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Background: Dietary habits are proposed to affect the risk of metabolic syndrome (MetS). The present
study aimed to investigate the association between a dietary habits score (DHS) and the risk of MetS and
its components among Iranian adults.
Materials and methods: In this cohort study 1092 participants without MetS were followed up to 10 years.
The baseline data on general characteristics as well as dietary habits were assessed through interview. The
modiﬁed National Cholesterol Education Program, adult treatment panel III guideline was used to deﬁne
MetS. The hazard ratio for the association between each dietary habit and MetS was used to calculate the
DHS for each participant and the participants were categorized into quartiles based on their ﬁnal calculated score.
Results: In total, 809 (74.1%) with mean age of 43 ± 14.4 years were followed. The risk of abdominal obesity
(HR ¼ 3.43, 95%CI: 1.97e5.94), low HDL cholesterol (HR ¼ 3.01, 95%CI: 1.62e5.62), hyperglycemia
(HR ¼ 3.06, 95%CI: 1.58e5.94), and hypertension (HR ¼ 3.44, 95%CI: 1.85e6.37) and MetS (HR ¼ 2.94, 95%
CI: 1.6e5.39) were signiﬁcantly higher in those with the highest DHS compared with subjects categorized
in the lowest quintile of DHS after adjustment for all possible confounders. There was a linear trend between the dietary habit score and the risk of developing MetS and its components (P < 0.05).
Conclusion: The DHS was signiﬁcantly associated with an increased risk of MetS and some of its components. Future studies are needed to conﬁrm the approach used to calculate the DHS and its association
with the risk of MetS and its components in other populations.
© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Background
Metabolic syndrome (MetS) is a cluster of known risk factors for
non-insulin dependent diabetes mellitus (NIDDM) and cardiovascular diseases (CVDs) [1,2]. Therefore, the morbidity and mortality
rate might be increased in people affected by these risk factors [3].
It is proposed that more than 30% of Iranian adults are affected by
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MetS [4]; this prevalence is more than the majority of developed
countries [5]. The prevalence of MetS is even higher in Yazd city as a
recently published study revealed that more than 39% of adult female teachers are affected by MetS [6]. Furthermore, it is revealed
that about 56.1% of adults without MetS living in central Iran, were
newly affected by the syndrome in a 10-year follow-up study [7].
Several risk factors including gene polymorphisms [8], general
and abdominal obesity [9], gender, age, smoking, high physical
activity, socioeconomic status [10,11] and dietary patterns
including westernized dietary patterns [12] are mentioned for
MetS. Dietary habits are also supposed to affect the risk of Mets and
its components such as obesity [13] and high fasting blood glucose
[14]. The habitual decisions to choose food are considered as the
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dietary habits [15,16]. The consumption of high-fat meat versus
low-fat meat, low-fat dairy product versus high-fat dairy product,
removing fat and skin from poultry, type of cooking such as frying
and boiling food, and consumption of salad and mayonnaise as
salad dressing are some examples of the dietary habits [15].
A limited number of studies have considered the dietary habits
in association with MetS. For instance, oily foods [17], eating fast
foods [18], consumption of high-fat foods and a diet high in salt [19]
are associated with the increased risk of MetS while vegetables,
dairy products, [20] consumption of low fat milk and legumes [19]
might decrease the risk of Mets.
As the human beings might simultaneously imitate several dietary habits, examining the association between each dietary habit
in association with disease risk might not be practical. For instance
a person might eat salad and also consume fried foods and usually
add salt to his/her food. Therefore, designing a dietary food habits
score which takes a combination of food habits into account might
better show the association between association between the dietary habits and the risk of MetS. Nowadays, scales are used to
quantify a set of variables such as dietary habits, and these scales
are a set of questions to deﬁne an attribute. Total score that originated from summing all weighted questions after adjusting potential confounders shows individuals’ attributes [21,22]. Therefore,
providing a scoring system is important to estimate more accurate
risk of clinical outcomes related to some behaviors [22]. To the best
of our knowledge, no scoring system is now developed for dietary
habits. Therefore, the main purpose of this study was to develop a
dietary habits score (DHS) and to examine its association with the
risk of MetS and its components in the context of a 10-year followup study in Iranian adults.

IR.SSU.MEDICINE.REC.1395.287). Informed consents were obtained
from study participants at the initial and the follow-up phase. The
present research is reported based on the strengthening the
reporting of observational studies in epidemiology (STROBE)
statement [23].
2.3. Developing the dietary habits score (DHS)
We used a dietary habits questionnaire in the ﬁrst phase of the
study in which the participants were asked to report their usual
dietary habits including: having a dietary plan to control their body
weight (yes/no), eating salad (yes/no), adding salt to food at the
table (yes/no), cutting the skin off when eating poultry (yes/no),
paying attention to food labels before buying and consuming foods
(yes/no), usually dine out (yes/no), usually eat fast foods (yes/no),
usually use frying (yes/no), roasting (yes/no) or boiling (yes/no) for
cooking, removing the visible fat from meat when cooking (yes/no),
and using special measuring cup for adding salt and oil to food
when cooking (yes/no). In a previous study, we examined the association between each dietary habit item and the risk of developing MetS adjusted for the maximum number of variables in male
and female participants as well as the total population [24]. To
calculate the overall dietary habit score for each participant, the
hazard ratios assigned to dietary habit items were summed up. The
hazard ratios used for individual dietary habits to calculate the

Table 1
The scores used for calculating the dietary habits score (DHS) in men, women and
the total population.
Dietary habits

