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ABSTRACT

This cross-sectional study was aimed to better clarify the associations of insulin resistance (IR) with endo-
crinometabolic parameters in polycystic ovary syndrome (PCOS). Anthropometric measurements, endo-
crine and metabolic profiles, and the presence of IR and metabolic syndrome (MetS) were assessed in 63
overweight or obese PCOS patients subdivided into insulin-resistant (IR) and insulin-sensitive (IS) groups.
Fasting insulin concentration and HOMA-IR were higher (p<0.001), and quantitative insulin check index
(QUICKI), glucose-to-insulin ratio (p<0.001), and high-density lipoprotein cholesterol (HDL-C) (p=0.012)
were lower in IR group. MetS (p=0.034) and obesity (p=0.038) were more prevalent in IR group. For all
PCOS patients, significant correlations of total cholesterol (TC) with dehydroepiandrosterone sulphate
(DHEAS) (r=-0.27, p=0.031), HDL-C with QUICKI (r=0.26, p=0.036) were found. Partial correlations also
showed significant associations between TG and BS2h (r=0.30, p=0.026) as well as TC and LH/FSH ratio
(r=0.30, p=0.032). When the patients were divided into IR and IS groups, significant correlations of low-
density lipoprotein cholesterol (LDL-C) with luteinizing hormone (LH) (r=0.50, p=0.017) as well as TC
(r=0.42, p=0.043) and LDL-C (1=0.50, p=0.016) with LH/FSH ratio were observed in IR group. However,
partial correlation suggested significant associations of HDL-C with testosterone (r=-0.35, p=0.049) as well
as serum LDL-C (r=0.38, p=0.033), HDL-C (r=-0.32, p=0.047), and TC (r=0.34, p=0.056) with progesterone
level only in the IS group. The findings of this study indicated that lipid abnormalities may occur in PCOS,
irrespective of IR.
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INTRODUCTION dressed that PCOS is a heterogeneous gynaeco-
logical syndrome associated with a wide range of
endocrine and metabolic abnormalities, includ-
ing hyperinsulinaemia, hyperglycaemia, glu-
cose intolerance, dyslipidaemia, and obesity,
which are regarded as the hallmark components

of metabolic syndrome (MetS) (2).

Polycystic ovary syndrome (PCOS) is often char-
acterized by the manifestation of oligo/anovula-
tion, clinical or biochemical hyperandrogenism
and/or polycystic ovaries. PCOS affects 5% to
10% women of reproductive age (1). It is ad-

Correspondence and reprint requests: Insulin resistance (IR) is considered the common

Dr. Maryam Saghafi-Asl

School of Nutrition

Tabriz University of Medical Sciences
Tabriz, Iran

Email: Nutrition_saghafi@yahoo.com
Fax: 04133340634

cause of other aberrations in this disorder which
affects the long-term health of PCOS patients (3).
For instance, IR is considered to play a role in
defected lipid profile. It is estimated that 70% of
women with PCOS have at least one abnormal li-
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pid constituent (4). Obese women with PCOS are
more prone to dyslipidaemia, particularly elevated
triglycerides (TG) and decreased high-density lipo-
protein cholesterol (HDL-C) (5,6). Some studies are
suggestive of significantly lower levels of HDL-C in
PCOS women compared to weight-matched con-
trols (7). However, in other investigations, no dif-
ference was observed in lipid profile between PCOS
women and control participants (8,9).

It is estimated that approximately one-third of
PCOS women also have MetS (10). In fact, PCOS
is considered one of the ovarian manifestations of
MetS (11). A study (10) showed that metabolic syn-
drome and its components are common in PCOS,
especially among women with the highest BMIs
and insulin levels. While obesity is regarded one
of the putative factors leading to MetS, IR seems to
contribute mainly to the link between PCOS and
MetS (12). In addition, accumulating evidence in-
dicates that women with MetS also exhibit hyper-
androgenism (13), a well-established contributor
to PCOS aetiology (14). Androgen in excess appears
to affect independently, which further exacerbates
the cardiometabolic aberrations in PCOS women
(15). However, another study (6) showed that no
correlation exist between lipid profile and gona-
dotrophic hormones or testosterone among PCOS
patients. On the other hand, it was also suggested
that metabolic disturbances were seemingly more
pertinent to adiposity/insulin metabolism than to
circulating androgen levels (16).

