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 Background: Some food patterns and lifestyles have beneficial effects on diminution 

of Metabolic Syndrome (MetS) components. Alternate Mediterranean Diet 

(aMED) because of its contents may have potential protective impacts against the risk 

of developing the metabolic syndrome in elderly people. Our aim was to assess the 

association between aMED and MetS components in Iranian elderly.   

Methods: 226 healthy elderly people (65 men and 161 women) with a mean age of 

67.04 years participated in this cross-sectional study in five districts of Tehran, the 

capital of Iran during the period 20014-20015.  MetS was defined based on the 

National Cholesterol Education Program Adult Treatment Panel III criteria. Dietary 

intakes were assessed using a validated food frequency questionnaire (FFQ) that 

included 147 items. The Alternate Mediterranean dietary score was calculated by 

Fung et al. Method. Logistic and linear regression models were used to derive beta 

estimates and odds ratios (ORs).  

Results: Subjects in the top tertile of aMED had 56% lower chance of MetS 

compared with subjects in the bottom tertile (OR 0·46; 95% CI 0·23, 0·94; P 

trend=0.033). After adjustment for potential confounders such as age, energy intake, 

physical activity, marital status, smoking, education, income this association was 

strengthened (OR 0·34; 95% CI 0·14, 0·82; P trend=0.017). Also, it was observed that 

people in the highest tertile of the aMED score had 68% lower odds of high 

triglycerides compared with those in the lowest tertile (OR 0·42; 95% CI 0·20, 0·91; 

P trend=0.033).   

Conclusion: Our study showed a higher adherence to the aMED reduced the risk of 

the MetS in the elderly subjects. 
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Introduction 

Metabolic syndrome )MetS) (abdominal 

obesity, dyslipidemia, hypertension and 

hyperglycemia) is one of the major public health 

challenges  in the worldwide, increasing the risk 

of cardiovascular disease and type 2 diabetes [1-

3]. A recent estimation showed that 24% of the 

adult population in the United States were 

affected by MetS [4]. Similarly, metabolic 

syndrome with an estimated of 60%, is highly 

prevalent in Tehranian elderly [5]. Metabolic 

syndrome is determined by a variety of 

metabolic alteration with no single mechanism 

of etiology. There is a complex interaction 

between genetic, metabolic and environmental 
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factors, including diet (especially unhealthy food 

patterns), lifestyles (such as overeating and 

sedentary lifestyle) and body fat accumulation 

are associated with this condition [6-10]. 

The National American Heart Association 

and Cholesterol Education Program Adult 

Treatment Panel III (NCEPATP III) have 

recommended diet-based plans  as one principal 

method to prevent metabolic disorders and 

cardiovascular diseases[11, 12]. In the other 

words, adherence to healthy dietary patterns, for 

example, rich in fruit and vegetables and low in 

red meat, can prevent components of the MetS 

[13]. Among the commondietary patterns, 

Mediterranean diet demonstrated several health 

protective effects against the MetS [14]. But 

these reported mostly univocal results, were 

conducted on Mediterranean populations [15-

20]. 

The investigators in Europe have extensively 

studied the alternate Mediterranean diet (aMED) 

as one of the other variations of the 

Mediterranean diet score (MDS). Alternate 

Mediterranean diet is different in the overall 

scales and in their measurement of individual 

dietary components such as alternatively, the 

ratio of MUFA: SFA and assessment of olive oil 

intake as separate items. aMED has scores 

ranging from 0 to 9 and was created by the 

association of the risk of chronic disease in 

North American populations [21]. Studies 

illustrated that both of the Mediterranean diet 

and aMED consistently linked with reducing the 

risks of CVD [22-25]. Therefore, aMED might 

be associated with metabolic syndrome as one of 

the risk factors of heart diseases. So the aim of 

this study is an exploration of the association 

between aMED and components of metabolic 

syndrome in Iranian elderly. 

