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Objective: The aim of the present study was to determine whether polycystic ovarian morphology (PCOM) is related to insulin resistance in
women with polycystic ovary syndrome (PCOS).

Methods: A total of 147 Korean women aged 18 to 35 years and diagnosed with PCOS were included in this study. Fasting blood tests and
standard 2-hour 75-g oral glucose tolerance tests were performed for all participants. PCOM-related parameters including total antral follicle
count (TFC) and total ovarian volume (TOV) were assessed using transvaginal or transrectal ultrasonography. Correlation analysis was con-
ducted to assess the relationships of TFC and TOV with insulin resistance-related clinical and biochemical parameters using Spearman rank
correlation coefficients and linear regression analysis, with partial correlations used to control for the effects of confounding covariates.
Results: Fasting insulin levels, low-density lipoprotein levels, and insulin sensitivity assessment indices (ISAls) were significantly correlated
with TFC, but neither postprandial blood glucose levels nor insulin levels were significantly associated with TFC. No insulin resistance-related
parameter was significantly correlated with TOV. These results did not change after adjustments for other anthropometric covariates. Fasting

insulin and some ISAls differed significantly between groups categorized by the median TFC value (TFC <54 and TFC >54).
Conclusion: TFC, but not TOV, was found to be related to fasting insulin resistance-related parameters in women with PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine
disorder in reproductive-age women and can cause chronic ovulato-
ry dysfunction or irregular menstruation [1]. PCOS is an important is-
sue for women's health, as it can lead to not only reproductive prob-
lems, but also psychological and metabolic disturbances throughout
the lifespan [2].
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In patients with PCOS, multiple hormonal factors inhibit the selec-
tion of the dominant follicle and induce follicular arrest [3,4], produc-
ing a characteristic ultrasound pattern in which small preantral folli-
cles are gathered around the edge of the ovary. This feature resem-
bles that seen in the immature ovaries in adolescence. According to
the revised diagnostic criteria [5], polycystic ovarian morphology
(PCOM) is considered to be present in the early follicular phase when
the number of 2- to 9-mm antral follicles is over 20 or increased ovar-
ian volume (=10 mL) is observed in either ovary on ultrasonogra-
phy.

PCOS is intricately associated with diverse phenotypes of metabol-
ic abnormalities. Glucose intolerance and type 2 diabetes mellitus,
atherosclerotic dyslipidemia, and coronary heart disease are com-
mon clinical features of PCOS along with hormonal abnormalities,
and these metabolic diseases are generally known to be associated
with abnormal insulin sensitivity [4]. Although the pathophysiology
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of PCOS is complex and has not been fully established, insulin resis-
tance is the major component affecting various metabolic features
and clinical phenotypes.

As interest in the role of insulin resistance in PCOS has increased,
many studies have been conducted on this issue. However, research
on the relationship between insulin resistance and ultrasonographic
morphologic features of PCOS is still scarce and inconclusive [6-8].
Therefore, the purpose of this study was to determine whether the
PCOM characteristics of increased antral follicle count and ovarian
volume are related to insulin resistance parameters in women with
PCOS.

Methods

1. Participants

Korean women between the ages of 18 and 35 years who were
newly diagnosed with PCOS at Inje University Haeundae Paik Hospi-
tal between January 2010 and December 2013 were recruited for
this study. Among all patients diagnosed with PCOS based on the
previous 2003 Rotterdam criteria, those who met the recently re-
vised diagnostic criteria in the international consensus guidelines for
PCOS were enrolled in this study with the exclusion of other etiolo-
gies (including congenital adrenal hyperplasia, androgen-secreting
tumor, and Cushing syndrome) [5,9]. Clinical hyperandrogenism was
defined by the presence of hirsutism (modified Ferriman-Gallwey
score > 6) [5], and biochemical hyperandrogenism was defined as a
serum androgen level above the 95% confidence limits defined in
controls in the study by Chae et al. [10] (total testosterone >0.68 ng/
mL and/or free testosterone >1.72 pg/mL). The exclusion criteria
were as follows [11-13]: diagnosis of diabetes, thyroid disease, or hy-
perprolactinemia; history of ovarian surgery; or history of taking
medications known to affect the level of any sex hormone or gonad-
otropin (oral contraceptives, ovulation induction agents, glucocorti-
coids, or anti-androgens) or anti-diabetic drugs, including insulin
sensitizers, in the 6 months prior to enrollment. This retrospective
study was approved by the Institutional Review Board (IRB) of Inje
University Haeundae Paik Hospital (IRB No. 129792-2014-035), which
waived the requirement for informed consent from patients. Ulti-
mately, a total of 147 patients with PCOS were enrolled in the pres-
ent study.

