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Abstract 

Background In light of the observed association between nutritional factors and polycystic ovary syndrome (PCOS) 
in recent decades, the present study was conducted to investigate the association between the consumption of vari-
ous types of meat and PCOS in Iranian women.

Material and methods This frequency-matched case–control study included 108 women with newly diagnosed 
PCOS and 108 age and body-mass-index-matched women without PCOS, as a control group, who were referred 
to the Yazd Diabetes Clinic and Khatam Clinic between January 2018 and March 2019. The validated 178-item food 
frequency questionnaire was used to assess the usual dietary intake. Logistic regression analysis was used to estimate 
the association between meat consumption and PCOS.

Results The findings of this study showed, the individuals in the third tertile of red meat intake, had higher odds 
of PCOS in the crude model (Odds Ratio (OR) = 4.29; 95% Confidence Interval (CI), 2.13–8.64; P-value = 0.001) com-
pared with those in the first tertile. These results remained significant after adjustments for energy intake, marital 
status, physical activity, education, pregnancy history and chronic disease history (OR = 3.87; 95% CI, 1.78–8.40; P-value 
= 0.001). Higher consumption of red meat increased the risk of PCOS by 3.87 times. Furthermore, higher consumption 
of processed meats increased the risk of PCOS by 2.15 times (OR = 2.15; 95% CI, 1.05–4.39; P-value and trend = 0.035). 
We did not find an association between other types of meat consumption and PCOS.

Conclusion The results of the present study showed that a higher consumption of red and processed meat is associ-
ated with a higher risk of PCOS, whereas no significant correlation was found between the consumption of poultry, 
fish, and organ meat and PCOS. However, more studies are needed to support these findings in the future.
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Introduction
Polycystic ovary syndrome (PCOS) which is known as 
a common endocrine disorder [1], characterized by ele-
vated androgen levels, impaired ovulation and/or obser-
vation of cysts in one or both ovaries, and is a disease 
with hereditary transmission capacity [2]. According to 
the Rotterdam criteria, the overall prevalence is approxi-
mately 10% [3], and among Iranian women, it is estimated 
at 19.5% [4]. While PCOS primarily affects reproduc-
tive health and infertility [5], it is associated with sev-
eral significant complications, including obesity, insulin 
resistance (IR), type 2 diabetes, metabolic syndrome, and 
cardiovascular dysfunction as metabolic abnormalities [6, 
7]. Additionally, PCOS is linked to psychiatric disorders 
such as anxiety, depression, eating disorders, and dimin-
ished quality of life [8, 9]. The etiology of PCOS is not 
well known yet, but it seems to be a multifactorial con-
dition that can originate from genetic factors, epigenetic 
agents, prenatal androgen exposure, and environmental 
factors. Also, incorrect eating habits, stress, low levels 
of physical activity, and smoking are associated with the 
development of this syndrome [10–12]. Thus, it has been 
suggested that lifestyle modification is considered as first-
line treatment in the management of PCOS [13]. These 
strategies majority focus on dietary changes, physical 
activity, and weight loss [14, 15]. Previous investigations 
have assessed the association between PCOS and nutri-
ents, foods, and food groups. A review study indicated 
that a high-calorie diet rich in foods with a high glyce-
mic index, saturated fatty acids, and insufficient fiber 
might affect metabolic outcomes in PCOS women [16]. 
Results of a case–control study showed that the women 
with PCOS had lower consumption of extra-virgin olive 
oil, legumes, fish/seafood, and nuts in comparison to the 
control group. Furthermore, despite similar energy intake 
levels between the two groups, the PCOS women had a 
lower intake of complex carbohydrates, fiber, monoun-
saturated fatty acids (MUFA), and n- 3 polyunsaturated 
fatty acid (PUFA) along with a higher intake of simple 
carbohydrates, total fat, saturated fatty acid (SFA), PUFA 
and n- 6 PUFA than the women without PCOS [17]. In 
contrast to the previous reports, the study of Moran et al. 
found that the dietary quality of women with PCOS was 
marginally better than that of women without PCOS, in 
the way that their intake of fiber and micronutrients was 
higher, and intake of SFA was lower. However, the study 
also noted that women with PCOS had higher resting 
time and energy consumption compared to the control 
group [18]. Although no study has directly examined 
the association between meat consumption and PCOS, 
limited studies have been conducted on the association 
of meat consumption with risk factors associated with 
PCOS. For instance, Panagiotakos et  al. reported a 

