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Abstract  

Objective: Polycystic ovary syndrome (PCOS) is a multifactorial endocrine disorder in women. 

Change in lifestyle, especially dietary pattern, might have a role in prevalence of PCOS. The 

limited number of studies has made it difficult to draw any conclusion about the dietary patterns 

with PCOS. This study aimed to investigate the association between dietary patterns with PCOS. 

Methods: This case-control study was performed on 225 new diagnosed patients and 345 

healthy women in Isfahan, Iran. The presence of PCOS was confirmed by the expert 

gynecologists based on Rotterdam criteria. Usual dietary intake was assessed by a 168-items 

food frequency questionnaire. Dietary patterns were identified by principal component analysis. 

Results: Three major dietary patterns including western, plant-based, and mixed were identified 

that explained 53.93% of the variance of food intake. Top tertile of western dietary pattern 

significantly increased the odds of PCOS (OR, 2.03; 95%CI, 1.12-3.67), either before or after 

adjustments for covariates. After adjustments for potential confounders, the highest tertile of 

plant-based dietary pattern was related to higher odds of PCOS than the lowest one (OR, 2.32; 

95%CI, 1.23-4.37). In addition, those in the second tertile of mixed dietary pattern were 66% less 

likely to have PCOS compared with the lowest one (OR, 0.34; 95%CI, 0.18-0.61). 

Conclusions: We found that western and plant-based dietary patterns were associated with an 

increased risk of PCOS. Also, moderate adherence to the mixed dietary pattern was associated 

with reduced risk of PCOS. To confirm our findings more studies with longitudinal design are 

required.  

Keywords: Dietary pattern; Polycystic ovary syndrome; Factor analysis 

 

Page 2 of 29
A

pp
l. 

Ph
ys

io
l. 

N
ut

r.
 M

et
ab

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
W

in
ni

pe
g 

on
 0

7/
04

/1
8

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



3 

 

Abbreviations: PCOS, Polycystic ovary syndrome; FFQ, Food frequency questionnaire; PCA, 

Principal component analysis; BMI, Body mass index; IPAQ-SH, International physical activity 

questionnaire short form; MET, Metabolic equivalent; WC, Waist circumference; HC, Hip 

circumference; WHR, Waist to hip ratio; SES, Socioeconomic status; EPA, Eicosapentaenoic 

acid; DHA, Docosahexaenoic acid; SAFA, Saturated fatty acids; MUFA, Monounsaturated fatty 

acids; PUFA, Polyunsaturated fatty acids; SHBG, Sex hormone-binding globulin; HPO axis, 

hypothalamic-pituitary-ovarian axis; LH, luteinizing hormone, FSH, Follicle stimulating 

hormone; OR, Odds ratio; CI, Confidence interval. 
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Introduction 

Polycystic ovary syndrome (PCOS) is a complex heterogeneous and heritable endocrine disorder 

in women characterized by menstrual irregularities, hyperandrogenism, and ovaries with 12 or 

more follicles measuring 2–9 mm in diameter or ovarian volume more than 10 cm
3
 (Stein and 

Leventhal 1935; Norman et al. 2007; Sirmans and Pate 2014). Globally, the prevalence of PCOS 

was estimated 15-20% (Sirmans and Pate 2014). According to Rotterdam criteria, it affects 

17.8% and 19.5% of European and Iranian women, respectively (March et al. 2009; Jalilian et al. 

2015). The main reproductive concern of PCOS is infertility (Hull 1987; Balen et al. 1995; 

Norman et al. 2007; Bhattacharya et al. 2009). In addition, 50-70% of women with PCOS suffer 

from insulin resistance that is associated with other adverse metabolic alteration, including 

obesity, cardiovascular diseases, and metabolic syndrome (Ovalle and Azziz 2002; Diamanti-

Kandarakis 2006; Norman et al. 2007; Legro et al. 2013).  

Although the cause of PCOS is still unclear, the genetic and environmental factors, as well as 

their interactions, may be implicated in etiology of this syndrome (Norman et al. 2007; Astrup et 

al. 2014). One of the most important causes of PCOS related to contribution of intrinsic and 

extrinsic insulin resistance in the pathophysiology of PCOS (Stepto et al. 2013). Unhealthy 

lifestyle, especially inappropriate diet, results in obesity and insulin resistance, and subsequently 

in uncontrolled production of androgens (hyperandrogenism) that is the leading feature of PCOS 

(Norman et al. 2002; Panagiotakos et al. 2004; Baillargeon and Nestler 2006; Norman et al. 