 

Material and methods 

 Study population 

The study was a representative cross-

sectional survey targeting resident elderly in five 

districts of Tehran, the capital of Iran. Here, 226 

healthy elderly people (65 men and 161 women) 

with a mean age of 67.04 (60-83) years during 

the period 2014-2015, were randomly selected 

through a two-stage random cluster sampling 

among elder people who attended the Tehran 

Health centers (Tehran, Iran). For this purpose, 

Tehran was divided into five regions: North, 

South, East, West and Central districts then a list 

of health centers in each area was prepared and 

25 of them were selected randomly (in attention 

to constraints budget and time). Then the total 

number of samples (226) divided by the number 

of health centers [25] and obtained the number 

of samples in each home centers. Inclusion 

criteria were age over 60 years, would like to 

participate in the study, ability to answer 

questions, no clinical symptoms of 

cardiovascular, renal, gastrointestinal disease 

and other endocrine and thyroid disease. 

 

Assessment of dietary intake 

 Usual dietary intakes over the one past year 

were assessed by trained experts using food 

frequency questionnaire (FFQ) containing 147 

food items. Previous studies have proven the 

reliability and validation of the questionnaire 

[26-28]. The interviewer filled FFQ for each 

individual depending on his or her intake per 

day, week, month, and year. Then the reported 

amounts were converted to grams per day. The 

Nutritionist IV computer software was used to 

the analysis of macronutrients and 

micronutrients in diet for each person. 

 

Adherence to Alternate Mediterranean 

dietary pattern 

The alternate Mediterranean dietary score 

was calculated by Fung et al method [29], based 

on nine foods component and nutrients includes: 

total vegetables except for potatoes, nuts, 

legumes, fish, all fruit, whole grains, MUFA to 

SFA ratio, alcohol and red and processed meat. 

Intakes total vegetables except potatoes, nuts, 

legumes, fish, all fruit, whole grains, MUFA to 

SFA ratio above the median of the study 

population received 1 point and intakes under 

the median of the study subjects received 0 point 

whereas intakes red and processed meat under 

the median of the study population received 1 

point and intakes above the median of the study 

subjects received 0 point. Alcohol was not 

considered in our calculations because none of 

our participants consumed alcohol. Finally, the 

scores were collected and the individuals were 

categorized based on the tertiles of Alternate 

Mediterranean diet scores. 

 

Anthropometric measurements 
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Was measured height without shoes by a wall 

stadiometer (stadiometer) with a sensitivity 0.1 

cm (Seca, Germany) and weight by digital scale 

(808 Seca, Germany) with an accuracy 0.1 kg 

with light clothes (without a coat and rain coat).  

BMI was calculated by dividing weight in 

kilograms by the square of height in meters. 

Waist circumference was measured with a tape 

measure between the iliac crest and the lowest 

rib on the exhale. 

 

Assessment of blood pressure 

Blood pressure was measured by a digital 

manometer (BC 08, Beurer, Germany) after at 

least 10-15 minutes of resting.  Blood pressure 

was measured twice for each person and then the 

average values, were reported. 

 

Biochemical assessments 

10 ml of blood samples were taken between 

the hours of 7-10 am from all of fasted 

participants and were collected in acid-washed 

tubes test without anticoagulant.  After storing at 

room temperature for 30 minutes and clot 

formation, blood samples were centrifuged at 

1500 g for 20 minutes. Serums were stored in - 

80° C until future testing. Measurement of serum 

glucose, triglyceride and HDL-C was performed 

by an enzymatic method, using commercial kits 

(Pars test, Iran) and automated device (Selecta E, 

Vitalab, Netherland).  

 

Assessment of metabolic syndrome 

Metabolic syndrome was defined according 

to the definition of the National Cholesterol 

Education Program- Adult Treatment Panel III 

criteria (NCEP-ATP III) in the presence of three 

of the five risk factors include:  abdominal 

obesity( waist circumferences ≥102 cm for men 

and ≥88 cm for women), hypertension( SBP 

≥130 mmHg or DBP ≥ 85 mmHg), hyper-

triglyceridemia)  serum triglyceride level ≥150 

mg/dl(, low HDL-C (HDL-C ≤50 mg/dl and ≤40 

mg/dl for women and men, respectively), 

hyperglycemia( FBS ≥ 100 mg/dl). 

