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ABSTRACT

Background: Metabolic syndrome (MetS) is a significant health concern 
both in developed and developing countries. This cohort Prospective 
Epidemiological Research Study in Iran (PERSIAN) aimed to determine 
the association of diet quality, assessed by the Healthy Eating Index-2015 
(HEI-2015) and Mediterranean Diet Score (MDS), with MetS components 
among individuals with MetS in Fasa, southern Iran.
Methods: In this cross-sectional study, 907 individuals with MetS aged 
35-65 years were recruited from the Fasa PERSIAN Cohort Study, Fasa, 
Iran. The National Cholesterol Education Program Adult Treatment 
Panel III (ATP III) and Iranian National Committee of Obesity criteria 
were used to define MetS. A 125-item food frequency questionnaire was 
employed to evaluate dietary intake. The association between the quartiles 
of dietary scores and MetS components analyzed by Multivariate linear 
regression with the backward method.
Results: The mean age of the individuals (67.3% female) was 48.75±8.22 
years. After adjusting for covariates, the highest HEI-2015 quartile was 
positively correlated with fasting blood sugar (FBS, β=7.30, 95%CI=1.03, 
13.58) and triglyceride levels (β=32.71, 95%CI=9.09, 56.33). The MDS 
had a significant negative association with the systolic blood pressure 
(SBP) in both crude and adjusted models (β=-3.14, 95%CI=-6.2, -0.019). 
The triglyceride (TG, β=26.008, 95%CI=4.32, 47.69) and FBS (β=5.77, 
95%CI=0.057, 11.49) levels also were positively correlated with the 
highest MDS quartile. 
Conclusion: The SBP was shown to be inversely associated with the 
MDS, wherease higher adherence to HEI-2015 and MDS values were 
also linked with increased FBS and TG levels.
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Introduction
Metabolic syndrome (MetS), also known as 
insulin resistance syndrome, syndrome X, 
hypertriglyceridemic waist, and deadly quartet, 
is one of the most important public health issues 
among the non-communicable diseases (NCDs) (1). 
Central obesity, raised triglyceride levels, low high-
density lipoprotein (HDL) levels, hypertension, and 
elevated fasting blood sugar (FBS) levels are all 
risk factors for MetS (2). According to recent data, 
people with MetS have a 1.5 times greater mortality 
rate than healthy people (3). MetS affects almost a 
quarter of the world’s population (4). According to 
a meta-analysis published in 2019, about a third of 
the adult Iranian population were affected by MetS, 
with an overall prevalence of 30.4% that is far 
greater than countries such as Japan (5.3%) and the 
United States (22.9%) (5). The development of MetS 
appears to be influenced by genetic, metabolic, and 
environmental factors, particularly by nutritional 
factors (6). According to data of several studies, 
healthy eating patterns are connected to a lower 
risk of insulin resistance and MetS, because they 
include more fruits, vegetables, whole grains, and 
fiber; whereas the western dietary pattern is linked 
to an elevated risk of both disorders (7, 8).

Dietary pattern assessment is a proper method to 
evaluate whether diet is linked to the risk of chronic 
diseases at the population level (9). It is comprised of 
posteriori and priori-defined methods (10). Among 
the priori-defined dietary pattern assessment tools, 
the Healthy Eating Index (HEI) and Mediterranean 
Diet Score (MDS) have been mentioned. The 
United States Department of Agricultural (USDA) 
established the HEI in 1995 to evaluate diet quality 
based on the Food Guide Pyramid and Dietary 
Guidelines (11, 12). The Mediterranean diet is 
an effective approach for preventing and treating 
MetS (13). Also, its protective effects against type 
2 diabetes mellitus (T2DM) and MetS have been 
confirmed in previous studies (14). 

