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Abstract

Background: Polycystic ovarian syndrome (PCOS) is the most common endocrinopathy among young women.
Insulin resistance is a key feature in the pathogenesis of PCOS; also high molecular weight adiponectin is a marker
of insulin resistance. The aim of this study was to evaluate the insulin resistance, metabolic and androgenic profiles
and high molecular weight adiponectin in obese and non-obese PCOS patients.

Methods: In this cross-sectional study in outpatient endocrinology clinics of Shiraz University of Medical Sciences,
80 women aged 17-43 years old with PCOS were enrolled. Biochemical and hormonal assay was done on fasting
blood sample on the third day of follicular phase.

Results: The individuals had a mean age of 28.39 + 6.56 years, mean weight of 65.41 + 12.59 Kg, mean BMI
of 25.5+4.9, and mean waist circumference of 88.0+ 13.1 cm. Of all individuals 20% had frank insulin
resistance with HOMA-IR > 3.8. Although the obese PCOS patients had lower levels of high molecular
weight adiponectin (P=0.03) than the normal weight PCOS individuals, the level of insulin and insulin
resistance was not different in them (P=0.13, 0.13). Patients with classic PCOS phenotype significantly had
higher levels of insulin resistance and free androgen index (P < 0.001, 0.001). We found a significant
correlation between the insulin level and free androgen index (correlation coefficient: 0.266 and P=0.018)
after adjusting for BMI.

Conclusion: This cross-sectional study showed a high incidence of insulin resistance in PCOS patients
independent of obesity, and determined BMI related lower level of high molecular weight adiponectin in
obese PCOS individuals. More detailed studies are warranted for evaluation of insulin resistance and its
pathophysiologic role in PCOS.
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Background

Polycystic ovarian syndrome (PCOS) is the most com-
mon endocrinopathy among women in the reproduct-
ive age. The prevalence of PCOS varies between 10
and 15% [1]. Three criteria are used to define PCOS
over the last decades: The National Institutes of
Health (NIH) criteria, Androgen Excess and PCOS
Society (AES-PCOS) criteria, and The Rotterdam cri-
teria [2—4].

Obesity, hyperinsulinemia, and insulin resistance are
the most important metabolic abnormalities that affect
PCOS patients. Hyperandrogenism, menstrual dysfunc-
tion, infertility, and hirsutism are the most common
clinical symptoms in women with PCOS. In addition,
the prevalence of dyslipidemia, hypertension, type 2 dia-
betes, and cardiovascular diseases is higher in these pa-
tients than general population [5, 6].

Although the etiology of PCOS is still not well known
[1], it seems that insulin resistance is a major pathophys-
iologic mechanism in developing clinical symptoms and
other metabolic complications of PCOS [7]. Resistance
to insulin leads to an increase in free androgen availabil-
ity, and consequently alteration in follicular development
and granulosa cell function [5, 8]. Increased insulin con-
centration in PCOS patients reduces the serum level of
SHBG, which enhances the bioavailability of free testos-
terone level; also, these women have abnormal gonado-
tropin concentration and great androgen biosynthesis
from the adrenal and ovaries, stimulated by high level of
insulin [9].

Insulin resistance has a main role in the pathogenesis
of PCOS independent of obesity [10], and there is possi-
bility of considerable effect of hyperandrogenism on the
insulin resistance in PCOS patients [11].

Various adipokines are secreted from the adipose tis-
sue, which have different effects on insulin resistance.
Some of these, such as visfatin can activate the insulin
receptor and has insulin-like activity, but adiponectin
has insulin-sensitizing effect [12]. Adiponectin, secreted
from the adipocyte, is an abundant protein that exists as
multimers including high molecular weight (HMW),
medium-molecular-weight, and low-molecular-weight
oligomers [13]. Although some studies showed the rela-
tionship between adiponectin and PCOS independent of
BMI [13, 14], some other demonstrated that the adipo-
nectin levels were negatively associated with BMI [1, 15].
These adipokines may be considered as markers of insu-
lin resistance in PCOS patients irrespective of BMIL.

