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Summary Objective: the present study evaluates energy intake, macronutrient composition and dietary glyce- 
mic index (GI) and glycemic load (GL) in women with polycystic ovary syndrome (PCOS) and age and 
body mass index (BMI)- matched controls, and relationship between carbohydrate variables with inflamma-
tory markers. Methods: This case_control study was conducted on 90 women aged 18-35 years including 45 
women with PCOS and 45 age and BMI-matched healthy controls. Dietary intakes, GI and GL were as-
sessed using three 24-hour recalls. Biochemical profile including high-sensivity C-reactive protein (hs-CRP), 
interleu- kin-6 (IL-6) and tumor necrosis factor α (TNF-α) as inflammatory markers and also metabolic 
variables related to insulin resistance were measured. Anthropometric measurements were performed in all 
subjects. Results: Dietary GI and starch intake were significantly higher in PCOS group compared with age 
and BMI-matched control group (P < 0.05). Fasting insulin, homeostatic model assessment of insulin resis-
tance (HOMA-IR) and hs-CRP were higher in patients compared with controls (P < 0.05). No significant 
cor- relation was detected between biochemical variables and macronutrient intakes. Conclusion: Total energy 
and macronutrient intakes were similar between the groups except for dietary GI and starch intake. However, 
quality and quantity of carbohydrate consumed was not associated with insulin resistance and inflammatory 
markers in the PCOS group.
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O r i g i n a l  a r t i c l e s

Introduction

Polycystic ovary syndrome (PCOS) is the most 
common endocrinopathies among women of reproduc-
tive age and affects about 6-14% of them in developing 
countries (1, 2). PCOS is characterized by hyperandro-
genism with some symptoms, such as hirsutism, acne 
and/or alopecia, chronic anovulation, menstural irregu-
larities and reproductive abnormalities. Diagnosis is ac-
cording to the presence of two out of the three features: 
oligoovulation and/or anovulation, hyperandrogenism 
(clinical and/or biochemical) and polycystic ovaries 
on ultrasound test, according to Rotterdam ESHRE/
ASRM- sponsored PCOS consensus workshop (3, 4). 

Insulin resistance (IR) is an important metabolic com-
plication of PCOS (5) which increases the risk of type 2 
diabetes mellitus (T2DM), hypertension, dyslipidemia 
and cardiovascular disease (6). PCOS is also a proin-
flammatory state (7). Increased levels of high-sensivity 
C-reactive protein (hs-CRP), interleukin-6 (IL-6) 
and tumor necrosis factor α (TNF-α) show low-grade 
chronic inflammation associated with IR, which are 
risk factors of cardiovascular disease (8). Studies show 
that some of the inflammatory markers are elevated in 
PCOS (7-10) but the findings are inconsistent. A meta-
analysis (7) has shown that women with PCOS show 
higher levels of circulating CRP that is independent 
of obesity. Etiology of PCOS is not known well, but 
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both genetic and environmental factors, such as nutri-
tion and lifestyle play a role in pathogenesis (4, 11). 
It has been proposed that long term consumption of 
high-glycemic index (GI) foods create a high glyce-
mic response and increase the insulin secretion. This 
chronic hyperinsulinemia can develop IR (12). IR plays 
an important role in the pathogenesis of PCOS and is 
an important marker of cardiovascular disease risk fac-
tors (13). The glycemic index is a method of ranking the 
carbohydrate-containing foods according to their effects 
on postprandial glycemic response (14). Not only the 
quality, but also the quantity of carbohydrate influences 
the glycemic response. So the concept of glycemic load 
(GL) is used also. This is the product of the amount of 
available carbohydrate and the GI of the food (15). Sev-
eral studies have investigated the dietary GI/GL and 
intake of foods with high-GI in women with PCOS 
and controls. Some researchers found that women with 
PCOS consumed greater amount of specific foods with 
a high glycemic index, compared with matched control 
women (5, 16). In 2010, Barr et al. (17) showed that 
there were no significant differences in dietary GI and 
GL between women with PCOS or controls. Although 
Graff et al.(12) showed that women with PCOS had  
higher dietary GI/GL but statistical significance was 
lost after adjustment for age and BMI. Studies show 
that glucose can stimulate an inflammatory reaction in 
the mononuclear cells (MNCs) of women with PCOS 
(7). The possible correlation of GI/GL with indices of 
inflammation has been surveyed in diseases and healthy 
individuals. In PCOS, Mehrabani et al.(18) showed 
that women who assigned to a high-protein, low-GL 
hypocaloric diet, had lower levels of hs-CRP compared 
to women who assigned to a conventional hypocaloric 
diet after 12 weeks. Adverse effects of diets with high 
GI/GL on inflammatory factors that has been shown in 
several studies (19-22) can be an explanation for the as-
sociation between such diets and cardiovascular disease. 
With this background, we hypothesized that quality and 
quantity of carbohydrate are associated with emerging 
cardiovascular disease risk factors in this syndrome. The 
possible correlation of GI/GL and inflammatory mark-
ers in PCOS  has not been surveyed yet , so to answer 
the question of whether there is an association between 
dietary carbohydrate indexes and inflammatory mark-
ers, we designed the current case-control study.

