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Abstract 

Objective: Metabolic syndrome (MetS) is a complex disorder with an increasing prevalence globally. Limited data are 
available about the association between dietary habits and the prevalence of MetS. The present cross‑sectional study 
aimed to investigate the association between dietary habits and MetS in a large population sample from Iranians.

Methods: The study was conducted on 9261 adults aged 35–70 years who attended the baseline phase of 
Shahedieh cohort study, Yazd, Iran. Dietary habits including meal frequency, fried food consumption, adding salt 
to prepared meal, barbecued food consumption, used oil type and reuse oil number were assessed by a standard 
questionnaire. MetS was defined using the National Cholesterol Education Program Adult Treatment Panel III criteria. 
Logistic regression was used in different adjusted models to investigate the relationship between dietary habits and 
MetS: (Model I: adjusted for age, sex and energy. Model II: Model I + adjusted for wealth score index and physical 
activity. Model III: Model II + adjusted for cardiovascular diseases and liver diseases).

Results: The subjects who ate barbecued‑food more than 3 times/ month had 1.18 times greater odds for MetS than 
individual who ate this less than once/ month (OR: 1.18, 95% CI: 1.01–1.38). After further adjustment for other con‑
founding variables, the association remained significant. No significant association was found between other dietary 
habits and odds of MetS.

Conclusion: Higher intakes of barbecued‑food consumption were related to the prevalence of MetS. Larger longitu‑
dinal studies in other population groups are needed to confirm these associations.

Keywords: Metabolic syndrome, Dietary habits, Barbecued‑food, Meal, Fried food

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Metabolic syndrome (MetS) is a clustering of metabolic 
and anthropometric abnormalities, including abdominal 
obesity, hypertension, increased blood glucose, elevated 
triglyceride (TG) and decreased high-density lipoprotein 

cholesterol (HDL-c) that is associated with an increased 
risk of coronary heart disease, stroke, type 2 diabetes and 
mental disorders [1, 2]. The global prevalence of MetS 
is increasing dramatically, and its prevalence among 
adults was approximately 25% in 2017 [3]. The preva-
lence of MetS among Iranians is high and is estimated to 
be approximately 30.4% [4]. MetS is a major health care 
problem and reduces the quality of life, therefore, finding 
effective strategies to prevent and manage this disease is 
essential [5, 6].
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The pathophysiology of MetS is complex, and genetic 
as well as environmental factors are involved [7]. Diet 
is one of the most important modifiable environmental 
factors [8]. Some studies [9, 10] but not all [11, 12] indi-
cate that poor eating habits can lead to the development 
and progression of MetS. A recent study indicated that 
subjects with MetS had a higher consumption of fatty 
and sweeter food and undesirable eating habits such as 
faster eating and frequent overeating than healthy people 
[9]. Adding salt to the food, not regularly eating salads, 
high meat consumption, a high intake of fried foods and 
adherence to the western diets are associated with risk of 
MetS [10, 12]. However, limited data are available about 
some other dietary habits including meal frequency or 
barbecued food consumption and MetS. Therefore, the 
aim of this study was evaluating the relationship between 
some dietary habits and prevalence of MetS among a 
large sample of adults who live in central region of Iran.

Method and materials
Study population and data collection
The present study is a cross-sectional analysis of subjects 
in the recruitment phase of the Shahedieh cohort study 
(this study was begun in 2015 and will be completed in 
2025), and is a part of the PERSIAN multi-center cohort 
study performed on a representative sample of the Ira-
nian adult population of 35–70 years old from 2015 to 
2016 [13]. The details of the study protocol of the PER-
SIAN cohort was published previously [14]. In enroll-
ment of this cohort study, 10,000 people 35–70 years 
residing in three areas of Yazd, Iran were recruited by 
multistage cluster random. Inclusion criteria included 
men and women aged 35–70 years that were active and 
energetic enough to participate in the study, being of Ira-
nian descent and living in the designated areas for at least 
9 months of the year. The individuals with physical or psy-
chological disabilities who were unable to complete the 
enrollment process were excluded from the cohort study. 
History of diseases was assessed by a physician. In this 
cross-sectional study, the individuals with a history of 
cancer or autoimmune diseases were excluded (n = 739), 
and finally 9261 individuals were included in analyses. 
The written informed consent was obtained from all the 
participants and the ethics committee of Shahid Sad-
oughi University of Medical Sciences approved the study 
(approval code: IR.SSU.SPH.REC.1397.161). All methods 
were carried out in accordance with relevant guidelines 
and regulations.

