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Abstract
Background Oxidative stress is a disturbance in the natural balance between oxidative and anti-oxidative processes, 
which is the major effective factor in cardiovascular disorders and metabolic syndrome (MetS), due to the role of pro-
oxidants in inducing oxidative stress, and as a result, the occurrence and exacerbation of components of metabolic 
syndrome and cardiovascular risk factors, this cross-sectional study was conducted with the aim of investigating the 
relationship between the status of dietary pro-oxidants score (POS) and metabolic parameters including serum lipids, 
glycemic markers and blood pressure among obese adults.

Methods 338 individuals with obesity (BMI ≥ 30 kg/m 2), aged between 20 and 50 years were recruited in the present 
cross-sectional study. A validated food frequency questionnaire (FFQ) was used to determine the dietary pro-oxidant 
score (POS). Analysis of variance (ANOVA) with Tukey’s post-hoc comparisons after adjustment for confounders and 
multivariable logistic regression analysis were performed to determine the association of cardiometabolic risk factors 
among the tertiles of POS.

Results Participants with higher POS had lower levels of body mass index (BMI), weight and waist circumference 
(WC). There were no significant associations between metabolic parameters including glycemic markers and lipid 
profile in one-way ANOVA and multivariate multinomial logistic regression models.

Conclusions The findings of this study revealed that greater dietary pro-oxidant intake might be associated with 
lower BMI, body weight, and WC in Iranian obese individuals. Further studies with interventional or longitudinal 
approaches will help to better elucidate the causality of the observed associations.
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Introduction
Oxidative stress (OS) is a multifaceted, complicated pro-
cess that develops from an imbalance between reactive 
oxygen species generated by pro-oxidants and antioxi-
dant defense [1]. Numerous studies have demonstrated 
that cellular pathways’ high oxidative stress is a major 
contributor to cardiovascular disorders and manifesta-
tions of the metabolic syndrome MetS [2–4]. Multiple 
metabolic abnormalities, including obesity, type 2 dia-
betes (T2D), and the consequences of T2D known as the 
MetS, are caused by imbalances in the energy and redox 
potential of cells, these imbalances are triggered by the 
disruption of important biological reactions [5]. MetS 
is characterized as a pathophysiological association and 
combination of cardiometabolic risk factors that are 
known to increase a person’s risk of CVD and T2DM [6]. 
According to studies, MetS affects over 30% of the world’s 
population, making it a serious worldwide public health 
problem [7], in Iran, MetS presently affects 30.4% of the 
population and is increasing significantly [8]. Pathophysi-
ology of MetS is a highly complicated and unclear. The 
concept that disruption of the normal balance between 
oxidative and anti-oxidative processes, resulting in redox 
state in the cell and tissues, may play a significant role 
in its manifestations is supported by a number of stud-
ies [5, 9]. A cross-sectional study on 113 elderly subjects 
indicated a strong relationship between the accumula-
tion of Mets components and the aggravation of oxida-
tive stress [10]. According to the research conducted so 
far, there is absolutely no doubt that oxidative stress and 
MetS are related [11], so many studies are focused on 
preventing (OS) in MetS. Diet could provide more pre-
cursors for endogenous lipid peroxidation and induce 
oxidative stress biomarkers by dietary components such 
as polyunsaturated fatty acids particularly ω-3 fatty 
acids with a high double bond index and heme iron [12]. 
Through the Fenton reaction, iron may produce reactive 
oxygen species (ROS), which results in oxidative stress 
and greater rates of lipid peroxidation [13]. Syrovatka P 
et al. [14] shown a substantial association between fer-
ritin and obesity parameters and metabolic syndrome in 
healthy males, suggesting that higher body iron storage 
may cause reduced insulin sensitivity through increased 
oxidative stress [14]. Another dietary pro-oxidant is 
PUFAs, which are more vulnerable to oxidation and the 
production of LDL-oxidized blood due to their high level 
of unsaturation [15], highly unsaturated n-3 PUFA sup-
plements have been shown to enhance oxidative stress in 
both humans and animals according to research [16–19]. 
Despite the fact that it is well recognized that saturated 
fatty acids (SFAs) in general encourage abdominal obe-
sity, dyslipidemia, insulin resistance, systemic inflam-
mation and impaired glucose tolerance [20–22]. SFAs 
overexposure has been shown to enhance the production 