Cross-sectional studies have shown a remarkable 
inverse relationship between the HEI and the 
risk of MetS components (11) and risk factors of 
cardiovascular disease (CVD) (15). However, a 
cross-sectional study on 230 women in Tehran, Iran, 
found no significant relation between HEI and risk 
factors of CVD (16). Higher modified MDS values 
were correlated with decreased prevalence rates of 
MetS, abdominal obesity, and hypertriglyceridemia 
in a study on Korean adults (17). Nevertheless, better 
adherence to the Mediterranean diet was correlated 
favorably with MetS components other than FBS 
level and diastolic blood pressure (DBP) in a cross-
sectional analysis of people with MetS (18). 

Previous meta-analysis studies have examined 
the effects of the HEI and MDS in lowering the risk 
of all-causes (19) and mortality of elderly population 
(20), respectively. However, no study has investigated 
the link between these two dietary patterns and MetS 
components among the Iranian MetS population. 
Given that MetS is highly prevalent in Iran and 
considering the effective role of diet in preventing 
it, this study aimed to evaluate the association of diet 
quality indices including Healthy Eating Index-2015 
(HEI-2015) and MDS with MetS components among 
people with MetS who participated in cohort study 
of Prospective Epidemiological Research Study in 
Iran (PERSIAN) in Fasa City, Southern Iran.

Materials and Methods 
Individuals with MetS aged 35-65 years from the 
Fasa Cohort Study (FACS), a branch of Prospective 
Epidemiological Research Study in Iran 
(PERSIAN) were recruited cross-sectionally (21). 
FACS is a 15-year population-based longitudinal 
study conducted on individuals aged 35-70 years 
living in rural areas of Sheshdeh, a suburb of 
Fasa, Iran. The FACS protocol has already been 
thoroughly explained before (22). The total number 
of the study population was 10118. participants older 
than 65 years (n=488) who received medication to 
control diabetes, hypertension, or dyslipidemia 
(n=1771) were excluded from the study. People with 
at least 3 MetS components (n=1216) were included 
among the remaining 7859 participants. Then, 309 
individuals were excluded due to unusual daily 
energy intake (<800 and >4200 Kcal). A total of 907 
participants with MetS were finally included in the 
present study. This study was conducted according 
to the guidelines laid down in the Declaration of 
Helsinki and all procedures involving human 
subjects were approved by the Ethics Committee 
of Shiraz University of Medical Sciences, Shiraz, 
Iran (IR.SUMS.SEC.1399.1030). Written informed 
consent was obtained from each participant.

Height and weight were measured with an 
unstretched tape and digital scale, respectively, with 
accuracy of to 0.1 cm and 0.1 kg. The body mass 
index (BMI) was determined by dividing the weight 
(kg) by height squared (m2). Waist circumference 
(WC) and hip circumference (HC) were determined 
with an unstretched tape at the midpoint between 
the iliac crest and the lower rib and the largest part 
of the buttocks, respectively. The waist to hip ratio 
(WHR) was calculated as the ratio of the WC (cm) 
to the HC (cm).

A validated, semi-quantitative Food Frequency 
Questionnaire (FFQ) (23) was employed by a 
nutritionist to evaluate dietary intake over the 
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preceding year during an in-person interview with 
each participant. This 125-item FFQ was an adapted 
version of the Willette questionnaire based on Iranian 
food items. Participants were requested to describe 
the frequency of consumption of each food item 
(daily, weekly, monthly, or yearly). Subsequently, 
each food portion size was converted to grams/day. 
Finally, Nutritionist IV software (version 7.0) was 
utilized to determine the energy and nutrient content 
of the foods.

The HEI-2015 score was assessed by a method 
described before (24). The total score was computed 
using 13 components, including nine adequacy and 
four moderation constituents. Among the adequacy 
components, whole fruits, total fruits, total protein 
foods, total vegetables, seafood and plant proteins, 
greens, and beans were scored from 0 (lowest 
consumption) to 5 (highest consumption); whereas 

whole grains, dairy products, and fatty acids (poly-
unsaturated fatty acids (PUFA) + mono-unsaturated 
fatty acids (MUFA)/saturated fatty acids (SFA)) were 
scored from 0 (lowest consumption) to 10 (highest 
consumption). Maximum intake of the moderation 
components (sodium, saturated fatty acids, refined 
grains, and added sugar) was scored as 0, whereas 
the minimum intake was scored as 10. Eventually, the 
scores of the 13 components were summed to arrive 
at the total HEI score, which ranged from 0 to 100.