Demographic assessments
Data on age and sex were obtained through by face to 
face interview. The participants reported their physical 
activity level in the last year, and the data obtained from 

questionnaire was converted into the metabolic equiva-
lent of task hours per week (MET-h/wk) [15]. Wealth 
score index (WSI) is estimated by multiple correspond-
ence analysis of variables (own car, car type, the number 
of books the participant has read in the past year, the 
total number of international trips the participant has 
taken during lifetime, the number of international pil-
grimage trips the participant has taken, the number of 
international non-pilgrimage trips the participant has 
taken and the number of trips the participant has made 
within Iran in the past 10 years).

Anthropometric and blood pressure measurements
Weight was measured using a digital scale (SECA, model 
755, Germany) with minimum clothing and without 
shoes with an accuracy of 0.1 kg. Height was measured 
accurately without shoes by a tape measure attached to 
the wall without any bumps with a precision of 0.5 cm. 
Body Mass Index (BMI) (kg/m2) was calculated as the 
weight (kg) divided by height squared  (m2). Mid-distance 
between the iliac crest and lowest rib was considered to 
measure waist circumference (WC). Blood pressure (BP) 
was measured twice by an experienced nurse using a dig-
ital automatic blood pressure monitor (Model M6 Com-
fort; Omron), with a 5-minute interval between readings.

Dietary intakes assessments
Dietary intakes were assessed using a 121-item semi-
quantitative food frequency questionnaire (FFQ), and 
the participants were asked about their dietary intakes 
over the past year. The study participants were inter-
viewed by trained nutritionists. Two types of questions 
were asked from the participants about each food item: 
1) the frequency of food consumption (number of times 
per month, week, or day the food was consumed) in the 
previous year, and 2) the amount of the food that was 
usually consumed every time (portion size based on the 
standard serving sizes commonly consumed by Irani-
ans). All reported intakes were converted to g/day using 
household measures of consumed foods. Finally, the 
Nutritionist IV software was used to calculate nutrients 
intakes [16].

Dietary habits evaluation
Information on dietary habits was obtained at the same 
time as blood samples were collected. Dietary habits 
including meal frequency (< 3 meals/day, 3 meals/day, 
4–6 meals/day and >  6 meals/day), fried food consump-
tion (< 1 time/month, 1–3 times/month, 1–3 times/week 
and daily), adding salt to prepared food (no, sometimes, 
yes), barbecued food consumption (< 1 time/month, 1–3 
times/month and >   3 time/month), used oil type (solid 
oil, semi solid oil or margarine, liquid oil, frying oil), 
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(none, once, more than twice) were assessed through a 
standard questionnaire during the past year.

Biochemical assessment
After 10–12 hours of fasting, 25 ml of the patient’s blood 
sample was collected. Blood samples were centrifuged to 
separate serum. Serum fasting blood glucose (FBG), tri-
glyceride (TG), and high-density lipoprotein cholesterol 
(HDL-c) were measured using an auto-analyzer (Ana-
lyzer BT1500) using Pars Azmun standard kits.

Metabolic syndrome definition
MetS was defined based on National Cholesterol Edu-
cation Program Adult Treatment Panel III (NCEP ATP 
III) criteria. According to the NCEP ATP III definition, 
metabolic syndrome is present if three or more of the 
following five criteria are met: waist circumference over 
40 in. (men) or 35 in. (women), blood pressure equal to or 
greater than 130/85 mmHg, TG level equal to or greater 
than 150 mg/dl, HDL-c level less than 40 mg/dl (men) 
or 50 mg/dl (women) and FBG equal to or greater than 
100 mg/dl [17].

Statistical analysis
The quantitative (age, physical activity, BMI, WC, FBG, 
and dietary intakes) and qualitative data (gender, cardio-
vascular or liver diseases presence) were compared across 
categories for dietary habits using one-way ANOVA and 
chi-square tests, respectively. Tukey test was applied as a 
post hoc analysis. To find the association between dietary 
habits and metabolic syndrome, we used logistic regres-
sion in different models. In model I, we adjusted only age 
and total energy intake; in model II, BMI, gender, smok-
ing, and physical activity were additionally adjusted. Final 
adjustments were performed for the history of cardio-
vascular diseases and liver diseases. Data were analyzed 
using the Statistical Package for Social Sciences (SPSS, 
version 15.0). P values less than 0.05 were considered sta-
tistically significant.

Results
The general characteristics of study participants across 
categories of dietary habits are reported in Table 1. The 
findings of Tukey’s analysis show that consumption of 
barbecued food and fried foods and also, adding salt to 
prepared meals was more common among young people. 
Furthermore, the WSI was significantly different among 
the categories of fried food consumption, barbecued food 
consumption, and used oil type. For example, people who 
used more barbecued foods and also used frying oil in 
food preparation had a higher WSI.