We performed this study to evaluate and compare the
level of insulin, insulin resistance, androgen, and
HMWA between obese and non-obese women with
PCOS and in four different PCOS phenotypes; in
addition, we investigated the relationship between
HMWA and the androgen level.
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Methods

Subjects

The present study is a cross sectional investigation con-
ducted from March 2016 to February 2017 in outpatient
endocrinology clinics of Shiraz University of Medical
Sciences in the south of Iran. Eighty women aged 17-43
years old diagnosed with PCOS (according to the Rotter-
dam criteria) [4] were enrolled in the study. Pregnant
women, women with late onset congenital adrenal
hyperplasia, hyperprolactinemia, hypertension, diabetes
mellitus, Cushing syndrome, adrenal and ovarian tumor,
and those using oral contraceptive pills, lipid lowering,
antihypertensive, and antiandrogen agents were
excluded.

A physician measured the participants’ weight and
height. A standard scale was used to the nearest 0.1kg
(Seca, Germany), while the participant was wearing light
clothing and was barefoot. We measured height to the
nearest 0.5 cm with a wall-mounted meter while the par-
ticipant was standing with no shoes. We also calculated
the BMI by dividing the weight (in kilogram) by height
per square meter. Finally, we measured the waist cir-
cumference to the nearest 0.1 cm just above the patient’s
uppermost lateral border of the right ilium.

The patients were divided into 3 groups based on their
BMI (less than 25, between 25 and 30, more than 30 Kg/
m?). Systolic and diastolic blood pressure (BP) was mea-
sured in one arm in a sitting and standard position and
recorded.

The patients were categorized into four different phe-
notypes according to their androgen level, history, and
sonography. Phenotype 1: chronic anovulation and poly-
cystic ovaries but no clinical or biochemical hyperandro-
genism; phenotype 2: hyperandrogenism and polycystic
ovaries but ovulatory cycles; phenotype 3: hyperandro-
genism and chronic anovulation but normal ovaries; and
phenotype 4 (classic phenotype): hyperandrogenism,
chronic anovulation, and polycystic ovaries [16].

Biochemical and hormonal assessment

Blood samples were obtained directly from all subjects
from a cannulated vein on the third day of follicular
phase after 8 h overnight fasting between 8:00-9:00 AM.
We performed biochemical analysis for each individual.
Fasting blood glucose, triglyceride, high-density lipopro-
tein (HDL) cholesterol, Insulin level (Insulin -1'?>- IRMA
kit, Hungary), Thyroid Stimulating Hormone (TSH),
Prolactin, Luteinizing Hormone (LH) (I'**-hLH IRMA
kit, Hungary), Follicle-Stimulating Hormone (FSH) (1'2>-
hFSH IRMA kit, Hungary), 17(OH) progesterone
(ELISA, Germany), total testosterone (Microplate En-
zyme Immunoassay kit, USA), Sex Hormone Binding
Globulin (SHBG) (SHBG 1125 IRMA, Hungary), free an-
drogen index [(testosterone level/ SHBG)*100],
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dehydroepiandrosterone-sulfate (DHEAS) (DHEA-SO4
/T'** Kit, Hungary), and High-molecular-weight adipo-
nectin (HMWA) (quantitative sandwich enzyme im-
munoassay technique, USA) were measured. Insulin
resistance was calculated by the homeostasis model
(HOMA-IR) with the following formula: HOMA-IR =
[fasting glucose (mg/dl) x fasting insulin (uU/ml))/22.5]
and HOMA-IR index >3.8 was considered as “high”
with clear correlation with insulin resistance [17].

Statistical analysis

Kolmogorov-Smirnov test was performed for normality
of all continuous variables. The qualitative and quantita-
tive data were described by frequency (percentage) and
mean * standard deviation (SD), respectively. Differences
between the groups were evaluated using Student’s t-test
and ANOVA for the quantitative variables with normal
distribution, and Mann-Whitney U and kruskal-Wallis
test for the variables without normal distribution. Pear-
son correlation was conducted to determine the relation-
ships between the variables. All statistical analyses were
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performed using SPSS software version 22 for windows.
A P-value < 0.05 was considered statistically significant.

