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Abstract 

Background Lifestyle risk factors, such as obesity, physical inactivity, smoking, and having an unhealthy diet are 
significantly associated to the risk of developing metabolic diseases such as type 2 diabetes, insulin resistance, and 
metabolic syndrome (MetS). Consequently, it is important to examine multiple lifestyle risk factors instead of single 
ones. Moreover, the combined effects of these factors on risk of MetS are not fully investigated. This study investigated 
the relationship between HLS and MetS and its components among apparently healthy adults living in Tabriz-Iran.

Methods This cross-sectional study includes 347 apparently healthy adults aged 20–50. To assess healthy lifestyle, 
four habits were used to examine HLS: physical activity (PA), smoking, healthy eating index-2015 (HEI-2015), and body 
mass index (BMI). Smoking status, PA, and dietary intakes (147-item) of study participants were evaluated using valid 
questionnaires. The lifestyle score ranged from zero (non-healthy) to four (most healthy) points. Binary logistic regres-
sion with adjusted models was used to examine the association of HLS and MetS, and its components. P < 0.05 was 
considered statistically significant.

Results In the current study, the average age and BMI of study participants were 40.78 ± 9.23 years old and 
29.23 ± 5.97 kg/m2, respectively. Participants in the highest quartile of HLS had significantly lower waist circumfer-
ence (WC), BMI, weight, and had less fasting blood sugar (FBS), and triglyceride (TG) compared to the lowest quartile 
of HLS. Individuals in the second quartile of HLS had 24% greater odds for having MetS compared with those in the 
first quartile (adjusted OR: 1.24; 95% CI: 1.05–2.66). A significant reduction in hyperglycemia (adjusted OR: 0.85, 95% 
CI: 0.55–0.96) and high TG (adjusted OR: 0.83; 95% CI: 0.55–0.93) risk was also observed in the highest category of HLS 
compared to the lowest category. Moreover, after taking potential confounders into account, low score of HLS was 
associated with increased odds of MetS in women (adjusted OR: 1.32; 95% CI: 1.03–2.91).

Conclusion The results showed that the lowest adherence to HLS was associated with higher odds MetS in women, 
after adjusting for all covariates. Moreover, adherence to a healthy lifestyle was related to lower odds of hyperglycemia 
and high TG in Iranian adults. To confirm these results, prospective studies are required.
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Introduction
Metabolic syndrome (MetS) (also known as syndrome 
X or insulin resistance syndrome) is a multicomponent 
disease characterized by central obesity, lipid and insulin 
dysregulation, and hypertension [1, 2]. The prevalence 
estimates vary because of the differences in definitions 
of this syndrome. Over the last decade, the prevalence 
of MetS has augmented in developed countries to about 
25% of the adult population [3] and the spread of MetS 
is has been estimated to be 23.8% among Iranian adults 
[4]. It has been recognized that MetS increases the occur-
rence of cardiovascular disease (CVD) and coronary 
heart disease (CHD), and also increases the risk of cogni-
tive decline [5].

The pathogenesis of MetS is multifactorial, with the 
interplay of nutritional, environmental, and genetic fac-
tors and recent studies have proposed that dysregulation 
of lipid metabolism, insulin resistance and inflammation 
play important roles in the pathogenesis of MetS [6–9]. 
Lifestyle risk factors such as obesity, smoking, inactiv-
ity, and unhealthy eating patterns, along with popula-
tion aging, are considered major risk factors for MetS 
[10–12]. Moreover, previous studies show that lifestyle 
risk factors are related to each other [13–16]. In previ-
ous studies, lifestyle risk modification has been proposed 
as an effective approach in the prevention of chronic 
diseases namely obesity, MetS, diabetes, and CVDs; 
therefore, it has been suggested that the levels of each 
of lifestyle risk factors can be associated with the risk of 
developing MetS [13–17]. Consequently, it is important 
to examine multiple lifestyle risk factors instead of single 
ones [7]. Due to the fact that multiple lifestyle risk factors 
are more detrimental to health compared with single one, 
the identification of risk groups might assist the devel-
opment of specific health promotion plans for different 
population groups [13, 18, 19].

Recently, some studies have evaluated the combined 
effect of lifestyle factors, i.e., regular physical activity, not 
smoking, healthy dietary patterns, and avoiding obesity 
as part of the variables called healthy lifestyle score (HLS) 
with the hazard of several chronic diseases [20–25]. Stud-
ies have also shown that high adherence to healthy eat-
ing index (HEI), which is one of the ingredients of HLS, 
decreases the peril of developing CVDs, diabetes, and 
MetS [26, 27]. Based on the results of the studies, adher-
ence to HLS is related to improving overall health in old 
age [28], reducing the risk of coronary artery disease 
[29], MetS-related diseases, and decreasing mortality 
in type 2 diabetics [30, 31]. A longitudinal study carried 
out in 2017 in the SUN cohort of youth to middle-aged 
adults found that the HLS was associated with a signifi-
cant reduction in CVD [32, 33]. Moreover, according to 
a study by Garralda-Del-Villar et  al. [7] healthy lifestyle 