2006; Norman et al. 2007; Huang et al. 2010; Fux et al. 2013). Some prior studies suggested that 

the risk of obesity especially central obesity as well as insulin resistance might possibly be 

decreased in healthy dietary pattern and might possibly be increased in western dietary pattern 

(Esmaillzadeh et al. 2007; Esmaillzadeh and Azadbakht 2008). Regarding the association of 
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obesity and insulin resistance with PCOS, the major dietary patterns may play a significant role 

in prevalence and progression of PCOS. 

Dietary pattern analysis provides a combined estimate of both the contribution of a number of 

factors and synergistic effect of the factors and depicts the broad aspects of diet. Assessment of 

dietary patterns is more informative than individual nutrients, foods, or food groups. In addition, 

unknown components of foods and the inherent interactions between nutrients and foods are 

considered in dietary pattern analysis. Thus, it can more effectively investigate the relationship 

between diet and diseases such as PCOS (Huijbregts et al. 1997; Hu 2002; McGuire 2016). Most 

of previous studies have evaluated the association between PCOS and individual nutrients, foods, 

food groups, or different types of diet. A systematic review in this regard reported no appreciable 

differences in the menstrual, reproductive or metabolic features with various dietary 

compositions in majority of included studies (Moran et al. 2013a). However, the other review 

suggested that high energy diet rich in saturated fatty acid and high glycemic index foods and 

inadequate fiber might have effects on metabolic outcomes in PCOS women (Lin and Lujan 

2014). Stamets et al. demonstrated that adherence to two different energy-restricted diets (high 

protein and high carbohydrate) improved the reproductive function and there was no difference 

between these two diets (Stamets et al. 2004). In addition, another study investigated the 

influence of low carbohydrate diet or diet rich in monounsaturated fatty acids in comparison with 

the standard diet. This study showed that low carbohydrate diet increased insulin sensitivity, but 

had no effect on circulating reproductive hormones (Douglas et al. 2006a). Another population-

based study demonstrated that intake of saturated fat was lower and low glycemic index diet as 

well as fiber were higher in PCOS women compared with non-PCOS females (Moran et al. 

2013b). Although the results of one cohort study showed that the PCOS group tended to 

consume specific high glycemic index foods more than healthy women, the mean intakes of 
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energy, micronutrients, and macronutrients were not significantly different in two groups 

(Douglas et al. 2006b). Ahmadi et al. assessed the dietary patterns in women with PCOS in a 

case-control study and reported that total energy and fat intake was higher in PCOS group with 

no difference in carbohydrate and protein intake (Ahmadi et al. 2013).  

To the best of our knowledge, a few number of studies have evaluated major dietary patterns 

using factor analysis in women with PCOS (Moran et al. 2015) and majority of previous 

investigations have focused on assessment of food groups, total energy, and nutrients (Wright et 

al. 2004; Douglas et al. 2006b; Ahmadi et al. 2013). In addition, due to controversial results and 

lack of studies that have investigated major dietary patterns in Middle Eastern countries, 

especially in Iranian population, the current study was conducted in a case-control setting to 

evaluate the association of major dietary patterns with prevalence of PCOS in Iranian 

(Isfahanian) women.  

Materials and methods 

Study design and participants 

A matched case-control study design was performed on a sample of women to determine the 

major dietary patterns in those with and without polycystic ovary syndrome. The study 

population involved women referring to "Isfahan Fertility and Infertility Center" and "Shahid 

Beheshti Hospital of Obstetrics and Gynecology" from October 2016 to May 2017. We also 

selected some cases from multiple clinics to obtain more generalizable results. The diagnosis of 

PCOS was performed by the expert gynecologists based on Standard Rotterdam Criteria (Fr and 

Tarlatzis 2004). Rotterdam criteria proposed that having two of the three following criteria are 

necessary for PCOS diagnosis: menstrual irregularities, clinical or biochemical 

hyperandrogenism, and ovaries with multiple cysts. The women, who were diagnosed as PCOS 
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for the first time by the gynecologists, were considered as new cases in a consecutive manner. 

Control group was selected from the same center, hospital or clinics. Females with modified 

Ferriman-Gallwey (mF-G) score of <8 (Hatch et al. 1981) and regular menstruation were 

considered eligible to be included in the study as the control group (or healthy subjects). The 

frequency matching method was applied and two groups were matched using age and BMI. The 

inclusion criteria to be contributed in our study were females aged 18-45 with Iranian nationality. 