Results

Data were collected from 80 PCOS individuals with a
mean age of 28.39 + 6.56 years, mean weight of 65.41 +
12.59 Kg, mean waist circumference of 88.0 +13.3 cm,
and mean hip circumference of 100.4+11.5cm. We
found a mean BMI of 25.5 + 4.9 kg/m? (in the overweight
range) in these patients. From these subjects, 39 (48.7%)
had normal weight (BMI <24.9 Kg/m?), 26 (32.5%) were
overweight (BMI = 25-29.9 Kg/m?), and 15 (18.8%) were
obese (BMI > 30 Kg/m?).

Mean level of HOMA-IR in these PCOS patients was
246 +1.30; 16 (20%) had frank insulin resistance with
HOMA-IR > 3.8, and 15 (18.8%) had HOMA-IR 2.6-3.8.

From these individuals, 42.5% had PCOS phenotypel,
21.3% PCOS phenotype 2, 6.3% PCOS phenotype 3, and
30% of them had classic form of PCOS (phenotype 4).
Table 1 shows anthropometric and biochemical mea-
sures in these four phenotypes.

Table 1 Anthropometric and biochemical measures in four PCOS phenotypes (mean + SD and median in brackets)

Variable PCOS phenotype 1 PCOS phenotype 2 PCOS phenotype 3 PCOS phenotype 4 P-value”
Weight (Kg) 643+ 134 (62.0) 63.0+99 (63.0) 61.0x£4.1 (61.0) 700+ 136 (68.5) 0.23
Height (cm) 1603 6.5 (160.5) 1603 +£5.0 (160.0) 1592 +3.3 (159.0) 1592+£59 (1585) 0.87
BMI (Kg/mz) 247 +45 (23.8) 247 +50 (23.0) 24116 (24.5) 276+56 (26.5) 0.11
Waist Circumference (cm) 86.8£14.0 (85.0) 82.8+9.3 (83.0) 84.6+10.3 (80.0) 94.1+£13.9 (94.5) 0.04
Hip Circumference (cm) 101.7 £10.9 (100.5) 946+ 106 (97.0) 954+ 6.6 (96.0) 103.7+£12.5 (103.0) 0.05
Fasting glucose (mg/dl) 89.7+9.7 (88.5) 92.1+6.1 (90.0) 924 +43 (94.0) 92.2+6.3 (92.5) 0.13
Total cholesterol (mg/dl) 1706 +50.6 (170.0) 167.9+40.5 (173.0) 1814+ 186 (187.0) 1700+ 286 (169.0) 0.69
HDL-cholesterol (mg/dl) 447 +95 (46.0) 438+90 (44.0) 472+56 (47.0) 417 +97 (41.5) 053
LDL-cholesterol (mg/dl) 722+333 (71.0) 68.5+ 184 (68.0) 73.0£23.2 (72.0) 69.0+ 18.5 (70.0) 097
Triglycerides (mg/dl) 113.6 £65.2 (99.0) 126.5+72.9 (96.0) 100.2 +28.2 (92.0) 1334+708 (127.0) 0.54
Insulin level (uIU/mL) 78+32(7.7) 87+4.1(75) 10.7£65 (7.5) 16.6+4.1 (16.5) <0.001
HOMA-IR 1.7+08 (1.7) 20+09 (1.8 24+15(1.7) 38+1.0 (398 <0.001
TSH (ng/dl) 30+£1.7 (27) 28+18(25) 3212332 38£25(32) 053
Prolactin (ng/ml) 11.6£10.1 (84) 63+£32(53) 68+4.1(5.0) 95184 (7.1) 0.34
LH (mIU/ml) 48+40 (40) 57+36 (50) 49+18 (49 6.7 +56 (4.6) 0.30
FSH (mIU/ml) 64+22 (6.6 6.5+26 (5.8 9.2+38(9.0) 6.5+2.1(6.3) 0.10
17(OH) progesterone (ng/ml) 1.3+09 (1.0) 13+0.7(1.1) 13+0.7(1.1) 24+33(1.5) 0.12
Total Testosterone (nmol/l) 05+0.2 (04) 05+0.2 (04) 04+03(04) 0.7+0.2 (0.7) 0.009
Free Androgen Index 14+09(1.3) 1.2+05(1.1) 0.7+ 0.6 (0.5 27+22(2.0) 0.001
DHEAS (pumol/l) 29+15(3.0) 28+18(3.0) 27+1225) 39+£20(398) 0.12
SHBG (nmol/l) 545+ 57.2 (35.0) 44.5+200 (41.0) 71.0+43.8 (63.0) 36.7 £23.0 (30.0) 0.07