decreased the progression of MetS. A recent cohort 
study in Iran showed that greater adherence to HLS was 
associated with a reduced risk of six-year incidence of 
MetS [34]. Notably, they determined the HLS by three 
procedures (HLS-AHEI-2010, HLS-modified French 
Programme National Nutrition Santé-Guideline Score, 
HLS-healthy diet pattern score), whereas previous stud-
ies have evaluated the HLS of participants in a single way 
[29, 31]. However, they have only examined the associa-
tion between HLS and risk of MetS and did not examine 
MetS components among men and women separately. In 
another study conducted in Iran, Farhadnejad et al. [23] 
reported higher score of HLS, characterized by normal 
body weight, no smoking, vigorous physical activity, and 
healthy diet, is associated with decreased risk of type 2 
diabetes incidence. As far as we know, there has been no 
cross-sectional study across Iranian adults has been con-
ducted to examine the association between HLS and the 
risk of MetS and its components.

As mentioned above, there is a direct relationship 
between lifestyle risk factors and chronic diseases such as 
diabetes, CVDs and MetS [35–37]. Considering the high 
incidence of MetS among Iranian adults and the possible 
beneficial combined role of healthy lifestyle factors as a 
HLS in the prevention of some chronic diseases or deaths 
[38, 39] and also due to the lack of information about the 
relationship between HLS and risk of MetS and its com-
ponents among adults, we conducted the current study 
to investigate the relationship between HLS and the risk 
of MetS and its components among apparently healthy 
adults living in Tabriz-Iran.

Method
Study population
This cross-sectional study was performed on apparently 
healthy adults from Tabriz, Iran. Participants were col-
lected through announcements using the convenience 
method. At the beginning of the study, 400 individuals 
were willing to participate in the study. The relation-
ship between dietary quality indices and obesity was 
regarded as a key dependent variable while calculating 
sample size. Using the G-power software with a corre-
lation coefficient (r) of 0.25, = 0.05, and power of 80%, 
the minimal sample size was predicted to be 160. To 
conduct sex-stratified analysis, the final sample size of 
347 (58.2% male and 41.8% female) was considered for 
our study [40]. Subjects participating in our study had 
no previous history of under or over-nutrition drug 
abuse, or alcohol, renal disorders, hypertension, any 
infections and inflammations disease, or cardiovascular 
disorders, thyroid diseases, and diabetes mellitus, also a 
trained nutritionist interviewed all study participants. 
In addition, participants aged < 18 or with a history 
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of weight alteration of ≥ 5  kg in the last six months, 
under- or over-nutrition, or participants taking drugs 
that affect weight, pregnancy, lactation and partici-
pants with a special diet were excluded from the study. 
Tabriz University of Medical Sciences ethics commit-
tee approved this study. Before participating in the 
study, all patients gave their full informed satisfaction 
in writing. The study is reported using the STROBE 
guidelines. The STROBE statement is a checklist of 22 
items that we consider important for good reporting of 
observational studies (cohort, case–control, and cross-
sectional). These items relate to the article’s title and 
abstract, introduction, methods, results, and discussion 
Sects. [41].

General features and anthropometric assessment
Information about socio-economic status (SES) was 
obtained through a face-to-face interview of participants 
by the following questions: house ownership, number 
of family members, educational level, and occupation 
that were considered as separate indicator. Based on SES 
tertiles, collected total score was categorized in to three 
classes: high, middle and low [42]. Other general infor-
mation such as gender, age, education level, smoking, and 
matrimonial status were collected by a nutritionist using 
a questionnaire. All surveys related to anthropometric 
indicators were performed in one day for each participant 
by an expert researcher. Body weight was assessed using 
a Seca scale (Germany) with a sensitivity of 0.1  kg, and 
height was assessed using a stadiometer with a sensitiv-
ity of 0.1 cm. A constant tension tape was used to meas-
ure waist circumference (WC) in the standing situation 
midway among iliac crests and lower rib margins. BMI 
was evaluated as weight divided by the square of height 
(kg/m2). The waist-hip ratio was assessed by dividing the 
WC by the hip circumference. Fat-free mass (FFM) and 
fat mass (FM) were evaluated by a BIA analyzer (Tanita, 
BC-428, Tokyo, Japan). Using a standard mercury sphyg-
momanometer, diastolic and systolic blood pressure 
(DBP and SBP) of patients were assessed twice after sit-
ting for 15 min and their average was calculated.

Definition of the metabolic syndrome (MetS)
In our study MetS was defined when three or more of the 
following components were met [43]: FBS ≥ 100 mg/dl or 
using anti-diabetic drugs; HDL-C < 50  mg/dl in women 
and < 40  mg/dl in men; TG ≥ 150  mg/dl or use of anti-
lipid drugs; SBP ≥ 130 mmHg or DBP ≥ 85 mmHg or use 
of antihypertensive drugs and WC ≥ 95 cm for both gen-
ders, according to the new cut-off points for the Iranian 
adult population [44].