2. Materials and methods
2.1. Study population
The present follow-up study was initiated in 2005e2006 with
2000 participants that were recruited using cluster random sampling method from Yazd city, Central Iran [Yazd Healthy Heart
Project (YHHP)]. Criteria for calculating the sample size (n ¼ 2000)
was based on the prevalence of diabetes (14%) in Yazd in 2005, and
power of 80% and alpha of 0.05. One hundred clusters were
randomly selected from the Yazd city and subsequently, 20 families
were included from each clusterAfter that, one adult subject was
selected from each family [7]. In the ﬁrst phase, 21 participants
were excluded because of the missing data. Therefore, 1979 were
invited again to Yazd Cardiovascular Research Center (YCRC) in the
second phase of the study to determine the incidence of MetS and
cardiovascular diseases in the second phase which was conducted
in 2015e2016, after about 10 years. In both waves, data on demographics, anthropometry (weight, height, and waist circumference), socioeconomic status, education, physical activity, smoking
status and dietary habits as well as biochemical assessments
including fasting blood glucose, triglyceride and HDL cholesterol
levels were recruited.
Participants with MetS at the initiation phase (phase 1) and
those with missing data on anthropometry and biochemical assessments were excluded from the current analysis. Furthermore a
number of participants were lost in the follow-up phase and could
not be accessed; therefore, we also excluded them from the current
study.
2.2. Ethical approval
The present study was ethically approved by the Shahid Sadoughi University of Medical Sciences’ ethics committee (ethics code:

Score
Men

Women

Having weight Control plan
Yes
1
1
No
1.72
1.22
Consuming low-fat meat
Yes
1
1
No
1.13
0.62
Eating salad
Yes
1
1
No
2.41
0.89
Adding salt to food
No
1
1
Yes
1.4
2.16
Cut poultry skin off
Yes
1
1
No
0.63
0.79
Attention to food labels when buying or cooking
Yes
1
1
No
0.95
0.86
Dining out
No
1
1
Yes
1.21
0.86
Eating fast food
No
1
1
Yes
1.62
0.66
Using measuring cup for oil
Yes
1
1
No
1.41
0.6
Using measuring cup for salt
Yes
1
1
No
1.61
0.77
Boiling as the main cooking method
Yes
1
1
No
0.74
1.26
Frying as the main cooking method
No
1
1
Yes
0.74
1.24
Roasting as the main cooking method
No
1
1
Yes
0.74
1.24

Total
1
1.57
1
0.98
1
1.91
1
1.57
1
0.66
1
0.93
1
1.09
1
1.3
1
0.88
1
1.3
1
0.84
1
0.86
1
0.74
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overall score are summarized in Table 1. The dietary habit would get
worse as the dietary habit score increases. The study participants
were then categorized into quartiles based on their ﬁnal calculated
DHS. Participants in the highest quartile had the highest unhealthy
dietary habits score and participants in the lowest quartile had the
lowest unhealthy dietary habits.

International Physical Activity Questionnaires (IPAQ) [29] was used
to assess the physical activity and subjects were divided to low,
moderate and vigorous activity if their activity was <600,
600e1200 and > 1200 kilocalories/week, respectively. Also, participants were divided into two groups based on their current
smoking status (smokers and non-smokers).

2.4. Deﬁnition of the metabolic syndrome

2.8. Statistical analysis

In the current study, a modiﬁed version of National Cholesterol
Education Program, Adult Treatment Panel III criteria (NCEP-ATP III)
were used to deﬁne the MetS [25e27]. Existence of at least three of
ﬁve following components of MetS was deﬁned as MetS: abdominal obesity, hyperglycemia, dyslipidemia (for triglyceride and HDL
cholesterol) and hypertension. In this study, central obesity was
considered as waist circumference 91.5 for men and 85.5 cm for
women (the criteria were adopted for Iranian population) [28].
High fasting blood glucose (FBG) was deﬁned as FBG100 mg/dL or
consuming pharmacological treatment to control blood sugar.
Hypertriglyceridemia was deﬁned as triglyceride level 150 mg/dL
or consuming triglyceride lowering agents. Criteria for low HDLcholesterol was HDL<40 mg/dL in men and <50 mg/dL in women
or pharmacological treatment use. Subjects with systolic/diastolic
blood pressure 130/85 mmHg or used pharmacological treatment
for high blood pressure were categorized as hypertensive.

Data are reported as mean ± standard deviation (SD), otherwise
speciﬁed. Categorical and quantitative variables were compared
based on the quartiles of the DHS using chi-square and analysis of
variance (ANOVA) tests, respectively. The Analysis of Covariance
(ANCOVA) was applied to compare the mean change (the difference
between baseline and after 10-year follow-up values) in the MetS
components according the quartiles of the DHS in men, women and
the total population in crude and multivariable adjusted models. In
model I, the association was adjusted for age and sex (when associations were explored in the total population) and in model II,
variables including smoking status, economic status, physical activity and education were further adjusted. Cox proportional hazard
regression model was used to ﬁnd the association between dietary
habits and the risk of MetS and its components in crude and
multivariable adjusted models in males and females as well as the
total population. The covariates were the same as variables adjusted
in the ANCOVA. Statistical package for social sciences (SPSS) software version 19 (IBM Corporation, New York, USA) was used to
conduct all statistical analyses. The statistically signiﬁcant associations were deﬁned as P values  0.05.