Materials and Methods

Subject recruitment

This case_control study conducted on 90 females 
including 45 women with PCOS and 45 healthy vol-
unteer women (control group). Patients were recruited 
through the gynecology and infertility clinic of the 
Moheb Yas comprehensive Women hospital in Teh-
ran. All women who participated in this study were 
in reproductive age (range 18-35 years) and written 
informed consent was obtained from all of them be-
fore initiating the study. Diagnosis of PCOS was ac-
cording to the Rotterdam criteria (23), by the pres-
ence of at least two of the three features of diagnosis: 
amenorrhea (no periods for > 6 mo) or oligomenorrhea 
(< 8 periods/y,cycle length > 45d or both), clinical ( 
hirsutism, acne) or biochemical evidence for hyper-
androgenemia (total testosterone >54 ng/dL or free 
testosterone >9.2 pg/mL), polycystic ovaries on ultra-
sound test (presence of >12 follicles in each ovary, with 
each follicle measuring 2–9 mm in diameter; increased 
ovarian volume > 10 mL; or a combination). Controls 
had regular menstural cycles, no signs of hirsutism and 
without endocrine disorders recruited through writ-
ten advertisement. Groups were matched on age and 
BMI. Exclusion criteria included pregnancy, lactating, 
BMI > 40 kg/m², presence of thyroid disorders, hyper-
prolactinemia, cushing syndrome, congenital adrenal 
hyperplasia, cardiovascular diseases, type 1 or type 2 
diabetes and also inflammatory diseases. Use oral con-
traceptives, insulin sensitizing, glucose lowering, glu-
cocorticosteroids medications within 6 months from 
assessment. Other exclusion criteria consist of present 
adherence to a modified diet (eg. low energy or low fat 
or carbohydrate diet). The study protocol was approved 
by the Ethics of Tabriz University of Medical Sciences.

Antropometric assessments 

Anthropometric measurements included body 
weight, height and waist circumference. For measure-
ments, participants had minimal clothing, with their 
shoes removed. Weight was measured to the nearest 
0.1 kg with a calibrated scale (SECA, Hamburg, Ger-
many) and height was measured with non-stretchable 
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measurement tape with the precision of 0.1 cm. BMI 
was calculated as weight (kg) divided by the square of 
height (m). Waist circumference (WC) was measured 
at the midpoint between the inferior margin of the 
lower rib and the iliac crest. 

Biochemical analysis

Venous blood samples were provided from all 
subjects after an overnight fasting . Blood samples 
were centrifuged at 3,000×g for 15 min and serum was 
extracted. All samples were stored at −70°C until bio-
chemical assays. 