The subjects not included in our study were those with history of diseases such as 

hypothyroidism, Hyperprolactinemia, Cushing's syndrome, eating disorders, and congenital 

adrenal hyperplasia, drug use including hormonal drugs, contraceptive pills, and glucocorticoids, 

smoking, alcohol consumption, and use of special diet, taking multivitamins and minerals 

supplements. Females who were reporting their energy intake less than 800 Kcal or more than 

4200 Kcal (Hu et al. 1999), and those who answered less than 35 food items of food frequency 

questionnaire (FFQ) were excluded from the study (n=14). The calculation of sample size was 

based on minimum sample size recommendation per each food item or food group in factor 

analyses (Mundfrom et al. 2005). In this study, we considered minimum 15 samples per each 

food groups. In addition, 10 % probability of sample loss was considered and finally, 225 newly 

diagnosed women with PCOS and 345 controls were recruited in our study. Demographic and 

anthropometric features, dietary intake, and physical activity were collected by separate valid 

questionnaires. All participants provided their signed written informed consent. The study 

protocol was approved by the ethics committee of Isfahan University of Medical Sciences 

(IR.MUI.REC.1395, 3. 406).  

Dietary intake assessment 
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Usual dietary intake during the last year was evaluated by a 168-items semi-quantitative food 

frequency questionnaire that validated in the Iranian population (Asghari et al. 2012). An expert 

dietitian fulfilled all questionnaires through face to face interview with participants. The portion 

sizes and frequency of consumption of each food and beverage items, on average, were inquired. 

The frequency was converted to daily intake and portion sizes were changed to gram, using 

household measurements. Finally, the actual food intake (g/day) was transferred to Nutritionist 

IV to compute the total energy and nutrients intake. Because of the large number of food items, 

168 food items were categorized to 36 food groups for dietary pattern analysis (Table 1). Food 

items were included in the specific groups based on the similarity of their nutrients. Each food 

item included only in one group; since it had the unique content of nutrients. 

Physical activity assessment 

The International Physical Activity Questionnaire Short Form (IPAQ-SF) was used to collect 

physical activity data (Lee et al. 2011). Walking, moderate-intensity and vigorous-intensity 

activities are three types of activities that were evaluated in IPAQ-SF. In addition, for each type 

of activity, both the frequency (days per week) and duration (minutes per day) were gathered. 

The METs for Walking, moderate-intensity and vigorous-intensity activities are 3.3, 4.0, and 8.0, 

respectively. The Formula for computation of Met-minutes/week score of each type of activity 

was: MET of activity * minutes * days. To describe total score of activity, the score of each type 

of activity must be combined.  

Anthropometric measurements  

Anthropometric traits were measured in a fasting condition by using standardized protocols. 

Weight was measured by standard Seca digital scale to the nearest 0.1kg, while the participants 

were minimally clothed and not wearing shoes. Height was measured using tape measure in 
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standing, normal breathing, and normal position of shoulders, with no shoes. Waist 

circumference (WC) was measured using non-elastic tape measure at the approximate midpoint 

between the lower margin of the last palpable rib and the top of the iliac crest (umbilical level) 

(WHO, 2008b). Hip circumference (HC) was measured around the widest portion of the 

buttocks. All measurements were recorded to the nearest 0.1 cm. BMI and WHR were calculated 

as weight (kg)/height (m
2
) and WC (cm)/HC (cm), respectively.  

Assessment of other variables  

Socioeconomic status (SES) of the study participants was evaluated based on the following 

binary variables: education level of both subjects and the family head (academic/non-academic), 

job of both subjects and the family head (yes/no), family size (lower than 4/higher than 4), 

having a car (yes/no), home status (the owner/tenant), and having foreign travel (yes/no) by 

using self-reported questionnaire and then a total score was calculated. Demographic 

characteristics, menstrual duration, disease and drug history were assessed by general self-

reported questionnaires.  

Statistical analysis 

To determine the major dietary patterns, factor analysis with principal components approach 

(PCA), as extraction method, was applied. Eigen values > 1 and the Scree plot determined that 

three major factors should be retained for final analysis. Varimax rotation (orthogonal) on 

extracted factors (dietary patterns) was conducted for interpretational purposes. The derived 

factors were named based on loaded factors of food groups in each dietary pattern (factor 

loading>0.2) and our interpretation from earlier studies. The factor scores for each pattern were 

computed by summing intake of food groups weighted by factor loading and each participant 

received a factor score for each identified pattern. In addition, KMO and Bartlett's Tests were 
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applied to evaluate the adequacy of sample size and the ability to implement factor analysis 

method.  