of pro-inflammatory cytokines, disrupt insulin signaling, 
and drive apoptosis marked by both endoplasmic reticu-
lum (ER) deficits and oxidative stress in a variety of cell 
types in vitro [23–26]. Leptin, an adipocyte-derived hor-
mone that is increased in obese people and may cause 
oxidative stress, could be the physiological factor behind 
the association between obesity and oxidative stress [27]. 
Considering the role of pro-oxidants in oxidative stress 
and as a result the increases in the number of MetS com-
ponents and cardio-metabolic risk factors, as well as lim-
ited research focusing only on pro-oxidant factors, this 
present study aimed to evaluate the association between 
dietary triggers of oxidative stress and cardio metabolic 
risk factors including blood pressure, lipid profile, glyce-
mic and insulin related factors among apparently meta-
bolically healthy subjects with obesity.

Method & materials
Study population
In the present cross-sectional study, 338 randomly cho-
sen volunteers who were both male and female with obe-
sity (BMI ≥ 30 kg/m2) and between the ages of 20 and 50 
were chosen from previous research [28, 29] which have 
been done in the last four years from 2019 to 2022. The 
study excludes women who are pregnant, breast feed-
ing, or postmenopausal, individuals who have had gastric 
bypass surgery or other weight loss operations, cancer, 
liver or kidney problems, cardiovascular diseases, diabe-
tes mellitus, or cancer, and subjects who take any medi-
cations or dietary supplements that could affect weight. 
Meanwhile, the study protocol was approved by the eth-
ics committee of Iran’s Tabriz University of Medical Sci-
ences after all participants read and signed an informed 
consent form (Registration number: IR.TBZME-D.
REC.1400.454).

Sociodemographic data
We gathered demographic information through ques-
tionnaires and interviews. The socioeconomic status 
(SES) score was estimated using the data gathered on 
educational attainment, employment status, home own-
ership, and family size. Individuals reported their greatest 
degree of education, and we used education as a cat-
egorical variable. This variable was rated on a scale of 0 
to 5 points as follows: illiterate: 0, less than diploma: 1, 
associate degree: 2, bachelor: 3, master: 4, and higher: 
5. The employment status of female participants was 
divided into five groups (housewife, employee, student, 
self-employed, and others), while the occupational status 
of male participants was divided into the following cat-
egories: unemployed: 1, worker, farmer and rancher: 2, 
others: 3, employee: 4, and self-employed: 5. Individuals 
were categorized as belonging to families of 3 and under 
3 (score 1), 4–5 (score 2), and over 6 (score3) persons. 
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In addition, if they didn’t own a home, they got a score 
of 1, and if they did, they got a score of 2. Depending on 
the respondents’ total SES score, which varied from 1 to 
15, the individuals were then categorized into three cat-
egories. Using the Persian version of the DASS-21[30], 
the frequency of depression, anxiety, and stress-related 
symptoms during the preceding weeks was evaluated. 
Age, marital status, educational level, nursing experience, 
work unit, shift work, and work hours per week are the 
seven items on this questionnaire that evaluate a sub-
ject’s sociodemographic features. A maximum score of 
three and a minimum score of zero are assigned to the 
questions on a Likert scale. On each scale, the score may 
be between 0 and 21. A visual analogue scale (VAS) was 
used to assess the state of the appetite in the morning 
following fasting state (VAS)[31]. To illustrate the two 
extremes of the VAS, the phrases “I’m not at all hun-
gry” and “I have not been so hungry” were inserted at 
the opposite ends of a 100-mm line. This questionnaire 
asked about past and projected food intake as well as 
questions regarding hunger, satiety, fullness, cravings for 
sweet, salty, and fatty meals. A shortened version of the 
international physical activity questionnaire (IPAQ) was 
used to estimate the participants’ level of physical activity 
[32–34].