2.5. Biochemical analysis
To assess biochemical test in both phases, 5 cc of venous blood
sample was taken after 9e12 h of fasting. After centrifugation in
order to separate serum, fasting blood glucose and triglyceride were
assessed using Pars Azmoon Kits (Pars Azmoon Inc., Tehran, Iran).
Bionic kits (Bionic Company, Tehran, Iran) were used to analyze HDL
cholesterol. All analyses were conducted using a biochemical autoanalyzer (BT 3000, Italy).
2.6. Anthropometric and blood pressure measurements
A stadiometer ﬁxed on the wall without any dents or bumps was
used to measure height in both phases. The height was measured
when participants were standing barefoot and their heel, hip,
shoulder and head were touching the wall and their head was ﬁxed
horizontally to the nearest 0.5 cm. With minimal clothing, participants were weighted using a digital scale (Seca, Germany) at the
ﬁrst phase and another digital scale (Model BF511, Omron Co.
Karada body scan, Osaka, Japan) at the second phase to the nearest
0.1 kg. The superior border of the iliac crest was considered to
measure waist circumference to the nearest 0.1 cm by using a nonstretchable tape. Blood pressure was measured in the right arm
which was supported on the chair by an automatic digital blood
pressure monitor (Omron, M6 comfort, Osaka, Japan). The blood
pressure measurements were performed two times separated with
ﬁve minutes by a trained nurse.
2.7. Other covariates
Other covariates including economic status, physical activity,
education and smoking status were assessed using on a questionnaire that was ﬁlled by a trained interviewer, at the ﬁrst phase. The
economic status was assessed using the participants’ usual
household income, having a private car and the home area (m2). We
assigned a score to each question and participants were categorized
as low, moderate and high economic status based on tertiles of the
overall calculated summed score. Participants were categorized to
primary, high school and academic based on their education. The

3. Results
From 1979 participants who had data at the ﬁrst phase of the
study, 1092 (55.2%) subjects did not have MetS and were included
in the current study. After about 10 years of follow-up, 809 (74.1%)
out of 1092 participants with mean age of 43 ± 14.4 years were
followed-up and 283 (25.9%) subjects were lost to follow-up and
the cumulative incidence rate of MetS was 56.1% [7]. The overall
dietary habit score was ranged between 10.57 and 14.98 for men,
8.65 to 11.88 for women and 12.36 to 15.52 for the total population.
The baseline characteristics of the study participants based on
quartiles of the DHS are provided in Table 2. There was a statistically
signiﬁcant association between DHS and education. The number of
highly educated participants decreased as the adherence to the dietary habits score was higher (P < 0.05). There were no statistically
signiﬁcant difference in quantitative variables (such as age, weight,
BMI, systolic/diastolic blood pressure, serum fasting blood glucose,
triglycerides, HDL cholesterol, and waist circumference) and other
categorical variables (like sex, smoking status, socioeconomic status,
and physical activity level) based on the quartiles of DHS, at baseline
(Table 2).
Table 3 represents the comparison of the mean MetS components at baseline, after follow-up and their change during the
follow-up period according to the quartiles of the DHS in men and
women, as well as the total population in crude, and multivariable
adjusted models. The analyses revealed that women in the highest
quartile of the DHS had a signiﬁcantly lower systolic blood pressure
(SBP) at baseline (P ¼ 0.05) and at follow-up period (P ¼ 0.018),
however the change in systolic blood pressure was signiﬁcantly
different according to the dietary habits score neither in crude nor
multivariable adjusted models. Women with highest DHS had a
signiﬁcantly lower serum triglyceride (TG) levels (P ¼ 0.027), but not
in the follow-up visit (P ¼ 0.844). When the change in serum TG
levels was investigated, we saw a signiﬁcant increase in females
with the highest DHS compared to those with lower DHS in the
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Table 2
Baseline participants' characteristics based on quartiles of the dietary habits score.
Variable

Age (year)
Weight (Kg)
BMI (Kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Fasting blood glucose (mg/dL)
Triglyceride (mg/dL)
HDL-cholesterol (mg/dL)
Waist circumference (cm)
Sex (%)
Male
Female
Current smokers (%)
Economic Status (%)
Low
Moderate
High
Physical activity (%)
Low
Moderate
Vigorous
Education (%)
Primary
High school
Academic
a

Quartiles of dietary habits score

P value

Q1

Q2

Q3

Q4

43.4 ± 12.7a
69.8 ± 12.2
25.4 ± 4.1
122.7 ± 12.6
80.4 ± 7.6
87.8 ± 26.4
130 ± 59.2
56.4 ± 14.6
90.2 ± 11.3

44.9 ± 14.7
68.9 ± 12.7
25.1 ± 4.2
121.8 ± 12.4
79.3 ± 6.8
89.3 ± 24.6
129 ± 70.7
56.6 ± 12
88.9 ± 10.3

42.8 ± 16.1
68.5 ± 11.9
24.9 ± 4.2
123.5 ± 14.7
80.6 ± 8.1
85.8 ± 18
126.6 ± 68
58.5 ± 14.7
88.5 ± 11.4

42.8 ± 15.3
67 ± 12.6
24.4 ± 4.3
121.2 ± 12.1
79.4 ± 7.5
87.9 ± 28.5
128.7 ± 83.9
57.4 ± 12.3
88 ± 11.6

0.508
0.238
0.236
0.38
0.251
0.608
0.974
0.456
0.312

52.4
47.6
12.9

53.6
46.4
18.1

56.8
43.2
20.8

55.8
44.2
17.2

0.831

19.3
39.8
40.9

29.4
31.8
38.8

19.5
45.1
35.4

33.3
47.4
19.3

0.54

52.2
40.9
7

66.4
29.9
3.7

60.3
33.1
6.6

60.6
33.9
5.5

0.518

46.4
36.1
17.5

45.3
39
15.7

46.3
44
9.7

53.5
40.7
5.8

0.027

0.277

Values are mean ± standard deviation, otherwise indicated.

