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Abstract: 
 
Background: Dietary intake is increasingly recognized as a pivotal factor in the 
etiology of metabolic syndrome. A substantial body of evidence suggests a significant 
correlation between dietary quality indices—such as the Dietary Diversity Score 
(DDS)—and the occurrence of metabolic syndrome. 

Objective: This study aims to rigorously evaluate the impact of the Dietary Diversity 
Score and demographic variables on the manifestation of metabolic syndrome. 

Materials and Methods: This case-control study included 175 individuals diagnosed 
with metabolic syndrome and an equal number of age-matched healthy controls 
(comprising both genders), aged between 20 and 65 years. Participants were 
recruited from various laboratories and the general population in Chalous, northern 
Iran. Dietary intake data were meticulously collected using a comprehensive Food 
Frequency Questionnaire (FFQ). Additionally, dietary quality indices, specifically the 
Dietary Diversity Score (DDS), were assessed using standardized methodologies. 

Results: A difference in the likelihood of metabolic syndrome morbidity was observed 
when comparing the highest quartile (Quartile 4) of Dietary Diversity Score to the 
lowest (Quartile 1). However, after adjusting for confounding variables—including 
age, sex, dietary energy intake, education, occupation, and marital status—this 
difference did not reach statistical significance. No substantial variations were 
observed in the odds ratios across quartiles or models (P-trend ≥ 0.05) for the Dietary 
Diversity Score. 

Conclusion: No significant associations were found between the Dietary Diversity 
Score and the occurrence of metabolic syndrome. 
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INTRODUCTION 

Metabolic syndrome (MetS) is a cluster of metabolic 
risk factors that increase the likelihood of developing 
chronic diseases [1]. Although the origins of metabolic 
syndrome can be traced back historically, its modern 
conceptualization began with Reaven’s description in 
1980 [2]. According to the National Cholesterol 
Education Program Adult Treatment Panel III (NCEP-
ATP III), MetS is defined by the simultaneous presence 
of obesity, dyslipidemia, elevated blood pressure, and 
glucose intolerance [3]. 

This syndrome significantly increases the risk of 
developing diabetes mellitus, cardiovascular disease 
(CVD), stroke, and even certain types of cancer [4-6]. 
Reports indicate that the prevalence of MetS varies 
both globally and within the Iranian population [7,8], 
with moderately high rates observed in various regions 
of Iran—often exceeding 25% [9,10]. 

Although the precise etiology of MetS remains unclear, 
it is widely suggested that a combination of genetic, 
metabolic, and environmental factors plays a pivotal 
role in its development [11,12]. Among environmental 
factors, dietary habits have garnered considerable 
attention from researchers in relation to MetS, 
particularly the effects of dietary fiber [13], fruits and 
vegetables [14], and dairy consumption [15]. 

Dietary quality indices have emerged as valuable tools 
for assessing overall diet and nutrient intake, offering 
key insights into the relationship between nutrition and 
the risk of chronic diseases [16,17]. Among these, the 
Dietary Diversity Score (DDS) is especially 
instrumental in evaluating overall diet quality and the 
variety of consumed food groups [18]. 

Numerous studies have investigated dietary quality 
indices, revealing associations such as lower scores in 
individuals with type 2 diabetes and an increased risk 
of coronary heart disease [19]. Additionally, research 
has highlighted the adverse effects of low-quality diets 
in women on cardiometabolic risk factors, including 
abdominal obesity [20]. In some cases, the Dietary 
Diversity Score (DDS) has demonstrated an inverse 
relationship with cardiovascular risk factors [21] and 
metabolic syndrome [22]. 

However, conflicting findings have emerged from 
cohort studies examining the relationship between 
dietary quality indices and chronic diseases. For 
example, a study conducted among French adults 

found that higher dietary quality index scores were only 
weakly associated with lower BMI and blood pressure 
in men, with no significant associations observed with 
plasma lipid profiles [23]. 

Given the inconsistencies in the existing literature , 
presence a little studies regarding relationship between 
Dietary Diversity Score(DDS) and metabolic syndrome 
and the need for a comprehensive assessment of 
dietary quality indices within a single study, this 
research aimed to investigate the association between 
the Dietary Diversity Score (DDS) and metabolic 
syndrome. 

MATERIALS AND METHODS 

Study Design 

A case-control study design was employed for this 
investigation. After screening and identifying individuals 
who met the inclusion criteria, eligible participants were 
invited to take part in the study. At this stage, the 
required sample size (using the formula of sampling 
and given the 95% confidence level, the power of the 
test is 0.8, and the maximum acceptable error in the 
estimate), a total of 175 patients diagnosed with 
metabolic syndrome and an equal number of healthy 
controls (both male and female), aged between 20 and 
65 years, were enrolled. Participants were recruited 
using data from various laboratories and general 
outreach efforts in Chalous, northern Iran. 