Dietary assessments and calculation of dietary pro-oxidant 
score (POS)
We used a validated, semi-quantitative food frequency 
questionnaire (FFQ) that was adapted for the Iranian 
population to gather data on dietary consumption. The 
Iranian household manual’s recommendations for por-
tion sizes, cooking yields, and dietary food amounts 
were used to ask participants to keep records of all the 
foods and beverages they consumed on a daily, weekly, 
monthly, or yearly basis. Every food item’s reported fre-
quency was modified to daily intake and converted to 
grams. In this study, three dietary components known 
to have a pro-oxidant effect were selected including iron 
and saturated fatty acids (SFA) and polyunsaturated fatty 
acids (PUFA) [35–37]. The total amount of consump-
tion of all three factors was calculated and they were cat-
egorized into tertiles by reverse scoring. The higher POS 
denotes the lower dietary pro-oxidant intake and was 
more favorable.

Anthropometric assessments
A wall stadiometer with a sensitivity of 0.5 cm Seca scale 
(Seca Co., Hamburg, Germany) was used for measur-
ing the participants’ height while individuals were asked 
to take off their shoes for height measurement. Weight 
of participants was measured, without extra clothes, by 
using Seca scale (Seca Co., Hamburg, Germany) with 
0.1  kg precision. The bioelectrical impedance analysis 

(BIA) method was employed by Tanita, BC-418 MA 
(Tokyo, Japan) to estimate body composition which mea-
sures the body fat percentage, fat mass (FM), fat free 
mass (FFM), and predicted muscle mass. When exhaling, 
the distance between the iliac crest and the lowest rib 
was measured using a tape measure to the closest 0.1 cm.

Measurement of blood biomarkers and blood pressure 
assessments
All measurements were taken after at least 12 h of over-
night fasting. A trained physician used a standard mer-
cury sphygmomanometer to measure the subject’s 
systolic and diastolic blood pressure on the right arm 
after 10 to 15  min of rest and sitting state. The average 
of two measured blood pressure was recorded for each 
participant. All individuals provided 10 ml of venous 
blood for sampling, which was centrifuged at 4500  rpm 
for 10 min to separate the serum and plasma samples. A 
commercial kit was used to analyze the serum levels of 
total cholesterol, triglycerides, high-density lipoprotein 
cholesterol, and fasting blood glucose (Pars Azmoon, 
Tehran, Iran). Additionally, the Friedewald equation was 
used to quantify the amount of low-density lipoprotein 
cholesterol [38]. Enzyme-linked immunosorbent assay 
(ELISA) kit was used to determine serum concentrations 
of insulin (Bioassay Technology Laboratory, Shanghai 
Korean Biotech, Shanghai City, China). Fasting insu-
lin (IU/ml) + fasting glucose (mmol/l)/22.5 was used to 
calculate the homeostatic model assessment for insulin 
resistance (HOMA-IR), and the quantitative insulin sen-
sitivity check index (QUICKI) was estimated as 1/[log 
fasting insulin (U/mL) + log glucose (mmol/L)].

Statistical analysis
The Statistical Package for Social Sciences (version 21.0; 
SPSS Inc, Chicago IL) was used to perform the statisti-
cal analysis, with a significance level of P < 0.05. For cat-
egorical variables, data were reported as frequency (%), 
and for continuous variables, as mean (standard devia-
tion). The Chi-square test and one-way analysis of vari-
ance (ANOVA) were used, respectively, to assess the 
differences in discrete and continuous variables across 
different tertiles of POS. In addition, three multivariable-
adjusted and unadjusted models of multinomial logis-
tic regression were used to estimate odds ratios (ORs) 
and 95% confidence intervals (CIs) for test the presence 
of possible association of cardiometabolic risk factors 
among the POS tertiles.