IR might also negatively correlate with dehydroe-
piandrosterone sulphate (DHEAS) concentration in
PCOS patients (17). It is reported that obese wom-
en with PCOS have lower DHEAS levels compared
to non-obese PCOS patients (18). Several studies
have shown an inverse association between serum
DHEAS and cholesterol levels (19,20), resulting
in the high incidence of ischaemic heart disease
(21,22).

The present study primarily focuses on the asso-
ciations of IR with endocrinometabolic parameters
among Iranian PCOS women. So far, most of the
studies have discussed these interactions among
PCOS patients with various body mass indices
(BMIs) (6,23,24) whereas the present article discuss-
es just on overweight or obese PCOS patients. The
potential interrelationships of IR, obesity, endocrine
disturbances, and MetS have been rarely studied al-
together in the setting of PCOS. Therefore, this re-
port was aimed to better clarify the mutual effects
of these pathogenic abnormalities in overweight
or obese PCOS patients subdivided into insulin-
resistant (IR) and insulin-sensitive (IS) groups.

MATERIALS AND METHODS
Patient population

This cross-sectional study was conducted from Jan-
uary 2011 to August 2012 in Gynecology and Endo-
crinology Outpatient Clinics of Tabriz University of
Medical Sciences. Sixty-three overweight or obese
patients diagnosed with PCOS were recruited in
this study. The research protocol was approved by
the Ethics Committee of Tabriz University of Medi-
cal Sciences (ethical code=906). Written informed
consent was obtained from all participants.

The diagnosis of PCOS was confirmed according
to the revised Rotterdam criteria (25), in which the
presence of any two out of the three following cri-
teria was required: (i) oligo- and/or anovulation (<8
menstrual periods per year) (26); (ii) clinical and/
or biochemical signs of hyperandrogenism, includ-
ing hirsutism (Ferriman-Gallwey score >8); and
(iii) polycystic ovaries on sonography (i.e. at least
1 ovary containing 12 or more peripheral follicles
measuring 2-9 mm in diameter and/or ovarian vol-
ume of at least 10 mL) (27) and exclusion of other
aetiologies (congenital adrenal hyperplasia, andro-
gen-secreting tumours, and Cushing’s syndrome).
Vaginal or transabdominal pelvic sonography, as
appropriate, was performed only on patients who
did not fulfill the diagnostic criteria. The inclusion
criteria were any PCOS patient diagnosed by the
abovementioned criteria with age range between
17 and 37 years, BMI range between 25 and 39
kg/m?, and taking no medicines at least 2 months
preceding the study. Any patients with a disease
affecting metabolic parameters, including Cush-
ing’s syndrome, hypoglycaemia, diabetes mellitus,
androgen-secreting tumours, or congenital adrenal
hyperplasia, hyperprolactinaemia, hyperparathy-
roidism, thyroid disorders, and hypertension, were
excluded from the study. Patients taking drugs that
affect glucose or insulin metabolism, such as glu-
cose-controlling drugs, contraceptives, glucocorti-
coids, beta-blockers, anti-coagulants, non-steroidal
anti-inflammatory drugs (NSAIDS), anti-obesity
drugs, multivitamins, and any dietary supplements
within 2 months before the entry to the study were
also excluded. In addition, history of being on a
special diet, such as weight-losing diet during the 6
months before the onset of the study, was regarded
an exclusion criterion.

The obtained data for medical history included age,
intake of drugs, smoking and alcohol consump-
tion, levels of physical activity. Dietary intake was
measured using a 3-day food recall. Blood pressure
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(BP) was measured after a 10-min rest period, using
digital automatic blood pressure monitor (Omron,
Japan). Systolic BP above 130 mmHg and diasto-
lic BP above 80 mmHg were regarded as hyperten-
sion (28). Subjects were weighed in light clothing
without shoes. Height was measured to the nearest
0.1 cm, using a wall-mounted stadiometer. BMI
was calculated as weight (kg) divided by the square
of height (m). For further analysis, the patients
were also subdivided into 2 groups of BMI: the
overweight group (BMI 25-29.9 kg/m?) or the obese
group (BMI 230 kg/m?) (29). Lipid profile and other
parameters were also compared between these two
subgroups. Waist-circumference (cm) was meas-
ured at a level midway between the lower rib mar-
gin and iliac crest (30).