The distribution of MetS and its components are pre-
sented in Table 2. The results of Tukey’s analysis showed 

that TG levels were higher in people who consumed 
barbecue food more than 3 times a month compared to 
those who consumed it less than 1 a month, while HDL-C 
levels were significantly lower. In addition, significant dif-
ferences were seen for SBP and WC among categories of 
adding salt to a prepared meal. Surprisingly, individuals 
who added salt to prepared food had significantly lower 
waist circumference and systolic blood pressure.

Dietary macronutrient and micronutrient intakes of 
study participants according to categories of dietary hab-
its are shown in Tables 3 and 4, respectively. After Tukey 
Analysis, the individual in the last categories of meal fre-
quency, fried food consumption, and adding salt to a pre-
pared meal had significantly higher energy intake. There 
were significant differences in protein, fiber, vitamin A, 
folate, potassium, and sodium across categories of meal 
frequency. The individuals with daily consumption of 
fried food received lower amounts of protein, carbohy-
drate, and fiber. The intake of fat, folate, and potassium 
was higher in people who ate barbecued food more than 
3 times/month than in other people, while the intake of 
carbohydrates and sodium was lower in them.

Multivariate-adjusted odds ratios of the associations 
between dietary habits and metabolic syndrome are pre-
sented in Table  5. Participants who ate barbecued food 
more than three times a month had a greater odds of 
MetS than those who ate barbecued food less than once 
a month (OR: 1.185, 95% CI: 1.015–1.383, P  = 0.051). 
These associations remained significant after adjust-
ment for for age, sex, energy, WSI and physical activ-
ity (OR: 1.200, 95% CI: 1.025–1.405, P = 0.028). Further 
adjustment for cardiovascular and liver diseases did not 
change the association. (OR: 1.190, 95% CI: 1.014–1.396, 
P  = 0.034). No significant associations were observed 
between odds of MetS with other dietary habits such 
as meal frequency (OR: 1.296, 95% CI: 0.886–1.895, 
P = 0.85), fried food consumption (OR: 0.902, 95% CI: 
0.708–1.150, P  = 0.771), adding salt to prepared food 
(OR: 1.011, 95% CI: 0.865–1.180, P = 0.781), used oil type 
(OR: 1.096, 95% CI: 0.932–1.288, P = 0.268), and reuse oil 
number (OR: 1.051, 95% CI: 0.761–1.451, P = 0.764) in 
model I, II and III.

Discussion
In the present cross-sectional study we found that the 
greater consumption of barbecued-food was positively 
associated with greater odds of MetS among Iranian 
adults. However, there was no significant association 
between meal frequency, fried food consumption, used 
oil type, reuse of oil number, and adding salt to prepared 
food with MetS.

Our findings showed that the consumption of bar-
becued-food increased the odds of MetS. The studies 
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investigating the association between barbecued-food 
consumption with MetS and each of its components 
are scarce. In a study that conducted by Liu et  al. [18], 
higher consumption of barbecued-red meat increased 
the risk of type 2 diabetes by 1.23 times. It has been 
found that chemicals produced by cooking meat at high 
temperatures (grilling/barbecuing) can induce inflam-
mation, oxidative stress, and insulin resistance, and con-
sequently lead to damage of the inner vascular wall and 
development of atherosclerosis. All of these processes 
increase the risk of developing high blood pressure and 
the likelihood of MetS [19]. In contrast, Heller et  al. 
[20] examined the effect of daily consumption of 8 oz. of 
barbecued-hamburgers and 6 oz. of barbecued-steak on 
lipid profile of adults. The results of this study showed 
that daily consumption of barbecued-meat for 15 days 
increased HDL-c and decreased total cholesterol and 
low density lipoprotein-cholesterol (LDL-c). However, 

the short duration of the study, failure to adjust potential 
confounders, and the small number of participants were 
major limitations that can not be relied on the results of 
this study. Some hazardous chemicals such as hetero-
cyclic aromatic amines (HAAs) and polycyclic aromatic 
hydrocarbons (PAHs) are produced in foods prepared at 
high temperatures (barbecuing/grilling) [21–23]. These 
chemicals can induce pro-inflammatory cytokines, 
decrease insulin secretion, and consequently increase 
the risk of diabetes and metabolic syndrome [24, 25]. In 
addition, cooking meat at high temperatures produces 
advanced glycation end products (AGEs) that are asso-
ciated with oxidative stress, inflammation, and insulin 
resistance in animals and humans, which in turn provide 
the basis for metabolic disorders [26, 27]. More inves-
tigations are needed to clarify the mechanistic path-
ways linking high-temperature cooking with metabolic 
syndrome.