Based on previous studies (25, 26), the MDS was 
calculated using a total of 9 components, including 
fruits, vegetables, fish, whole grains, legumes, 
nuts, MUFA to SFA ratio, meats (red meat, poultry, 
and processed meats), and dairies. The first seven 
components were assigned a score of 1 if they were 
consumed at or above the median intake and 0 if they 
were not. The other two components were scored 

Table 1: General characteristics of participants among quartiles of the Healthy Eating Index-2015.
Healthy Eating Index-2015 scoreVariable

P valueQuartile 4
N=216

Quartile 3
N=270

Quartile 2
N=204

Quartile 1
N=217

0.408.4148.808.4148.408.1148.357.9049.53Age (year)a

0.3811.3276.4311.4976.5311.9374.9912.8475.24Weight (kg)a

0.428.71103.158.33102.877.791101.8710.29102.26WC (cm)a

0.043.9929.924.0529.643.8428.804.6229.48BMI (kg/m2)a

0.970.0540.970.0480.970.0410.970.0510.97WHRa

0.4812.8281.4511.6880.2712.7679.6311.6180.66DBP (mmHg)a

0.3719.29120.8317.002117.9319.48119.00711.57119.62SBP (mmHg)a

0.2732.89103.4533.2198.9041.04101.3022.8597.73FBS (mg/dL)a

0.09161.84224.62128.66208.5097.11203.7596.91195.40TG (mg/dL)a

0.3713.6344.8413.0243.9610.9742.9313.3544.82HDL-C (mg/dL)a

0.549.2338.537.9938.668.5638.518.8039.55PA (met.h/week)a

0.58(8%)73(10.5%)95(7.2%)65(7.1%)64Sex (male)b

<0.0001Ethnicityb

(13.9%)126(15.2%)138(10.9%)99 (8.9%)81 Fars
(7.9%)72(12.5%)113(8.2%)74 (10.9%)99 Turkish
(2%)18 (2.1%)19 (3.4%)31 (4.1%)37 Arab/others

0.002Educationb

(18.5%)168 (23.6%)214 (18.6%)169 (21.9%)199 Illiterate/
Elementary

(4.5%)41 (5.6%)51 (3.6%)33 (1.8%)16 Middle school/
Diploma

(0.8%)7 (0.6%)5 (2.6%)2 (0.2%)2 University degree
0.22Marital statusb

(0.2%)2(1.2%)11(0.8%)7 (0.7%)6 Single
(22.1%)200 (26.2%)238 (19.2%)174 (21.4%)194 Married 
(1.5%)14 (2.3%)21(2.5%)23 (1.9%)17 Widow /Divorced

0.40Current smokerb

(1.9%)17 (3.6%)33 (2.8%)25 (2.8%)25 Yes
(21.9%)199 (26.1%)237 (19.7%)179 (21.2%)192 No 

Abbreviations: WC: Waist Circumference, BMI: Body Mass Index, WHR: Waist to Hip Ratio, DBP: Diastolic Blood 
Pressure, SBP: Systolic Blood Pressure, FBS: Fasting Blood Sugare, TG: Triglycerides, HDL-C: High-density 
Lipoproteins Cholesterol, PA: Physical Activity. a: Analyzed by one-way analysis of variance (ANOVA), b: Analyzed 
by Chi-squared test. Quantitative variables were presented as mean±standard deviation and qualitative variables were 
shown as frequency (percentage).
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conversely to the former ones. By adding together 
the scores of all components, a final score between 
0 (low adherence) and 9 (high adherence) was 
obtained. The residual method was used to adjust 
all food groups for energy intake before scoring.