HMWA (ng/ml) 2986.3 + 18244 (2476.5)

2628.5+1098.9 (2390.0)

23594 +1365.7 (1816.0) 27980+ 18137 (23720) 088

HDL High-Density Lipoprotein, LDL Low-Density Lipoprotein, HOMA-IR Homeostatic Model Assessment - Insulin Resistance, TSH Thyroid Stimulating Hormone, LH
Luteinizing Hormone, FSH Follicle Stimulating Hormone, DHEAS DeHydroEpiandrosterone Sulfate, SHBG Sex Hormone Binding Globulin, HMWA High Molecular

Weight Adiponectin. Free Androgen Index: (Testosterone /SHBG)*100

* Difference between mean level, analyzed by ANOVA for normally distributed variables and kruskal-Wallis test for variables without normal distribution
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Although the individuals with PCOS phenotype 4 had
a higher mean BMI than other phenotypes, this differ-
ence was not statistically significant (P =0.11). We found
a significant difference in the waist circumference that
was higher in patients with classic PCOS phenotype
(P=0.04).

By comparison of hormonal profile of the participants
in the four phenotypes, we found a significant difference
in the insulin level and insulin resistance that was higher
in patients with classic PCOS phenotype (both P<
0.001). In addition, we found a greater level of testoster-
one and free androgen index in classic PCOS patients
(P=0.009 and 0.001). Figure 1 shows these data in sim-
ple bars.

We did not find a significant difference in HMWA
among the four PCOS phenotypes (P = 0.88 by kruskal-
Wallis test).

Table 2 shows biochemical parameters in all partici-
pants and separately in different BMI groups.

We found that sex hormone binding globulin and
HMWA were significantly lower in obese PCOS individ-
uals (p=0.04, 0.03); other hormonal parameters were
not significantly different in the individuals with various
BMIL.

Table 3 demonstrates the correlation between an-
thropometric and biochemical parameters. We found a
significant correlation between the insulin level and free
androgen index (correlation coefficient: 0.305 and P =
0.006) that remained significant (R: 0.244, P =0.032)
after correction for weight, BMI, and waist circumfer-
ence. In addition, we observed a significant correlation
between the level of insulin resistance and free androgen
index (correlation coefficient: 0.263 and P = 0.018).

We did not find any association between free andro-
gen index with BMI or HMWA.

Discussion

PCOS is the most common endocrine disorder of the
reproductive-aged women. Over the past 30 years, it has
been clearly documented that insulin resistance plays an
important role in the pathogenesis of the reproductive
and metabolic abnormalities of this disorder [18—21].

This study aimed to assess the importance of the insu-
lin level and insulin resistance in PCOS patients based
on obesity. We found BMI unrelated insulin resistance
in PCOS individuals and a significant correlation be-
tween insulin level and free androgen index, irrespective
of weight.

Human body is composed of fat mass and fat free
mass. Body composition is different by sex and age and
this difference is determined by the androgens level [22].
Apart from BMI, among women with PCOS, there is a
high prevalence of upper-body obesity, as shown by in-
creased waist circumference and waist-hip ratio as
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compared to the BMI-matched control women [23-25].
The effect of abdominal obesity on PCOS is probably
greater than anticipated because this phenotype is asso-
ciated with further hyperandrogenism and insulin
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Table 2 Biochemical measures of all study subjects and separately in normal weight, overweight, and obese PCOS individuals
(mean = SD and median in brackets)