Table 5 Multivariable‑adjusted odds ratio of the associations between dietary habits and metabolic syndrome

Model I: adjusted for age, sex and energy

Model II: Model I + adjusted for WSI and physical activity

Model III: Model II + adjusted for cardiovascular diseases and liver diseases

Model I Model II Model III

Meal frequency <  3 meal/day 1 1 1

3 meal/day 1.048(0.791–1.387) 1.047(0.790–1.387) 1.030(0.775–1.370)

4–6 meal/day 0.995(0.768–1.289) 0.995(0.767–1.293) 0.979(0.752–1.274)

>  6 meal/day 1.296(0.886–1.895) 1.304(0.888–1.914) 1.267(0.859–1.871)

P-trend 0.850 0.883 0.931

Fried‑food consumption <  1 time/month 1 1 1

1–3 time/month 0.928(0.750–1.147) 0.951(0.768–1.179) 1.008(0.810–1.255)

1–3 time/week 0.973(0.792–1.196) 0.998(0.810–1.229) 1.071(0.865–1.325)

Daily 0.902(0.708–1.150) 0.921(0.721–1.176) 0.999(0.779–1.281)

P-trend 0.771 0.851 0.683

Adding salt to prepared meal No 1 1 1

Sometimes 1.049(0.878–1.254) 1.057(0.884–1.264) 1.137(0.949–1.362)

Yes 1.011(0.865–1.180) 1.010(0.864–1.181) 1.098(0.937–1.286)

P-trend 0.781 0.769 0.143

barbecued ‑food consumption <  1 time/month 1 1 1

1–3 time/month 1.034(0.923–1.158) 1.063(0.946–1.194) 1.073(0.953–1.207)

>  3 time/month 1.185(1.015–1.383) 1.200(1.025–1.405) 1.190(1.014–1.396)

P-trend 0.051 0.028 0.034

Used oil type Solid oil 1 1 1

Semi solid oil
(Margarine)

0.923(0.739–1.154) 0.932(0.745–1.166) 0.914(0.727–1.149)

Liquid oil 1.033(0.859–1.241) 1.050(0.872–1.265) 0.981(0.811–1.186)

Frying oil 1.096(0.932–1.288) 1.111(0.943–1.309) 1.072(0.906–1.267)

P-trend 0.268 0.206 0.418

Reuse oil number none 1 1 1

once 1.077(0.939–1.235) 1.062(0.925–1.219) 1.083(0.941–1.247)

more than twice 1.051(0.761–1.451) 1.013(0.732–1.402) 1.007(0.721–1.405)

P-trend 0.764 0.939 0.969
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We found no association between adding salt to pre-
pared food and MetS. In contrast, a study that conducted 
by Sarebanhassanabadi et al. [10] showed that eating salt 
with food increases the risk of MetS. Other studies have 
also reported an association between sodium intake/
excretion with food and MetS and its components [28, 
29]. A possible reason for this discrepancy is the differ-
ences in methods of evaluating salt intake. Baudrand 
et al. [28, 29] and Oh et al. [28, 29] used urinary sodium 
(that has higher accuracy compared to the FFQ) to 
estimate the sodium intake. In addition, differences in 
design of the study, sample size and mean age of par-
ticipants are other possible reasons for this discrepancy. 
The studies investigating the association between fried 
food consumption and risk of MetS are scarce. Similar 
to our findings, Sayon-Orea et  al. [30] showed no sig-
nificant association between fried food consumption 
with prevalence of MetS. However, some studies have 
reported that eating fried foods increases the insulin 
resistance and risk type 2 diabetes [31, 32]. The studies 
with contradictory results [31, 32] did not investigate the 
association between fried foods intake with incidence or 
odds of MetS and had different hypotheses, objectives 
and study design.

The present cross-sectional study has some strengths 
and limitations that should be considered. First, the pre-
sent study comprised a large sample size that reduces the 
bias in interpreting the results. Second, in data analysis, 
we used different adjustment models to adjust potential 
confounding factors such as age and gender. However, in 
the design of cross-sectional, it is not possible to measure 
causal relationships. In addition, because FFQ is a mem-
ory-based dietary assessment method, it may cause some 
errors in reporting precise intakes.

In conclusion, the present study demonstrated a direct 
association between barbecued food consumption with 
the odds of MetS. On the other hand, we did not find any 
significant relationship between meal frequency, fried 
food consumption, adding salt to prepared food, used oil 
type, and reuse oil number with odds of MetS. To con-
firm these relationships, further investigations especially 
prospective cohort studies are needed.
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