crude (P ¼ 0.028) and the multivariable adjusted models (P ¼ 0.013).
Furthermore, women with highest DHS values experienced a
marginally signiﬁcant decrease in serum HDL cholesterol levels
(P ¼ 0.065) in the crude model. The association became signiﬁcant
after adjustment for age, smoking status, economic status, physical
activity and education (P ¼ 0.002). There was also a signiﬁcant association between mean changes of waist circumference and quartiles of dietary habits score in men only in the fully adjusted model
(P ¼ 0.029). When the associations were examined in the total
population, it was revealed that participant were not different in
mean MetS components at baseline and at the follow-up as well as
in the change values according to quartiles of DHS.
The Risk of developing MetS and its components according
to quartiles of DHS for the total population is reported in
Table 4. The analyses revealed that the risk of abdominal obesity
[Hazard Ratio (HR) ¼ 3.43, 95% conﬁdence interval (CI): 1.97e5.94],
low HDL cholesterol (HR ¼ 3.01, 95%CI: 1.62e5.62), hyperglycemia
(HR ¼ 3.06, 95%CI: 1.58e5.94) and hypertension (HR ¼ 3.44, 95%CI:
1.85e6.37) is signiﬁcantly higher in those with the highest DHS
compared with subjects with the lowest scores in the crude and
multivariable adjusted models; furthermore, there was a linear
trend between the dietary habit score and the risk of developing
MetS components (P < 0.05). There were not any statically significant association between quartiles of dietary habits score and the
risk of hypertriglyceridemia (P > 0.05). The analysis of the association between dietary habits score and the risk of MetS revealed
that after adjustment for all possible confounders, the participants
with the highest dietary habits score (quartile 4) had 40 percent
higher risk for developing MetS (95% CI:1.06e1.9) in the crude
model. After adjustment for confounders in the fully adjusted
model, subjects in the highest quartile of DHS had a 2.94 times
higher risk (95%CI: 1.6e5.39) for developing the disease compared
to those who had the least scores. The linear trend between DHS
score and the risk of MetS was also signiﬁcant in the crude and
multivariable adjusted models (P < 0.05, Table 4).
The analyses revealed that the risk of hyperglycemia (HR ¼ 2.49,
95%CI: 1.12e5.58), hypertension (HR ¼ 4.36, 95%CI: 2.14e8.91), low

HDL cholesterol (HR ¼ 2.89, 95%CI: 1.27e6.58), and abdominal
obesity (HR ¼ 3.99, 95%CI: 1.96e8.12) is signiﬁcantly higher in men
with the highest dietary habit score compared to subjects with the
lowest scores either in crude and multivariable adjusted models
(Table 5). The analysis of the association between dietary habits
score and risk of MetS in men revealed that after adjustment for all
possible confounders the participants with the highest dietary
habits sore (quartile 4) had a 3.1 times higher risk (95%CI: 1.48e6.5)
for developing the disease compared to those who had the
least scores. The risk of MetS increased as the dietary habits score
increased in men (P < 0.05). Although the risk of hypertriglyceridemia, low HDL cholesterol levels and MetS were not
signiﬁcantly associated with DHS quartiles, however, the trend
became signiﬁcant after adjustment for all possible confounders, in
women (P < 0.05). The DHS was not associated with other MetS
components in women (Table 5).
4. Discussion
In this cohort study of Iranian adults, we found a signiﬁcant
association between DHS and the risk for developing MetS
after adjustment for all potential confounder; as subjects in the
highest quartile of DHS had higher risk for developing the disease
compared to those with the lowest scores. Also, the risk of
abdominal obesity, low HDL cholesterol, hyperglycemia, and hypertension was signiﬁcantly higher in those in the highest quartiles
of DHS in total population, and after gender stratiﬁed analysis in
men.
In the previous study, we investigated the association between
each dietary habit and MetS risk [24]. Although we could not ﬁnd a
signiﬁcant association between individual dietary habits and MetS
and its components, the present study revealed that the overall
dietary habits score was strongly associated with the disease risk.
Eating salad was one of the components of the dietary behavior
scoring system in the current investigation. Some studies reported
that eating salad and consumption of vegetables might decrease
the risk of MetS [30e32]. Also, a study that was done in Iran
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Components of MetS

Dietary habits score (men)
Q1

Q2

Median Dietary habits 11.1
11.8
score
Fasting blood sugar (mg/dl)
87.1 ± 2.5
Baseline
93.2 ± 2.5a
After
103.7 ± 3
107.7 ± 3.1
Change
Crude
10 ± 3.3
19.9 ± 3.4
Model Ib 10.2 ± 3.4
19.9 ± 3.4
c
Model II
11.9 ± 4.2
22.6 ± 4.4
Systolic blood pressure (mm Hg)
Baseline
126.5 ± 1.3
123.9 ± 1.3
After
128.3 ± 7.2
134.4 ± 7.1
Change
Crude
1.1 ± 7.2
10.5 ± 7.1
Model Ib 0.12 ± 7.2
11 ± 7.1
c
Model II
10.7 ± 15.9 0.07 ± 15.3
Diastolic blood pressure (mm Hg)
Baseline
81.9 ± 0.8
80.7 ± 0.8
After
79.6 ± 2.2
80.7 ± 2.2
Change
Crude
2.9 ± 2.3
0.07 ± 2.3
Model Ib 2.6 ± 2.3
0.2 ± 2.3
Model IIc 6.1 ± 2.2
0.01 ± 2.1
Serum triglyceride(mg/dl)
Baseline
124.3 ± 8
138.2 ± 8.1
After
135.9 ± 8.3
148.6 ± 8.4
Change
Crude
7.4 ± 7.9
8.5 ± 7.9
Model Ib 11.6 ± 7.6
7 ± 7.6
Model IIc 8.3 ± 10.3
4.6 ± 10.6
Serum High density lipoprotein cholesterol (mg/dl)
Baseline
56.2 ± 1.2
52.7 ± 1.3
After
39.9 ± 0.7
38.6 ± 0.7
Changes Crude
15.8 ± 1.2
13.6 ± 1.3
Model Ib 15.8 ± 1.3
13.6 ± 1.3
Model IIc 14.9 ± 1.9
12.6 ± 1.9
Waist circumference (cm)
Baseline
89.8 ± 1.1
89.5 ± 1.1
After
96.4 ± 1.2
97.8 ± 1.2
Change
Crude
6.7 ± 0.9
8 ± 0.9
b
Model I
7.2 ± 0.8
7.9 ± 0.8
Model IIc 5.7 ± 1.3
6.8 ± 1.3
a
b
c