positive association between red meat intake and hyper-
glycemia and hyperinsulinemia in a cross-sectional study 
[19]. Additionally, findings from a longitudinal study 
with an 8.8-year follow-up among women suggested that 
higher consumption of total red meat, mainly processed 
meat, may increase the risk of developing type 2 diabetes 
[20].

The present study aims to address a significant gap in 
the existing research on PCOS by exploring the associa-
tion between different types of meat consumption and 
PCOS in Iranian women. While previous studies have 
examined various dietary factors in relation to PCOS, 
there is a notable lack of research specifically focus-
ing on the impact of different meat types on this con-
dition. Additionally, this research may contribute to a 
better understanding of the complex interplay between 
dietary habits-particularly meat intake-and hormonal 
imbalances associated with PCOS. The focus on Iranian 
women also adds a cultural and geographical dimension 
to the study, potentially revealing population-specific 
dietary patterns and their effects on PCOS prevalence in 
this demographic.

Materials and methods
Study design and participants
Women who were referred to the Yazd Diabetes Clinic 
and Khatam Clinic between January 2018 and March 
2019 participated in the study. The endocrinology spe-
cialist also presented a few volunteers from other clinics 
around the city who satisfied the inclusion requirements 
to get more conclusive and acceptable findings. 117 
women with PCOS were diagnosed by an endocrinolo-
gist based on Rotterdam criteria standard [21], including 
the presence of at least two of the three diagnostic tests: 
menstrual abnormalities, biochemical or clinical symp-
toms of hyperandrogenism, abnormal ovarian ultrasound 
findings such as less than 12 follicles per ovary with a 
diameter of 2 to 9 mm, or an increased ovarian volume of 
more than 10  cm3 are all examples of abnormal ovarian 
ultrasound findings [4, 22]. The following were the case 
group’s inclusion criteria: women of reproductive age 
(17–46 years old) who were newly diagnosed with PCOS; 
women without a history of conditions like hyperprol-
actinemia, Cushing syndrome, hypothyroidism, congeni-
tal adrenal hyperplasia, or food allergies; women without 
a history of using drugs like contraceptive pills, hormonal 
drugs, or other medications that could change the density 
of androgens; women without type 1 diabetes; women 
who did not drink alcohol or were not smokers; women 
who were not on a specific diet during the previous 
year. In addition, women who did not take supplements 
(such as vitamin D and E) during the past 3 months were 
included. The control group consisted of 119 women who 
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had no symptoms of PCOS and were patients sent to 
other departments of the same clinic or hospital, such as 
orthopedics, dentistry, or optometry. Using a frequency 
matching technique, the BMI and age of two groups were 
matched. Therefore, first, we categorized our PCOS cases 
into age and BMI groups. Individuals were subdivided 
into age groups of 13–24, 25–34, 35–39 and > 40 years 
and BMI groups of < 25, 25–30, and > 30 kg/m2.

Finally, for the case group: 3 women declined to par-
ticipate, 4 cases were not newly diagnosed, and 2 had 
food allergies. for the control group: 2 women were not 
willing to participate and 9 had food allergies; as a result, 
216 women including 108 cases (response rate (92%)) and 
108 controls (response rate (90%)) completed study based 
on matching for age and BMI. Although the number of 
subjects in the control group was slightly higher than 
the case group, but after matching for age and BMI with 
the case group, 108 participants remained in each group. 
Other inclusion criteria were almost equal for the case 
and control groups. The participants’recruitment proce-
dures are represented in Fig. 1. After being briefed about 
the study’s methodology, each participant signed a writ-
ten informed consent form. The Human Research Ethics 
Committees of Shahid Sadoughi University of Yazd Med-
ical Sciences approved the study protocol (IR.SSU.SPH.
REC.1402.129).