Analyses were performed in the Endocrinology 
and Metabolism Research Center-Cellular and Mo-
lecular Biology Lab of SBMU. Glucose levels were 
determined by colorimetric- enzymatic methods (Par-
sazmun Kit, Tehran, Iran). Insulin was assayed using 
Monobind, ELISA kit, USA. Assay sensivity was 0.75 
µIU/ml. Serum IL-6 and TNF-α were measured by 
enzyme linked immunosorbent assay (ELISA kit, Di-
aclone, France) which had a sensitivity of 2 pg/mL for 
measurement of IL-6 and 8 pg/ml for measurement of 
TNF-α in human  serum. Serum hs-CRP was meas-
ured by enzyme linked immunosorbent assay (ELISA 
kit, Diagnostics Biochem Canada Inc., Ontario, Can-
ada) with a sensitivity of 10 ng/ml, respectively. IR 
was calculated by the homeostasis model assessment 
(HOMA) as follows: insulin (microunits/mL) multi-
plied by glucose (mg/dL) and dividing the product by 
405(24).

Assessment of dietary intake

The dietary intake was assessed using three 24-
hour recalls including (two week days and one weekend 
day) by a trained dietitian. Standard weights of food 
items, household measures and photos of proportions 
of usual weight were explained to the participants. After 
collecting the data of all the food and beverages con-
sumed, data were then converted to grams. Energy, car-
bohydrate and fiber intake was obtained by Nutritionist 
IV software. To calculate GL and GI, we used the inter-
national tables of GI and GL values with glucose as the 
reference food (25). The average intake of foods con-
taining carbohydrate was calculated. Dietary glycemic 

index was calculated by summing the products of the 
glycemic index for each food multiplied by the amount 
of available carbohydrate in the food portion and divid-
ing by the total amount of available carbohydrate in the 
diet (26). Dietary glycemic load was calculated by mul-
tiplying the available grams of carbohydrates in the diet 
by the GI divided by 100 (27).

Statistical analysis

All analyses were carried out using the Statisti-
cal Package for the Social Sciences, version 16 (SPSS). 
A kolmogorov-Smirnov test was used to test normal-
ity of data distribution. Descriptive statistics are pre-
sented as mean (SD) or median (25th- 75th percentiles). 
Independent sample T-test and Mann–Whitney U-
test were used to compare means and median values 
between two groups. Pearson correlation or Spearman 
rank correlation tests were used to identify associa-
tions. Partial correlation analysis was performed to test 
the association between parameters with adjustment 
for age and BMI as confounding variables. Statistical 
significance was considered at P <0.05.

Results

Anthropometric and biochemical variables are 
shown in Table 1.  No significant difference was ob-
served in age, BMI or waist circumference between 
participants. PCOS group showed significantly high-
er levels of fasting insulin, hs-CRP and HOMA-IR 
(P<0.05) respectively, and their fasting glucose, IL-6 
and TNF-α levels were higher compared to controls, 
but the difference was not significant. HOMA-IR in-
creased with BMI (r = 0.34, P < 0.05 in control wom-
en; r = 0.58, P < 0.01 in PCOS women) and WC ( r = 
0.43, P < 0.01 in control women; r = 0.61, P <0.01 in 
PCOS women). HOMA-IR was also significantly and 
positively associated with IL-6 (r = 0.43, P < 0.01) and 
hs-CRP ( r = 0.52, P < 0.01) in PCOS group but not 
in control group.

Table 2. presents dietary intakes in the PCOS and 
control group. Total energy, carbohydrate, GL, dietary 
fiber, sugar, protein and fat intake did not differ be-
tween the groups. Dietary GI and starch levels were 
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significantly higher among PCOS cases compared 
with controls (P<0.05). Correlation tests showed sig-
nificant positive association between carbohydrate 
and starch intake and dietary GL with HOMA-IR in 
PCOS group (P < 0.01 for starch and GL, P <0.05 
for carbohydrate). Significant positive relation was also 
identified between starch intake with hs-CRP in case 
group (P < 0.05). An inverse relation was observed 
between starch intake and dietary GL with TNF-a 
within PCOS group ( r = -0.373, p < 0.05 ). However, 

after adjustment for age and BMI, all the significant 
correlations were lost (table 3).

Discussion

This case-control study demonstrates that energy 
and macronutrient intake of women with PCOS is 
similar to the age and BMI-matched healthy women 
except for starch intake and glycemic index of the diet. 

