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Obese Adolescent Girls with Polycystic Ovary
Syndrome (PCOS) Have More Severe Insulin Resistance

Measured by HOMA-IR Score than Obese Girls
without PCOS
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The prevalence of obesity in Thai children is increasing. These individuals are at increased risks
of metabolic syndrome that includes insulin resistance, type 2 diabetes mellitus (T2DM), polycystic ovary
syndrome (PCOS), dyslipidemia and hypertension. PCOS has been known to be associated with insulin
resistance.
Objectives: To compare the insulin sensitivity between obese adolescent girls with PCOS and those without
PCOS.
Material and Method: We reviewed demographic and hormonal data of 6 obese adolescent girls with PCOS
and compared with 6 age, weight and BMI-matched non-PCOS controls. Each subject underwent an oral
glucose tolerance test.
Results: Homeostasis model assessment of insulin resistance score (HOMA-IR score) in obese adolescent
girls with PCOS was significantly higher than in girls without PCOS with median and range as follows
(16.5 [3.8, 21.8] vs. 4.1 [3.3, 6.9], p=0.04).

Our study demonstrates that obese adolescent girls with PCOS have more severe insulin resistance
measured by HOMA-IR score than girls without PCOS independent of the degree of obesity. Since insulin
resistance is a metabolic precursor of future cardiovascular diseases, obese adolescent girls with PCOS might
be at greater risk of developing cardiovascular disease in later adulthood than their non-PCOS counterparts.
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The prevalence of obesity and T2DM in
children is increasing worldwide including in Thai-
land(1-2). The prevalence of obesity in Thai children aged
6-12 years has increased from 5.8 % in 1990 to 13.3%
in 1996(2). Moreover, T2DM has been diagnosed
among Thai children and adolescents with new-onset
DM with increasing frequency, from 5% in 1986-1995
to 17.9% in 1996-1999(3).

Moreover, obese women are more likely to
develop other features of metabolic syndrome, includ-
ing insulin resistance, T2DM, dyslipidemia, hyperten-
sion and polycystic ovary syndrome (PCOS).

PCOS, characterized by chronic anovulation
and hyperandrogenism, is the most common endocrine
disorder in reproductive-aged women(4). The etiology
of PCOS remains unclear and may be multifactorial.
One of the several factors involve in the pathogenesis
of PCOS is insulin resistance(5). Improvement of
hyperandrogenism and induction of ovulation in
women with PCOS by insulin-sensitizing drugs
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suggest that insulin resistance might play an impor-
tant role in the pathogenesis of PCOS(6-7). Palmert
et al reported that 33 % of adolescent girls with PCOS
had impaired glucose tolerance (IGT) and 3.7 % had
T2DM(8). These data suggest that PCOS may be an
important risk factor of glucose intolerance and
diabetes mellitus in adolescent girls.

The purpose of our study was to compare the
insulin sensitivity between obese adolescent girls with
PCOS and girls without PCOS.

Material and Method
We retrospectively reviewed demographic

and hormonal data of six obese adolescent girls with
PCOS who attended our Pediatric Endocrinology Clinic
from 1999 to 2004. Their data were compared with the
data of six age, weight and BMI-matched non-PCOS
controls.

The diagnosis of PCOS is based upon the
NIH 1990 criteria which included 1) oligomenorrhea or
amenorrhea 2) presence of signs of androgen excess or
hyperandrogenemia 3) exclusion of other diseases such
as prolactinoma, hypothyroidism, adrenal tumor or
late-onset congenital adrenal hyperplasia(9).

Family history of T2DM in the first or
second-degree relatives was obtained. Weight, height
and blood pressures after 15 minutes rest were
measured. Body mass index (BMI) was calculated in
kg/m2. Each girl underwent an oral glucose tolerance
test. Fasting lipid profiles were measured. Criteria
for the diagnosis of diabetes mellitus and impaired
glucose tolerance (IGT) was based on the 2004
clinical practice recommendation by the American
Diabetes Association(10).