Variable All participants BMI groups
<25 25-29.9 >30 P- .
value

Fasting glucose (mg/dl) 91.19+7.83 (90.0) 90.59 +6.10 (90.0) 92,62 +10.34 (92.0) 90.27 +6.97 (89.0) 0.65
Total cholesterol (mg/dl) 170.55 +£40.85 (172.0) 170.15+50.59 (173.0) 177.23 £26.18 (174.0) 160.00 + 32.53 (162.0) 037
HDL-cholesterol (mg/dl) 43.78 £9.28 (44.0) 44.72 £9.10 (46.0) 43.54+11.12 (42.0) 41.73+£5.73 (43.0) 0.57
LDL-cholesterol (mg/dl) 70.56 = 25.76 (70.0) 72.36+32.73 (70.0) 71.27 +£64.21 (70.0) 64.67 +21.02 (63.0) 046
Triglycerides (mg/dl) 12148 +66.81 (101.0) 109.08 +61.67 (91.0) 147.04 +81.56 (125.0) 109.40 + 3445 (113.0) 0.04
Insulin level (uIU/mL) 10.84+543 (9.2) 939+447 (82) 1217 +£6.10 (12.7) 12.33+£5388 (11.0) 0.13
HOMA-IR 24+£13(20) 213+£1.10(1.8) 281 +145 (3.0 276+137 (23) 0.13
TSH (ng/dl) 3194202 (2.8) 318+2.15(29) 2.84+1.39 (26) 3.85+255 (3.0 0.60
Prolactin (ng/ml) 9.54+844 (7.6) 992+7.64 (7.7) 1050+ 10.66 (8.9) 691 £5.58 (5.9) 038
LH (mIU/ml) 5.54+437 (44) 6.26 +4.45 (4.8) 565+5.07 (44) 351149 (4.0) 0.07
FSH (mIU/ml) 6.64 + 240 (6.6) 6.81+2.28 (6.8) 6.75£2.35 (6.0) 6.03 £2.83 (6.0) 0.55
17|§OH) progesterone (ng/ 163+196 (1.2) 149+084 (1.3) 197+322(1.1) 141 +£1.02 (1.1) 0.50
m

Total Testosterone (nmol/l) 053 +0.25 (04) 0.56 +0.26 (0.5) 051+0.26 (0.5) 051+0.23(0.5) 0.77
Free Androgen Index 167 £1.54)1.3) 147+£121(1.2) 1.80£2.06 (1.4) 202+1.27 (1.6) 0.16
DHEAS (pmol/l) 318+1.78 (3.2) 339+209 (3.3) 311+£143 (3.0) 279+148 24) 045
SHBG (nmol/l) 48.09+423 (350) 57.51 +53.3 (40.0) 43.86+29.70 (36.0) 3091 +£15.54 (30.5) 0.04
HMWA (ng/ml) 2814.61+£1649.3 3342.35+1840.83 2331.00 +1280.62 2280.73 £1307.31 0.03

(2381.5)

(2914.5)

(1847.0)

(1690.0)

HDL High-Density Lipoprotein, LDL Low-Density Lipoprotein, HOMA-IR Homeostatic Model Assessment - Insulin Resistance, TSH Thyroid Stimulating Hormone, LH
Luteinizing Hormone, FSH Follicle Stimulating Hormone, DHEAS DeHydroEpiandrosterone Sulfate, SHBG Sex Hormone Binding Globulin, HMWA High Molecular

Weight Adiponectin. Free Androgen Index: (Testosterone /SHBG)*100
* Difference between mean level, analyzed by ANOVA for normally distributed variables and kruskal-Wallis test for variables without normal distribution

Table 3 Pearson Correlation between different anthropometric and biochemical parameters (r and p value reported)

BMI Waist Insulin  Sex Hormone Insulin High Molecular Total
(Kg/m?) Circumference (ulU/ Binding Globulin Resistance Weight Adiponectin Testosterone
(m) mL) (nmol/l) (HOMA-IR) (ng/ml) (nmol/l)
Free Androgen Index 0.172 0.141 (0.21) 0.305 -0.427 (< 0.001) 0.263 (0.01) —-0.067 (0.55) 0.601 (< 0.001)
(0.12) (0.006)
Total Testosterone -0.019 0.043 (0.70) 0.212 -0.012 (0.91) 0.202 (0.07) 0.079 (0.48)
(nmol/l) (0.86) (0.059)
High Molecular -0.275 -0.259 (0.02) -0.038 0.169 (0.13) —0.036 (0.75)
Weight Adiponectin (0.014) (0.73)
(ng/ml)
Insulin Resistance 0.330 0.297 (0.007) 0.985 —0.128 (0.25)
(HOMA-IR) (0.003) (<
0.001)
Sex Hormone Binding -0.295 -0.205 (0.06) -0.118
Globulin (nmol/l) (0.008) (0.29)
Insulin (nIU/mL) 0.336 0.303 (0.006)
(0.002)
Waist Circumference 0.763
(m) (<