To compare quantitative variables between cases and controls, independent t-test was applied 

while for categorical variables chi-square was used. The Kolmogorov–Smirnov test was used to 

examine normality of quantitative variables. The continuous variables were presented as mean ± 

SD while qualitative variables as frequency (percentage). All participants were categorized 

according to the tertiles of dietary pattern scores. General characteristics of quantitative variables 

across tertiles of dietary patterns were evaluated by one-way analysis of variance and categorical 

ones using Chi-square test. The general linear model was performed to calculate energy-age 

adjusted means of dietary intake.  

To identify the association between dietary patterns and PCOS, multivariable logistic regression 

was used. The odds ratio (OR) and 95% confidence interval for OR (95% CI) were calculated in 

crude and adjusted models. In model I, adjustments were made for age, marital status, BMI and 

physical activity. In model II, socioeconomic status was added to previous adjustments. In model 

III, energy intake and nutrients including fat, soluble fiber, vitamin E, vitamin C, zinc, calcium, 

and iron were added to previous adjustments. Since adjustment for weight, WC or WHR might 

increase the possibility of over-adjustment, we did not consider these variables in the analysis. 

To calculate the trend of OR across increasing tertiles of dietary patterns, we considered tertiles 

of each dietary pattern as an ordinal variable in the logistic regression model. The first tertile of 

each dietary pattern score was considered as the reference category. All analysis was performed 

using SPSS software version 16 (IBM, Chicago, IL) in which p-value < 0.05 (two-sided) was 

considered statistically significant.  

Results  
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General characteristics, energy and macronutrients intake of cases and controls were illustrated 

in Table 2. No significant differences in age, BMI, hip circumference, and energy intake were 

observed between cases and controls. The means of weight, WC, and WHR in case group were 

significantly higher than control group (p<0.05). There was no significant association in drug use 

(including gastrointestinal and anti-allergic drugs) between cases and controls. In addition, mean 

value of physical activity was lower in cases compared to the controls (p<0.001) (Table 2). The 

mean values of nutrient intakes between cases and controls were demonstrated in Table S 1
1
.  

Using principal component analysis (PCA), three major dietary patterns were identified among 

participants. These dietary patterns labeled as western, plant-based, and mixed. Western dietary 

pattern was rich in processed and organs meats, high fat dairy, soft drinks, canned fruits, fast 

foods, mayonnaise, salty snacks, salt, sugar, sweets, and desserts. In plant-based dietary pattern, 

the intakes of legumes, yogurt drink, fruits, canned fruits, fruit juices, vegetables, nuts, olive, 

potato, garlic, and condiments were high. The consumption of grains, red meat, fish, poultry, 

eggs, fruits, vegetables, tomato sauce, mayonnaise, tea, vegetables oil, pickles, sugar, sweets and 

desserts were high in mixed dietary pattern. The factor loading matrix for the three major dietary 

patterns identified by PCA was shown in Table 3. 

General characteristics, prevalence of PCOS, energy and nutrient intakes of the study 

participants across tertiles of three major dietary patterns were indicated in Table S 2
2
 and Table 

S 3
3
, respectively. Briefly, the mean age of participants in top tertile of western dietary pattern 

was higher than the lowest tertile, but in upper tertile of mixed dietary pattern was lower. There 

was no significant difference among age in tertiles of plant-based dietary pattern. Compared with 

the lowest tertiles of plant-based dietary pattern, subjects in the top tertile had more physical 

                                                           
1
 apnm-2018-0145.R2suppla. 

2
 apnm-2018-0145.R2supplb. 

3
 apnm-2018-0145.R2supplc. 
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activity. In addition, prevalence of PCOS in the highest tertile of western dietary pattern were 

more than the lowest one (46.8 vs. 33.3%, p=0.025). Prevalence of PCOS in the second tertile of 

plant-based and mixed dietary patterns was lower than the other tertiles (Table S 2). The total 

energy intakes in upper tertile of three dietary patterns were higher than lowest one (p<0.001). 