Dietary habits score (women)
Q3

Q4

12.52

13.42

88.2 ± 2.5
106.9 ± 3.1
20.6 ± 3.4
20.6 ± 3.4
19.5 ± 4.9

85.6 ± 2.5
103.6 ± 3.2
17.4 ± 3.6
17.3 ± 3.6
23.9 ± 6.1

124.3 ± 1.3
132.9 ± 7.2
9.5 ± 7.2
9.6 ± 7.2
35 ± 17.3

P

Dietary habits score (total population)

Q1

Q2

Q3

Q4

9.52

10

10.26

11.16

0.161
0.708
0.102
0.122
0.266

87.2 ± 2.4
100.9 ± 3.6
14.2 ± 3.6
13.8 ± 3.6
15.8 ± 4

84.5
99.7
14.8
14.7
17.1

Q1

Q2

Q3

Q4

13

13.47

13.91

14.41

87.1 ± 2.4
106.3 ± 3.8
19.7 ± 3.8
19.5 ± 3.8
6.3 ± 4.4

86.1 ± 2.4
103.4 ± 3.6
16 ± 3.6
16.6 ± 3.7
9.3 ± 3.3

0.845
0.619
0.738
0.722
0.125

87.8 ± 1.9
103.1 ± 2.5
14.6 ± 2.6
14.6 ± 2.6
15.9 ± 3.3

89.3 ± 1.9
106.1 ± 2.6
16.6 ± 2.7
16.6 ± 2.7
13 ± 3.4

85.8 ± 1.8
104.4 ± 2.5
19.8 ± 2.6
19.8 ± 2.6
15.4 ± 3.5

87.9 ± 1.9
105.2 ± 2.7
16.2 ± 2.8
16.2 ± 2.8
26 ± 4.3

0.608
0.859
0.569
0.571
0.115

122.6 ± 1.3
135.1 ± 7.6
11.8 ± 7.6
12.3 ± 7.6
45.2 ± 21

0.205
0.91
0.721
0.632
0.121

120.1 ± 1.3
123.9 ± 2.3
4.4 ± 2
3.8 ± 2
3.1 ± 4.5

120.8 ± 1.4
121.5 ± 2.4
0.9 ± 2.1
0.7 ± 2.1
2.4 ± 3.6

120.9 ± 1.3
124.8 ± 2.4
2.7 ± 2.1
2.4 ± 2.1
1.4 ± 4.7

116.3 ± 1.4
115.1 ± 2.3
0.1 ± 2
1±2
4.8 ± 3.7

0.050
0.018
0.422
0.677
0.787

122.7 ± 1
125.3 ± 4.2
2.1 ± 4.1
1.9 ± 4.1
3.3 ± 11.7

121.8 ± 1
129 ± 4.3
7.2 ± 4.2
7.1 ± 4.2
0.6 ± 11.3

123.5 ± 1
129 ± 4.1
5.9 ± 4.1
6 ± 4.1
20.3 ± 11.7

121.2 ± 1
128.3 ± 4.6
6.9 ± 4.6
7 ± 4.6
25.7 ± 14

0.38
0.918
0.817
0.802
0.263

81.1 ± 0.8
82.5 ± 2.2
1.3 ± 2.3
1.3 ± 2.3
1.6 ± 2.4

80.7 ± 0.8
78.6 ± 2.4
2±2.5
2.2 ± 2.5
1.5 ± 2.9

0.682
0.664
0.573
0.619
0.106

79.4 ± 0.8
81.9 ± 2.7
2.7 ± 2.7
2.2 ± 2.7
5.1 ± 3

79.1 ± 0.8
78.1 ± 2.9
0.9 ± 2.9
1.1 ± 2.9
0.9 ± 2.4

78.7 ± 0.7
84.8 ± 2.9
6.1 ± 2.9
5.8 ± 2.9
0.1 ± 3.1

77.1 ± 0.8
77.8 ± 2.8
0.9 ± 2.8
1.9 ± 2.8
0.5 ± 2.5

0.131
0.27
0.367
0.413
0.605

80.4 ± 0.6
79.9 ± 1.9
0.9 ± 1.9
1.1 ± 1.9
0.3.1 ± 1.8

79.3 ± 0.6
81.5 ± 1.9
2.2 ± 1.9
2.2 ± 1.9
0.77 ± 1.8

80.6
80.3
0.01
0.06
0.04

±
±
±
±
±

79.4 ± 0.6
81.8 ± 2.1
2.2 ± 2.1
2.4 ± 2.1
0.08 ± 2.2

0.251
0.889
0.571
0.527
0.614

133.7 ± 8
143.7 ± 8.6
17.5 ± 8.1
16.2 ± 7.8
1 ± 11.8

145.4 ± 8
154.4 ± 8.9
10.7 ± 8.4
9±8
2.6 ± 14.8

0.306
0.477
0.812
0.85
0.839

130.8 ± 5.9
129.8 ± 6.3
0.7 ± 6
0.5 ± 6.1
1.9 ± 15

121.1 ± 6.1
122.7 ± 6.6
4.8 ± 6.3
4.9 ± 6.3
4.7 ± 11.4

118.3 ± 5.8
130.1 ± 6.7
8.4 ± 6.4
8.5 ± 6.4
45.4 ± 16.5

105.4 ± 5.9
127.9 ± 6.3
24.2 ± 6.1
23.9 ± 6.1
25.6 ± 12.3

0.027
0.844
0.028
0.036
0.013

130 ± 5.4
134.8 ± 5.6
3.6 ± 5.3
4.7 ± 5.2
4.8 ± 8.4

129.2 ± 5.5
135.7 ± 5.9
4.9 ± 5.5
5.4 ± 5.4
1.8 ± 8.8

126.6 ± 5.2
138 ± 5.6
14.5 ± 5.3
13.6 ± 5.2
1 ± 8.8

128.7 ± 5.5
144.7 ± 6.1
17.9 ± 5.7
16.9 ± 5.6
2.4 ± 10.9

0.974
0.637
0.179
0.295
0.991

55 ± 1.3
38.8 ± 0.8
15.9 ± 1.3
15.9 ± 1.3
12.1 ± 2.2

56.8 ± 1.3
40.1 ± 0.8
17.2 ± 1.3
17.2 ± 1.3
20.1 ± 2.7

0.123
0.372
0.269
0.27
0.89

59.6 ± 1.5
44.3 ± 0.9
13.4 ± 1.5
13.2 ± 1.5
8.5 ± 3.4

56.1 ± 1.5
45.3 ± 1
10.9 ± 1.6
10.8 ± 1.6