 

Statistical methods 

People were categorized based on the tertiles 

of the Alternate Mediterranean diet score. For 

comparison general characteristics among the 

tertiles of Alternate Mediterranean diet scores, 

one-way ANOVA and Chi-square tests were 

used respectively for quantitative and qualitative 

variables. ANCOVA was used for multivariable-

adjusted intakes foods and Energy of study 

participants across tertiles of Alternate 

Mediterranean Diet Index.We performed 

multiple linear and logistic regression to 

calculate adjusted beta estimates and odds ratios 

to assess the association between Alternate 

Table 1. General Characteristics of the participants based on tertiles of aMed Diet Index 

P Value* Alternate Mediterranean Diet Score tertiles**   

3 

(n=58) 

2 

(n=34) 

1 

(n=134) 

  

0.037 65.81±5.40 67.86±5.77 65.94±5.82  Age(years) 

0.512 29.3% 20.6% 30.6% Male Sex (M/F) (%) 

70.7% 79.4% 69.4% Female 

0.188 74.94±13.38 73.05±10.01 71.50±11.83  Weight(kg) 

0.333 100.5679±9.97 100.27±8.38 98.38±10.97  WC(cm) 

 

0.323 30.38±4.30 30.14±3.85 29.38±4.78  BMI(kg/m2) 

0.053 44.8% 50% 62.7% BMI≥30 Obese 

0.659 1.7% 0.0% 1.5% Single Marital status 

75.9% 61.8% 71.6% Married 

0.0% 29% 2.2% Divorced 

22.4% 35.3% 24.6% Widow 

0.523 43.9% 52.9% 56.8% Low Income 

49.1% 41.2% 35.6% Medium 

7.0% 5.9% 7.6% High 

0.276 79.3% 76.5% 88.8% None smoker Smoking 

13.8% 14.7% 8.2% Former smoker 

6.9% 

 

8.8% 3.0% Current smoker 

0.002 67.2% 88.2% 87.3% Low Physical activity 

32.8% 11.8% 12.7% Moderate 

BMI, Body Mass Index; WC, Waist circumference 

* Obtained from ANOVA for continuous variables and χ2 test for categorical variables 
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Mediterranean diet score with metabolic 

syndrome in three models. All analyses were 

conducted by using a Statistical Package for the 

Social Sciences (SPSS) software, version 22 and 

for all the tests P-value less than 0.05was 

considered significant. 

Results 

General characteristics of 226 healthy elderly 

people are reported based on tertiles of the 

Alternate Mediterranean diet score in Table 1. 

Participants in the highest tertile of the Alternate 

Mediterranean diet score had likely more 

physical activity compared with individuals in 

the lowest tertile and age was statistically 

significant differences among tertiles of 

Alternate Mediterranean diet score. Statistically 

significant differences were not seen for the 

other variables. 

Usual intakes of selected food and nutrient 

groups across on tertiles of the Alternate 

Mediterranean diet score are provided in Table 

2. Individuals in the highest tertile of the 

Alternate Mediterranean diet score had 

significantly higher intakes of energy, 

carbohydrates, proteins, fats, dietary fiber, fruits, 

vegetables, nuts and legumes, whole grains. 

Whereas for the other food and nutrient groups 

were not observed a significant association.  

Multivariable-adjusted OR and beta estimates 

for metabolic syndrome based on the tertile of 

Alternate Mediterranean diet score are presented 

in Table 3. In crude model, subjects in the top 

tertile of Alternate Mediterranean diet had 56% 

lower chance of metabolic syndrome compared 

with subjects in the bottom tertile (OR 0·44; 

95% CI 0·23, 0·94) and a significant inverse 

Table 2. Multivariable-adjusted intakes foods and energy for the participants across tertiles of aMED Index 

 Mean 

consumption  in 

all (226) 

Tertiles of  aMED  Index P-value* 

1 

(n=134) 

2 

(n=34) 

3 

(n=58) 

Energy(kcal/day) 2775.69±799.09 2581.68±736.30 2824.91±724.47 2923.06±896.69 0.025 

Nutrients      

Carbohydrates (g/d) 371.23±137.21 324.29±102.99 380.48±75.62 474.23±173.88 <0.0001 