Intake of dietary fibers in the top tertile of western dietary pattern was lower than the bottom 

category. In contrast, those in the highest tertile of plant-based dietary pattern had more dietary 

fiber consumption than the lowest tertile. In the western dietary pattern, consumption of 

carbohydrate, protein and fat intake was significantly different among tertiles. The carbohydrate, 

protein and fat intakes were not varied among tertiles of plant-based dietary pattern, while 

carbohydrate and protein intakes were different among tertiles of mixed dietary pattern (Table S 

3). 

Multivariable adjusted odds ratio (95% Confidence Interval) for PCOS among tertiles of dietary 

patterns scores were shown in Table 4. In crude model, increased adherence to western dietary 

pattern elevated the odds of PCOS (OR, 1.76; 95% CI, 1.16-2.67). After adjusting for potential 

confounders, we observed that the highest tertile of western dietary pattern were associated with 

greater odds of having PCOS (OR, 2.03; 95% CI, 1.12-3.67). In addition, a significant linear 

association was observed between western dietary pattern and risk of PCOS in all models (p 

trend<0.05). The subjects in the second tertile of plant-based and mixed dietary patterns had 

lowest odds for PCOS (OR, 0.42; 95% CI, 0.31-0.58 for plant-based dietary pattern; OR, 0.41; 

95% CI, 0.30-0.57 for mixed dietary pattern). After adjustment for confounding variables, 

subjects in the highest tertile of plant-based dietary pattern had significantly more odds for 

having PCOS (OR, 2.32; 95% CI, 1.23-4.37).  

Discussion  
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In the current case-control study, three major dietary patterns including western, plant-based, and 

mixed were identified among Iranian women. Analysis illustrated that an increase in adherence 

to western dietary pattern was associated with greater odds of PCOS. In the plant-based dietary 

pattern, the second tertile had a protective effect on PCOS; although this effect was attenuated 

after adjusting confounders and nutrients. In addition, the highest tertile of plant-based dietary 

pattern increased the odds of PCOS. To the best of our knowledge, this is the first study to 

examine the association between major dietary patterns with having PCOS in new diagnosed 

patients in a Middle Eastern country. 

Studies that have investigated the relationship between major dietary patterns and PCOS are rare. 

One study assessed the dietary patterns in a large cohort of women and three major dietary 

patterns (including Mediterranean-style, Non-core foods, and Meats and take-away) were 

derived using factor analysis. The components of Mediterranean dietary pattern were similar to 

plant-based dietary pattern in the current study. In line with our study, the mentioned study 

showed that for one SD increase in the Mediterranean dietary pattern score, the chance of PCOS 

increased by 26%. Selection of subjects from a large cohort study might elevate the risk of bias. 

In other words, subjects might change their diet to healthier one, after awareness of their disorder 

(Moran et al. 2015).  

Our findings showed that high adherence to western dietary pattern elevated the risk of having 

PCOS. The western dietary pattern is rich in simple sugar, trans and saturated fatty acids leading 

to an increase in obesity and insulin resistance (Esmaillzadeh et al. 2007; Esmaillzadeh and 

Azadbakht 2008). Elevated insulin levels resulted in reduced production of Sex hormone-binding 

globulin (SHBG) and hyperandrogenism. Hyperandrogenism disrupted the hypothalamic-

pituitary-ovarian axis (HPO axis) function and subsequently resulted in disruption of ovulation 
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which is involved in PCOS pathophysiology (Dunaif 1997; Norman et al. 2007; Astrup et al. 

2014). Additionally, high intakes of saturated fatty acids and low intakes of fiber directly 

resulted in low concentration of SHBG and hyperandrogenism (Lima et al. 2013). Another 

possible mechanism that might involve in development of PCOS related to animal protein as a 

major component of western dietary pattern. Animal protein, in comparison to vegetable protein, 

increased serum concentration of insulin-like growth factor (IGF)-I which stimulate production 

of ovarian theca-interstitial cells that might lead to PCOS (Duleba et al. 1998; Thierry van Dessel 

et al. 1999; Chavarro et al. 2008) .The nitrite intake in western dietary pattern was also high due 

to the presence of processed meat. Nitrite could be converted to nitrous amine, destroyed the β 

cells and resulted in insulin resistance (Lijinsky 1999; Schulze et al. 2003) 

Our study suggested that plant-based dietary pattern might have protective effects on PCOS. 