Results
The present cross-sectional study was conducted among 
338 obese participants (mean BMI of 32.62  kg/ m2 
and mean age of 40.78 years old) which includes 41% 
male. Table  1 shows the general characteristics and 
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biochemical parameters of the participants across quar-
tiles of POS. Older subjects scored higher on the pro-
oxidant score, indicating a direct relationship between 
age and dietary prooxidant intake (P = 0.03). Accord-
ing to the results of this study, a higher POS that indi-
cates lower intake of pro-oxidants was accompanied by 
lower weight (P = 0.004), lower BMI levels (P = 0.001). 
WC was also lower in higher tertiles of POS than in 

lower tertile (P = 0.02). The significant level of associa-
tion between BMI, weight and WC and POS remained 
even after adjusting for confounding factors (P < 0.001). 
No significant difference in other demographic variables 
such as SES score, DASS, appetite, physical activity was 
found among POS tertiles (P > 0.05). Tables 2 and 3 show 
the comparison of dietary intake of POS components, 
energy, macronutrients, and food groups in different 

Table 1 General demographic characteristics of study participants by tertiles of dietary pro-oxidants status
Variable Tertiles of POS

1st
(N=113)

2nd
(N=113)

3rd
(N=112)

P*
value

Mean SD Mean SD Mean SD
Age (y) 39.60 8.96 39.77 8.77 42.52 9.62 0.03*
Gender (% Male) 61.9 38.05 53.1 50.12 56.3 49.83 0.39**