Physical activity (PA) assessment
A short form of the International PA Questionnaire 
(IPAQ-SF) was used to assess PA levels in official Per-
sian [45]. Translation and validation of this ques-
tionnaire were previously conducted on Iran’s adult 
population. Based on the information provided by the 
individuals, the MET value was calculated by taking 
into account the type and number of activities per-
formed each week as well as the time spent on them. 
8.0 MET or more was defined as vigorous PA, 4.0 MET 
as moderate PA and walking as 3.3 MET.

Dietary assessments
Data on dietary intake were collected using a validated 
semi-quantitative food frequency questionnaire (FFQ) 
that included 147 food items [46, 47]. Expert nutri-
tionists asked study patients to select how many serv-
ings and frequencies of each food they used during the 
prior year, monthly, on a weekly, annual basis or daily 
basis. The portion sizes were converted to grams using 
a household scale. For nutrients and energy analysis, we 
used USDA’s Food Composition Table (FCT) because 
the Iranian FCT does not provide much information 
[48].

Healthy eating index (HEI)‑2015
The HEI is a method for diet quality assessment accord-
ing to dietary guidelines for Americans (DGA) rec-
ommendations [49]. HEI-2015 is composed of 13 
components, which includes 4 moderation and 9 ade-
quacy components with a total score of 100 points. The 
highest and lowest consumption of three adequacy com-
ponents (e.g., dairy, whole grains and fatty acids) scored 
10 and 0, respectively. Other six adequacy components 
include total fruits (fruit, fruit juice and canned fruit), 
whole fruits (fruits except fruit juice), total vegetables, 
greens and beans, total protein foods, seafood and plant 
proteins scored 0 and 5 in the lowest and highest intake, 
respectively. A maximum of 10 points was given to the 
lowest intake of four moderation components includes, 
sodium, refined grains, saturated fats and added sugars. 
Nevertheless, the highest intake of these components 
was scored as 0. Intermediate intake of every compo-
nent was scored proportionally. It should be mentioned 
that the intermediate scores were computed proportion-
ally. Higher total HEI-2015 scores reflecting a healthful 
diet and greater adherence to dietary guidelines [49, 50]. 
Finally, participants were divided into quintiles based on 
the HEI-2015 score; participants in the upper two quin-
tiles were given a score of 1 (as a higher adherence to a 
healthy diet).
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Biochemical assessment
After 12 h of fasting, venous blood (10 ml) was collected 
from all subjects and centrifuged for 10 min at 3000 rpm, 
4  °C, and kept at -80  °C until assay. Fasting blood sugar 
(FBS), triglyceride (TG), total cholesterol (TC), and high-
density lipoprotein cholesterol (HDL-C) were assessed 
using a commercial kit (Pars Azmoon, Tehran, Iran). The 
Friedewald method was used to calculate serum low-
density lipoprotein cholesterol (LDL-C) [51, 52].

Determination of healthy lifestyle scores (HLS)
The HLS was calculated based on the method described 
in the previous studies [23, 31]. The score of healthy life-
style factors for individuals was determined using four 
lifestyle factors, including PA (inactive/ active), diet qual-
ity (HEI-2015), smoking (no/yes), and obesity (no/yes) 
[31]. For computing of HLS, participants were divided 
into two groups based on each lifestyle factor as fol-
lows: physically low active/sedentary (< 22.5 MET/h/w) 
vs. physically active (≥ 22.5 MET/h/w); current smok-
ing vs. non-current smoking; non-obese (BMI < 25  kg/
m2) vs. overweight/obese (BMI ≥ 25  kg/m2). The quality 
of diet in individuals has been evaluated based on the 
AHEI-2015 diet score, which was defined in detail ear-
lier. Healthy diets were defined as those which scored in 
the top 40% of HEI (upper two-fifths). A score of 1 was 
assigned to each of the following presenting character-
izes: (BMI < 25  kg/m2), non-current smoking, physically 
active (≥ 22.5 MET/h/w), and upper two quintiles of the 
AHEI-2015 score. By summing up the scores that each 
participant received for the various components of life-
style, we were able to construct the total HLS and the 
total points obtained are categorized between 0 (lowest 
adherence to HLS) and 4 (highest adherence to HLS).

Statistical analyses
We used SPSS version 18.0 (Armonk, NY, IBM Corp) to 
analyze the data. The statistical significance of the study 
was determined by P-values less than 0.05. All subjects 
were classified based on quartiles of HLS scores. The first 
quartile of HLS was taken as the reference class. Percent-
ages were used to describe qualitative variables, while 
mean ± standard deviation (SD) was used to describe 
quantitative variables. One-way analysis of variance 
(ANOVA) and Chi-squared tests were used to assess dif-
ferences in quantitative and categorical variables across 
quartiles of HLS, respectively. Binary logistic regression 
with adjusted models was used to obtain the odds ratio 
(OR) and 95% confidence interval (CI) for MetS and its 
components across quartiles of HLS. In the first model, 
age and sex were adjusted. Further adjustments in the 

second model were made for age, sex, occupation sta-
tus, educational level, marital status, BMI, and physical 
activity.