Although in crude model, second tertile of plant-based dietary pattern decreased the chance of 

PCOS by 58%, the highest tertile had no effect on PCOS. After adjustment for confounders, the 

protective effect in second tertile disappeared. In the highest tertile, after adjusting confounders, 

the associations became stronger and, compared with the lowest tertile, the chance of PCOS was 

higher. In other words, by adjusting physical activity, antioxidant vitamins and fiber intake, the 

protective effects of these factors were eliminated. This non-linear association might be related 

to chemical pesticides and heavy metals in fruits and vegetables. The chemical pesticides have 

several harmful effects on the health of body systems, especially reproductive and endocrine 

systems (WHO and UNEP 1990; Sanborn et al. 2007; Mnif et al. 2011; Nicolopoulou-Stamati et 

al. 2016). In line with our study, one study suggested that high consumption of fruits and 

vegetables with high concentration of pesticides might lead to reproductive abnormalities (Chiu 

et al. 2017). In addition, consistent with current study, earlier studies suggested that high intakes 

of fruits and vegetables might increase the risk of metabolic syndrome and subsequently PCOS 

Page 14 of 29
A

pp
l. 

Ph
ys

io
l. 

N
ut

r.
 M

et
ab

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
W

in
ni

pe
g 

on
 0

7/
04

/1
8

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



15 

 

due to high amount of carbohydrate in fruits as well as vegetables including glucose, sucrose and 

fructose. These studies have suggested that high fructose intake elevated the risk of obesity and 

insulin resistance which plays an important role in hyperandrogenism (Stanhope and Havel 2008; 

Stanhope and Havel 2009; Das 2015). Furthermore, Xia et al. reported that moderate 

consumption of fruits (99–162 gr/day) and vegetables (392–554 gr/day) have a protective effect 

on insulin resistance as the main cause of PCOS incidence (Xia et al. 2016).  

 Moderate adherence to mixed dietary pattern might have a protective effect on PCOS. However, 

high level of mixed dietary pattern scores compared with low level had no significant association 

with PCOS. It might be related to this point that in the second tertile, the consumption of healthy 

foods dominated to unhealthy ones and major proportion of scores was related to healthy foods 

compared to the highest tertile. Furthermore, the overlapping of healthy and unhealthy foods 

might play a role in reducing PCOS in second tertile. In addition, there were several unknown 

residual confounders that we could not measure them; these variables might affect the 

relationship between mixed dietary pattern and PCOS. Because of including both healthy and 

unhealthy foods in mixed dietary pattern, the evidence of significant association in the highest 

tertile was not clearly found. 

We applied Rotterdam criteria to diagnose PCOS women in the present study. So, the controls 

may also have PCOS if they have biochemical hyperandrogenism and polycystic ovaries on 

ultrasound. However, based on a previous study that assessed the prevalence of PCOS in Iran, 

the women with modified Ferriman-Gallwey (mF-G) score of <8 and regular menstruation were 

deemed not to have PCOS and should be considered as healthy women (Mehrabian et al. 2011). 

In addition, As the use of multivitamins might neutralize the effect of unhealthy diet and change 

the status of the disorder, those women who used multivitamins and minerals supplements were 
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not included in the study to avoid bias. Individuals who using multivitamins might actually have 

a healthier diet due to being more health-conscious; therefore, this exclusion might increase the 

risk of bias. These points should be considered in the interpretation of our findings. 

This is the first study in a Middle Eastern country that evaluated the association between major 

dietary patterns and new diagnosed patients with a large sample size. In addition, we selected 

new diagnosed patients that reduced the possibility of changing diet. However, several 

limitations should be taken into account in this study. First, using the semi-quantitative FFQ to 

assess the usual dietary intake increases the possibility of under-over report of either energy 

intake or special food groups and the risk of recall bias due to the assessment of dietary intakes 

during the last year. Second, although we adjusted the effects of several potential confounders 

the analysis, the effect of unknown or residual confounders might not be excluded in the 

analysis. Third, we applied factor analysis to identify major dietary patterns and we encountered 

problems such as including food items into food groups, determining the number of factors, and 

labeling the dietary pattern. In addition, in factor analysis some food groups might not be placed 

in any of dietary patterns. Fourth, the amount of heavy metals and pesticides was not measured 

directly in this study and we had to explain our results based on the previous studies. So, the 

association between pesticides and PCOS that can confound the link between plant-based dietary 

pattern and PCOS should be interpreted with caution. Fifth, we included women who were 

referring to an infertility center, a hospital and some clinics. Healthy individuals who attended in 

these centers along with patients were considered as controls; so, generalization of the findings 

to other populations should be cautiously done.  Finally, different phenotypes of PCOS were not 

considered in this study.  
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In conclusion, our study suggested that western and plant-based dietary patterns were associated 

with an increased risk and moderate adherence to mixed dietary pattern was associated with 

reduced risk of PCOS among Iranian women. To confirm our findings, more studies with 

longitudinal design are required. 
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 Table 1 

Food grouping applied in dietary pattern analysis.  