Weight 94.58 14.39 93.19 13.50 88.50 14.79 0.004*
< 0.001***

Height 168.06 9.96 167.87 10.16 167.76 9.68 0.97*

BMI (kg/m2) 33.55 5.22 33.12 4.37 31.36 4.58 0.001*
< 0.001***

WC (cm) 108.52 10.43 106.56 8.84 104.99 9.21 0.02*
< 0.001***

FM (%) 34.33 9.32 33.87 9.98 32.97 7.65 0.72*

FFM (%) 62.98 11.82 61.99 13.40 61.56 11.81 0.81*

WHR 0.94 0.069 0.93 0.09 0.93 0.07 0.31*

SES score 9.84 2.34 10.02 2.66 10.04 2.57 0.88*

DASS 20.60 12.12 20.43 11.37 19.14 11.08 0.77*

Appetite 35.30 9.14 32.73 8.93 32.24 8.40 0.11*

PA (min/week) 2096.37 2885.95 2598.97 2915.99 1660.30 2542.20 0.29*

BMR (Kcal) 7843.13 1828.32 7906.82 1557.79 7806.73 1381.97 0.94*

SBP (mmHg) 121.56 19.08 122.21 15.01 124.50 14.11 0.36***

DBP (mmHg) 79.51 13.23 82.13 11.31 83.32 10.29 0.05***

FBS (mg/dl) 92.50 16.70 95.01 26.39 90.85 12.21 0.27***

TC (mg/dl) 185.57 33.96 196.64 35.49 192.95 40.35 0.07***

TG (mg/dl) 147.11 99.33 148.92 81.52 156.01 98.68 0.75***

HDL (mg/dl) 43.20 9.43 44.39 9.56 43.04 9.60 0.51***

LDL (mg/dl) 117.80 29.26 126.76 32.33 125.98 33.96 0.07***

Insulin (mIU/l) 15.52 11.39 17.47 17.39 15.69 11.91 0.60***

HOMA-IR 3.55 2.56 4.20 4.06 3.60 3.14 0.37***

QUICKI 0.33 0.04 0.32 0.03 0.33 0.04 0.08***
POS, pro-oxidants status; BMI, Body mass index; WC, Waist Circumference; FM, Fat Mass; FFM, Fat Free Mass; WHR, waist-to-hip ratio; BMR, Basal Metabolic Rate; SES, 
socio-economic status; DASS, depression anxiety stress scale; PA, physical activity; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; TC, Total Cholesterol; 
TG, Triglyceride; HDL-C, High Density Lipoprotein Cholesterol; LDL-C, Low Density Lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin 
Resistance; QUICKI, Quantitative Insulin sensitivity Check Index; all data are mean (± SD) except gender, that is presented as the number and percent of males in each 
group. P* values derived from One-Way ANOVA with Tukey’s post-hoc comparisons. ** P values derived from chi-squared test. P*** values derived from One-Way 
ANOVA with Tukey’s post-hoc comparisons after adjustment for confounders (age, gender, BMI, PA and kcal)

Table 2 Dietary intakes of POS components according to tertiles of dietary pro-oxidants status
Variable Tertiles of POS

1st
(N=113)

2nd
(N=113)

3rd
(N=112)

P*
value

Mean SD Mean SD Mean SD
Iron (mg/d) 32.51 13.07 22.29 5.31 16.52 4.10 < 0.001
SFA (g/d) 43.10 16.52 27.61 6.58 17.31 4.24 < 0.001
PUFA (g/d) 34.92 15.15 20.14 5.49 12.69 3.37 < 0.001
POS, pro-oxidants status, SFA, saturated fatty acids, PUFA, polyunsaturated fatty acids. P-values are derived from one-way ANOVA test
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tertiles of POS. A statistically meaningful lower intake 
of POS components (including iron, SFA and PUFA)
(Table  2), fruit, meat group, energy, fat and MUFA was 
observed in the highest tertiles of POS (P < 0.05),while 
percentage of carbohydrate intake was higher in higher 
tertiles of POS (P < 0.001)(Table 3). Table 4 represents the 
odds ratios (ORs) and 95% confidence intervals (CIs) of 
the cardiometabolic risk factors across different tertiles of 
POS after adjustment for potential confounders in three 
models of crude, adjusted for age and sex and adjusted 
for age, sex, BMI, SES and dietary energy intake. Sub-
jects in the second tertile of POS had a reduced risk of 
higher SBP levels (OR = 0.968, P = 0.04), and a higher risk 
of increased DBP levels (OR = 1.042, P = 0.05) compared 
with those with the lower PCOS tertiles in the crude and 
age, sex adjusted models. However, after adjustment for 
age and gender, BMI, SES and dietary energy intake (3rd 
model), these associations lost their significance.

Discussion
To the best of our knowledge, no prior research has been 
conducted to explore the association between dietary 
pro-oxidants and cardiometabolic risk factors. In this 
cross-sectional research of obese adults, we evaluated 
dietary pro-oxidant consumption, indicated by pro-oxi-
dant score (POS), and its relationship with cardiometa-
bolic risk factors. As the primary finding of the present 
study, a better status of dietary pro-oxidants (determined 
by higher POS tertiles with a reduction in the consump-
tion of dietary factors including iron, PUFA, and SFA 
that can induce pro-oxidant state) was associated with 
improved weight, BMI, and waist circumference (WC). 
Consumption of a high SFA diet led to an increase in the 