The research project, assigned the approval number 
393636, received ethical clearance from the Medical 
Ethics Committee of Isfahan University of Medical 
Sciences and was conducted in accordance with the 
principles of the Declaration of Helsinki. 

Criteria for Diagnosis of Metabolic Syndrome 

Subjects were diagnosed with metabolic syndrome 
based on the criteria defined by the National 
Cholesterol Education Program Adult Treatment Panel 
III (NCEP-ATP III). According to these guidelines, the 
presence of three or more of the following five 
components constitutes a diagnosis of metabolic 
syndrome: 

• Waist circumference (WC): ≥88 cm for females 
and ≥102 cm for males 

• Blood pressure (BP): ≥130/85 mmHg or current 
use of antihypertensive medication 
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• High-density lipoprotein cholesterol (HDL-C): 
<50 mg/dL for females and <40 mg/dL for males 

• Triglycerides (TG): ≥150 mg/dL or current use 
of lipid-lowering medication 

• Fasting blood sugar (FBS): ≥100 mg/dL or 
current use of medication for glycemic control 

Individuals meeting at least three of these criteria were 
classified as having metabolic syndrome, while those 
meeting fewer than three were considered healthy 
controls. 

Exclusion Criteria 

Participants were excluded if they had undergone 
recent changes in medication or supplement use; were 
pregnant or lactating; had chronic diseases such as 
hepatic, renal, muscular, or neurological disorders; or 
adhered to an atypical or medically prescribed diet. 

Data Collection 

For participants undergoing new laboratory testing for 
high-density lipoprotein (HDL), triglycerides (TG), and 
fasting blood sugar (FBS), measurements of waist 
circumference (WC) and blood pressure (BP) were also 
performed. For those who had recent test results 
available, laboratory testing was verified, and only WC 
and BP measurements were conducted. All participants 
were fully informed about the objectives of the study 
and provided written informed consent after receiving 
comprehensive information. 

Demographic and Biographical Data 

Demographic and biographical information—including 
age, gender, marital status, educational level, and 
occupation—was collected using a structured 
questionnaire completed by all participants. 

Assessment of Dietary Intake 

Dietary intake for both groups was meticulously 
recorded using a validated 168-item Food Frequency 
Questionnaire (FFQ), a tool widely used in Iranian 
populations [24]. The reported quantities of each food 
item were converted into grams per day to ensure 
precise measurement. Dietary data were then analyzed 
using NUTRITIONIST IV (N4) software. Based on the 
software output, dietary quality indices were calculated 
and further analyzed using the Statistical Package for 
the Social Sciences (SPSS). This comprehensive 

methodology ensured accuracy and reliability in 
assessing the dietary habits of study participants. 

Dietary Diversity Score (DDS) 

The Dietary Diversity Score (DDS) was calculated 
based on the methodology proposed by Kant [25]. This 
index evaluates dietary diversity across five primary 
food groups derived from the food guide pyramid: 
bread and grains, fruits, vegetables, meats, and dairy 
products. These groups were further divided into 23 
subgroups to better capture diversity within each 
category. Specifically: 

• Bread and grains: 7 subgroups (refined bread, 
biscuits, macaroni, whole bread, corn flakes, 
rice, and refined flour) 

• Fruits: 2 subgroups (whole fruits and fruit juices) 

• Vegetables: 7 subgroups (potato, tomato, 
starchy vegetables, legumes, yellow vegetables, 
green vegetables, and other vegetables) 

• Meats: 4 subgroups (red meats, poultry, fish, 
and eggs) 

• Dairy: 3 subgroups (milk, yogurt, and cheese) 

An individual was considered a consumer of a 
subgroup if they consumed at least half a serving of 
that subgroup. The maximum score for each food 
group was capped at two points, yielding a total 
possible DDS ranging from 2 to 10. 
A higher DDS score indicates greater dietary diversity, 
reflecting a more varied and potentially more 
nutritionally adequate diet. 

Measuring Waist Circumference 

Waist circumference was measured using a stretchable 
tape measure. The measurement was taken at the 
narrowest point between the lower rib cage and the 
umbilicus [26]. Accurate measurement of waist 
circumference is a vital anthropometric indicator, 
providing valuable information about central adiposity 
and contributing to the overall assessment of metabolic 
health. 