Proteins (g/d) 84.15±31.74 74.82±25.49 82.34±20.24 106.75±38.69 <0.0001 

Fats(g/d) 78.95±36.48 67.74±22.79 89.40±55.46 98.72±38.76 <0.0001 

Dietary fibre (g/d) 46.77±24.70 40.58±19.53 46.09±18.19 61.45±31.89 0.004 

n-3 Fatty acids (g/d) 1.23±0.87 1.07±0.92 1.39±0.89 1.50±0.66 0.076 

Calcium(mg/d) 1138.75±433.35 1054.99±373.81 1036.31±333.51 1392.31±512.49 0.071 

Food groups      

Vegetable(g/d) 422.73±220.12 347.71±158.28 442.95±216.27 584.21±256.36 <0.0001 

Fruit(g/d) 

 

426.36±255.93 351.75±196.57 406.61±197.68 610.28±313.12 <0.0001 

Legumes and Nuts (g/d) 48.46±38.92 35.05±23.72 57.17±42.78 74.35±49.55 <0.0001 

Whole grains(g/d) 48.46±38.92 33.45±22.37 48.26±35.89 63.87±48.35 <0.0001 

Red and processed 

meats(g/d) 

22.90±25.06 29.12±36.05 20.26±15.46 19.23±17.11 0.649 

Fish(g/d) 0.6±1.58 0.4±0.94 0.5±1.17 0.7±2.30 0.649 

Low-fat dairy products 

(g/d) 

292.68±223.42 289.20±218.26 237.71±197.68 332.96±244.49 0.209 

High-fat dairy products 

(g/d) 

91.81±124.76 82.39±108.99 91.44±121.98 113.80±156.26 0.949 

* Obtained from ANCOVA and P-value is considered significant at p˂0.05 

¥Energy intake is adjusted for age and sex; all other values are adjusted for age, sex and energy intake. 

 

Table 3. Beta estimates and odds ratios of MetS based on the tertiles of aMED Index 
Variables MetS P trend Beta estimates SE p value 

Tertiles of aMED 

1(n=134) 2(n=34) 3(n=58) 

Crude model 1.00 0.74 

(0.33-1.64) 

0.46 

(0.23-0.94) 

0.033 -0.75 0.35 0.034 

*Model 1 1.00 0.69 

(0.31-1.54) 

0.38 

(0.17-0.83) 

0.015 -0.95 0.39 0.016 

**Model 2 1.00 0.72 

(0.31-1.68) 

0.34 

(0.14-0.82) 

0.017 -1.06 0.44 0.016 

* Model 1: Adjusted for age and energy intake 
**Model 2: Adjusted for age, energy intake, physical activity, marital status, smoking, education, income 
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association was observed between metabolic 

syndrome and Alternate Mediterranean diet 

score (β=−0.75; SE=0.35). After adjustment for 

potential confounders such as age, energy intake, 

physical activity, marital status, smoking, 

education, income this association was 

strengthened (OR 0·34, 95% CI 0·14, 0·82; β = 

−1.06, SE=0.44). 

The odds of developing metabolic syndrome 

components are provided in Table 4. After 

controlling for potential confounders, it was 

observed that those in the highest tertile of the 

alternate Mediterranean diet score had 68% 

lower odds of high triglycerides compared with 

those in the lowest tertile (OR 0·42; 95% CI 

0·20, 0·91). Also, we found that a high 

adherence to aMED, was slight significantly 

associated with the central obesity than the other 

groups (OR 0·27; 95% CI 0·07, 1·01). 

 

Discussion 

The present study showed that a higher 

adherence to the alternate Mediterranean diet 

reduced the risk of the metabolic syndrome in 

the elderly people. In this study the risk of 

hypertriglyceridemia as one of the metabolic 

syndrome components was lower in elderly 

people who had more adherence to this diet. 

Also, we found that a high adherence to aMED, 

was slight significantly associated with the 

central obesity than the other groups. 

The aMED score was updated by Fung et 

al.[30] of the Mediterranean Diet Score [31]. 