Table 2. dietary factors of cases  with PCOS and controls

Variable	 PCOS (n=45)	 Control (n=45)	 P value

Total energy intake (kcal/d)	 1919 (1655.5 to 2140)	 1880 (1621.15 to 2076.50)	 0.476

Carbohydrate (g/d)	 301.36 (98.25)	 269.62 (57.75)	 0.065

GI	 66.23 (8.34)	 62.59 (7.38)	 0.031

GL	 161.13 (64.59)	 145.85 (37.63)	 0.175

Dietary fiber (g/d)	 14.06 (4.69)	 13.52 (4.98)	 0.596

Starch (g/d)	 194.27 (85.22)	 160.62 (48.16)	 0.023

Sugar (g/d)	 62.65 (30.41)	 62.93 (23.59)	 0.962

Protein (g/d)	 65.52 (55.16 to 78.73)	 63.19 (54.64 to 77.15)	 0.663

Fat (g/d)	 58.18 (45.95 to 70.87)	 57.33 (48.74 to 65.41)	 0.979 

GI, glycemic index; GL, glycemic load. P value based on Independent sample T-test or Mann–Whitney U test. Data are presented as mean  
(SD) or medians (25th percentile –75th percentile

Table 1.   Descriptive characteristics and metabolic and inflammatory variables of cases with PCOS and controls

Variable	 PCOS (n=45)	 Control (n=45)	 P value

Age	 26.64 (4.63)	 27.56 (4.61)	 0.353

Weight (kg)	 69.28 (13.01)	 68.15 (13.21)	 0.68

BMI (kg/m2)	 26.37 (5.22)	 25.29 (5.15)	 0.327

WC (cm)	 83.93 (14.6)	 81.53 (8.46)	 0.343

Fasting glucose(mg/dL)	 109.02 (15.92)	 104.84 (9.54)	 0.136

Fasting insulin(µIU/ml )	 13.56 (12.39)	 8.06 (4.61)	 0.007

HOMA-IR	 2.37 (1.28-4.34)	 1.91 (1.20-2.81)	 0.037

hs-CRP (ng/ml)	 4452 (2367.5-4243	 20151 (1072-4243)	 0.001

IL-6 (pg/ml)	 4.03 (3.42-4.71)	 3.72 (3.36-4.91)	 0.449

TNF-α (pg/ml)	 20.30 (15.60-29.55)	 17.30 (14.90-22.20)	 0.135

BMI, body mass index; WC, waist circumference; HOMA-IR, homeostasis model assessment-insulin resistance; hs-CRP, 
high sensivity C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor α. P value based on Independent 
sample T-test or Mann–Whitney U test. Data are presented as mean (SD)   or medians (25th percentile –75th percentile
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Previous studies also posed no difference in energy and 
macronutrient intakes between women with and with-
out PCOS (5, 16, 28, 29). Larsson et al. (2) reported 
that PCOS women with higher BMI than controls, 
consumed higher carbohydrate, but energy intake 
was the same. In our study, PCOS women consumed 
more carbohydrate than control women and their di-
etary GL was higher than control group, although 
the difference was not significant, higher dietary GI 
of PCOS patients shows that they may prefer carbo-
hydrates of lower quality. Few studies have evaluated 
dietary GI and GL in women with PCOS. Graff et 
al. (12) showed that PCOS women had higher dietary 
GI/GL compared with controls, although after adjust-
ment for age and BMI, statistical significance was lost. 
Barr et al. (17) showed that there were no significant 
differences in dietary GI and GL between women 
with PCOS or controls. No previous study had in-
vestigated starch intake in PCOS, however Altierie et 

al. (16) reported that PCOS subjects consumed more 
starchy sweets and had a tendency to consume higher 
amount of starchy foods with high GI. It seems that 
these data should be interpreted with caution, because 
of different dietary patterns among different countries 
and diverse methods of dietary assessments. PCOS 
patients are at high risk for diabetes and cardiovascu-
lar disease. Similar to previous studies (1, 30-32), our 
survey showed that patients with PCOS had higher 
levels of fasting insulin, insulin resistance and hs-CRP 
than age and BMI matched control women. IR was 
positively associated with BMI for both groups. It was 
also positively associated with IL-6 and hs-CRP only 
in PCOS group, which may show a pathophysiologic 
link between IR and inflammation in PCOS.