Laboratory measurements

After a 12-hour overnight fasting, 10 mL blood was
obtained in the follicular phase of the menstrual
cycle (i.e. serum progesterone level lower than 2.5
ng/mL) (31). In terms of high progesterone level,
the whole measurements were repeated after one
or two week(s). The whole blood samples were cen-
trifuged at 3,000 rpm for 5 minutes. The samples
were analyzed either immediately or during the
tirst week after conservation at -20 °C.

Serum glucose, total cholesterol (TC), TG, and HDL
were analyzed using the standard enzymatic meth-
od (Pars Azmoon kit, Pars Azmoon Inc., Tehran,
Iran) (glucose: CV inter-assay=0.90%, TC: CV inter-
assay=1.1%, TG: CV inter-assay=1.6%, and HDL:
CV inter-assay=1.8%). LDL-C was calculated with
the Friedewald (1972) Formula: LDL=[TC]-[HDL]-
[TG]/5.0 (mg/dL). Levels of free testosterone (DiaM-
etra, Italy, CV inter-assay <10%), DHEAS (DRG In-
struments GmbH, Germany, CV inter-assay=4.8%),
and 17-OHP (DRG Instruments GmbH, Germany,
CV inter-assay=6.7%) were measured using en-
zyme-linked immunosorbent assays (ELISAs) meth-
od. Total testosterone (CV inter-assay=5.3%), LH
(CV inter-assay=3.8%), FSH (CV inter-assay=3.8%),
prolactin (CV inter-assay=6.4%), progesterone (CV
inter-assay=9.6%), and plasma insulin levels (CV
inter-assay=3.9%) were all measured using chemi-
luminescence methods (Liaison®; DiaSorin S.P.A.,
Saluggia, Vercelli, Italy).

Hyperandrogenaemia was considered as either se-
rum testosterone level above 2.08 nmol/L and/or
serum DHEAS level above 7,800 nmol/L (32). In-
creased serum 17-OHP was defined in levels above
4.8 nmol/L to exclude congenital adrenal hyper-
plasia (33).

Oral glucose tolerance test (OGTT) and
evaluation of IR and MetS

The standard oral glucose tolerance test (OGTT) was
performed two hours after administration of 75 g
glucose for all the patients (34). Quantitative insulin
check index (QUICKI), a simple marker for insulin
sensitivity, was calculated as 1/(log fasting insulin
x log fasting glucose in mg/dL) (35). The homeos-
tasis model of insulin resistance (HOMA-IR) was
calculated as [fasting plasma glucose concentration
(mmol/L) x fasting serum insulin concentration
(WU/mL)/22.5] (36). IR was defined as HOMA-IR
value of >3.8 (37). Impaired glucose tolerance (IGT)
was defined as an elevated fasting glucose (110 mg/
dL <G, <125 mg/dL) or an elevated 2-hour glucose
(140 mg/dL < G,,, <199 mg/dL) (37). The patients
were divided into insulin-resistant (IR) and insu-
lin-sensitive (IS) groups. First, lipid profile and hor-
monal parameters were compared between the two
groups. Then, the correlation of lipid profile with
several metabolic parameters and hormonal profile
were analyzed.

MetS was defined according to the National Cho-
lesterol Education Program (NCEP) guidelines (38).
Having at least three of the following criteria, in-
dividuals were diagnosed as MetS: increased waist-
circumference (>88 cm), low serum HDL-C (<50
mg/dL in women), hypertriglyceridaemia (>150
mg/dL), hypertension (BP >130/80 mmHg), and
high fasting blood glucose (>110 mg/dL).

Statistical analysis

The Kolmogorov-Smirnov test was used in check-
ing for the normality of data; all data were normal-
ly distributed. Data were expressed as mean+SD for
continuous variables and as frequency (percentage)
for categorical variables. Independent-sample t-test
was used for comparing continuous variables, and
chi-square or Fisher’s exact test was used for cat-
egorical variables. Correlations between lipid pro-
file and metabolic and hormonal parameters were
examined using Pearson’s correlation coefficients.
Partial correlations were run to determine these
associations after controlling for BMI and age.
A p value of <0.05 indicated significance.