Results
The average age and BMI of study participants were 
40.78 ± 9.23  years old and 29.23 ± 5.97  kg/m2, respec-
tively. Based on the inclusion criteria, 347 participants 
(58.2% male and 41.8% female) were included in this 
study. The incidence of MetS, high blood pressure, hyper-
triglyceridemia, hyperglycemia, low HDL-C, and high 
WC were 77.65%, 41%, 77.60%, 79.81%, 77.64%, 53.72%, 
and 94.61% respectively. A summary of characteristics of 
study participants across the quartiles of HLS are shown 
in Table  1. According to the results, participants in the 
highest quartile of HLS were older, non-smokers, and 
had lower WC, weight and BMI than those in the lowest 
quartile (P < 0.05). Table 2 contains the dietary intakes of 
participants across quartiles of HLS. The dietary intakes 
of fruits, vegetables, whole grains, white meat, dairy, nuts 
significantly increased across the quartiles of HLS with 
a P value = 0.01. No significant relation was observed 
between other dietary intakes across the quartiles of 
HLS. The data presented in Table 3 shows that individu-
als in the highest quartile of HLS had significantly lower 
FBS and TG than those in the lowest quartile (P < 0.05).

We determined the odds of MetS and its compo-
nents across the quartiles of HLS in all participants and 
showed main results in Table 4. In the crude model, our 
findings showed no substantial association of HLS with 
risk of MetS and its components. Albeit the probabil-
ity of having MetS was lower in those who were in the 
fourth quartile of HLS compared to the first, however, 
the relationship was not significant. Our results indicate 
that, after modification for confounders, participants in 
the lowest quartile of HLS had the highest risk of MetS 
(adjusted OR: 1.24, 95% CI: 1.06–2.67, P = 0.03). Based 
on the sex and age -adjusted model, the odds of high 
TG (OR = 0.83; 95% CI: 0.55–0.96, P < 0.01) and hyper-
glycemia (OR = 0.87; 95% CI: 0.56–0.95, P = 0.04) was 
reduced across quartiles of HLS. In addition, the results 
of the adjusted multivariate model presented that after 
adjusting age, sex, occupation status, educational level, 
marital status, BMI, and physical activity, the risk of high 
TG (adjusted OR: 0.82; 95% CI: 0.54–0.95, P = 0.01) and 
hyperglycemia (adjusted OR: 0.85, 95% CI: 0.55–0.96, 
P = 0.12) was decreased across the quartiles of HLS. 
Multivariate-adjusted ORs and 95% CIs for MetS and its 
components across quartiles of HLS in men and women 
are shown in Table 5. In men, no significant association 
was seen between HLS and MetS. However, after tak-
ing potential confounders into account, men in the top 
quartile of HLS had 14% lower odds for having high TG 
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compared with those in the first quartile (OR: 0.86, 95% 
CI: 0.22–0.97). In women, there was a significant posi-
tive association between HLS and MetS after controlling 
for age, occupation status, educational level, marital sta-
tus, BMI, energy intake and physical activity, such that 
women in the first quartile of HLS had 67% increased 
odds of MetS compared with those in the bottom quartile 
(OR: 1.32; 95% CI: 1.03–2.91).

Discussion
This study is of interest given that because MetS is a 
risk factor for diseases such as CVD, type-2 diabetes, 
and atherosclerosis mortality [5, 53]. The object of this 
cross-sectional study was to determine the relationship 
between HLS with MetS and its components in appar-
ently healthy adults resident in Tabriz, Iran. We found 
that participants  in  the  lowest quartile of  the HLS were 
more likely to have MetS than those in the highest quar-
tile. These results showed that having a higher score on 
the HLS compared to a lower score was associated with 
a reduced risk of developing MetS; however, it was not 
statistically considerable. There is a significant inverse 
association between HLS and odds of hyperglycemia, 
and high TG, after modification for confounding factors. 

Furthermore, in the current study, a lower score of HLS 
was associated with increased odds of MetS in women 
and a higher score of HLS was associated with decreased 
odds of high TG in men.