Sample size calculation
Because of the limited number of similar articles, the 
minimum required sample size, considering alpha of 

0.05 and a power of 90%, assuming that there is a 20% 
difference in adherence to the dietary patterns in the 
two groups (P1 = 40%, P2 = 60%), and a 10% probability 
of sample loss, was calculated to be 108 women in each 
group.

P1 = the ratio of people who followed the dietary pat-
tern among the women without PCOS.

P2 = the ratio of people who followed the dietary pat-
tern among the women with PCOS.

where P = P1+P2
2

,Q = 1− P,Q1 = 1− P1,Q2 = 1− P2 

Anthropometric measurements
All anthropometric characteristics were assessed while 
fasting using standard techniques by a qualified inves-
tigator. The participants were standing straight and 
barefoot when their height was measured with a non-
stretched wall-mounted tape measure (the measure-
ment’s precision is 0.1 cm or less). Body weight was 
measured using Omron digital scales to the nearest 0.1 
kg. Afterward, waist circumference (WC) was meas-
ured using a non-elastic tape measure (the degree of 
precision was closest to 0.5 cm) positioned roughly 
between the lower rib and iliac crest in a standing pos-
ture. BMI was then determined by dividing weight (kg) 
by height (m2).

n =
Z1−α/2

√
2PQ + Z1−β

√
P1Q1 + P2Q2

2

(P1 − Q1)
2

Fig. 1 The participants’recruitment procedures are represented in Fig. 1
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Physical activity assessment
Data on physical activity were evaluated using the Inter-
national Physical Activity Questionnaire-Short Form 
(IPAQ-SH) [23]. The overall score of the activity (MET-
min/wk) was calculated by summing the scores for each 
kind of activity.

Dietary intake assessment
Each participant’s typical dietary consumption over the 
previous year was assessed using a 178-item semi-quan-
titative food frequency questionnaire (FFQ) with 551 
questions, which was previously validated in the study by 
Zimmerot et al. [24]. The frequency intake of each food 
item was reported as daily, weekly, monthly, or yearly. 
The typical portion sizes and frequency of food consump-
tion and beverage items were questioned to improve the 
precision and accuracy of the estimates. The frequency 
was then changed to daily consumption, and the home 
measurements were used to convert the portion sizes to 
grams. To calculate the total energy and nutrient intake, 
the real food intake (g/d) was uploaded to Nutritionist IV 
[25].

Assessment of other covariates
A validated self-administered checklist was used to col-
lect additional necessary variables, including age, marital 
status (single/married, widowed, divorced), pregnancy 
history, chronic disease history (hypertension, diabe-
tes, cardiovascular diseases), PCOS drug use, and edu-
cational level (Illegal, Lower than diploma, Diploma & 
Associate’s degree, Bachelor, Master, and above).

Statistical analysis
Continuous and categorical variables were expressed as 
mean ± standard deviation (SD) and frequencies (per-
centages), respectively. The normality distribution of 
continuous variables was checked by the Kolmogorov–
Smirnov test. The chi-square test and independent t-test 
were performed to compare qualitative and quantita-
tive variables, respectively. Also, one-way ANOVA was 
performed to compare quantitative variables in tertiles 
of meat consumption. Moreover, multivariate logis-
tic regression was used in different models to discover 
the association between meats and PCOS. Model 1 was 
adjusted for total energy intake. Further adjustments 
were for marital status, physical activity, education, preg-
nancy history, and chronic disease history. Data analysis 
was conducted using SPSS software version 24 (IBM, 
Armonk, NY, USA) and a P-value ≤ 0.05 was considered 
statistically significant.