Sociodemographic data, including age, gender, 
marital status, educational level, ethnicity, and 
current smoking status were evaluated using an 
electronic questionnaire filled by FACS experts. 
Physical activity was measured in metabolic 
equivalent hours per week (MET.h/W) using the 
International Physical Activity Questionnaire 
(IPAQ). To assess blood pressure and biochemical 
markers, participants were first asked to sit and rest 
for 15 minutes. Subsequently, blood pressure was 
evaluated twice across a 15-minute interval using 
a mercury sphygmomanometer. The average of the 
two measurements was taken as the final value. 
Blood samples of participants were collected after 

they had fasted for 12 hours. Biochemical markers, 
including FBS, triglycerides (TG), and high-density 
lipoprotein cholesterol (HDL-C), were measured by 
the enzymatic colorimetric method.

To define participants with MetS, the National 
Cholesterol Education Program Adult Treatment 
Panel III (ATP III) (27) and the Iranian National 
Committee of Obesity (28) (for defining abdominal 
obesity due to the study’s Iranian population) criteria 
were employed. Individuals with at least three of the 
following criteria were considered to have MetS: (i) 
WC>95cm (in both sexes); (ii) high serum TG levels 
(≥150 mg/dL); (iii) high serum FBS levels (≥100 mg/
dL); (iv) low serum HDL-C levels (<40 mg/dL in 
males and <50 mg/dL in females); (v) high blood 
pressure (systolic blood pressure (SBP)≥30 mmHg 
or DBP≥85 mmHg).

SPSS software (Version 26, Chicago,IL, 
USA) was used to conduct the statistical analysis. 

Table 2: General characteristics of participants among quartiles of Mediterranean diet score.
Mediterranean Diet ScoreVariable

P valueQuartile 4
N=268

Quartile 3
N=184

Quartile 2
N=187

Quartile 1
N=268

0.0478.5448.338.00347.727.9948.878.1449.79Age (year)a

0.1512.5177.0411.6874.9311.4676.2611.6375.01Weight(kg)a

0.228.34102.979.19102.507.98103.289.52101.70WC (cm)a

0.153.9529.854.2929.474.0429.594.2929.04BMI (kg/m2)a

0.470.0470.970.0520.960.0430.970.0510.97WHRa

0.1412.4179.7412.1180.8311.5979.4412.3681.77DBP (mmHg)a

0.06918.89118.4018.03119.0816.64117.3318.75121.60SBP (mmHg)a

0.6634.47100.2437.51101.9729.54100.9830.5799.15FBS (mg/dL)a

0.15155.16219.71124.67214.2176.58197.87117.41199.54TG (mg/dL)a

0.6713.8544.6411.8543.3212.5843.7412.6044.50HDL-C (mg/dL)a

0.0557.8937.799.0739.817.9638.489.3339.37PA (met.h/week)a

0.45(9.4%)85 (6.2%)56 (6.4%)58 (10.8%)98 Sex (male)b

0.023Ethnicityb

(14.1%)128 (11%)130 (10.6%)96 (13.2%)120 Fars
(12.9%)117 (7.4%)67 (7.9%)72 (11.2%)102 Turkish
(2.5%)23 (1.9%)17 (2.1%)19 (5.1%)46 Arab/others

0.008Educationb

(22.5%)204 (16.3%)148 (18.2%)165 (25.7%)233 Illiterate/Elementary
(6.2%)56 (3.5%)32 (2.3%)21 (3.5%)32 Middle school/

Diploma
(0.9%)8 (0.4%)4 (0.1%)1 (0.3%)3 University degree

0.136Marital statusb

(1.4%)13 (0.3%)3 (0.7%)6 (0.4%)4 Single
(25.2%)229 (18.9%)171 (18.2%)165 (26.6%)241 Married 
(2.9%)26 (1.1%)10 (1.8%)16 (2.5%)23 Widow/Divorced