Food groups   Food items 

Refined grains White breads, French bread, white rice, spaghetti, 

vermicelli, noodles, wheat flour, biscuits 

Whole grains Iranian dark breads, barely 

Legumes Lentils, kidney beans, chickpeas, broad beans, soy beans, 

mung beans, split peas 

Processed meats Beef sausages 

Red meats Lamb, veal, ground lamb 

Organ meats Lamb liver, lamb kidneys, lamb heart, lamb tongue, lamb 

brain 

Fish Other fish, fish tuna canned 

Skinless poultry Poultry without skin 

Poultry with skin Poultry with skin 

Eggs eggs 

Low fat dairy Skim milk, low fat milk, low fat yogurt, kashk 

High fat dairy High fat milk, whole chocolate and cocoa milk, high fat 

yogurt, creamy yogurt, cream cheese, other cheese, cream, 

chocolate ice cream, vanilla ice cream 

Yogurt drink Dough   

Soft drinks Soft drinks 

Fruits Melon, honeydew melon, watermelon, pear, apricot, 

cherries, apple, peach, nectarine, Japanese plums, fig, 

grape, kiwifruit, grapefruit, orange, persimmon, tangerine, 

pomegranate, date, plums, sour cherries, strawberry, 

banana, lime, sweet lemon, pineapple, cranberry, 

mulberries 

Fruit juices Grapefruit juice, orange juice, apple juice, melon juice 

Canned fruits Canned pineapple, canned mixed fruit 

Dried fruits Dried fig, raisin, dried mulberry, dehydrated peach, 

dehydrated apricot 

Vegetables Lettuce, tomato, cucumber, fresh basil, mixed vegetables, 

squash, eggplant, celery, green peas, green beans, carrot, 

onion, cabbage, spinach, bell pepper, mushroom, turnip 

Nuts Peanuts, almonds, walnuts, pistachios, hazelnuts, 

sunflower seeds 

Fast foods Hamburger, pizza, French fries 

Mayonnaise Mayonnaise 

Tomato sauce Tomato sauce 

Salty snacks Cracker, potato chips, salty snacks 

Olive Green olives, olive oil 

Tea  Tea  

Coffee coffee 

Sugar, sweets, and desserts Muffins, other cakes, sugar, white granulated sugar, 

honey, jam, gaz (Iranian sweet), hard candy, chocolates, 

caramel flan, donuts 

Solid fats Butter, margarine, Hydrogenated fats, animal fats 

Vegetable oils Vegetable oils 

Potato Boiled potato 

Garlic Garlic 

Condiments Pepper, lime juice 

Salt Salt 

Pickles Cucumber pickles, mixed vegetables pickles  

Broth broth 
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Table 2 
     

General characteristics, energy and macronutrients intake of women 

with and without PCOS 
  

Variables     Cases Controls P-value a 

Age (year) 
 

29.51±6.52 28.56±6.43 0.088 

Weight (kg) 
 

65.45±10.00 63.77±9.36 0.043 

BMI (kg/m2) 
 

24.87±3.84 24.35±3.38 0.088 

Waist circumference (cm) 
 

85.49±9.66 83.39±9.20 0.009 

Hip circumference (cm) 
 

103.12±9.36 102.35±8.82 0.325 

WHR 
  

0.82±0.06 0.81±0.06 0.011 

Socioeconomic status (SES) c  11.84±1.78 12.59±1.86 <0.001 

Marital status 
   

 < 0.001 

 
single 

 
49 (21.8%) 154 (44.6%) 

 

 
married 

 
172 (76.4%) 183 (53.3%) 

 

 
separated 

 
4 (1.8%) 8 (2.3%) 

 

Disease history 
   

< 0.001 

 
No  

 
200 (88.9%) 334 (96.8%) 

 

 
yes 

 
25 (11.1%) 11 (3.2%) 

 

Drug use d 

    
0.552 

 
No 

 
224 (99.6%) 342 (99.1%) 

 

 
Yes 

 
1 (0.4%) 3 (0.7%) 

 

Education 
    

0.001 

 
lower than diploma 27 (12.0%) 42 (12.2%) 

 

 
diploma 

 
108 (48.0%) 116 (33.6%) 