RESULTS

None of the PCOS patients was taking drugs at
least 2 months preceding the study. The mean age
and BMI of PCOS patients were 26.9+5.7 years and
31.4+3.8 kg/m? respectively. Thirty-six percent of
overweight or obese PCOS patients had HOMA-
IR 23.8 and constituted insulin-resistant group.
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Moreover, only 5 out of 63 PCOS patients were
intolerant to glucose (142-215 mg/dL); however,
none was diabetic. General characteristics and hor-
monal features of the patients in the IR and the IS
groups are shown in Table 1.

More than half of the patients were similarly hy-
perandrogenic in the IR and IS groups (p=0.550).
Around 80% of the IR and IS groups had hirsutism.
The two groups had similar oligo/anovulation pat-
tern (95% in both groups).

The IR and IS groups did not differ in terms of age
and systolic or diastolic blood pressure (Table 1).
Obesity was significantly more prevalent in the IR
compared to the IS group (77% vs 50%, p=0.038)
(data not shown). However, the mean BMI was
similar between the two groups (32.27£3.46 in
the IR vs 30.91+3.88 kg/m?in the IS group, Table
1, p=0.175). Waist-circumference was non-
significantly higher in the IR group compared to
the IS group (p=0.072). There was no significant
difference in energy intake, using a 3-day food re-
call, between the two groups (2,382 calories/day in
the IR vs 2,355 calories/day in the IS group). Fast-
ing insulin concentration (Figure 1) and HOMA-IR
(Figure 2) were significantly higher (p<0.001), and
QUICKI and glucose-to-insulin ratio were signifi-
cantly lower (p<0.001) in the IR compared to the

IS group (Figure 2). HDL-C was also significantly
lower in the IR vs IS group (41.78+7.54 in the IR vs
47.25+8.38 in the IS group) (p=0.012) (Figure 1).

For further analysis, a comparison of lipid profile,
metabolic and hormonal parameters was made be-
tween the two subgroups of overweight and obese
PCOS patients. A significant difference was ob-
served in fasting insulin concentration (18.42+9.61
mlIU/mL in the obese vs 13.43+4.42 mIU/mL in
the overweight group, p=0.008). HOMA-IR was
significantly different between the two subgroups
(3.86x1.92 in the obese vs 3.04+1.07 in the over-
weight group, p=0.036). HOMA-IR >3.8 (p=0.038)
and one of the MetS components, ie. waist-
circumference (p<0.001), were significantly more
prevalent among the obese PCOS patients. Other
parameters were more or less similar between over-
weight and obese PCOS patients (data not shown).

The frequency of MetS and all of its individual
components were higher in the IR compared to the
IS group. Nearly half of the IR patients compared to
20% of the IS patients had MetS. However, only the
frequency of MetS (p=0.034) differed significantly
between the IR and the IS groups (Table 2).

Neither the IR nor the IS patients had significant dif-
ferences in hormonal parameters (Table 1). For all

Table 1. General characteristics and hormonal features between IR and IS group of PCOS patients
Variable IR group (N=23) IS group (N=40) pvalue*
(Mean+SD) (MeanzSD)

Age range (17-37 years) 26.9616.58 26.80£5.29 0.918
Blood pressure (mmHg)

Systolic 113.17+7.73 111.12+9.34 0.443

Diastolic 76.35+9.70 72.5049.43 0.184
BMI (kg/m?) 32.2743.46 30.91+3.88 0.175
WC (cm) 96.20+7.67 93.19+8.88 0.205
Calorie intake (kcal) 2,382.17+530 2,355.91+£655 0.630
Fat intake (g) 91.60+43.18 79.87+41.11 0.317
FSH (U/L) 5.72+1.97 6.40+1.60 0.143
LH (U/L) 7.9943.90 9.52+4.39 0.172
LH/FSH ratio 1.5941.03 1.56+0.80 0.874
Testosterone (ng/mL) 0.64+0.17 0.68+0.25 0.467
Free testosterone (ng/mL) 1.40+0.93 1.31+0.97 0.740
DHEAS (ug/dL) 135.45+57.65 126.10+£74.48 0.612
Progesterone (ng/mL) 1.56+0.65 1.38+0.62 0.297
17-OHP (nmol/L) 1.0940.51 0.90+0.68 0.476
*t-test; IR=Insulin-resistant; IS=Insulin-sensitive; BMI=Body mass index; WC=Waist-circumference;
FSH=Follicle-stimulating hormone; LH=Luteinizing hormone; DHEAS=Dehydroepiandrosterone sul-
phate; 17-OHP=17-hydroxy-progesterone
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Figure 1. Mean+SD metabolic parameters between insulin-resistant (IR) and insulin-sensitive (IS)