Measuring Blood Pressure 

Prior to blood pressure assessment, subjects were 
instructed to rest for ten minutes. Trained personnel 
measured blood pressure using a standard 
sphygmomanometer on the participant’s left arm. The 
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measurement was performed twice, and the average 
value was recorded as the participant’s blood pressure 
[27]. This meticulous approach ensures accuracy and 
reliability in determining blood pressure, a critical 
parameter in evaluating cardiovascular health. 

Assessment of Biochemical Parameters 

To assess fasting blood sugar (FBS), triglycerides 
(TG), and high-density lipoprotein (HDL), subjects were 
instructed to visit the laboratory after fasting for 10–12 
hours. Venous blood samples were collected and 
centrifuged at 3000 g for 5–7 minutes at 37°C within 
20–30 minutes of collection. 

Serum levels of FBS and TG were quantified using 
commercial kits, while HDL levels were measured 
using an enzymatic kit (Pars Azmoon Co., Tehran, 
Iran). This standardized approach ensures accuracy 
and consistency in biochemical parameter 
measurements, providing essential data for the 
comprehensive evaluation of metabolic health. 

Assessment of other Variables 

Additional variables, including medication use, disease 
status, dietary characteristics, and other relevant 
information, were collected via questionnaire. 
Comprehensive documentation of these factors 
contributes to a holistic understanding of participants' 
health and lifestyle, enabling a more thorough analysis 
of the relationships between dietary habits, metabolic 
syndrome, and overall well-being. This inclusive 
approach enhances the study’s ability to identify 
potential confounders and strengthens the reliability of 
the findings. 

Statistical Analysis 

Data analysis was performed using SPSS software 
(version 21). Logistic regression was employed to 
examine the relationship between dietary quality and 
the occurrence of metabolic syndrome. Participants’ 
scores were categorized into quartiles to assess 
adherence to dietary quality indices. The odds ratios 
(ORs) for metabolic syndrome were estimated across 
four models: the crude model (unadjusted), Model 1 
(adjusted for age and sex), Model 2 (further adjusted 
for energy intake), and Model 3 (additionally adjusted 
for job, income, education, and marital status). 

Quartile 1 served as the reference category, and ORs 
for metabolic syndrome were calculated for quartiles 2 
through 4 relative to quartile 1. To assess the trend (P 

trend), the mean dietary diversity scores were 
calculated for each quartile within each model, and P 
trend was determined by treating the quartile means as 
a continuous variable. 

This rigorous statistical approach enhances the study’s 
ability to discern associations between dietary quality 
and metabolic syndrome while controlling for potential 
confounding variables, ultimately providing a robust 
foundation for drawing meaningful conclusions. 

RESULTS 

Among the Metabolic Syndrome (MetS) patients 
(cases), there were 80 males and 95 females, while the 
healthy subjects (controls) included 86 males and 89 
females. The mean age of MetS patients was 50.8 ± 
8.85 years, compared to 43.2 ± 11.16 years in healthy 
subjects. In the case group, 96% were married, 
whereas 80.6% were married in the control group. 
Education levels were higher in the control group than 
in the case group. The primary occupation for subjects 
in both groups was staff membership. Energy intake 
was similar between the two groups (2709 ± 1030 kcal 
in MetS patients vs. 2697 ± 958 kcal in healthy 
subjects) (Table 1). 

Although some demographic factors differed between 
the groups, these variables were adjusted for in the 
subsequent analysis of dietary diversity score. 

In Table 2, the likelihood of developing metabolic 
syndrome across quartiles of dietary diversity score 
(DDS) is presented. The crude model represents 
unadjusted values, while Model 1 adjusts for age and 
sex, Model 2 adjusts for energy intake, and Model 3 
further adjusts for job, income, education, and marital 
status. Quartile 1 serves as the reference category. 
The odds ratios and confidence intervals are reported 
based on the study’s findings. The P trend was not 
significant in any model (P ≥ 0.05). 

DISCUSSION 

The objective of this study was to assess the 
association between dietary diversity score (DDS) and 
the occurrence of metabolic syndrome. However, 
based on the results obtained, no significant 
relationship was observed. Although the likelihood of 
metabolic syndrome decreased after adjusting for 
confounding variables such as age, sex, dietary 
energy, education, income, occupation, and marital 
status, the difference in morbidity between quartile 4 
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and quartile 1 of DDS lost statistical significance after 
these adjustments. 