0.09Current smokerb

(2.2%)20 (2.6%)24 (2.1%)19 (4.1%)37 Yes
(27.3%)248 (17.6%)160 (18.5%)168 (25.5%)231 No 

Abbreviations: WC: Waist Circumference, BMI: Body Mass Index, WHR: Waist to Hip Ratio, DBP: Diastolic Blood 
Pressure, SBP: Systolic Blood Pressure, FBS: Fasting Blood Sugare, TG: Triglycerides, HDL-C: High-density 
Lipoproteins Cholesterol, PA: Physical Activity. a: Analyzed by one-way analysis of variance (ANOVA), b: Analyzed 
by Chi-squared test. Quantitative variables were presented as mean±standard deviation and qualitative variables were 
shown as frequency (percentage).
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Significance was indicated by P-values<0.05. 
Participants’ general characteristics were analyzed 
by one-way analysis of variance (ANOVA) and the 
Chi-squared test across quartiles of dietary scores 
for quantitative and qualitative variables, which 
were reported as mean±standard deviation (SD) 
and frequency (percentage), respectively. A simple 
linear regression method was utilized to determine 
the relationship between dietary index quartiles and 
MetS components. Multivariate linear regression 
with the backward method was used to adjust for 
potential confounders. Model I was fully adjusted 
for age, sex, energy intake, ethnicity, education 
levels, marital status, current smoking status, 
physical activity, and BMI. For the second model, the 
backward method was followed, and the confounding 
variables with greater P-values were eliminated one 
by one. Model II was chosen as the one with a greater 
R-squared value or fewer confounding variables if 
the R-squared values were equal. 

Results 
The mean age of the participants was 48.75±8.22 
years, and 32.7% of them were male. The mean 
HEI-2015 score and MDS were 43.41±7.55 

and 4.50±1.68, respectively (data not shown). 
Participants’ general characteristics among 
HEI-2015 quartile were summarized in Table 1. 
Individuals in the highest HEI-2015 quartile had a 
higher BMI (p=0.04), a higher frequency of Fars 
ethnicity (p<0.0001), and more school or university 
degrees (p=0.002) than individuals in the bottom 
quartile. Participants’ general characteristics 
among MSD quartile were summarized in Table 2. 
Participants in the top MDS quartile were younger 
and were mainly of Fars or Turkish ethnic origin.  
There were also more subjects with school/diploma 
or university degrees in the top MDS quartile 
relative to the bottom MDS quartile (p=0.008).

The association between MetS components and 
HEI-2015 quartiles was demonstrated in Table 3. After 
controlling for potential confounders, individuals 
who were in the highest HEI-2015 quartile had 
higher FBS levels in model I (β=7.30, 95%CI=1.03, 
13.58) and model II (β=7.93, 95%CI=1.75, 14.12). 
TG levels were also higher in the highest HEI-2015 
quartile relative to the lowest quartile in model I 
(β=32.71, 95%CI=9.09, 56.33), in the crude model 
(β=29.22, 95%CI=5.71, 52.73), and in another 
adjusted model (β=31.90, 95%CI=8.38, 55.41). Other 

Table 3: The association between HEI-2015 score and MetS components among participants with MetS£.
Variable HEI-2015 quartiles