It is well-known that lifestyle and dietary habits have an 
important effect on general health [20, 22, 33, 54]. Sev-
eral studies examining the relationship between lifestyle 
factors and risk of MetS previously focused on the role of 
a single factor such as physical activity, smoking, or diet; 
however, lifestyle factors tend to be highly interrelated, it 
is more valuable to have an overall approach to lifestyle 
as a unit variable. Our results propose that the syner-
gistic effect of the several components of the lifestyle is 
probably more important than the single effect of each 
factor separately. Consequently, if participants are wor-
ried about their health status, the total number of healthy 
lifestyle factors should be enhanced. Recently, it has been 
investigated in some studies the combined effect of HLS 
on healthy aging [28], coronary disease [29], mortality 
[31] and MetS [34]. Nevertheless, in regard to MetS, life-
style studies from several populations detected diverse 
relations. For instance, studies in North-American and 
Spanish subjects reported that higher adherence to 
healthy lifestyle habits was related to lower risks of MetS 

Table 1 Baseline characteristics of study population across quartiles of HLS (n = 470)

P-value obtained using Chi-square test for categorical variables and one-way ANOVA for continuous variables. Continuous and Categorical variables data are 
presented as mean (SD) and number (percent)

FM Fat mass, FFM Fat free mass, BMI Body mass index, SES Socio-economic status, PA Physical activity

Bold values indicate P < 0.05 as the level of significance

Variables Quartiles of HLS P

Q1(N = 58) Q2(N = 135) Q3(N = 109) Q4(N = 45)

Age (years) 39.64 ± 8.91 39.51 ± 8.97 41.50 ± 9.49 44.28 ± 8.97 0.01
Gender (male) 28(48.3) 77(57) 68(62.4) 29(64.4) 0.26

BMI(kg/m2) 33.95 ± 3.68 31.14 ± 5.41 25.98 ± 5.21 25.27 ± 4.95 0.01
Weight (kg) 96.42 ± 12.86 94.34 ± 13.69 88.60 ± 15.22 88.39 ± 14.16 0.01
WC (cm) 109.35 ± 8.69 107.54 ± 8.97 106.12 ± 9.33 104.74 ± 10.60 0.01
WHR (m) 0.93 ± 0.06 0.93 ± 0.80 0.93 ± 0.80 0.94 ± 0.06 0.88

FM (kg) 35.06 ± 6.47 33.34 ± 9.32 38.08 ± 12.17 32.24 ± 9.77 0.15

FFM (kg) 61.01 ± 12.39 63.34 ± 9.32 63.04 ± 12.43 63.13 ± 10.98 0.87

Smoking (%) 16(27.6) 12(8.9) 6(5.5) 6(13.3) 0.01
PA (min/week) 1477.05 ± 286.83 1300.55 ± 446.64 1325.07 ± 368.56 1225.07 ± 368.56 0.05

Marital status (%) 0.85

 Married 50(86.2) 117(86.7) 92(84.4) 37(82.2)

SES (%) 0.72

 Low 3(4.5) 5(3.5) 0(0) 0(0)

 Middle 33(56.8) 72(53.5) 52(47.7) 24(53.8)

 High 22(38.6) 58(43) 57(52.3) 21(46.2)

Education (%) 0.18

 Illiterate 0(0) 3(2.3) 0(0) 0(0)

  ≤ High school/diploma 17(29.6) 31(23.2) 15(13.7) 10(23)

  ≥ College degree 41(70.4) 101(74.5) 94(86.3) 35(77)
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Table 2 Dietary intakes of participants across Quartiles of the HLS (n = 470

g/d gram per day, Kcal/d kilocalorie per day, HLS Healthy life style score

Bold values indicate P < 0.05 as the level of significance. Values are based on mean ± standard deviation. One-way ANOVA has been used

Variables Quartiles of HLS P

Q1(N = 58) Q2(N = 135) Q3(N = 109) Q4(N = 45)

Macronutrients
 Energy (kcal/d) 2263 ± 682 2252 ± 712 2174 ± 636 2382 ± 768 0.07

 Carbohydrate (g/d) 461.5 ± 26.2 445.6 ± 14.1 452.8 ± 16.8 407.1 ± 22.6 0.4

 Fat (g/d) 113.1 ± 7.3 102.7 ± 4.4 99.2 ± 4.4 80.1 ± 5.1 0.01
 Protein (g/d) 99 ± 4.4 98.6 ± 3.2 92.9 ± 5 104 ± 3.8 0.38

Food groups
 Fruits (g/d) 383.3 ± 23.4 453.7 ± 28.1 456.7 ± 12.8 507.2 ± 14.5 0.01
 Vegetables (g/d) 335.7 ± 7.5 365.9 ± 9.4 359.3 ± 8.6 369.4 ± 7.9 0.01
 Dietary fiber (g/d) 67.80 ± 6.67 65.04 ± 3.07 68.23 ± 3.73 61.29 ± 4.78 0.74

 Red meat (g/d) 59.8 ± 29.8 52.5 ± 22.3 33.8 ± 26.2 30.8 ± 16.1 0.01
 Wight meat (g/d) 37.2 ± 1.5 54.1 ± 1.2 73.4 ± 1.6 92.1 ± 1.3 0.01
 Whole grains (g/d) 132.59 ± 3.8 155.8 ± 4.2 156.6 ± 4.1 144.9 ± 3.4 0.59