PCOS patients
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Figure 2. Mean+SD of QUICKI, HOMA-IR, and glucose-to-insulin ratio between insulin-resistant
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PCOS patients, DHEAS concentration correlated
inversely with TC level (r=-0.27, p=0.031); it be-
came non-significant after adjustment for BMI and
age. Among IR markers, only QUICKI significantly
correlated with HDL-C level (r=0.26, p=0.036),
which was non-significant after adjustment (r=0.24,
p=0.072). Further analysis with partial correlations
showed a significant association between TG and
BS2h (r=0.30, p=0.026) as well as between TC and
LH/FSH ratio (r=0.30, p=0.032). We also tried to find

such correlations in subgroups of PCOS population
(i.e. the IR and the IS groups) (Table 3-6). There was
no correlation between serum insulin concentra-
tion and lipid profile in any of the groups. Other
metabolic variables did not significantly correlate
with lipid profile (Table 3), even after adjusting for
the confounders (Table 5). However, regarding hor-
monal parameters, LH concentration correlated
significantly with LDL-C (r=0.50, p=0.017) whereas
non-significantly with total cholesterol (r=0.37,
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Table 2. Frequency of the metabolic syndrome components between IR and IS Group of PCOS patients

IR group (N=23) IS group (N=40)

Variable Number (%) Number (%) p value®
WC 288 cm 18 (85.7) 26 (66.7) 0.072
Hypertriglyceridaemia 10 (43.5) 15 (37.5) 0.188
Low HDL-C level 19 (82.6) 27 (67.5) 0.105
Hypertension 0 (0) 0@ -
Fasting hyperglycaemia 3(13) 5(12.5) 0.301
Metabolic syndrome 10 (43.5) 8 (20) 0.034

*Chi-squaretest; IR=Insulin-resistant; IS=Insulin-sensitive; WC=Waist-circumference; HDL-C=High-
density lipoprotein cholesterol

Table 3. Pearson’s correlation coefficients for the associations of lipid profile with metabolic parameters
in IR and IS group of PCOS patients

IR group (N=23) IS group (N=40)

Variable

TG TC HDL-C LDL-C TG TC HDL-C LDL-C
FBS -0.22 -0.24 -0.02 -0.20 0.009 0.18 -0.03 0.22
BS2h 0.12 -0.29 -0.11 -0.37 0.13 -0.03 -0.12 -0.05
Fasting insulin 0.04 0.09 0.12 0.07 -0.01 -0.18 -0.13 -0.17
QUICKI -0.008 -0.04 -0.09 -0.02 -0.22 0.12 0.10 0.20
Glucose/Insulin ratio  -0.17 -0.21 -0.05 -0.17 -0.15 0.22 0.10 0.29

IR=Insulin-resistant; IS=Insulin-sensitive; FBS=Fasting blood sugar; BS2h=Blood sugar 2 hours after
75 g oral glucose; QUICKI=Quantitative insulin check index; TG=Triglyceride; TC=Total cholesterol;
HDL-C=High-density lipoprotein cholesterol; LDL-C=Low-density lipoprotein cholesterol; p values are
non-significant for all the parameters

Table 4. Pearson’s correlation coefficients for the associations of lipid profile with hormonal parameters in IR
and IS group of PCOS patients

IR group (N=23) IS group (N=40)

Variable
TG TC HDL-C LDL-C TG TC HDL-C LDL-C

LH -0.21 0.37 0.18 0.50* 0.13 0.03 -0.07 0.006
FSH -0.38 -0.30 0.41%%* -0.27 0.11 -0.16 -0.06 -0.21
LH/FSH ratio 0.14 0.42%* -0.22 0.50* 0.07 0.20 0.02 0.19
Testosterone -0.13 -0.16 -0.07 -0.13 0.13 -0.001  -0.30** 0.03
Free testosterone 0.23 0.18 0.007 0.16 0.17 0.008 -0.03 -0.14
DHEAS -0.24 -0.24 -0.07 -0.17 -0.04 -0.3 -0.23 -0.26
Progesterone -0.11 0.07 0.22 0.08 0.12 -0.40 -0.28 -0.02