expression of inflammatory genes in adipose tissue and a 
decrease in the expression of genes involved in fatty acid 
-oxidation and the synthesis of triglycerides, according to 
a parallel controlled-feeding trial carried out in 20 people 
who were centrally overweight who are at risk of meta-
bolic syndrome [39], this finding can explain the associa-
tion of SFA as one of the pro-oxidant factors and obesity 
that we indicated. Furthermore, significant interactions 
between genetic risk score and total fat, SFA, and MUFA 
intake were discovered in 497 Asian Indian individuals, 
revealing that high SFA intake is significantly associated 
with larger WC than low SFA intake in individuals with 
high genetic risk, also low SFA intake was shown to be 
associated with smaller WC in individuals with higher 
genetic risk compared to those with lower genetic risk 
[40]. A study involving 2163 participants from the US 
population hypothesized that SFA may play a major role 
in modulating the effects of fat mass and obesity associ-
ated (FTO) polymorphisms that are associated with BMI/
obesity, results indicated that high-SFA intake instead of 
total fat intake could be more associated in increasing 
the effects of the FTO risk allele on BMI [41]. In addi-
tion, the intake of SFA, MUFA, and PUFA is positively 
correlated with the risk of obesity and higher BMI, 
according to epidemiological cross-sectional research 
[42–44]. While PUFA-rich diets, particularly n-3 PUFA, 
are thought to be useful in preventing several meta-
bolic disorders [45–47], the other side of the coin is that 
PUFAs are vulnerable to free radical oxidation[48], which 
makes them turn into a pro-oxidant agent. Results of a 
cross-sectional study with 895 individuals demonstrate 
strong associations between PUFAs and ROS generation 
in young and middle-aged groups in multiple regression 

Table 3 Food groups intake of study participants by tertiles of dietary and non-dietary pro-oxidants status
Variable Tertiles of POS

1st
(N=113)

2nd
(N=113)

3rd
(N=112)

P*
value

P**
value

Mean SD Mean SD Mean SD
Fruits (g/d) 5.11 3.61 3.96 3.06 3.06 1.79 0.001 0.01
Vegetables (g/d) 4.97 2.64 3.66 1.81 2.50 1.18 < 0.001 0.59

Dairy (g/d) 2.68 1.51 1.89 1.14 1.45 0.74 < 0.001 0.30

Beans 1.02 0.99 0.63 0.40 0.50 0.31 < 0.001 0.72

Fish group 0.38 0.56 0.26 0.27 0.28 0.31 0.21 0.50

Meat group 2.17 1.68 1.23 0.85 0.92 0.67 < 0.001 0.001
Poultry group 0.88 0.72 0.72 0.61 0.66 0.57 0.13 0.73

Grains (g/d) 18.41 7.48 13.23 5.48 9.59 3.81 < 0.001 0.09

Energy (kcal/d) 4162.21 982.01 2837.38 471.88 2053.83 386.74 < 0.001 < 0.001
CHO (%) 55.50 6.89 58.04 6.65 61.46 5.78 < 0.001 < 0.001
Protein (%) 12.69 2.05 12.86 1.85 13.71 1.91 0.01 0.45

Fat (%) 34.31 6.99 31.82 6.41 27.59 5.54 < 0.001 < 0.001
Cholesterol (mg/d) 401.62 171.30 288.82 238.20 198.64 113.36 < 0.001 0.076

MUFA (g/d) 49.96 17.28 30.29 6.12 19.53 4.79 < 0.001 0.043
CHO, carbohydrate, MUFA, mono-unsaturated fatty acids. All data are mean (± SD). P* values derived from unadjusted ANCOVA P** values derived from ANCOVA 
after adjustment for confounders (age, gender, BMI, PA and energy intake)
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models, suggesting that PUFAs may enhance oxidative 
stress and have deleterious consequences for the body 
[49, 50]. However, the reduction of systolic and diastolic 
blood pressure by PUFA supplementation has been dem-
onstrated in treated hypertensive subjects [51]. In addi-
tion, an increase in the content of these fatty acids in 
cell membranes is linked to a decrease in blood pressure 
caused by omega-3 PUFAs, which is likely to depend on 
the composition of the cell membrane at birth, which 
in turn may be influenced by dietary patterns and even 
genetic factors [52]. Results of a meta-analysis of 70 ran-
domized controlled trials (RCTs) which investigates the 
effect of omega-3 PUFAs including eicosapentaenoic 
acid + docosahexaenoic acid (EPA + DHA) on BP showed 
that both hypertensive and normotensive patients had 
statistically significant BP reductions brought on by 
omega-3 PUFA [53]. This effect of PUFAs on blood pres-
sure could justify the effect of increasing diastolic blood 
pressure in second tertile of POS that we observed in 
multivariate multinomial logistic regression (Table  4). 
Excess iron levels are harmful and can produce reactive 