Q1
N=217

Q2
N=204

Q3
N=270

Q4
N=216

β (95%CI) β (95%CI) β (95%CI) β (95%CI)
WC (cm)
Crude Ref -0.38 (-2.07,1.30) 0.61 (- 0.96, 2.19) 0.89 (-0.77, 2.56)
Model I Ref -0.23 (-1.89, 1.42) 1.05 (-0.51, 2.62) 1.18 (-0.48, 2.84)
Model IIa Ref -0.27 (-1.92, 1.38) 0.93 (-0.62, 2.48) 1.18 (-0.46, 2.82)
DBP (mmHg)
Crude Ref -1.03 (-3.37, 1.30) -0.39 (-2.58, 1.78) 0.78 (-1.51, 3.08)
Model I Ref -0.79 (-3.12, 1.54) -0.61 (-2.80, 1.60) 0.62 (-1.71, 2.95)
Model IIb Ref -0.82 (-3.15, 1.49) -0.62 (-2.80, 1.57) 0.53 (-1.79, 2.85)
SBP (mmHg)
Crude Ref -0.61(-4.11, 2.88) -1.68 (-4.95, 1.58) 1.21 (-2.23, 4.66)
Model I Ref 0.11 (-3.27, 3.56) -1.16 (-4.71, 1.70) 1.67 (-1.93, 4.89)
Model IIc Ref 0.09 (-3.30, 3.48) -1.40 (-4.60, 1.78) 1.65 (-1.72, 5.02)
FBS (mg/dL)
Crude Ref 3.57 (-2.74, 9.89) 1.17 (-4.73, 7.08) 5.72 (-0.50, 11.94)
Model I Ref 4.22 (-2.05, 10.50) 2.48 (-3.42, 8.38) 7.30 (1.03, 13.58)
Model IId Ref 4.52 (-1.72, 10.77) 2.89 (-2.94, 8.73) 7.93 (1.75, 14.12)
TG (mg/dL)
Crude Ref 8.35 (-15.50, 32.20) 13.10 (-9.19, 35.40) 29.22 (5.71, 52.73)
Model I Ref 5.48 (-18.15, 29.11) 14.47 (-7.74, 36.68) 32.71 (9.09, 56.33)
Model IIe Ref 4.32 (-19.18, 27.83) 13.48 (-8.32, 35.99) 31.90 (8.38, 55.41)
HDL-C (mg/dL)
Crude Ref -1.88 (-4.34, 0.56) -0.85 (-3.15, 1.43) 0.014 (-2.40, 2.43)
Model I Ref -0.71 (-3.04, 1.60) 0.05 (-2.13, 2.23) 1.08 (-1.24, 3.45)
Model IIf Ref -0.83 (-3.14, 1.48) 0.045 (-2.21, 2.12) 1.05 (-1.24, 3.35)
Abbreviations: WC: Waist Circumference, BMI: Body Mass Index, WHR: Waist to Hip Ratio
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MetS components showed no significant variations 
across the HEI-2015 quartiles.

Multivariate linear regression for the correlation 
of MetS components with MDS quartiles can be 
seen in Table 4. Ppeople in the top MDS quartiles 
had reduced SBPs in both crude and adjusted 
models (model I:β=-3.14, 95%CI=-6.27, -0.019). 
Unexpectedly, individuals with higher MDS showed 
higher TG levels in the adjusted models (model I: 
β=26.008, 95%CI=4.32, 47.69) as well as higher FBS 
levels in model II (β=5.77, 95%CI=0.057, 11.49). No 
significant correlations were found for the other 
components.

Discussion 
In this cross-sectional investigation, SBP was 
inversely associated with the MDS. Increased FBS 

and TG levels were also linked with higher HEI-
2015 and MDS values. Supporting the results of 
the current syudy, a cross-sectional study showed 
a reverse correlation between MDS and blood 
pressure (29). Another cross-sectional study based 
on Fasa Cohort Study data by Motamedi et al. 
reported a significant negative association between 
adherence to MDS and risk of hypertension (30). 
A meta-analysis of six clinical trials with over 
7000 participants discovered that over the course 
of a year, the Mediterranean diet could lower both 
SBP and DBP (31). An umbrella study assessing the 
relationship between this diet and multiple health 
outcomes found no correlation for SBP and DBP 
in meta-analyses of cross-sectional studies, as 
opposed to meta-analyses of prospective studies, 
referring to the inability of cross-sectional studies 

Table 4: The association between MDS and MetS components among participants with MetS£.
Variable MDS quartiles