 Refined grains (g/d) 407.7 ± 5.8 402.78 ± 5.2 374.68 ± 4.2 343. 9 ± 4.3 0.34

 Dairy (g/d) 321.2 ± 7.5 337.8 ± 9.5 322.1 ± 8.6 374.8 ± 11.1 0.01
 Legumes (g/d) 45.61 ± 4.17 57.91 ± 5.73 64.96 ± 5.80 52.74 ± 47.10 0.21

 Nuts (g/d) 53.3 ± 1.3 62.3 ± 1.6 62.1 ± 1.4 64.2 ± 1.8 0.01
Nutrients
 Sodium (mg/d) 5044.9 ± 396.2 4747.3 ± 186.9 4599.1 ± 190.4 4231.8 ± 299.5 0.31

 Calcium (mg/d) 1266.8 ± 72.2 1253.3 ± 51.5 1349.2 ± 53.5 1295.5 ± 85.3 0.61

 Magnesium (mg/d) 500.5 ± 24.6 544.5 ± 23.3 569.6 ± 19.4 533.0 ± 34.8 0.33

 Iron (mg/d) 23.0 ± 1.31 23.5 ± 0.83 25.3 ± 1.28 21.6 ± 1.22 0.23

 SFA (g/d) 30.0 ± 2.4 28.9 ± 1.2 29.5 ± 1.3 28.9 ± 2.3 0.97

 PUFA (g/d) 23.0 ± 1.9 22.6 ± 1.2 23.1 ± 1.10 20.5 ± 1.9 0.74

 Vitamin B1 (mg/d) 2.6 ± 0.12 2.6 ± 0.09 2.6 ± 0.09 2.4 ± 0.14 0.56

 Vitamin B6 (mg/d) 2.2 ± 0.11 2.3 ± 0.08 2.4 ± 0.09 2.2 ± 0.10 0.17

 Folate (µg/d) 720.8 ± 39.04 722.2 ± 27.45 739.8 ± 26.9 672.8 ± 37.76 0.51

Table 3 Biochemical measures across quartiles of HLS (n = 470)

Abbreviations WC Waist circumference, WHR Waist hip ratio, TG Triglyceride, TC Total cholesterol, HDL-C High-density lipoprotein cholesterol, FBS Fasting blood sugar, 
SBP Systolic blood pressure, DBP Diastolic blood pressure

P-value obtained using one-way ANOVA for continuous variables, and Chi-square test for categorical variables. Continuous variables are presented as the 
means ± standard deviations. Bold values indicate P < 0.05 as the level of significance

Variables Quartiles of HLS P

Q1(N = 58) Q2(N = 135) Q3(N = 109) Q4(N = 45)

FBS (mg/dl) 98.98 ± 31.93 91.94 ± 16.10 93.88 ± 19.37 89.75 ± 11.90 0.02
TC (mg/dl) 193.48 ± 40.89 192.23 ± 33.84 192.57 ± 40.32 185.84 ± 32.28 0.65

TG (mg/dl) 148.28 ± 80.61 176.11 ± 71.34 173.20 ± 66.28 129.83 ± 65.53 0.01
LDL-C (mg/dl) 123.64 ± 34.43 126.17 ± 32.32 123.35 ± 31.48 118.46 ± 29.23 0.5

HDL-C (mg/dl) 42.73 ± 9.10 44.14 ± 9.23 42.03 ± 9.26 44.77 ± 11.24 0.23

SBP (mmHg) 127.84 ± 11.46 122.08 ± 15.07 123.77 ± 19.21 119.87 ± 16.04 0.08

DBP (mmHg) 84.26 ± 7.82 81.11 ± 11.07 82.40 ± 13.62 80.24 ± 11.53 0.28
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[55, 56]. Results from a cross-sectional study of 787 adults 
aged 45 to 75 years showed that HLS (a composite of die-
tary habits, smoking, PA, and alcohol consumption) was 
associated with a reduced risk of MetS [22]. In another 
study by VanWormer et al. [20] revealed that decreasing 
healthy lifestyle factors, mainly increased weight, alco-
hol consumption, and reduced vegetable/fruit intake, 
over two years is related to higher risk of MetS. Also, our 
results are further supported by recently published study 
that has evaluated the relationship between HLS and the 
risk of MetS [34]. In an Iranian cohort study a higher 
score of HLS was associated with a reduced risk of MetS, 
independent of confounding factors [34]. Notably, they 
determined the HLS by three ways (HLS-AHEI-2010, 
HLS-modified French Programme National Nutrition 
Santé-Guideline Score, and HLS-healthy diet pattern 
score), whereas we have assessed the HLS of participants 
in a single way (HLS-HEI-2015). However, an inverse 
relationship was found between a higher score of HLS 
and lower risk of MetS, in all three methods. It appears 

that the method of Patel et al. [31] may be a more appro-
priate method to evaluate the HLS and its association 
with the risk of MetS for Iranian population, since it uses 
the HEI to evaluate the quality of diet, which is a well-
known index and has revealed an inverse association with 
risk of cardio-metabolic disorders in several populations 
[57]. However, due to differences in food habits in dif-
ferent countries, the HLS-modified French Programme 
National Nutrition Santé-Guideline Score method may 
not evaluate the diet quality of other populations as accu-
rately. Another study conducted on United States showed 
no relationship between lifestyle factors namely alcohol 
drinking, PA, and smoking, and MetS [58].