IR=Insulin-resistant; IS=Insulin-sensitive; LH=Luteinizing hormone; FSH=Follicle-stimulating hormone; DH-
EAS= Dehydroepiandrosterone sulphate; TG=Triglyceride; TC=Total cholesterol; HDL-C=High-density lipopro-
tein cholesterol; LDL-C=Low-density lipoprotein cholesterol; *p<0.05; **p=0.05 (marginally significant)

p=0.078) in the IR group (Table 4). This associa-
tion became non-significant after adjustment
(Table 6). The marginal correlation of FSH with
HDL-C (r=0.41, p=0.051) in the IR group (Table 4)
became significant (+=0.58, p=0.018) after control-
ling for the confounders (Table 6). Moreover, LH/
FSH ratio correlated significantly with TC (r=0.42,
p=0.043) and LDL-C (=0.50, p=0.016) in the IR group
(Table4), which were non-significant afteradjustment

(Table 6). The reverse correlation of testosterone
with HDL-C was also marginal (r=-0.30, p=0.059)
in the IS group (Table 4), which became significant
(r=0.35, p=0.049) after controlling for the confounders
(Table 6). Further analysis with partial correlation
test indicated that there were significant asso-
ciations of serum progesterone level with LDL-C
(r=0.38, p=0.033), HDL-C (r=-0.32, p=0.047), and TC
(r=0.34, p=0.056) only in the IS group (Table 6).
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Table 5. Partial correlation coefficients of lipid profile with metabolic parameters in IR and IS group of
PCOS patients (controlling for the effects of BMI and age)

IR group (N=23)

IS group (N=40)

Variable

TG TC HDL-C LDL-C TG TC HDL-C LDL-C
FBS 0.003 0.006  -0.200  0.051 -0.086  0.101 -0.003  0.146
BS2h 0.450 0.263 -0.193 0.157 -0.03 -0.138  -0.090 -0.109
Fasting insulin -0.004 -0.046 0.173 -0.009  0.215 -0.146  -0.130 -0.210
QUICKI 0.007 0.106  -0.107  0.151 -0.146  0.126 0.176 0.144
Glucose/Insulin ratio 0.015 0.130 -0.171 0.192 -0.127 0.181 0.180 0.195

IR=Insulin-resistant; IS=Insulin-sensitive; FBS=Fasting blood sugar; BS2h=Blood sugar 2 hours after
75 g oral glucose; QUICKI=Quantitative insulin check index; TG=Triglyceride; TC=Total cholesterol;
HDL-C=High-density lipoprotein cholesterol; LDL-C=Low-density lipoprotein cholesterol; p values are
non-significant for all the parameters

Table 6. Partial correlation coefficients of lipid profile with hormonal parameters in IR and IS group of
PCOS patients (controlling for the effects of BMI and age)

IR group (N=23)

IS group (N=40)

Variable

TG TC HDL-C LDL-C TG TC HDL-C LDL-C
LH -0.376 0.195 0.248 0.362 0.267 0.204 -0.153 0.158
FSH -0.380  -0.122  0.582*  -0.108 0.162 -0.143 0.036 -0.244
LH/FSH ratio 0.200 0.318 -0.362 0.385 0.20 0.346 -0.103 0.331
Testosterone -0.072 -0.001 -0.153 0.262 0.125 0.119 -0.357* 0.196
Free testosterone 0.337 0.320 -0.102 0.070 0.131 0.010 0.051 -0.062
DHEAS -0.145 -0.070 0.009 -0.019 -0.035 0.043 -0.141 0.112
Progesterone -0.120 0.180 0.339 0.200 0.293  0.346** -0.375* 0.384*

IR=Insulin-resistant; IS=Insulin-sensitive; LH=Luteinizing hormone; FSH=Follicle-stimulating hormone;
DHEAS=Dehydroepiandrosterone sulphate; TG=Triglyceride; TC=Total cholesterol; HDL-C=High-
density lipoprotein cholesterol; LDL-C=Low-density lipoprotein cholesterol; *p<0.05; **p=0.05 (margin-

ally significant)

DISCUSSION

The present study was aimed to investigate the as-
sociations of IR with endocrinometabolic param-
eters in overweight or obese PCOS patients. The
results showed that fasting insulin concentration
and HOMA-IR were higher (p<0.001); QUICKI
and glucose-to-insulin ratio (p<0.001) and HDL-C
(p=0.012) were lower in IR group. MetS (p=0.034)
and obesity (p=0.038) were more prevalent in the
IR group.