Similar to our results several studies of the MED 

adherence have been inversely associated with 

waist circumference[32, 33]. Both traditional 

scores of the Mediterranean diet (MDS) and 

aMED because of having the larger amounts of 

whole grains and fibers were related to lower 

central adiposity[34, 35]. On the other hand, the 

aMED is a high-fat and high-unsaturated fat 

food pattern because it consisted of the foods 

such as nuts and olive oil. Nevertheless, in some 

studies, there was a weak positive association 

between the total fat intake and weight gain[36]. 

Some researchers demonstrated that the type of 

fat is more important than the amount consumed 

fats in adiposity progress[36, 37]. Among of the 

fatty acids, monounsaturated fatty acids (MUFA) 

and polyunsaturated fatty acids (PUFA) was not 

associated with weight gain in the Nurses’ 

Health Study[36]. Furthermore the increase 

consumption of fruit and vegetable and decrease 

the unhealthy and fast food intake in the MED 

has been demonstrated to protect against weight 

gain and obesity [38, 39]. 

In the present study, the risk of 

hypertriglyceridemia was lower in the highest 

adherence to the aMED in elderly people. 

Studies recommended that a diet rich in PUFA 

(omega-3 fatty acid rich oils, cold water fish, 

walnuts) and MUFA, fiber, with limited 

carbohydrates that contribute to a high glycemic 

load, decrease triglycerides and increase serum 

HDL-cholesterol levels [40-44]. MED  is a food 

pattern  that rich in mention nutrients[45]. Also, 

several studies have shown that MED decreased 

the TG and increased the HDL cholesterol 

levels[46, 47]. 

 Our finding about HDL cholesterol levels 

was not significant. Gerasimova et al., in the 

Alaskan population study concluded that the 

Table 4. Odds ratios for MetS components based on the tertiles of aMED Score 

P trend Tertiles of aMED  

3(n=58) 2(n=34) 1(n=134) 

    Central obesity 

0.038 0.38 (0.15-0.97) 0.63 (0.23-1.63) 1.00 Model 1 

0.050 0.27 (0.07-1.01) 0.78 (0.18-3.33) 1.00 Model 2 

    High triglycerides 

0.033 0.48 (0.24-0.96) 0.65 (0.30-1.41) 1.00 Model 1 

0.033 0.42 (0.20-0.91) 0.65 (0.28-1.46) 1.00 Model 2 

    Hypertension 

0.250 0.66 (0.30-1.46) 0.57 (0.22-1.47) 1.00 Model 1 

0.302 0.70 (0.30-1.61) 0.59 (0.22-1.57) 1.00 Model 2 

    Low HDL cholesterol 

0.610 0.83 (0.41-1.65) 0.96 (0.43-2.13) 1.00 Model 1 

0.416 0.72 (0.34-1.51) 0.99 (0.43-2.27) 1.00 Model 2 

    High glucose 

0.577 0.75 (0.37-1.52) 1.43 (0.63-3.22) 1.00 Model 1 

0.329 0.65 (0.30-1.40) 1.29 (0.55-3.05) 1.00 Model 2 

*Model 1: Age and energy intake 
¥ Model 2: Model 1 additionally for sex, physical activity, education, marital status, smoking 
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regular consumption of dietary omega-3 fatty 

acids, enhanced HDL cholesterol levels[48]. In 

our study, the differences in omega-3 fatty acids 

and fish intakes were not significant among the 

tertiles of the adherence to the aMED adherence. 

Generally, previous studies indicated the 

consumption of fish and marine sources of 

omega-3(as important factors to increase the 

HDL cholesterol levels) is low  in Iranian 

population especially elderly people[49]. This 

matter also may be affected the serum glucose, 

because some studies demonstrated the 

beneficial effects of omega-3 fatty acids on the 

impaired glucose tolerance or the  risk of 

diabetes[50, 51].While we not able find the 

statistically associated between aMED adherence 

and high glucose level. Moreover, in this present 

study the intakes of meat and process meat are 

high in the tertiles of aMED adherence.  There 

are some evidences that showed meat and 

processed meat have undesirable effects on 

glucose metabolism[52, 53].  