Results
Characteristics, energy intake, and physical activity of 
the women in both groups was shown in Table 1. No sig-
nificant differences were observed in age, weight, BMI, 
physical activity, marital status, pregnancy history and 
chronic disease history for PCOS and education between 
the case and the control group. The WC in the case group 
was marginally higher than the control group (P = 0.051). 
Also, the mean intake of energy, red meats, organ meats, 
processed meats and poultry was significantly higher in 
the case group than in the control group (P < 0.05).

The characteristics of the women across tertiles of meat 
intake are indicated in Table 2. Married participants had 
more red and processed meat intake than single peo-
ple (P = 0.016). Also, WC and BMI were higher in par-
ticipants with a higher intake of processed meat than in 
people with a lower intake (P < 0.05). Also, there was a 
significant difference in fish consumption among women 
of different ages (P = 0.013).

Dietary intake of the study participants based on ter-
tiles of meat intake are illustrated in the Table  3. For 
the participants with the highest intake of red meat, the 
mean intake of energy, protein, fat, cholesterol, saturated 
fatty acids, monounsaturated fatty acids and vitamin B12 
were significantly higher than those with the lowest red 
meat, while their daily carbohydrate intake was signifi-
cantly lower. Participants with a higher intake of organ 
meats significantly have higher energy, polyunsaturated 
fatty acid, vitamin B6 and B12 intake. Also, participants 
in the third tertile intake of processed meat had a higher 
intake of energy, fat, saturated and monounsaturated 
fatty acids than those in the first tertile, while they had 
less calcium, vitamin A and B6 intake. In addition, the 
increase in poultry intake was associated with increased 
protein, iron and folate intake. With the increase in fish 
intake from the first to the third tertile, the intake of 
energy, carbohydrate, and vitamin B12 increased, while 
the intake of fat and saturated and monounsaturated fatty 
acids decreased significantly.

Crude and multivariable-adjusted Odds Ratio (OR) and 
95% Confidence Interval (CI) of the associations between 
PCOS and different types of meats is shown in Table 4. 
The individuals in the third tertile of red meat intake, had 
higher odds for PCOS in the crude model (OR = 4.29; 
95% CI, 2.13–8.64); P-value and trend = 0.001) compared 
with those in the first tertile. These results remained sig-
nificant after adjustments for energy intake, marital sta-
tus, physical activity, education, pregnancy history and 
chronic disease history (OR = 3.87; 95% CI, 1.78–8.40; 
P-value and trend = 0.001). Higher consumption of red 
meat increased the risk of PCOS by 3.87 times.

Furthermore, the individuals in the third tertile of pro-
cessed meats, had higher odds for PCOS in the crude 
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model (OR = 2.92; 95% CI, 1.50–5.68); P-value and trend 
= 0.002) compared with those in the first tertile. These 
results remained significant after adjustments for energy 
intake, marital status, physical activity, education, preg-
nancy history and chronic disease history (OR = 2.15; 
95% CI, 1.05–4.39; P-value and trend = 0.035). Higher 
consumption of processed meats increased the risk of 
PCOS by 2.15 times.

Discussion
To the best of our knowledge, this is the first case–con-
trol study characterizing the association between meat 
consumption and the risk of PCOS in women. The find-
ings of the present study showed that red meat and pro-
cessed meat consumption were positively associated with 
the risk of PCOS, however, no association was found 
between the consumption of poultry, fish and organ 
meat with the risk of PCOS. Previous studies examined 
the relationship between dietary general characteristics 

with the risk of PCOS. However, little is known about the 
association between food groups and their special char-
acteristics with the risk of PCOS [26–28]. In line to our 
study, Badri-Fariman et  al. [28] in a case–control study 
found that the PCOS patients had a significantly higher 
intake of processed meats, red and organ meats and sat-
urated fatty acids compared to healthy subjects [28]. In 
contrast to our study, Hosseini et al. [26], indicated that 
more intakes of seafoods, was associated with lower risk 
of PCOS [26]. Insulin resistance related to increased 
insulin levels and obesity are the main characteristics of 
PCOS in women [29]. The association between high con-
sumption of protein with glycemic responses is contro-
versial [30, 31]. In addition, due to their high fat content, 
meats have been related to the risk of obesity and devel-
opment of inflammation [32].