This inconsistency may partially be due to varied study 
designs and sample size, diagnostic criteria of MetS, dif-
ferent methods for calculating HLS values and limited 
adjustment for confounding. Consequently, large-scale 
studies are necessary to assess the strength and presence 
of the relationship between the adoption of a healthy 
lifestyle and the risk of developing MetS. In the present 

Table 4 Odd ratio and 95% confidence interval for MetS and its components across quartiles of HLS (n = 470)

Model 1: Adjusted for age and sex. Model 2: Model 1 + energy intake, occupation status, educational level, marital status, BMI, and physical activity

Abbreviations: HDL-C High-density lipoprotein-cholesterol, WC Waist circumference

P-values are reported based on the binary logistic regression test and are considered significant at ˂0.05. Bold Values indicate P < 0.05 as the level of significance

Variables Quartiles of HLS P‑value trend

Q1(N = 58) Q2(N = 135) Q3(N = 109) Q4(N = 45)

MetS
 Crude 1 (Ref.) 1.29 (0.94–2.66) 1.19(0.81–2.82) 0.97(0.71–2.75) 0.13

 Model 1 1 (Ref.) 1.23 (1.04–2.65) 1.17 (0.76–2.87) 0.95(0.89–2.75) 0.01
 Model 2 1 (Ref.) 1.24 (1.05–2.66) 1.18(0.75–2.86) 0.96(0.86–2.77) 0.03
High WC
 Crude 1 (Ref.) 1.34 (0.57–2.44) 0.92 (0.19–2.16) 0.89 (0.69–2.34) 0.75

 Model 1 1 (Ref.) 1.47 (0.54–2.35) 1.12 (0.22–2.35) 0.84 (0.89–2.45) 0.32

 Model 2 1 (Ref.) 1.46 (0.53–2.36) 1.13 (0.93–2.34) 0.83 (0.88–2.44) 0.34

High TG
 Crude 1 (Ref.) 0.98 (0.68–1.54) 0.95 (0.69–1.32) 0.89 (0.54–1.06) 0.02
 Model 1 1 (Ref.) 1.02 (0.72–1.48) 0.94 (0.66–1.37) 0.83 (0.55–0.96)  < 0.01
 Model 2 1 (Ref.) 1.030 (0.74–1.47) 0.93 (0.65–1. 36) 0.82 (0.54–0.95)  < 0.01
Low HDL‑C
 Crude 1 (Ref.) 1.62 (0.29–2.31) 0.67(0.28–1.58) 0.50 (0.14–1.77) 0.58

 Model 1 1 (Ref.) 1.58 (0.26–2.29) 0.78(0.30–2.09) 0.60 (0.15–2.34) 0.58

 Model 2 1 (Ref.) 1.56 (0.24–2.30) 0.83 (0.28–2.46) 0.56 (0.13–2.42) 0.61

Hyperglycemia
 Crude 1 (Ref.) 1.17(0.95–2.94) 0.98(0.59–1.35) 0.94(0.42–1.32) 0.09

 Model 1 1 (Ref.) 1.19(1.00–2.54) 0.85(0.57–133) 0.87(0.56–0.95) 0.04
 Model 2 1 (Ref.) 1.20(0.68–2.37) 0.90(0.58–1.38) 0.85(0.55–0.96) 0.12

Elevated blood pressure
 Crude 1 (Ref.) 0.83 (0.34–2.05) 1.10(0.41–2.92) 1.51(0.38–5.96) 0.54

 Model 1 1 (Ref.) 0.76 (0.27–2.10) 1.08(0.33–3.50) 1.33(0.29–6.07) 0.62

 Model 2 1 (Ref.) 1.00 (0.34–2.94) 1.76 (0.45–3.81) 2.51 (0.47–6.29) 0.2
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study, it appears that HLS (combination of dietary habits, 
smoking, physical activity, and BMI) is associated with a 
decreasing in the risk of MetS and its components such 
as hyperglycemia, and high TG. Other factors such as age 
and sex may affect the desired effects. Moreover, partici-
pants in the highest quartile of HLS are significantly older 
than those in the lowest quartile. The incidence of MetS 
increases with age, so it may be important. In the current 
study, the significant positive association between low 
score of HLS and MetS was seen in women, but not in 
men.The lack of significant negative association between 
the fourth quartile of HLS and MetS might be due to the 
low number of participants in this quartile, which can, in 
turn, result in the wide CIs.