0.3 ± 2.6

59.7 ± 1.5
45.5 ± 1
13.9 ± 1.6
13.9 ± 1.6
9.7 ± 3.7

60.8 ± 1.5
44.1 ± 1
16.8 ± 1.5
17.2 ± 1.5
15.8 ± 2.8

0.15
0.67
0.065
0.041
0.002

56.4 ± 1
42.7 ± 0.6
13.3 ± 1
13.3 ± 1
10.1 ± 1.7

56.6 ± 1
41.4 ± 0.7
14.4 ± 1
14.3 ± 1.1
12.5 ± 1.8

58.5 ± 1
42.2 ± 0.6
15.8 ± 1
15.8 ± 1
11.4 ± 1.8

57.4 ± 1
41 ± 0.7
16.4 ± 1
165 ± 1.1
17 ± 2.2

0.456
0.278
0.141
0.141
0.101

86.8 ± 1.1
96.4 ± 1.2
9.7 ± 0.9
9.5 ± 0.9
11.2 ± 1.5

88.1 ± 1.1
97.3 ± 1.3
9±1
8.7 ± 0.9
5.4 ± 1.9

0.177
0.816
0.122
0.258
0.029

89.1 ± 1.2
100.6 ± 1.3
11.7 ± 1.2
12 ± 1.2
11.3 ± 2.9

89.9 ± 1.3
99.4 ± 1.4
9.5 ± 1.3
9.6 ± 1.2
9.1 ± 2.2

89.2 ± 1.2
101.2 ± 1.4
12.3 ± 1.3
9.6 ± 1.2
9.9 ± 3

88 ± 1.3
98.8 ± 1.3
11.3 ± 1.2
12.5 ± 1.2
11.3 ± 2.3

0.77
0.593
0.439
0.337
0.893

90.2 ± 0.8
98.8 ± 0.9
8.7 ± 0.8
8.8 ± 0.7
6.6 ± 1.2

88.9 ± 0.9
97.6 ± 1
8.8 ± 0.8
9 ± 0.8
7.6 ± 1.3

88.5 ± 0.8
98 ± 0.9
9.6 ± 0.8
9.5 ± 0.8
9.4 ± 1.3

87.9 ± 0.9
99 ± 1
11 ± 0.9
10.8 ± 0.8
8.7 ± 1.6

0.312
0.69
0.201
0.289
0.462

±
±
±
±
±

2.5
3.7
3.8
3.8
3

P

0.5
1.8
1.9
1.9
1.8

P
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Table 3
Components of Metabolic syndrome at baseline and follow-up as well as their change according to quartiles of dietary habits score in men, women and the total population.

Values are presented as mean ± standard error.
Model I: Adjusted for age and sex.
Model II: Adjusted for age, sex, smoking, economic status, physical activity and education.
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Table 4
Hazard ratio and its corresponding 95% conﬁdence interval for developing MetS and its components according to quartiles of dietary habits score in the total population.
Dietary habits score
Q1

Q2

Hyperglycemia
Crude
1
1.36 (0.96e1.92)
Model Ia
1
1.31 (0.93e1.84)
b
Model II
1
1.45 (0.77e2.75)
Hypertension
Crude
1
1.44 (1.05e1.96)
Model Ia
1
1.29 (0.94e1.77)
Model IIb
1
1.74 (0.98e3.09)
Hypertriglyceridemia
Crude
1
1.05 (0.74e1.47)
1
1.01 (0.72e1.43)
Model Ia
b
Model II
1
1.87 (0.98e3.56)
Low high density lipoprotein (HDL) cholesterol levels
Crude
1
1.42 (1.07e1.86)
Model Ia
1
1.37 (1.04e1.81)
Model IIb
1
2.4 (1.43e4)
Abdominal obesity
Crude
1
1.31 (1.02e1.69)
Model Ia
1
1.27 (0.98e1.64)
Model IIb
1
2.08 (1.27e3.4)
Metabolic syndrome
Crude
1
1.3 (0.97e1.73)
Model Ia
1
1.24 (0.93e1.65)
b
Model II
1
1.84 (1.08e3.15)
a
b

Q3

Q4

P for trend

0.27 (0.9e1.79)
1.3 (0.93e1.84)
1.58 (0.84e2.99)

1.53 (1.1e2.17)
1.57 (1.11e2.22)
3.06 (1.58e5.94)

0.028
0.015
0.002

1.2 (0.87e1.65)
1.2 (0.87e1.65)
1.78 (0.998e3.19)

1.42 (1.03e1.97)
1.41 (1.01e1.95)
3.44 (1.85e6.37)

0.09
0.071
0.0001

1.15 (0.83e1.5)
1.16 (0.84e1.62)
1.64 (0.84e3.19)

1.27 (0.9e1.78)
1.28 (0.91e1.8)
2.04 (0.92e4.56)

0.143
0.113
0.073

1.31 (0.99e1.72)
1.3 (0.98e1.71)
1.83 (1.06e3.17)

1.45 (1.09e1.93)
1.41 (1.06e1.88)
3.01 (1.62e5.62)

0.02
0.028
0.002

1.24 (0.97e1.6)
1.28 (0.99e1.65)
1.78 (1.09e2.9)