Some review studies have been conducted to inves-
tigate dietary intake in PCOS patients. In general, these 
studies showed that low glycemic index diet and low 

Table 1 General characteristics, energy intake, and physical activity of women with and without PCOS

BMI body mass index, MET metabolic equivalent, PA physical activity, PCOS polycystic ovary syndrome, WC waist circumference

For quantitative variables mean ± SD; and for qualitative variables frequency (%) were used
* Independent t test for quantitative variables and Chi-square test for categorical variables conducted

Variables Case (n = 108) Control (n = 108) P value*

Age (y) 28.95 ± 7.16 30.45 ± 7.17 0.126

Weight (kg) 70.07 ± 12.95 70.11 ± 13.01 0.980

BMI (kg/m2) 27.10 ± 4.88 26.63 ± 4.87 0.482

WC (cm) 82.74 ± 10.77 79.74 ± 11.62 0.051

PA (MET-min/wk) 1426 ± 760.71 1493.55 ± 793.42 0.525

Marital status
 Single 39(36.1) 41(38) 0.778

 Married 69(63.9) 67(62)

Pregnancy history
 No 45(41.7) 49(45.4) 0.583

 YES 63(58.3) 59(58.3)

Chronic disease history
 No 61(56.5) 62(57.4) 0.891

 YES 47(43.5) 46(42.6)

Education
 Ilegal 1 (0.9) 0 0.275

 Lower than diploma 13 (12) 16(14.8)

 Diploma & Associate’s degree 37(34.3) 26(24.1)

 Bachelor 47(43.5) 59(54.6)

 Master and above 10(9.3) 7(6.5)

Energy intake (kcal) 2323.84 ± 803.28 1882.85 ± 566.74 < 0.001

Red meats (gr) 56.64 ± 41.19 37.14 ± 35.28 < 0.001

Organ meats (gr) 5.85 ± 24.08 1.11 ± 2.45 0.043

Processed meats (gr) 8.82 ± 15.08 3.92 ± 7.27 0.003

Poultry (gr) 43.99 ± 54.17 27.20 ± 28.08 0.005

Fish (gr) 9.95 ± 10.49 9.95 ± 9.60 0.999
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amount of fat, especially saturated fat and trans fatty 
acids lead to weight loss, improve insulin resistance, met-
abolic and reproductive parameters [33–35].

Also, we observed that along with the increase in meat 
consumption, the mean intake of total fat and saturated 
fat went up. In line to our study, Navarro-Lafuente et al. 
[36] observed that higher intake of saturated fatty acids 
has been associated with some PCOS phenotypes [36]. 
In a study by Amirjaniet al [37] had been demonstrated 
that PCOS women a greater intake of total fat and satu-
rated fatty acids [37]. By reviewing the studies, we found 
that inconsistency in results of different studies could be 
related to the, differences in study design, study popula-
tion, and the effect of genetic and racial factors [38].

Some mechanisms have been suggested to describe 
the association between meat consumption and higher 
risk of PCOS. Based on a possible mechanism, animal 
proteins intake compared to plant proteins, can contrib-
ute to the increased risk of PCOS by increasing the level 

of insulin-like growth factor (IGF-I) [39]. Inflamma-
tion is involved in the pathogenesis of PCOS. It has been 
reported that, inflammatory agents, like CRP and TNF, 
reduce insulin sensitivity and, therefore increase insulin 
resistance. Also, dietary components such as saturated 
fatty acid can affect inflammatory mediators, like IL- 1β 
and TNF-α and disturb insulin signaling pathway [40, 41]. 
Insulin resistance through accumulation visceral adipose 
tissue and disturbance of the synthesis or release of repro-
ductive hormones, causes retention and increased levels of 
sex hormones can increase the risk of PCOS [42]. Inflam-
mation-induced hyperglycemia increases glucose in mon-
onuclear cells. followed by that, the increase in oxidation 
of this molecule and the production of reactive oxygen 
species cause disturbances in the synthesis of sex hor-
mones and metabolic disorders involved in PCOS [43]. In 
addition, inflammatory cytokines cause more complex dis-
orders of PCOS by increasing steroid synthesis and stimu-
lating follicles associated with hyperandrogenism [44].