The underlying mechanism for this sex inconsistency 
is unclear; however, it might be justified by the effect of 
gonadal steroids on body composition and other compo-
nents of MetS [59]. It is well-known that MetS is char-
acterized by central obesity, which might be affected by 
gonadal steroids. A variety of cohort and cross-sectional 
studies also demonstrated that adherence to healthy life-
style factors, such as a healthy diet and no alcohol, physi-
cal activity, and no smoking, can lower the risk of MetS 
in persons over the age of 55 and men [7, 20], but not in 
young adults and women [58]. According to the litera-
ture review smoking [60–62] and PA [63, 64] are related 
to a higher risk of developing MetS and reduction in the 
risk of MetS, respectively. It has been proposed that the 
PA has a protecting effect on decreasing the risk of MetS 
by the positive impact on glucose metabolism by insu-
lin- receptor up-regulation in muscle, insulin sensitivity, 
and decreasing central adiposity by negative energy bal-
ance [63, 64]. Smoking is a key lifestyle risk factor con-
tributor to insulin resistance by several mechanisms such 
as endothelial dysfunction, oxidative stress, hormonal 
imbalance, inflammation, and central adiposity [65–67]. 
Furthermore, smoking changes the metabolism of nutri-
ents and lipoprotein, β-cells function, and up-regulating 
inflammatory factors such as C-reactive protein, which 
can be associated with increased risk of cardio-metabolic 
disorders such as dyslipidaemia, central obesity and MetS 
[68, 69].

The HLS was inversely associated with odds of hyper-
glycemia, and high TG after adjustment for potential 
confounders. In a study by Farhadnejad et  al. [23] after 
adjustment for potential confounders such as energy 
intake, educational level, sex, age, occupational sta-
tus, and marital status, the association between higher 
score of HLS and the lower risk of T2D was significant 
(OR = 0.25; 95% CI:0.10–0.61, P < 0.01). One of the main 
components of lifestyle factors affecting the risk of MetS 
is the food pattern of the participants. For examination 
of the association between HLS and risk of MetS in the 

study population, we have determined HLS in subjects 
using HLS-HEI-2015. The findings of El Bilbeisi et al. [70] 
in a cross-sectional study point to a higher risk of MetS, 
high WC, low HDL-C, high TG, and high blood pressure 
among patients in the lowest quartile of the HEI-2010. 
Low vegetable/fruit intake was also related to prevalent 
MetS in specific sex-ethnicity groups in the Bogalusa 
Heart Study [71]. Dietary pattern rich in vegetables and 
fruits tend to decrease inflammatory markers and are 
related to improvements in single subcomponents of 
MetS [72, 73].

It may be noted why we only considered smoking, 
BMI, diet quality and PA as lifestyle factors and did not 
consider other factors in HLS. Several previous stud-
ies on HLS have commonly used the factors we used in 
this study. However, some studies have included alcohol 
consumption in the score, but according to the culture 
of the studied society, alcohol consumption is prohib-
ited in the country, and we did not collect information 
in this field. Considering the significant individual effect 
of each lifestyle factor in predicting the risk of MetS we 
investigated the association between the combined effect 
of smoking, physical activity, diet quality, and BMI and 
the risk of MetS in subjects who pursued a healthy life-
style. Our findings provide relatively strong evidence that 
following combined healthy lifestyle factors, which are 
characterized by abstinence from smoking, low BMI lev-
els, high physical activity, and a healthy dietary pattern 
rich in legumes and grains, vegetables and fruits, lower 
intake of red and processed meat and sweetened bever-
age, can decrease risk of MetS, hyperglycemia, and high 
TG. Indeed, notwithstanding the difference between pre-
vious studies and the present study regarding the defini-
tions of HLS, the results confirmed the hypothesis that a 
combination of healthy lifestyle factors may have a posi-
tive effect on promoting health and reducing the risk of 
complex diseases such as MetS.

The main strength of this study was sex-stratified 
analysis. The analyses were performed by controlling 
for several covariates to reach an independent relation-
ship between HLS and odds of MetS and its components. 
Although we adjusted for several confounding vari-
ables, residual confounding effects may have remained 
and actual findings may be even stronger than those 
acquired. Moreover, all data were collected by expert and 
trained interviewers with reliable and valid question-
naires. Besides, the well-known limitations of FFQ, i.e., 
the measurement errors and limited food choices, should 
be taken into account. In addition, in this study, we used 
HEI-2015 to assess diet quality instead of some diet com-
ponents. This study has some limitations, like the cross-
sectional project, that needs interpreting these results 
under the hypothesis that neither directionality nor 
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causality of the relations can be recognized. Although 
the questionnaires were validated and interesting details 
were obtained from the interviews, there could still be 
misclassification and measurement error. One of the 
most important limitations of this study was the low 
number of participants. We did not consider stress as 
a lifestyle factor in the analysis, even though stress has 
been associated with MetS in some studies [74–76]. It is 
acknowledged that the results of this study may not be 
generalized beyond this sample of adults.

Conclusion
The results showed that the lowest adherence to HLS was 
associated with higher odds MetS in women, after adjust-
ing for all covariates. Moreover, adherence to a healthy 
lifestyle was related to lower odds of hyperglycemia and 
high TG in Iranian adults. To confirm these results, pro-
spective studies are required.
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