2. Measurement of anthropometric parameters and ultrasound
examination

Clinical variables including age, parity, height, body weight, body
mass index, waist circumference, hip circumference, and waist-to-hip
ratio were evaluated for all study patients when they first visited the
outpatient department. Pelvic ultrasound examinations (transvagi-
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nal or transrectal) were conducted in the early follicular phase using
aVoluson LOGIQ S7 device (GE Ultrasound Korea Ltd.) equipped with
a microconvex intracavitary probe with an approximate frequency
range of 3.6 to 9.0 MHz. PCOM was defined as the presence of over
20 follicles (of 2 to 9 mm) and/or an ovarian volume >10 cm’
[5,9,14]. All ultrasound examinations were performed by the same
expert in reproductive endocrinology based on the international
consensus on ultrasound assessment of PCOS [15].

3. Biochemical measurements and assessment of insulin
resistance

Blood samples for biochemical analyses were taken from all partic-
ipants in the early follicular phase after overnight fasting according
to the guidelines of the Declaration of Helsinki. Glucose levels were
measured 60 and 120 minutes after glucose ingestion during a
2-hour 75-g oral glucose tolerance test, and in some study partici-
pants (n=60), postprandial insulin levels at 60 and 120 minutes were
measured simultaneously with glucose levels during the 2-hour oral
glucose tolerance test. Serum glucose and insulin levels were ana-
lyzed using an L-Type Glul device (Wako) and an Elecsys Insulin assay
(Roche), respectively. Cholesterol and triglyceride levels were mea-
sured using Pureauto S (Sekisui), and serum high-density lipoprotein
and low-density lipoprotein (LDL) levels were measured using Cho-
lestest (Sekisui). Both intra- and inter-assay coefficients of variation
were below 8% for all assays.

Insulin sensitivity assessment indices (ISAls) were calculated for
all study participants. Established fasting ISAls derived from a com-
bination of fasting insulin and glucose levels were calculated as
follows [11-13]: the homeostatic model assessment of insulin re-
sistance (HOMA-IR) was calculated as glucose level (mg/dL) X insu-
lin level (uU/mL)/405, the glucose-to-insulin ratio (GIR) was calcu-
lated by dividing the glucose level (mg/dL) by the insulin level (uU/
mL), and the quantitative insulin sensitivity check index (QUICKI)
was calculated as 1/[log(insulin level [uU/mL])+log(glucose level
[mg/dL])].

4, Statistical analysis

Values are expressed as mean + standard deviation or median
(range). Correlation analysis was conducted to assess the relation-
ships between PCOM-related parameters and insulin resistance-re-
lated clinical and biochemical parameters using Spearman rank cor-
relation coefficients and linear regression analysis, with partial cor-
relations used to control for the effects of confounding covariates.
The unpaired t-test or the Mann-Whitney U test was used to com-
pare continuous parameters between the two groups, which were
defined by the median total antral follicle count (TFC) (TFC < 54 and
TFC > 54). All statistical analyses were conducted using SPSS version
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25.0 (IBM Corp.), with p-values < 0.05 considered to indicate statisti-
cal significance.

Results

Table 1 shows the baseline clinical anthropometric and ultrasono-
graphic characteristics and laboratory biochemical parameters of the
study participants. The median values for parity and TFC were 0 and
54, respectively.

No anthropometric parameter was significantly correlated with

Table 1. Baseline clinical and laboratory characteristics of study
participants

Characteristic Participants (n=147)
Age (yr) 26.27+5.67

Parity 0.19+045
Height (cm) 162.34+5.45

Body weight (kg) 58.82+14.85

Body mass index (kg/m’) 22274530
Waist-to-hip ratio 0.80+0.07

Total follicle count 65.77+33.34

Total ovarian volume (cm’) 22.66+9.77
Fasting insulin (ulU/mL) 6.85(1.70-134.50)
Fasting glucose (mg/dL) 9224+14.98

INS, (uU/mL)® 51.85(11.30-208.10)
PG, (mg/dL) 112.20+42.44
HOMA-IR (fasting) 1.51(0.33-36.63)
GIR (fasting) 15.77+10.90
QUICKI (fasting) 0.36+0.05
Cholesterol (mg/dL) 175.55+30.37
Triglyceride (mg/dL) 93.60+81.86

HDL (mg/dL) 59.97 +14.95

LDL (mg/dL) 95.95+26.59

Values are presented as meanztstandard deviation or median (range).