Serum glucose concentrations were deter-
mined by enzymatic assay. Serum insulin concentra-
tions were measured by immunoassay. The cross-

reactivity with proinsulin was less than 0.05 %.
The differences in HOMA-IR score between

the two groups were determined using Mann-Whitney
U test (SPSS 11.00, Chicago, IL). Data are presented
as median (min, max). The difference is statistically
significant if p value is less than 0.05. HOMA-IR
score was calculated by standard method described
previously(11).  Due to the small numbers of our
subjects, we could not compare the difference of
fasting serum glucose, fasting serum glucose/insulin
ratio, 2-hour serum glucose and serum insulin levels,
serum cholesterol, TG, HDL and LDL levels between
the two groups.

Results
All subject characteristics (Table 1)
All subjects were obese (BMI of 27.6 to 51.5 kg/m2).
Most subjects (92%) had family history of T2DM.
Acanthosis negricans was present in all subjects.
Hyperinsulinemia (fasting serum insulin > 15 uU/ml)
was evident in each subject. 11 of 12 girls had
hypercholesterolemia (serum cholesterol > 170 mg/dl).

Subject characteristics in each group (Table 2.)
There was no significant difference between

the age, weight, BMI, systolic and diastolic blood
pressures of the two groups. 3 of 6 (50%) girls with
PCOS were diagnosed with T2DM, while 3 of 6 (50%)
non-PCOS girls had impaired glucose tolerance
(IGT).

Calculated HOMA-IR scores in obese girls
with PCOS were significantly higher than in girls
without PCOS with median and range as follows; (16.5
[3.8, 21.8] vs. 4.1 [3.3, 6.9], p=0.04). Fasting serum
insulin levels in obese girls with PCOS seemed to be
higher than in girls without PCOS (p=0.06).

Table 1. Clinical characteristics of the study population

Clinical and biochemical parameters Median (Min, Max) (N=12)

Age (yrs)   14.3 (11.6, 18)
Weight (kgs)   88.3 (62.8, 170.4)
BMI (kg/m2)   36.3 (27.6, 51.5)
SBP(mmHg) 120 (110, 156)
DBP (mmHg)   70 (56, 88)
Acanthosis negricans   12 in 12 (100%)
Family Hx of type 2 DM   11 in 12 (92%)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure
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Discussion
Our study indicates that obese adolescent

girls with PCOS have higher insulin resistance
measured by HOMA-IR score than girls without PCOS
independent of age, weight and body mass index
(BMI). Since insulin resistance is strongly associated
with increased risks of T2DM and cardiovascular
diseases, our study suggests that obese adolescent girls
with PCOS might be at higher risks of developing
T2DM and cardiovascular diseases in adulthood
compared to obese non-PCOS adolescent girls.

In our study, insulin sensitivity (S
i
) as mea-

sured by HOMA-IR score in obese adolescent girls
with and without PCOS was found to differ signifi-
cantly. There are currently several studies to substan-
tiate the association between PCOS and insulin
resistance.  Lewy et al previously reported that obese
adolescent girls with PCOS (mean age 12 years olds,
BMI 33 kg/m2) had higher insulin resistance as mea-
sured by hyperinsulinemic-euglycemic clamp than
those who were matched for age, percent body fat and

abdominal fat without PCOS(12). Moreover, Toprak
et al previously reported that insulin resistance in
non-obese women with PCOS was also higher than
in healthy control subjects matched for age and
weight(13). Palmert et al reported that approximately
33 % of obese adolescent girls with PCOS had IGT
and 3.7 % had T2DM. In adult women with PCOS,
abnormal glucose tolerance was present among
30-40% of both lean and obese women(14).

There are two potential limitations to the
present study. First, the fact that 50% of girls with
PCOS had T2DM and 50% of girls without PCOS had
IGT raises the possibility that abnormal glucose
tolerance influences the insulin sensitivity. Secondly,
the subject numbers of our study were too small to
evaluate the difference of other measurements of
insulin sensitivity such as fasting serum glucose:
insulin ratio and fasting serum insulin between obese
girls with and without PCOS.