No significant difference (P ≥ 0.05) was found in the 
odds ratios across quartiles and models (P trend) for 
dietary diversity score. These results contrast with 
previous studies, including those by Niazi [28], 
Esmaillzadeh [29], Travido [30], and Azadbakht [22], 
which reported an inverse relationship between dietary 
quality or its indices and the occurrence of metabolic 
syndrome. Conversely, Frazier [31] reported no 
correlation between diet quality and the risk of 
cardiovascular disease in females. Additionally, 
McCullough’s studies [32, 33] demonstrated that high 
dietary quality had no significant effect on preventing 
chronic diseases in both males and females. 

Several reasons may explain the weak association 
between dietary quality and chronic diseases such as 

metabolic syndrome. Dietary quality indices like DDS 
may not fully capture the overall quality of a diet, as 
similar scores can result from different dietary patterns. 
Higher scores on dietary quality indices do not always 
correlate with improvements in biomarkers or 
reductions in the risk of chronic diseases, highlighting 
the need to consider other factors such as age and 
sex. 

It is noteworthy that DDS does not specifically align 
with the dietary recommendations of the Dietary 
Approaches to Stop Hypertension (DASH) diet. 
Therefore, assuming that the score of this index or 
other dietary quality indices influences blood pressure, 
a key component of metabolic syndrome, may not be 
warranted. 

One potential explanation for the lack of association 
between dietary quality or its indices and the 

Table 1: Demographic Characteristics and Status of Energy Intake of the Two Groups 

Variable MetS patients 
(N = 175) 

Healthy subjects 
(N = 175) 

Comparison 
(P-Value) 

Ag (Mean ± SD) 50.8 ±8.85 43.2±11.16  0.00 

Sex Male (%)  
Female (%)  

80 (45.7) 
95 (54.3) 

86 (49.1) 
89 (50.9) 

0.52 

Marriage single (%)  
status married (%)  

7 (4) 
168(96) 

34(19.4) 
141(80.6) 

0.00 

Education Illiterate (%)  
Under diploma (%)  

Diploma (%) 
Over diploma (%) 

Bachelor (%)  
Master science (%) 

PhD (%) 

2(1.1) 
61(34.9) 
48(27.4) 
8(4.6) 

36(20.6) 
18(10.3) 
2(1.1) 

0(0) 
27(15.4) 
37(21.1) 

9(5.1) 
61(34.9) 
39(22.3) 

2(1.1) 

0.00 

Job Housekeeper (%) 
Staff (%)  

Worker (%)  
Business (%)  

Unemployed (%) 

63(36) 
69(39.4) 
2(1.1) 
21(12) 

20(11.4) 

33(18.8) 
109(62.3) 

0(0) 
12(6.9) 
21(12) 

0.00 

Energy intake (Mean ± SD) 2709±1030 2697±958 0.91 

 
Table 2: Odds Ratio for Metabolic Syndrome in Quartiles of Dietary Diversity Score (DDS) 

Models Quartile 1 Quartile 2 
OR (95% CI) 

Quartile 3 
OR (95% CI) 

Quartile 4 
OR (95% CI) P-trend 

Stock 1 1.32(0.73-2.40) 1.1(0.61-1.98) 0.81(0.49-1.47) 0.40 

1 1 0.93(0.49-1.77) 1.44(0.76-2.75) 1.06(0.56-2.01) 0.93 

2 1 1.22(0.60-2.50) 1.78(0.89-3.58) 1.20(0.62-2.34) 0.42 

3 1 1.42(0.66-3.04) 2.09(1.00-4.32) 1.30(0.64-2.64) 0.23 

*Odds Ratio; **Confidence interval. 
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occurrence of metabolic syndrome in this study is the 
prevalence of chronic diseases such as diabetes 
mellitus, hypertension, or hyperlipidemia, as well as the 
use of various medications by the subjects. These 
factors were not controlled for or excluded in the study, 
which may have influenced dietary patterns and 
lifestyle prior to participants entering the study. 
Consequently, we cannot definitively assert a 
relationship between dietary quality, as measured by 
the dietary diversity score, and the incidence of 
metabolic syndrome. 

CONCLUSION 

In summary, the findings of this study indicate no 
significant difference in dietary quality between 
individuals diagnosed with metabolic syndrome and 
their healthy counterparts. Consequently, no notable 
association was observed between dietary diversity 
score and the incidence of metabolic syndrome. 

CONFLICT OF INTEREST 

The author declare no conflict of interest. 

ACKNOWLEDGEMENTS 

The author would like to express their appreciation to 
the personnel of the School of Medical Sciences, Azad 
University of Chalous, Iran, for their invaluable 
collaboration and support in conducting this study. 