The prevalence of IR was 36.5% among the PCOS
patients. This is higher than that (24.9%) reported
previously in a large-scale study of PCOS patients
conducted in Isfahan, Iran, with the same cutoff
point for IR (39). According to our findings, IR is,
at least to some degree, pertinent to obesity and
not attributed solely to PCOS. In our study, insu-
lin concentration and HOMA-IR were significantly
higher in the obese PCOS patients compared to the

overweight women (data not shown). On the other
hand, the mean BMI and the prevalence of obesity
(p=0.038) were higher in the IR compared to the IS
patients, a finding which is consistent with previ-
ous studies (6,23,24). In fact, abdominal obesity can
result in higher insulin concentration (40); and the
resultant hyperinsulinaemia may encourage further
obesity (41). Although IR occurs in obese as well as
lean subjects with PCOS (42), any degree of obesity
is liable to trigger reduced insulin sensitivity.

The IR and IS groups differed significantly concern-
ing HOMA-IR, QUICKI, and glucose-to-insulin ra-
tio. Lipid abnormalities were more common in the
IR than the IS group. Among lipid profile, only the
level of HDL-C was lower in the IR group, which is
in line with prior studies (9,23,24,43). In the study
conducted by Robinson et al. (9), the authors sug-
gested that low HDL-C was associated with insu-
lin sensitivity rather than BMI. In fact, IR seems to
contribute to dyslipidaemia partly through lipolysis
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stimulation and altered expression of lipoprotein
lipase and hepatic lipase (44). In our study, elevated
LDL-C level was not found in the insulin-resistant
patients as in the study by Kalra et al. (23) who
compared lipid profile between insulin-resistant
and non insulin-resistant PCOS groups. In another
study, no significant correlation was observed be-
tween HOMA-IR and LDL-C (43).

In our research, hypertriglyceridaemia and hy-
percholesterolaemia—though higher in the IR
patients—were not significantly different between
the two groups. This finding contradicts with the
results of Kalra et al. (23) in which the cutoff point
of 4.5 was used for the diagnosis of insulin resist-
ance. Moreover, the IS group was of normal BMI
and the IR group were overweight whereas both
of our groups were basically overweight or obese
PCOS patients. In a study by Holte et al. (8), in
which obese and non-obese PCOS patients were
compared, the authors found that plasma free
fatty acid concentrations dramatically increased in
obese women with PCOS. This was closely associ-
ated with the lower insulin sensitivity and lower
glucose tolerance in these women. Despite these
broad metabolic abnormalities, the lipoprotein
lipid profile was not significantly more abnormal
in obese women with PCOS than in their weight-
matched controls.

The prevalence of MetS in the IR vs IS PCOS pa-
tients was significantly higher (43.5% vs 20%)
(p=0.034), which is consistent with preceding re-
ports of one-third to one-half of the affected wom-
en (24,45). All the individual components of MetS
were more common in the IR compared to the IS
group as in the study by El-Mazny et al. (24), except
for hypertension. As we recruited no hypertensive
patient in the study, this item was not observed
among the patients. Overall, these metabolic ab-
errations compromise the health of PCOS women
by putting them at higher risk of cardiometabolic
diseases (24).

Among IR markers, only QUICKI significantly
correlated with HDL-C level (=0.26, p=0.036)
in all PCOS patients; however, it was non-
significant after adjusting for the confounders. Fur-
ther analysis among the IR and IS patients revealed
significant correlations between lipid profile and
obesity markers only in the IS group (data not pre-
sented). This finding indicates that the presence of
IR may not necessarily lead to lipid abnormalities
in PCOS as found in a prior study (6).