Table 4 Odds ratio and 95% confidence interval for the occurrence of PCOS across tertiles of different types of meat

† These values are odds ratios (95% CIs)
* Third tertile compared to first tertile
‡ Obtained from logistic regression
* Adjusted for total energy intake
** Additionally adjusted for marital status, physical activity, education, pregnancy history, chronic disease history

Variable Tertiles of red meat intake P value‡ P trend‡

PCOS T1 T2 T3

 Crude 1.00 1.33 (0.68_2.61) 4.29 (2.13_8.64) <0.001 < 0.001

 Model I* 1.00 1.27 (0.63_2.56) 3.40 (1.64_7.07) 0.001 0.001

 Model II** 1.00 1.37 (0.66_2.84) 3.87 (1.78_8.40) 0.001 0.001

Tertiles of organ meat intake
PCOS T1 T2 T3

 Crude 1.00 0.64† (0.33_1.26) 1.86 (0.97_3.57) 0.061 0.075

 Model I* 1.00 0.60 (0.30_1.21) 1.39 (0.70_2.76) 0.344 0.415

 Model II** 1.00 0.57 (0.28_1.17) 1.36 (0.67_2.75) 0.390 0.480

Tertiles of processed meats intake
PCOS T1 T2 T3

 Crude 1.00 1.54(0.80_2.98) 2.92(1.50_5.68) 0.002 0.002

 Model I* 1.00 1.42(0.72_2.80) 2.08(1.02_4.22) 0.042 0.041

 Model II** 1.00 1.42(0.71_2.81) 2.15 (1.05_4.39) 0.035 0.035

Tertiles of poultry intake
PCOS T1 T2 T3

 Crude 1.00 0.82 (0.41_1.65) 1.84 (0.98_3.45) 0.057 0.059

 Model I* 1.00 0.81 (0.40_1.67) 1.37 (0.70_2.67) 0.350 0.370

 Model II** 1.00 0.81 (0.39_1.68) 1.35 (0.69_2.66) 0.374 0.388

Tertiles of fish intake

PCOS T1 T2 T3

 Crude 1.00 0.71 (0.36_1.37) 1.28 (0.66_2.47) 0.450 0.455

 Model I* 1.00 0.59 (0.29_1.20) 0.91 (0.45_1.83) 0.803 0.953

 Model II** 1.00 0.58 (0.29_1.19) 0.89 (0.44_1.82) 0.764 0.754
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To the best of our knowledge, one of the strengths of 
this study was the utilization of a validated FFQ in the 
Iranian population. Moreover, this study is the first to 
investigate the association between meat consump-
tion and PCOS among Iranian women, with the results 
adjusted for energy intake, marital status, pregnancy 
history, WC, drug history, and physical activity as con-
founding factors. However, the limitations of this study 
must be acknowledged. First, owing to the cross-sec-
tional nature of this study, causal relationships cannot 
be inferred. Second, recall biases are possible owing 
to the retrospective and memory-dependent nature of 
FFQ. Third, measurement bias is inherent to any dietary 
assessment. fourthly the associations of metabolic and 
hormonal characteristics of study subjects with meat 
consumption has not been investigated. Furthermore, 
despite controlling for confounders, the effects of resid-
ual confounding factors could not be eliminated entirely. 
Consequently, a prospective study with a larger sample 
size and extended duration is necessary to assess this 
relationship comprehensively.

Conclusion
The present study showed that a higher consumption of 
red and processed meat is associated with a higher risk 
of PCOS, while there was no correlation between the 
consumption of poultry, fish, and organ meat and the 
incidence of PCOS. More longitudinal and prospective 
studies are needed to confirm the results in the future.
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