 

 
bachelor 

 
74 (32.9%) 134 (38.8%0 

 

 
higher than bachelor 16 (7.1%) 53 (15.4%) 

 

Energy intake (Kcal) 2501.63±902.83 2375.28±719.48 0.078 

Carbohydrate (gr) 353.18±55.8 339.77±55.89 0..005b 

Protein  (gr) 89.36±20.4 82.04±20.24 <0.001b 

Fat (gr) 85.17±22.65 79.28±22.65 0.003b 

Physical activity (MET-min/week) 787.07±797.37 1829.36±1870.12  <0.001 

a 
Resulted from independent t-test for quantitative variables and chi-square for test for categorical variables 

b 
Obtained from the general linear model and adjusted for energy intake and age 

c 
Socioeconomic status (SES) score was evaluated based on education level of both subjects and the family head 

(academic/non-academic), job of both subjects and the family head (yes/no), family size (lower than 4/higher than 4), 

having a car (yes/no), home status (the owner/tenant), and foreign travel (yes/no) by using self-reported questionnaire  
d
 gastrointestinal and anti-allergic drugs 

Quantitative variables: mean ± SD 

Qualitative variables: frequency (percentage) 
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Table 3 

Factor loading matrix for the three major dietary patterns identified by PCA 

Dietary patterns 

Food groups Western Plant-based Mixed 

Refined grains - - 0.575 

Whole grains - - 0.254 

Legumes - 0.364 - 

Processed meats 0.591 - - 

Red meats - - 0.572 

Organ meats 0.257 - - 

Fish - - 0.369 

Skinless poultry - - 0.446 

Poultry with skin - - 0.377 

Eggs - - 0.444 

Low fat dairy - - - 

High fat dairy 0.328 - - 

Yogurt drink - 0.41 - 

Soft drinks 0.647 - - 

Fruits - 0.475 0.433 

Fruit juices - 0.307 - 

Canned fruits 0.213 0.378 - 

Dried fruits - 0.427 - 

Vegetables - 0.675 0.269 

Nuts - 0.513 - 

Fast foods 0.656 - - 

Mayonnaise 0.304 - 0.216 

Tomato sauce - - 0.37 

Salty snacks 0.64 - - 

Olive - 0.306 - 

Tea  - - 0.436 

Coffee - - - 

Sugar, sweets, and desserts 0.573 - 0.303 

Hydrogenated fats 0.38 - - 

Vegetable oils - - 0.442 

Potato - 0.248 - 

Garlic - 0.411 - 

Condiments - 0.356 - 

Salt 0.348 - - 

Pickles - 0.287 0.303 

Broth   - 0.329 - 

Percentage of variance 

explained 18.37 17.90 17.64 

Cumulative percentage of variance explained by three dietary patterns was 53.93% 

factor loadings <0.20 were excluded
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Table 4     
 

    
 

    
Multivariate adjusted odds ratio (OR) and 95% confidence interval (CI) for PCOS among tertiles of dietary patterns scores     

 
Western pattern  Plant-based pattern  Mixed pattern 

  T1 T2 T3  T1 T2 T3
  T1 T2 T3

 

Crude 

model 
1 1.24 (0.81-1.90) 1.76 (1.16-2.67) 

 
1 0.42 (0.31-0.58) 0.91 (0.69-1.22) 

 
1 0.41 (0.30-0.57) 1.13 (0.85-1.50) 

Model I 
1 

1 1.60 (0.99-2.57) 1.94 (1.21-3.11)  1 0.64 (0.40-1.02) 2.16 (1.33-3.49)  1 0.41 (0.24-0.70) 1.22 (0.73-2.04) 

Model II 
2 

1 1.61 (1.01-2.57) 2.02 (1.28-3.20)  1 0.66 (0.41-1.07) 2.15 (1.33-3.48)  1 0.45 (0.26-0.76) 1.28 (0.76-2.13) 

Model III 3 1 1.72 (1.04-2.85) 2.03 (1.12-3.67)  1 0.72 (0.43-1.19) 2.32 (1.23-4.37)  1 0.34 (0.18-0.61) 0.96 (0.48-1.90) 
1
 Adjusted for age, marital status, BMI, and physical activity 

2
 Adjusted for age, marital status, BMI, physical activity, and socioeconomic status 

3 
Adjusted for age, marital status, BMI, physical activity, socioeconomic status, energy intake, fat, soluble fiber, vitamin E, vitamin C, zinc, calcium, and iron 
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