A larger study is needed to evaluate the
relationship between PCOS and serum lipid profiles.

Table 2. Clinical and metabolic characteristics in the separate group of subjects

Clinical and biochemical parameters Girls with PCOS Girls without PCOS p value
(N=6) (N=6)

Age (years)   14.1 (11.6, 18)   14.5 (10, 13)    0.5
Weight (kgs)   93.1 (62.8, 125.2)   85.8 (69.8, 120.3)    0.7
BMI (kg/m2)   37.4 (29, 43)   34.2 (27.6, 51.5)    0.9
SBP(mmHg) 120 (110,156) 124 (110, 140)    0.9
DBP (mmHg)   60 (56, 82)   73 (63, 88)    0.4
Acanthosis negricans     6/6 (100%)     6/6 (100%)
Family Hx of T2DM     5/6 (83%)     6/6 (100%)
Presence of T2DM     3/6 (50%)     0/6 (0%)
IGT     0/6 (0%)     3/6 (50%)
NGT     3/6 (50%)     3/6 (50%)
Fasting insulin level (uU/ml)   58.3 (17.2, 79)   21.3 (15.2,  33.9)    0.06
Fasting serum glucose (mg/dl)   90.5 (86, 145)   83 (75, 100)    N/A
Fasting glucose: insulin ratio     2.4 (1.14,  4.94)     4.4 (2.45, 6.05)    N/A
2 hour insulin level (uU/ml) 180.4 (99.6, 468.9) 151.1 (59.1, 199.7)    N/A
2 hr serum glucose (mg/dl) 172 (120, 332) 137 (111, 172)    N/A
HOMA-IR SCORE   16.5 (3.8, 21.8)     4.1 (3.3, 6.9) *0.04
Cholesterol (mg/dl) 194.5 (177, 223) 197 (108, 259)    N/A
TG (mg/dl)   96 (80, 265)   87.5 (55, 132)    N/A
HDL (mg/dl)   43.5 (34, 57)   49.5 (28, 79)    N/A
LDL (mg/dl) 115.5 (107, 177) 100 (50, 206)    N/A

SBP, systolic blood pressure; DBP, diastolic blood pressure
IGT, impaired glucose tolerance; NGT, normal glucose tolerance
Data are presented as median (min, max), * significant at p < 0.05
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Robinson et al previously reported that low HDL and
high triglyceride levels were associated with insulin
resistance rather than the presence of PCOS(15).

Since insulin resistance is severely pro-
nounced in obese adolescent girls with PCOS, improve-
ment of insulin sensitivity via weight loss and lifestyle
modification either with or without metformin should
be strongly encouraged in these girls. Previous studies
have shown that even 10-20% weight loss could
improve menstrual irregularities, acne and hirsutism
in obese patients(16). Metformin, the only FDA-
approved oral hypoglycemic agent for treating T2DM
in children and adolescents has recently been
evaluated for its ability to improve PCOS. Treatment
of PCOS with metformin in adolescent girls has been
shown to improve hirsutism, hyperinsulinemia,
hyperandrogenemia, dyslipidemia and menstrual
cycles in various studies(17). However, to date, there is
no consensus regarding the use of metformin in
adolescent girls with PCOS.

In conclusion, the present study demonstrates
that obese adolescent girls have more severe insulin
resistance measured by HOMA-IR score than in girls
without PCOS independent of age, weight and BMI.
Since insulin resistance is a metabolic predictor of
future T2DM and cardiovascular disease (CVD), early
intervention with lifestyle modification by diet and
exercise is warranted in obese adolescent girls with
PCOS.  Moreover, early identification and treatment
of common co-morbidities found in obese adolescent
girls with PCOS such as dyslipidemia, T2DM and
hypertension are needed to decrease risks of cardio-
vascular disease in later adulthood.
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