INS,, postprandial insulin at 2 hours; PG,, postprandial glucose at 2 hours;
HOMA-IR, homeostasis model assessment of insulin resistance; GIR, glucose-
to-insulin ratio; QUICKI, quantitative insulin sensitivity check index; HDL,
high-density lipoprotein; LDL, low-density lipoprotein.

ISixty participants.

Table 2. Correlations between ultrasonographic parameters related
to polycystic ovarian morphology and clinical and anthropometric
parameters

Total follicle count ~ Total ovarian volume (cm?®)

Variable

r p-value r p-value
Age (yr) -0.094  0.260 —-0.039 0.640
Height (cm) -0.012 0.881 0.029 0.732
Body weight (kg) 0137 0099 0.018 0.826
Body massindex (kg/m’)  0.105  0.209 —-0.009 0912
Waist-to-hip ratio 0.140 0.130 —-0.026 0.777

r, Spearman rank correlation coefficient.
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any PCOM-related parameter (Table 2). Among the metabolic pa-
rameters related to insulin resistance, fasting insulin levels, HOMA-IR,
GIR, QUICKI, and LDL levels were significantly related to TFC (Table 3,
Figure 1). Neither postprandial blood glucose levels nor insulin levels
were significantly associated with TFC (Table 3). None of the insulin
resistance-related parameters were significantly correlated with total
ovarian volume (TOV), either fasting or postprandial. These results
did not change after adjustments for other anthropometric covari-
ates (Table 3).

All patients were divided into two groups based on the median
TFC(TFC <54 and TFC > 54). As shown in Table 4, fasting insulin lev-
els, HOMA-IR, and QUICKI differed significantly between the two
groups. The mean LDL level was higher in the TFC >54 group than
in the TFC < 54 group, but this difference was not statistically signifi-
cant (p=0.058).

Discussion

PCOS is a heterogeneous disorder characterized by metabolic and
reproductive phenotypes, along with hormonal imbalances. Type 2
diabetes mellitus, nonalcoholic liver dysfunction, and dyslipidemia
are metabolic disorders common in women with PCOS, and insulin
resistance is considered the cardinal mechanism that induces these
metabolic disorders [4,16]. Accordingly, several studies on the cor-
relation between hormonal or clinical features and insulin resistance
have been published [17-21], but research on the relationship be-
tween ultrasonographic morphologic features and insulin resistance
in PCOS is still lacking. In this study, we investigated whether the ul-
trasound findings characteristic of PCOS are related to insulin resis-
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Figure 1. Correlation between total antral follicle count (TFC) and
quantitative insulin sensitivity check index (QUICKI) in women with
polycystic ovary syndrome. A r* was determined by linear regression
analysis.
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Table 3. Correlations between ultrasonographic parameters related to polycystic ovarian morphology and biochemical metabolic

parameters
Variable Total follicle count Total ovarian volume (cm?)
r p-value P p-value r p-value 7 p-value

Fasting insulin (pIU/mL) 0.203 0.016” 0216 0.020” 0.099 0.243 0.137 0.143
Fasting glucose (mg/dL) 0.080 0.348 0.054 0.568 0019 0.823 0.040 0673
INS, (uIU/mL)? 0.071 0.592 -0.022 0873 0.119 0.366 0.041 0.761
PG, (mg/dL) 0.120 0.160 0.060 0.525 0.031 0.721 0.079 0.404
HOMA-IR (fasting) 0213 0.011” 0.193 0.038” 0.098 0.250 0.134 0.153
GIR (fasting) -0.193 0.022° -0.259 0.005” -0.105 0.216 -0.120 0.201
QUICKI (fasting) -0213 0.011” -0.266 0.004” -0.098 0.246 -0.143 0.126
Cholesterol (mg/dL) 0.129 0.138 0.128 0177 0.004 0.963 0.062 0517
Triglyceride (mg/dL) 0.055 0.533 —0.075 0431 —0.020 0.824 —0.051 0.589
HDL (mg/dL) -0.053 0.548 0.135 0.153 0.093 0.291 0.066 0484
LDL (mg/dL) 0.182 0.038” 0.190 0.045” 0014 0.874 0.071 0.456

r, Spearman rank correlation coefficient; INS,, postprandial insulin at 2 hours; PG,, postprandial glucose at 2 hours; HOMA-IR, homeostasis model assessment
of insulin resistance; GIR, glucose-to-insulin ratio; QUICKI, quantitative insulin sensitivity check index; HDL, high-density lipoprotein; LDL, low-density

lipoprotein.

7, partial correlation coefficient adjusted for age, body mass index, and waist-to-hip ratio; ’p<0.05; Sixty participants.