Quartile 1
N=268

Quartile 2
N=187

Quartile 3
N=184

Quartile 4
N=268

β (95%CI) β (95%CI) β (95%CI) β (95%CI)
WC (cm)
Crude Ref 1.58 (-0.064, 3.23) 0.80 (-0.85, 2.46) 1.27 (-0.22- 2.77)
Model I Ref 1.32 (-0.30, 2.94) 0.80 (-0.83, 2.45) 1.24 (-0.28, 2.76)
Model IIa Ref 1.27 (-0.33, 2.88) 0.75 (-0.87, 2.38) 1.20 (-0.28, 2.67)
DBP (mmHg)
Crude Ref -2.32 (-4.60, -0.05) -0.94 (-3.23, 1.34) -2.03 (-4.09, 0.034)
Model I Ref -2.20 (-4.48, 0.05) -0.65 (-2.94, 1.64) -2.13 (-4.26, 0.005)
Model IIb Ref -2.18 (-4.44, 0.08) -0.63 (-2.91, 1.66) -2.07 (-4.20, 0.048)
SBP (mmHg)
Crude Ref -4.27 (-7.68, -0.86) -2.52 (-5.94, 0.90) -3.20 (-6.29, -0.11)
Model I Ref -4.00 (-7.32, -0.68) -1.42 (-4.78, 1.94) -3.14 (-6.27, -0.019)
Model IIc Ref -4.03 (-7.33, -0.73) -1.35 (-4.69, 1.98) -4.69 (-6.07, -0.041)
FBS (mg/dL)
Crude Ref -0.56 (-6.74, 5.62) 1.83 (-4.38, 8.04) 2.82 (-2.78, 8.42)
Model I Ref 0.33 (-5.79, 6.45) 3.68 (-2.51, 9.87) 5.64 (-0.11, 11.40)
Model IId Ref 0.56 (-5.53, 6.66) 3.90 (-2.26, 10.06) 5.77 (0.057, 11.49)
TG (mg/dL)
Crude Ref -1.67 (-25.00, 21.64) 14.67 (-8.76, 38.10) 20.16 (-0.97, 41.31)
Model I Ref 2.85 (-20.18, 25.89) 18.69 (-4.62, 42.01) 26.008 (4.32, 47.69)
Model IIe Ref 2.64 (-20.27, 25.56) 19.52 (-3.63, 42.67) 26.70 (4.63, 46.77)
HDL-C (mg/dL)
Crude Ref -0.75 (-3.15, 1.65) -1.17 (-3.59, 1.23) 0.15 (-2.02, 2.32)
Model I Ref -1.10 (-3.37, 1.16) -1.22 (-3.51, 1.07) -0.034 (-2.16, 2.09)
Model IIf Ref -1.06 (-3.32, 1.20) -1.23 (-3.52, 1.05) -0.063 (-2.17, 2.05)
Abbreviations: WC: Waist Circumference, FBS: Fasting Blood Sugar, TG: Triglyceride, HDL-C: High-Density 
Lipoprotein Cholesterol, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, Q: Quartile, MDS: Mediterranean 
Dietary Score, MetS: Metabolic Syndrome. Model I: Adjusted for age, sex, energy intake, ethnicity, marital status, 
education level, current smoking status, physical activity and BMI (except for WC). a: Adjusted for sex, education level, 
marital status, current smoking status, age and physical activity. b: Adjusted for sex, ethnicity, education level, current 
smoking status, age, energy intake and BMI. c: Adjusted for sex, ethnicity, marital status, current smoking status and 
age. d: Adjusted for sex, education level, marital status, age, energy intake, physical activity and BMI. e: Adjusted for 
sex, ethnicity, education level, current smoking status, age and BMI. f: Adjusted for sex, ethnicity, age, energy intake, 
physical activity and BMI. £: Analyzed by simple linear regression for crude model and multivariate linear regression 
was used for adjusted models.
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to conclude any causal relationships (32). 
The Mediterranean diet emphasizes intake 

of high fish consumption and a low intake of red 
and processed meat. A previous research (33) 
denoted to a linked high red meat intake and high 
blood pressure, while fish consumption reduced 
blood pressure because fish contains peptides that 
inhibit the angiotensin-converting enzyme (34). 
Increased consumption of fruits and vegetables is 
also suggested in the Mediterranean diet that are 
high in magnesium, potassium, and antioxidants 
such as phytochemicals and polyphenols, all of 
which contribute to the Mediterranean diet’s anti-
hypertension effects (30, 31). 