1.45 (1.12e1.89)
1.43 (1.1e1.86)
3.43 (1.97e5.94)

0.009
0.007
0.0001

1.2 (0.9e1.6)
1.22 (0.91e1.62)
1.87 (1.08e3.2)

1.4 (1.06e1.9)
1.42 (1.06e1.9)
2.94 (1.6e5.39)

0.036
0.027
0.001

Model I: Adjusted for age and sex.
Model II: Adjusted for age, sex, smoking, economic status, physical activity and education.

showed that the risk of MetS might be reduced by 30% in subjects
who consumed more vegetables compared to subjects with
lower consumption of vegetables [33]. Vegetables with having
antioxidants, low ﬁbers, low calories might reduce inﬂammatory
markers and decrease obesity, diabetes, and also the risk of MetS
[33,34]. Adding salt to food at the table and using special measuring
cup for adding salt to food when cooking were other components
of DHS in the present study. Other studies reported that high-salt
diets and lack of using special measuring cup for adding salt to

food when cooking might increase the risk of MetS [35]. Conversion
of glucose into lipids by activating lipogenic enzymes, increasing
the metabolism of lipids, and developing insulin resistance are
proposed mechanisms by which high-salt diets might increase the
risk of MetS [36,37]. Also, its reported that the body sodium content
increases by the number of Mets components [38].
In the current study cutting the skin off when eating poultry,
usual use of frying for cooking, removing the visible fat from meat
when cooking, and using special measuring cup for adding oil to

Table 5
Hazard ratio and its corresponding 95% conﬁdence interval for developing MetS and its components according to quartiles of dietary habits score in men and women.
Dietary habits score in men
Q1

Q2

Q3

Hyperglycemia
Crude
1
1.45 (0.94e2.25) 1.94 (1.26e2.97)
Model Ia 1
1.52 (0.98e2.35) 2.09 (1.36e3.21)
Model IIb 1
1.32 (0.66e2.65) 3.13 (1.55e6.33)
Hypertension
Crude
1
1.47 (0.97e2.22) 1.39 (0.9e2.15)
Model Ia 1
1.57 (1.04e2.38) 1.54 (0.99e2.4)
Model IIb 1
1.57 (0.82e3.03) 2.58 (1.26e1.26-5.32)
Hypertriglyceridemia
Crude
1
1.26 (0.79e2)
1.75 (1.12e2.75)
Model Ia 1
1.26 (0.79e2)
1.76 (1.12e2.78)
b
Model II
1
1.61 (0.77e3.4)
2.61 (1.2e5.71)
Low high density lipoprotein (HDL) cholesterol levels
Crude
1
1.77 (1.18e2.65) 2.23 (1.49e3.34)
Model Ia 1
1.8 (1.2e2.7)
2.35 (1.56e3.53)
Model IIb 1
2.34 (1.24e4.4)
3.12 (1.54e6.32)
Abdominal obesity
Crude
1
1.58 (1.1e2.27)
1.9 (1.31e2.76)
Model Ia
1.7 (1.18e2.44)
2.12 (1.45e3.1)
b
Model II
1
1.57 (0.88e2.8)
2.47 (1.32e4.63)
Metabolic syndrome
Crude
1
1.57 (1.05e2.33) 1.996 (1.34e2.96)
Model Ia 1
1.62 (1.09e2.4)
2.14 (1.44e3.18)
Model IIb 1
1.83 (0.99e3.38) 2.93 (1.49e5.7)
a
b

Dietary habits score in women
Q4

P for trend

Q1

Q2

Q3

Q4

P for trend

1.62 (1.03e2.55)
1.66 (1.062.62)
2.49 (1.12e5.58)

0.011
0.007
0.003

1
1
1

0.65 (0.39e1.07)
0.56 (0.33e0.95)
1.11 (0.21e5.88)

0.66 (0.4e1.08)
0.59 (0.36e0.98)
1.47 (0.25e8.52)

0.83 (0.51e1.35)
0.9 (0.55e1.47)
2.04 (0.36e11.42)

0.47
0.65
0.287

1.68 (1.09e2.58)
1.71 (1.11e2.64)
4.36 (2.14e8.91)

0.028
0.017
0.0001

1
1
1

0.71 (0.47e1.1)
0.57 (0.37e0.89)
0.98 (0.29e3.3)

0.64 (0.42e0.98)
0.54 (0.35e0.83)
1.13 (0.3e4.22)

0.73 (0.47e1.14
0.82 (0.53e1.28)
1.65 (0.45e6.02)

0.127
0.26
0.34

1.95 (1.24e3.07)
1.95 (1.24e3.07)
2.2 (0.85e5.69)

0.001
0.001
0.02

1
1
1

0.68 (0.42e1.11)
0.57 (0.35e0.94)
3.81 (0.44e33.3)

0.82 (0.52e1.29)
0.72 (0.45e1.14)
8.29 (0.96e71.3)

0.77 (0.47e1.25)
0.86 (0.53e1.4)
7.5 (0.83e68.2)

0.443
0.704
0.025

1.94 (1.26e2.99)
1.97 (1.28e3.02)
2.89 (1.27e6.58)

0.001
0.0001
0.001

1
1
1

0.69 (0.47e0.99)
0.68 (0.47e0.97)
0.92 (0.35e2.45)

0.68 (0.48e0.96)
0.67 (0.47e0.95)
1.65 (0.61e4.49)

0.92 (0.65e1.29)
0.93 (0.66e1.3)
2.08 (0.82e5.27)

0.625
0.972
0.029

2.01 (1.38e2.93)
2.11 (1.44e3.08)
3.99 (1.96e8.12)

0.0001
0.0001
0.0001

1
1
1

0.83 (0.59e1.16)
0.81 (0.58e1.14)
0.79 (0.33e1.89)

0.83 (0.59e1.16)
0.82 (0.58e1.16)
1.3 (0.5e3.35)