Table 4. Comparison of insulin resistance-related parameters between groups according to total follicle count in women with polycystic

ovary syndrome

Variable Group 1 (n=74)" Group 2 (n=73)” p-value
Fasting insulin (ulU/mL) 6.10(1.70-42.50) 7.90 (1.90-134.50) 0.022°
Fasting glucose (mg/dL) 90.49+10.66 94.00+18.27 0.166
INS, (uIU/mL)” 44,50 (15.10-142.60) 56.40 (11.30-208.10) 0.483°
PG, (mg/dL) 107.52+37.54 117.00+46.90 0.192
HOMA-IR (fasting) 1.33(0.33-30.55) 1.73(0.42-36.63) 0.025°
GIR (fasting) 17.20+£10.90 14.29+10.83 0.114
QUICKI (fasting) 0.37+£0.04 0.35+£0.05 0.033?
Cholesterol (mg/dL) 173.11£32.62 182.12+27.70 0.088
Triglyceride (mg/dL) 93.43+78.66 94.21+85.96 0.957
HDL (mg/dL) 59.12+15.25 60.73+14.82 0.540
LDL (mg/dL) 94.71+£25.88 103.54+26.80 0.058

Values are presented as mean =+ standard deviation or median (range). p-values are unpaired t-test.

INS,, postprandial insulin at 2 hours; PG,, postprandial glucose at 2 hours; HOMA-IR, homeostasis model assessment of insulin resistance; GIR, glucose to insulin
ratio; QUICKI, quantitative insulin sensitivity check index; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

a)Group 1, total follicle count < 54; b)Group 2, total follicle count > 54; t)p <0.05; d’Six‘(y participants; e)Mann—Whitney Utest.

tance parameters, and we found that TFC, but not TOV, was associat-
ed with fasting (but not postprandial) insulin resistance-related pa-
rameters in women with PCOS. Hong et al. [6] previously demon-
strated that TFC could be a major indicator of insulin resistance and
metabolic disturbance in women with PCOS, which supports our re-
sults. Another study compared hormonal and metabolic features
between women with PCOM and those with normal ovaries, reveal-
ing that the fasting insulin level and calculated index of insulin resis-
tance were significantly correlated with PCOM, but the fasting glu-
cose level was not significantly different between the two groups [7].
This was also highly consistent with our results.

Despite the differences in population, PCOM with regular ovula-
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tory cycles may represent the mildest form of hyperandrogenism
and is associated with greater insulin resistance than normal mor-
phologic features [6,7]. PCOM is related to hyperinsulinemia and
low sex hormone-binding globulin levels [7], even in the absence
of other metabolic abnormalities or imbalanced gonadotropin se-
cretion. Similarly, Norman et al. [22] suggested that in the presence
of PCOM, a more severe disturbance in insulin signaling may con-
stitute a predisposition to the menstrual irregularity characteristic
of PCOS.

We observed no significant relationship between ovarian volume
and insulin resistance. Several studies have noted that ovarian vol-
ume or ovarian blood flow is associated with insulin resistance

https://doi.org/10.5653/cerm.2023.05855



JELeeetal. PCOM and insulin resistance in PCOS

[6,8,23,24], and the discrepancy between these studies and ours may
stem from the use of different study designs, diagnostic criteria, and
ethnicities of study populations [25]. Some studies have reported
that while ovarian volume may be a good surrogate marker for
PCOS, the follicle count is more sensitive and specific to PCOM fea-
tures and could be a more powerful predictor than TOV of insulin re-
sistance in PCOS [6,26]. These suggestions are partially consistent
with our findings.

In the present study, serum LDL levels were significantly associat-
ed with TFC. A previous study also reported that higher lipid levels,
including LDL levels, were observed in patients with PCOS with
greater follicle counts despite similar body mass indices [27]. To our
knowledge, ours is the first study to conduct a comparison of insulin
resistance-related parameters between groups categorized by TFC,
and we found that fasting insulin and some ISAls were significantly
different between groups.

Our study has several limitations, including a retrospective design
and a relatively small sample size. Based on a previous study [7], the
sample size was calculated as 89 people per group (178 people in to-
tal). Notably, only 60 participants received a blood test measuring
their postprandial insulin levels, which was an insufficient sample
size to demonstrate the reliability of the study.

In conclusion, the morphologic features of PCOS, especially an ele-
vated follicle count, are significantly related to insulin resistance in
women with PCOS. Further large-scale prospective trials that include
sufficient data on both fasting and postprandial blood glucose and
insulin are needed to clarify and corroborate our results.
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