Unfortunately, there is relatively little data to 
support this study’s findings for the HEI in terms 
of FBS and TG levels. A study on 9568 Iranian 
participants in the Isfahan Healthy Heart Program 
(IHHP) by Haghighat Doost et al. found that those 
in the highest quintile of HEI had greater mean of 
FBS, which is consistent with the current study 
(35). Contrary to findings of the present study, some 
studies have found a negative relationship between 
HEI and the aforementioned biochemical markers.  
FBS level and HEI adherence were inversely 
correlated in a cross-sectional study on 107 elderly 
Iranian population (15). Saraf-bank et al. (11) 
discovered that increased adherence to HEI-2010 
was inversely connected to TG level in Iranian 
female nurses aged above 30 years, but no significant 
relationship was detected for FBS level. After 6.7 
years of follow-up, men in the highest HEI-2005 
quartile had smaller changes in TG level according 
to a cohort study based on the Tehran Lipid and 
Glucose Study, while MDS had no association with 
changes in lipid profile (36).

Numerous studies have been conducted abroad 
in this field of research. A cross-sectional survey 
of 92 Hispanic first-year college students found 
that diet quality (according to the HEI-2015) was 
not significantly associated with blood glucose and 
lipid levels (37). Similar to the results of the present 
study, in a cross-sectional study on 6874 obese/
overweight adults with MetS from the PREDIMED-
plus trial, better adherence to an energy-restricted 
Mediterranean diet was associated with higher FBS 
level, whereas subjects with higher MDS values had 
lower TG level (18). A meta-analysis of 10 prospective 
studies showed a 23% reduction in T2DM risk with 
an increase in MDS adherence (38). Several previous 
studies (17, 39, 40) observed an inverse association 
between higher MDS and lower TG levels, differing 
from findings of this study. Due to the study’s cross-
sectional methodology, these findings may imply 
the presence of reverse causation bias. People with 

MetS were evaluated in the current study, and that 
they might have enhanced their adherence to healthy 
dietary plans to control their abnormal glycemic or 
lipid profiles. Almost half of the participants were 
assigned to the higher categories of dietary index 
scores (third and fourth quartiles). On the other hand, 
people with chronic diseases were more sensitive 
regarding their diet than healthy people, which may 
lead to under-reporting of dietary intake, especially 
for harmful food groups. Moreover, differences in 
sample sizes, applied methods to compute dietary 
scores, dietary intake assessment methods, genetic 
and ethnic population characteristics, disease 
patterns, and criteria used to define MetS may 
contribute to the conflicting results. 

Among the strengths of the present study were 
its use of a local definition of abdominal obesity, the 
consideration of potential confounding variables in 
statistical analysis, and the collection of FFQ data 
through face-to-face interviews. However, some 
limitations should be noted. First, the study’s cross-
sectional design makes it impossible to deduce 
any causal associations. Second, there could have 
been other confounders that we have not identified. 
Third, even when employing a validated FFQ to 
assess dietary intake, recall bias is inescapable 
due to under or over-estimation of food intake and 
misclassification. 

Conclusion 
According to the study results, MDS was linked 
to lower SBP, while increased FBS and TG levels 
were associated with higher adherence to the HEI-
2015 and MDS in this study; which demonstrates 
the inability of cross-sectional studies to conclude 
any causal relationship and the presence of reverse 
causation bias. To confirm our findings, we 
recommend studies on individuals with MetS with 
larger sample sizes and prospective or clinical trial 
designs.
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