In the present research, the mean levels of basal
serum LH and FSH were found to be lower in the

IR compared to the IS patients; however, the differ-
ence was not significant. This could be due to the
comparison of hormonal profile between the two
groups with similar BMI. By contrast, in the study of
Mor et al. (46), in which the level of LH was signifi-
cantly lower in the IR group, patients with IR were
significantly more obese than IS group (p<0.05).
Obesity in PCOS has been shown to be associated
with an attenuation of the LH pulse amplitude
(47). In the present report, the ratio of LH/FSH did
not differ between the IR and IS group. However,
LH/FSH ratio correlated significantly with TC
(r=0.30, p=0.032) in all PCOS patients after control-
ling for the confounders. Supporting this finding, a
study (48) among nationally-representative sample
of post-menopausal women showed that mark-
ers of dyslipidaemia, which are characteristics of
PCOS-related morbidities, were also significantly
associated with LH/FSH ratio. Similarly, in the IR
group, LH/FSH ratio was a significant correlate of
TC (r=0.42, p=0.043) and LDL-C (r=0.50, p=0.016);
however, their association became non-significant
after adjustment. This finding merits further inves-
tigation.

Lower testosterone level observed among the IR pa-
tients in this study may result from the low levels of
LH in those patients as reported by Mor et al. (46).
The observation of low LH in obese insulin-re-
sistant women is in line with the results of previous
studies (49,50), offering two distinct phenotypes
for PCOS—a low-LH and high-insulin group and a
high-LH and low-insulin group (51), further neces-
sitating the designation of PCOS patients into IR
and IS groups. Such division is not currently con-
sidered among the criteria which define PCOS.

The results from partial correlation suggested an in-
verse correlation between testosterone and HDL-C
(r=-0.35, p=0.049) in the IS group as well as between
FSH and HDL-C (r=-0.58, p=0.018) in the IR group.
These findings are in contrast with the study of Mei-
row and co-workers (6) in which no correlations
were found between lipid profile and any of the
gonadotrophic hormones or testosterone among
PCOS patients. In hirsute women, total and free tes-
tosterone levels correlated with triglycerides (r=0.72,
p<0.05; r= 0.55, p<0.01 respectively) and HDL-C
(r=-0.55; p<0.05; r=0.68, p<0.05 respectively) (52). In
another study (53) of 430 healthy women, FSH had
positive correlations with TC (r=0.13) and HDL-C
(r=0.13) in post-menopausal women. Testosterone
had no correlation with lipid profile. However, ex-
ogenous testosterone is reported to affect HDL-C
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negatively via hepatic lipase (HL), an enzyme which
enhances the clearance of HDL-C (54).

Concerning adrenal steroidogenesis, there was an
inverse significant relationship between DHEAS and
cholesterol level (r=-0.27, p=0.031) in all PCOS pa-
tients as in prior studies (6,19,20) but this association
was no longer significant after adjustment for BMI
and age. DHEAS may directly affect insulin sensitiv-
ity by increasing insulin-binding to its own receptor
(55). Evidence suggests that DHEA may also be as-
sociated with IR and hyperinsulinaemia through its
relation with obesity (56), which was shown in the
present study. Further analysis with partial correla-
tion indicated that serum progesterone level had di-
rect correlations with LDL-C (r=0.38, p=0.033) and
TC (r=0.34, p=0.056), and inverse correlation with
HDL-C (=-0.32, p=0.047) only in the IS group. This
tfinding shows that the level of serum progesterone
can affect lipid profiles in PCOS patients of the IS
group. It is also in accordance with another study
which was suggestive of the favourable effect of pro-
gesterone on HDL-C and LDL-C (57).

A relatively limited sample was included in the
present study due to taking into account a vast
number of effective confounders as inclusion crite-
ria. The controversies which exist in different stud-
ies may result from different diagnostic criteria used
for PCOS, inclusion of women with different BMISs,
and probable use of progestin for menstrual induc-
tion preceding the study. However, in the present
investigation, diagnosis of PCOS was based on the
Rotterdom criteria, widely used in most researches.
Moreover, only overweight or obese patients at a
limited age range (i.e. 17-37 years) were recruited.
Finally, no hormonal treatment (i.e. progestin) was
used for menstrual induction before the study.

Conclusions

Regarding the higher prevalence of obesity and
MetS in the PCOS patients of the IR group, screen-
ing such women to prevent further cardiometabolic
complications seems warranted. Furthermore, lipid
abnormalities may occur in PCOS, irrespective of
IR. To manage the disease, the complicated inter-
relationships among lipid profile, obesity, IR, MetS,
and hormonal parameters should be considered.
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