, Fisher exact test, or Mann-Whitney U test was applied as 
appropriate.
OV, ovary volume; FNPO, follicle number per ovary; BMI, body mass index; WC, waist circumference; BP, blood pressure; mFG, modified Ferriman-Gallwey; 
TT, total testosterone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; FPG, fasting plasma glucose; 2h-OGTT, 2-hour oral glucose tolerance test; 
HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; 
HDL-C, high-density lipoprotein cholesterol.

Table 3. Correlations between the clinical and biochemical characteristics of polycystic ovary syndrome and the OV and FNPO criteria 

Determinants of the correlation
Maximum OV Mean OV Maximum FNPO Mean FNPO
r p-value  r p-value  r p-value  r p-value 

Age (yr) –0.048 0.635 –0.025 0.803 0.067 0.505 0.042 0.675
BMI (kg/m2) 0.076 0.451 0.083 0.410 0.032 0.752 0.019 0.853
WC (cm) –0.011 0.915 0.021 0.837 –0.015 0.880 –0.007 0.943
Systolic BP (mm Hg) 0.045 0.654 0.078 0.441 0.133 0.188 0.129 0.201
Diastolic BP (mm Hg) 0.012 0.908 0.040 0.692 0.120 0.233 0.128 0.205
mFG score 0.113 0.263 0.151 0.133 0.015 0.883 0.043 0.668
TT (ng/dL) 0.239 0.017 0.280 0.005 0.130 0.196 0.166 0.099
LH/FSH ratio 0.212 0.034 0.200 0.047 0.192 0.056 0.167 0.096
FPG (mmol/L) –0.072 0.477 –0.065 0.523 0.044 0.662 0.057 0.571
2h-OGTT glucose (mmol/L) 0.088 0.386 0.102 0.311 –0.024 0.815 –0.011 0.913
HbA1c (%) –0.078 0.443 –0.054 0.597 0.091 0.366 0.116 0.249
Fasting insulin 0.193 0.054 0.210 0.036 0.077 0.444 0.115 0.253
HOMA-IR (μIU/mL) 0.110 0.275 0.124 0.218 0.069 0.497 0.105 0.298
TC (mg/dL) –0.039 0.700 –0.011 0.916 0.047 0.644 0.074 0.465
HDL-C (mg/dL) –0.058 0.568 –0.070 0.489 –0.055 0.587 –0.099 0.329
LDL-C (mg/dL) –0.049 0.630 –0.035 0.731 0.033 0.745 0.073 0.473
TG (mg/dL) –0.046 0.648 0.001 0.997 0.155 0.124 0.182 0.069

The Spearman correlation test was applied.
OV, ovary volume; FNPO, follicle number per ovary; BMI, body mass index; WC, waist circumference; BP, blood pressure; mFG, modified Ferriman-Gallwey; 
TT, total testosterone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; FPG, fasting plasma glucose; 2h-OGTT, 2-hour oral glucose tolerance 
test; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; TC, total cholesterol; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride.
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relations with LH and FSH can also predict the severity of PCOS [18]. 
Another study reported that, except for the LH/FSH ratio, there were 
no significant associations between any metabolic, androgenic, or 
reproductive manifestations and either the OV or the FNPO criterion 
[11]. Similarly, in 2014, Chun [19] found a significant correlation be-
tween OV and LH/FSH ratio in Korean women. van der Westhuizen 
and van der Spuy [20] reported that, among various hormones, the 
LH/FSH ratio had the closest overall association with PCO. 

We found significant predictive associations between the OV crite-
rion and IR or MS. Several studies have also found significant associa-
tions between OV and insulin levels and several components of MS 
[12,21]. Sipahi et al. [22] found that higher OV was associated with a 
greater risk of MS. In contrast, Bahri Khomami et al. [23] did not find 
significant predictive associations between PCO and IR, MS, or dys-
lipidemia. 

We found significant associations between the different manifes-
tations of PCOS and OV, but not with FNPO. Similarly, Reid et al. [21] 
did not find significant associations using either the 12 or 25 cutoffs 
of the FNPO criterion. In contrast, Hong et al. [13] found significant 
associations between IR and both the OV and FNPO criteria. Christ et 
al. [24] found associations of reproductive and metabolic features 
with antral follicular count and size, but not with OV. However, we 
could not use TVS to measure the FNPO in all patients. Although the 
association between PCO and the different manifestations of PCOS 
remained inconclusive in this study, we did not find any significant 
association between the manifestations of PCOS and FNPO in the 
patients (n = 60) who did undergo TVS. In addition, we could not 
measure levels of sex hormone-binding globulin to calculate the free 
androgen index or anti-Müllerian hormone levels to analyze their as-
sociation with PCO. 

In conclusion, of the two diagnostic criteria for PCO, OV demon-
strated a closer relationship to the androgenic and metabolic charac-
teristics of PCOS than FNPO. Furthermore, because there were sever-
al limitations to the measurement of FNPO, we recommend using 
the OV criterion alone, especially in resource-poor settings. 

Table 4. Multivariate binary logistic regression analysis of OV and FNPO as dependent variables 

Independent variable
Only OV (cutoff 10 mL) Only FNPO (cutoff 12)

OR (95% CI) p-value  OR (95% CI) p-value 
Irregular cycle 4.791 (0.496–46.261) 0.176 1.260 (0.271–5.855) 0.768
Hyperandrogenism 2.730 (0.841–8.863) 0.095 2.042 (0.700–5.954) 0.191
Altered LH/FSH ratio 0.514 (0.172–1.533) 0.233 0.435 (0.158–1.201) 0.108
Insulin resistance 9.429 (1.701–52.271) 0.010 1.981 (0.475–8.268) 0.348
Metabolic syndrome 7.952 (1.821–34.731) 0.006 1.675 (0.579–4.848) 0.341
Constant 0.031 0.144 0.031 0.056

Adjusted for age and body mass index.
OV, ovary volume; FNPO, follicle number per ovary; OR, odds ratio; CI, confidence interval; LH, luteinizing hormone; FSH, follicle-stimulating hormone.
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