REFERENCE 

[1] Olufadi R, Byrne C. Clinical and laboratory diagnosis of the 
metabolic syndrome. J Cli Pathol 2008; 61(6): 697-706.  
https://doi.org/10.1136/jcp2007.048363 

[2] Reaven GM. Banting lecture 1988: role of insulin resistance 
in human disease. Diabetes 1988; 37: 1595-1607. 

[3] Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, 
Franklin BA, et al. Diagnosis and management of the 
metabolic syndrome - An American Heart Association/ 
National Heart, Lung, and Blood Insti- Circulation 2005; 
112(17): 2735-2752.  
https://doi.org/10.1161/CIRCULATIONAHA.105.169404 

[4] Gami AS, Witt BJ, Howard DE, Erwin PJ, Gami LA, Somers 
VK, et al. Metabolic syndrome and risk of incident 
cardiovascular events and death: a systematic review and 
meta-analysis of longitudinal studies. J Am Coll Cardiol 2007; 
49(4): 403-414.  
https://doi.org/10.1016/j.jacc2006.09.032 

[5] Hanley AJ, Karter AJ, Williams K, Festa A, D’Agostino Jr RB, 
Wagenknecht LE, et al. Prediction of type 2 diabetes mellitus 
with al- Circulation 2005; 112(24): 3713-3721.  
https://doi.org/10.1161/CIRCULATIONAHA.105.559633 

[6] Giovannucci E. Metabolic syndrome, hyperinsulinemia, and 
colon cancer: A review. Am J Clin Nutr 2007; 86(3): 836S-
842S.  
https://doi.org/10.1093/ajcn/86.3.843S 

 

[7] Zabetian A, Hadaegh F, Azizi F. Prevalence of metabolic 
syndrome in Iranian adult concordance between the IDF with 
the AT- Diabetes Res Clin Pract 2007; 77(2): 251. 
https://doi.org/10.1016/j.diabres2006.12.001 

[8] Sharifi F, Mosavinasab S, Saeini M, Dinmohammadi M. 
Prevalence of metabolic syndrome in an adult urban 
population of the west of Iran. Exp Diabetes Res 2009; 2009: 
136501.  
https://doi.org/10.1155/2009/136501 

[9] Karimi F, Jahandideh D, Dabbaghmanesh MH, Fattahi MR, 
Ranjbar Omrani G.H The Prevalence of Metabolic Syndrome 
and Its Components among Adults in a Rural Community, 
Fars, Iran. Int Cardiovasc Res J 2015; 9(2): 94-99. 
https://ijms.sums.ac.ir › article_4907 

[10] Maleki F, Sayehmiri F, Kiani F, Sayehmiri K, Nasiri S. 
Metabolic syndrome prevalence in Iran: a systematic review 
and metaanalysis. J Kermanshah Univ Med Sci 2014; 18(4): 
242-250. 
https://doi.org/10.22110/jkums.v18i4.1514 

[11] Vimaleswaran KS, Radha V, Mohan V. Thr54 allele carriers 
of the Ala54Thr variant of FABP2 gene have associations 
with metabolic syndrome and hypertriglyceridemia in urban 
South Indians. Metabolism 2006; 55: 1222-6.  
https://doi.org/10.1016/j.metabol2006.05.006 

[12] Mohan V, Gokulakrishnan K, Deepa R, Shanthirani CS, 
Datta M. Association of physical inactivity with components of 
metabolic syndrome and coronary artery disease—the 
Chennai Urban Population Study (CUPS no 15). Diabetes 
Med 2005; 22: 1206-11.  
https://doi.org/10.1111/j.1464-54912005.01616.x 

[13] Eshak ES, Iso H, Date C, Kikuchi S, Watanabe Y, Wada Y, 
et al. Dietary fiber intake is associated with reduced risk of 
mortality from cardiovascular disease among Japanese men 
and women. J Nutr 2010; 140: 1445-53.  
https://doi.org/10.3945/jn.110.122358 

[14] Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu 
FB, Willett WC. Fruit and vegetable intakes, C-reactive 
protein, and the metabolic syndrome. Am J Clin Nutr 2006; 
84: 1489-97.  
https://doi.org/10.1093/ajcn/84.6.1489 

[15] Azadbakht L, Mirmiran P, Esmaillzadeh A, Azizi F. Dairy 
consumption is inversely associated with the prevalence of 
the metabolic syndrome in Tehranian adults. Am J Clin Nutr 
2005; 82: 523-30. 
https://doi.org/10.1093/ajcn.82.3.523 

[16] Arvaniti F, Panagiotakos DB. Healthy indexes in public health 
practice and research: a review. Crit Rev Food Sci Nutr 
2008; 48: 317-27.  
https://doi.org/10.1080/10408390701326268 
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