The MED has  many of the characteristics of 

the DASH (Dietary Approaches to Stop 

Hypertension) diet,such as the great intakes of 

vegetables and fruits[54]. So far some articles 

have described an inverse association between 

MED adherence and blood pressure[54, 55]. In 

contrast to mention studies we have not 

documented the significant association between 

aMED adherence and blood pressure. The 

potassium and magnesium, which were found in 

abundance in fruits and vegetables can affect the 

blood pressure[56, 57], studies suggest that 

calcium is also largely implicated in regulating 

blood pressure[58]. Although the calcium 

intakes of elderly participants in our study 

increased with enhancement of adherence to the 

aMED, but the difference of calcium intakes 

among three groups was not significant. Also in 

this present study, the consumption of high fat 

dairy products in higher adherence to aMED was 

higher than other groups. The more consistent 

finding was observed in relation to the effect of 

low-fat dairy products on hypertension [53, 59]. 

Low-fat dairy products are established 

hypotensive properties because of rich in 

calcium, potassium and magnesium[60]. Despite 

this contradiction between the results of the 

metabolic syndrome components and aMED 

scores in our study, the association of the 

adherence to the aMED and the risk of metabolic 

syndrome is statistical. There is no evidence for 

the effects of aMED adherence and incidence of 

metabolic syndrome. Although the recent studies 

indicated that the aMED score has a strong 

association with disease and mortality. Jacobs et 

al. conducted the Multiethnic Cohort study in 

Hawaii and California to survey the association 

of four diet quality indexes with Colorectal 

cancer and all-cause mortality. This study 

demonstrated that only increased adherence to 

aMED among diet quality indexes decreased 

colorectal cancer and mortality in African-

American women [61].  In another Multiethnic 

Cohort study performed by Shvetsov et al., a 

higher aMED score was associated with lower 

risk of CVD and cancer mortality [62]. Since the 

metabolic syndrome is a risk factor for 

cardiovascular disease and mortality[63] 

Somehow, the results of the mentioned 

investigations were in the same line of the 

present study that higher adherence to aMED 

was an associated  with lower risk of metabolic 

syndrome in the elderly population. Chronic 

inflammation plays an important role in 

metabolic syndrome which among inflammatory 

markers hs-CRP, TNF-α, fibrinogen, and IL-6 

are linked with waist circumference, fasting 

insulin, and HOMA-IR in MS subjects [64, 65]. 

The inverse association between aMED and 

metabolic syndrome is likely to be mediated by 

the anti-inflammatory effect of this diet because 

aMED is an anti-inflammatory diet reducing 

concentrations of biomarkers of inflammation 

and endothelial dysfunction such as CRP, IL-6, 

E-selectin, sICAM-1[30, 66]. 

In summary, these findings indicate that the 

altered Mediterranean diet index which is 

characterised by  high consumption of olive oil, 

fruits, vegetables, whole grains, legumes and 

other food components that are rich in nutrients, 

including monounsaturated fat, fibre, Ca, Mg, 

phytooestrogens, antioxidants[67] is beneficial 

for the  reduction  the risk  of metabolic 

syndrome in elderly people.  

 

Limitations  
This is a cross-sectional study, so it could not 

establish causal relationships but only state 

hypotheses about the link between metabolic 

syndrome and alternate Mediterranean diet in 

elderly people. Therefore, the possible modest 

impact of the Mediterranean diet on metabolic 

syndrome components (lipid profile, weight, 

glucose level and blood pressure levels) in 

elderly people should be further investigated by 

randomized clinical trials. Another limitation of 

our study is concerning a possible 

overestimation or underestimation of dietary 
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intakes, because the participants in the study 

were elderly and FFQ is a memory-based 

questionnaire. So that misreporting of food items 

consumed could influence the calculation of the 

diet score and bias the results of the data 

analysis. 

 

Conclusion 

To the best of our knowledge this is the first 

cross-sectional study that shows that this high 

adherence to the alternate Mediterranean dietary 

pattern can reduce the risk of metabolic 

syndrome in elderly people. However, some 

components of metabolic syndrome in this study 

not showed a significant relationship with higher 

adherence to the alternate Mediterranean diet. 

Therefore, further investigation is needed in this 

field. 
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