0.84 (0.6e1.17)
0.88 (0.63e1.23)
1.2 (0.5e2.89)

0.34
0.488
0.34

1.86 (1.23e2.8)
1.89 (1.25e2.8)
3.1 (1.48e6.5)

0.001
0.001
0.0001

1
1
1

0.68 (0.45e1.01)
0.6 (0.4e0.9)
1.71 (0.45e6.4)

0.7 (0.49e1.04)
0.65 (0.44e0.96)
2.61 (0.67e10.1)

0.82 (0.56e1.2)
0.89 (0.6e1.31)
3.76 (0.99e1.09)

0.4
0.584
0.021

Model I: Adjusted for age and sex.
Model II: Adjusted for age, sex, smoking, economic status, physical activity and education.
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food were also used for assessing the DHS. Previous investigations
have shown that high-fat foods and fried foods might develop insulin resistance, and subsequently increase the risk of MetS [39,40].
Also, lipid proﬁle might be affected by consuming high fat diet, and
subsequently it could lead to increased waist circumference and the
risk of MetS [41]. Eating fast foods was another component of DHS in
the study. Some studies reported that eating fast food might
increase the risk of abdominal obesity [42,43]. Furthermore, fast
foods have high content of fat, salt, sugar, energy density, and they
are low in ﬁber; therefore, they increase the risk of abdominal
obesity and MetS [44,45]. Moreover, it seems that due to lack of
control in salt intake, dining out could increase the risk of blood
pressure and consequently, increase the risk of MetS [42,46]. Finally,
lack of paying attention to food labels before buying and consuming
foods which was another component of DHS, was shown to increase
the risk of all components of MetS [47]. However, to the best our
knowledge, there were no studies taking all dietary habits into account using a scoring system and assess its association with the risk
of MetS and its components.
In line with our study, a number of studies found that unhealthy
dietary behaviors score increased triglyceride levels [48,49], but
unlike to the current study, there was no signiﬁcant difference in
triglyceride levels and nutritional risk scores between groups in
another study [50].
As the current study reported the increased risk of abdominal
obesity in the highest quartile of DHS, other studies reported that
having unhealthy dietary behaviors is associated with increased
abdominal obesity. High-fat foods, reﬁnes grains, large carbohydrates
intake with large portion size and overall energy intake are characteristics of unhealthy dietary behaviors that cause abdominal obesity
[51e53]. Also, similar to our results, a cross-sectional study on 3177
participants from the Framingham Heart Study Offspring Cohort
reported that the participants in the highest of the 2005 Dietary
Guidelines for Americans Index (DGAI) score, who had healthier diet
choices, had signiﬁcantly lower risk of abdominal obesity after
adjustment for potential confounders such as age, sex, smoking,
physical activity and also using multivitamin and energy intake [54].
We found that the risk of hyperglycemia was more than 3 times
for total population after adjustment for potential confounders
in those with highest DHS compared to those with lowest DHS
score. Also, other studies have reported the association between
unhealthy or western dietary pattern score and increased risk of
hyperglycemia [55,56].
We found that the risk of low HDL cholesterol was associated
with quartiles of DHS in total population and men, but not in
women. The difference in men and women might be explained by
having different dietary habits between them [57], as the current
study showed different DHS between male and female participants.
Similar to our study, another study showed that, high healthy food
habit scores was associated with low HDL cholesterol levels [58].
The strengths of the our research might be that the study was
the ﬁrst one trying to develop an evidence based dietary habits
score and examining its association with the risk of hyperglycemia,
hypertension, hypertriglyceridemia, low HDL cholesterol, abdominal obesity and MetS in adults. Developing this scoring method
enables us to look into the association between overall not only
one dietary habit in association with chronic diseases. We tried to
develop the DHS based on the risk estimates that was previously
derived for each dietary habit in the population [24]; therefore, this
scoring method might provide more realistic risk estimates for the
association between overall dietary habits and MetS. Also, we tried
to adjust all potential confounders (including age, sex, smoking,
socioeconomic status, physical activity and education) that might
affect the association between dietary habits scoring and the risk of
MetS. In a previous study it was shown that there was a signiﬁcant
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association between socioeconomic status and the development of
MetS in this population [7]. In the other word, participants with
high level of socioeconomic status had more chance for developing
MetS compared to participants with low level of socioeconomic
status. There were no signiﬁcant association between physical
activity and development of MetS. Furthermore, the risk of MetS
was lower in those with academic education compared to those
with primary education [7].
A number of limitations should be taken into account when
interpreting our results: 1) in the present study, 25.9% of participants without MetS at the baseline were lost at follow-up phase.
Migration, mortality, disability, and no response to the phone
calls were the main causes of the loss to follow-up. 2) In the study,
repeated measurement was done after about 10 years and as a
result, the exact time for the occurrence of MetS was not clear for
each participant. Omission of the exact time for occurrence of the
MetS might bias the result. 3) The dietary assessment including the
caloric intake was not accomplished at the ﬁrst phase of the current
study; therefore, we were not able to adjust the possible dietary
confounders like the energy intake for the association between
dietary habits and MetS.
In conclusion, to our knowledge, this was the ﬁrst study examining a dietary habits score in association with the risk of hyperglycemia, hypertension, hypertriglyceridemia, low HDL cholesterol,
abdominal obesity and MetS in Iranian adults. This study provides
evidence that the highest quartile of DHS is signiﬁcantly associated
with increased risk of hyperglycemia, hypertension, low HDL
cholesterol, abdominal obesity and men in the total population as
well as men. The trend for all of these associations was signiﬁcant
for total population and men. The trend for the association between
DHS and hypertriglyceridemia, low HDL cholesterol and MetS was
also signiﬁcant in women. Further studies are recommended to
conﬁrm the approach used to calculate the DHS and its association
with the risk of MetS and its components in other populations.
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