0.001)
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resistance [26, 27]. In agreement with this idea, the re-
sults of this cross-sectional study showed that PCOS in-
dividuals had central obesity with a mean waist
circumference of 88.0 + 13.3; also, the patients with clas-
sic PCOS phenotype had larger waist circumference and
higher level of insulin, insulin resistance, and testoster-
one compared to other phenotypes.

Some previous studies have investigated the impact of
obesity on the hyperandrogenic state in women with
PCOS. They uniformly showed higher insulin resistance,
lower SHBG plasma levels, and greater evidence of
hyperandrogenism in obese PCOS women compared to
their normal weight counterparts [5, 8, 28]. The results
of some the other studies demonstrated that insulin re-
sistance was present in both obese and non-obese
women with PCOS [29-31]. In this study, although
obese PCOS individuals had lower SHBG levels, we did
not find a significant difference in insulin resistance and
testosterone level between obese and non-obese PCOS
patients. It is well known that most PCOS patients have
some degrees of insulin resistance regardless of their
weight and BMI. This feature can be explained by in-
creased phosphorylation of the serine residue of the in-
sulin receptor substrate-1 molecule, and inhibition of
insulin receptor signaling in lean PCOS individuals [32].

Moghetti et al. revealed that approximately 70% of
PCOS women were insulin resistant; they also men-
tioned that insulin resistance and hyperandrogenism are
two correlated components in the pathogenesis of
PCOS. They also evaluated insulin resistance in different
types of PCOS phenotypes and found that insulin resist-
ance increased in a statically significant relationship with
the severity of PCOS [33].

In this study, we observed higher waist circumference,
greater level of insulin, insulin resistance, and androgen
in individuals with classic phenotype of PCOS. These
findings are inconsistent with the results of a previous
study in a representative sample of Iranian women,
which did not find a significant difference in insulin re-
sistance and metabolic characteristics among different
PCOS phenotypes [34]. This discrepancy can be the re-
sult of different study designs, and variable diagnostic
criteria for classification of obesity and PCOS pheno-
types in these investigations. In addition, it can suggest
that there are different pathogenic pathways for different
PCOS phenotypes [16].

In this cross-sectional study, we measured the level of
high molecular weight adiponectin, a circulating protein
produced by adipocytes. Hara and coworkers found
higher predictive value of HMWA than total adiponectin
for assessment of insulin resistance [35]. We observed
that obese PCOS patients had lower level of HMWA.
Although it seems that high concentration of testoster-
one in PCOS patients inhibits the secretion of HMWA
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by the adipocytes [36], we did not find any association
between the androgen level and this adipokine. It seems
that there is a complex mechanism for HMWA inhib-
ition by androgen; also, there is debate in the relative in-
fluence of estrogens and androgens on HMWA [37].

Conor et al. in their study showed that HMWA was
selectively reduced in women with PCOS, independent
of BMI [13]. Our study showed that reduction in
HMWA level was significantly related to BMI. This dif-
ference can be explained by different genetic characteris-
tics and variable patterns of fat deposition in various
population.

Limitations
This study had some limitations such as small sample
size and lack of BMI matched non-PCOS control group.

Conclusion

In conclusion, our results indicate the high incidence of
insulin resistance in PCOS patients independent of obes-
ity. In addition, the findings of this study demonstrated
that the patients with classic PCOS phenotype had cen-
tral obesity; and higher level of insulin and insulin resist-
ance despite lack of BMI difference with other
phenotypes. These findings imply the insulin resistance
as the main pathophysiologic feature in PCOS patients.
More detailed studies are warranted for evaluation of in-
sulin resistance and its biomarkers in PCOS patients in-
dependent of obesity.
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