oxygen species that cause lipid peroxidation and DNA 
damage [54–58] as well as increased prevalence of meta-
bolic syndrome its components [59, 60]. A meta-anal-
ysis of fourteen observational studies indicated that the 
dietary iron level has significant positive association with 
MetS [61]. In a cross-sectional research of 1567 Japanese 
individuals with type-2 diabetes, Ferreira ED et al.[62] 
found that regardless of macronutrient and fiber intake, 
participants in the highest quartile of iron intake had a 
significantly higher risk of obesity in the 30- to 54-year-
old age group. Meanwhile, studies have shown that serum 
ferritin level has a positive correlation with WC, BMI 
[63–65]. Hence, the mentioned findings could be con-
sistent with our findings regarding the significant rela-
tionship between pro-oxidant factors and weight, BMI, 
and WC (Table  1). The summary of the mechanisms of 
these three pro-oxidant factors involved in the regula-
tion of obesity is given in Fig. 1. According to results of 
our research, there is no correlation between tertiles of 
POS and SBP, DBP, FBS TC, TG, HDL-C, LDL-C, insulin, 
HOMA-IR, or QUICKI. Noruzi et al. also reported no 

Fig. 1 Graphic abstract of the possible mechanisms of dietary pro-oxidants in association of body weight, BMI and WC. Abbreviations: PUFA, polyunsatu-
rated fatty acids; SFA, saturated fatty acids; ROS, reactive oxygen species; FA, fatty acid; FTO, fat mass and obesity-associated
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significant relationship between components of the MetS 
and combined pro- and antioxidant exposure status, indi-
cated by oxidative balance score, except for increased 
WC and DBP among 847 Iranian participants [36, 66]. 
In contrast, Abbasiana et al. [67] revealed a significantly 
meaningful correlation between the oxidative stress indi-
cators such as total antioxidant capacity and malondi-
aldehyde and number of Mets components among 167 
adult participants.

This study was not without limitations. At first, the 
study’s cross-sectional design restricts the casual infer-
ence, longitudinal investigations are required to clarify 
the cause-effect relationships. Second, this study was 
conducted in apparently healthy people aged 20–50 in 
the two centers of the provinces of Iran, Tabriz and Teh-
ran, so generalizing the results to people with metabolic 
disorders /other age groups / other parts of the country 
should be done with caution. Not only the FFQ was not 
originally designed to assess POS, but the use of ques-
tionnaires can increase recall errors and create errors 
in data collection related to consumption reports. It 
is also better in further studies to measure the levels of 
pro-oxidant and antioxidant enzymes such as NADPH 
oxidase, xanthine oxidase and advanced glycation end 
products (AGE), superoxide dismutase, catalase, etc. be 
taken. Nevertheless, the present study also had several 
strengths. According to the knowledge of authors, this is 
the first cross-sectional study to examine the association 
between dietary consumption of pro-oxidants and car-
diometabolic risk factors. Also three models were used to 
modify the multivariate multinomial logistic regression 
for a large number of potential confounding variables, 
which increased the reliability of the findings.

Conclusions
The results of the current study showed that lower intake 
of pro-oxidants is associated with reduced risk of general 
and central obesity. Nutritional clinical trainings with 
emphasis on following a diet with less content of dietary 
prooxidants can be effective in improving weight status 
and body mass index and waist circumference. Longitu-
dinal or interventional studies are recommended to find 
the causal relationships between dietary pro-oxidants 
and metabolic risk factors.
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