The main objective of this study was to define 
whether the quality and quantity of carbohydrate 
intake was associated with insulin resistance and in-
flammatory markers that has been recognized as car-

Table 3. Correlation analyses between carbohydrate variables and IR and inflammatory markers before and after adjusting for age 
and BMI in PCOS patients

	 Before adjustment*	 after adjustment*

	 IR	 HS-CRP	 IL-6	 TNF-a	 IR	 HS-CRP	 IL-6	 TNF-a	

GI
	 r = 0.186	 r = 0.018	 r = -0.014	 r = -0.284	 r = 0.230	 r = 0.022	 r = -0.001	 r = -0.217

	 P = 0.221	 P = 0.908	 P = 0.929	 P = 0.058	 P = 0.139	 P = 0.888	 P = 0.992	 P = 0.162

GL	
	 r = 0.388	 r = 0.242	 r = 0.201	 r = -0.321	 r = 0.097	 r = 0.158	 r = -0.038	 r = -0.246

	 P = 0.009	 P = 0.109	 P = 0.185	 P = 0.031	 P = 0.535	 P = 0.313	 P = 0.810	 P = 0.112

Total carbohydrates(g/day)
	 r = 0.364	 r = 0.183	 r = 0.140	 r = -0.200	 r = 0.050	 r = 0.173	 r = -0.070	 r = -0.191

	 P = 0.014	 P = 0.228	 P = 0.361	 P = 0.189	 P = 0.748	 P = 0.266	 P = 0.656	 P = 0.220

Starch (g/day)	
	 r = 0.406	 r = 0.304	 r = 0.187	 r = -0.373	 r = 0.047	 r = 0.184	 r = -0.073	 r = -0.256

	 P = 0.006	 P = 0.042	 P = 0.218	 P = 0.012	 P = 0.763	 P = 0.238	 P = 0.642	 P = 0.098

Sugar (g/day)		
	 r = 0.000	 r = -0.038	 r = -0.114	 r = 0.159	 r = -0.022	 r = -0.067	 r = -0.127	 r = 0.019

	 P = 0.995	 P = 0.806	 P = 0.455	 P = 0.297	 P = 0.887	 P = 0.671	 P = 0.418	 P = 0.901

Dietary fiber (g/day)	
	 r = 0.061	 r = -0.043	 r = 0.061	 r = -0.114	 r = -0.020	 r = -0.047	 r = 0.001	 r = 0.010

	 P = 0.692	 P = 0.780	 P = 0.691	 P = 0.457	 P = 0.997	 P = 0.766	 P = 0.994	 P = 0.949 

GI, glycemic index; GL, glycemic load. . Bold values indicate significant results.*Variables were adjusted for age and BMI
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diovascular risk factors in PCOS. We found that total 
carbohydrate, GL and starch significantly correlated 
with IR but the significance was lost after adjustment 
for age and BMI. Our results contradicts the recent 
study (12) which showed a correlation of GI with IR 
in PCOS. No association were found between qual-
ity and quantity of carbohydrate consumed and in-
flammation status after adjustment for age and BMI. 
However these results are relatively new and should 
be interpreted with caution, but it seems that quality 
of carbohydrates may not influence inflammatory pa-
rameters in PCOS. The strength of our study is lack of 
earlier investigation of association between dietary GI/
GL and inflammation in PCOS. Weaknesses are the 
relatively small sample size and also lack of analyzing 
the other inflammatory factors which may have rela-
tionships with dietary factors in PCOS.

In conclusion, our results represent that quality of 
dietary carbohydrate is different between PCOS and 
control group. Women with PCOS had higher dietary 
glycemic index and starch intake, as well as higher lev-
els of fasting insulin, HOMA-IR and hs-CRP con-
centrations, than the control group. However no sig-
nificant association were found between GI/GL and 
IR and inflammation in PCOS. Further interventional 
studies are needed to define the effect of GI/GL of the 
diet on cardiovascular risk factors in PCOS.
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