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Abstract: Background and aim. This study was conducted to investigate the association of consumption of nuts and dried 

fruits with the risk of metabolic syndrome (MetS) and its components adolescents. Material and Methods. In this cross-

sectional study was conducted in 785 adolescents, aged 10-19 y, participated in the fourth phase of the Tehran Lipid and 

Glucose Study. Demographics, anthropometrics and biochemical measurements were evaluated. MetS and its components 

were defined based on a modified definition of de Ferranti. Usual dietary intakes were assessed using a validated semi-

quantitative food frequency questionnaire. Dried fruits and nuts were included dried figs, raisins, dried berries, peanuts, 

almonds, walnuts, pistachios, hazelnuts and seeds. To determine the prevalence of metabolic syndrome in quartiles of dried 

fruits and nuts consumption, logistic regression models adjusted for confounding variables were used. Results. Mean age and 

body mass index of participants (47% male) was 14.8±2.9 years, and 22.1 ± 4.7 kg/m2, respectively. The prevalence of MetS 

was 22.2% (girls: 19.5% and boys: 25.2%). In the highest compared to lowest quartile of nuts and dried fruits, the prevalence 

of lipid disorders, abdominal obesity and MetS was non-significantly lower. Serum triglycerides significantly decreased across 

increasing consumption of nuts and dried fruits (P<0.05). After adjustment for confounding variables, the odds of MetS in the 

highest compared to the lowest quartile of nuts and dried fruits were 0.65 (95% CI: 0.4-1.1). Conclusion. Increased 

consumption of nuts and dried fruits could have favorable effect in prevention of metabolic syndrome and its components. 
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1. Introduction 

Metabolic syndrome (MetS), a risk factor for development 

of type 2 diabetes and cardiovascular disease, is a cluster of 

metabolic abnormalities including abdominal obesity, impaired 

glucose homeostasis, dyslipidemia and hypertension [1]. 

Studies show that the prevalence of MetS is on the rise with 

progressive increase in the prevalence of overweight and 

obesity. Among the risk factors of metabolic syndrome, diet is 

an important modifiable risk factor [2]. 

Nuts and dried fruits are rich sources of dietary fiber, 

various phytochemicals and essential minerals; studies showed 

that regular consumption of nuts and dried fruits may increase 

satiety and reduce energy intake and decrease the risk of 

obesity and type 2 diabetes [3]. Nuts as an important 

component of the Mediterranean diet could improve insulin 

sensitivity, and reduce the risk of MetS, cardiovascular disease 

and diabetes [4]. However considering the inconsistencies in 

current data, we assessed the association of dried fruits and 

nuts with the risk of MetS and its components in adolescent 

participants of the Tehran Lipid and Glucose Study. 

2. Material and Methods 

Subjects 

The current study, conducted within the framework of the 
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Tehran Lipid and Glucose Study (TLGS), is a prospective 

study aiming to determine the prevalence of risk factors for 

non-communicable diseases and improving lifestyles in order 

to prevent or eliminate risk factors in district 13 of Tehran. 

The first phase of TLGS was cross-sectional, in which 15005 

residents of district 13 of Tehran were selected by a 

multistage cluster, random sampling method between 1999-

2001. In the fourth phase of TLGS (2008-2011), 935 

adolescents, aged 10 to 19 years with complete data were 

enrolled [5]. Participants with incomplete anthropometric 

and biochemical measurement data (n = 8), individuals 

taking drugs that affect the metabolism of glucose, lipids and 

blood pressure, such as steroids, non-steroidal anti-

inflammatory drugs, male and female hormones and thyroid 

hormones (n = 17), individuals with a history of heart disease 

(n = 17), or those on special diets (n = 21), boys with energy 

intake < 800 or > 5000 kcal/d, and the girls with energy 

intake < 600 or > 4500 kcal/d (n = 87) were excluded from 

the analyses [6]. Final analysis was conducted on the data of 

785 participants. 

Anthropometric measurements 

Weight was measured with using digital scales (model 707, 

range 0.1-150 kg, Seca, Hamburg, Germany), with minimally 

participants clothed and without shoes, to the nearest 100 g. 

Height was measured with a tape measure (model 208 

Portable Body Meter Measuring Device; Seca), while the 

subjects were in a standing position with shoulders in a 

normal state and not wearing shoes. Waist circumference 

(WC), parallel to the belly button, was assessed at the end 

of a normal expiration. WC was measured with the use of 

an unstretched tape measure, without any pressure to body 

surface and recorded to the nearest 1 cm, while the person 

was wearing cloth that did not change in waist size [5]. 

BMI was calculated by dividing weight (kg) by the square 

of height (m
2
). Those with BMI < 85th percentile for the 

age and sex of the Iranian population (based on the 

CASPIAN study) were considered normal while subjects 

with a BMI ≥ 85th percentile and < 95th percentile at risk 

for overweight and those with BMI ≥ 95th percentile were 

considered overweight [7]. 

Assessment of dietary intake 

Usual dietary intake was assessed with the use of a 147-

item food frequency questionnaire (FFQ). The FFQ consisted 

of a list of foods with standard serving sizes. Participants 

were asked to report their frequency of consumption of each 

food item during the previous year on a daily, weekly, or 

monthly basis. The reliability of the FFQ was evaluated in a 

randomly chosen subgroup of 132 subjects by comparing 

nutrient consumption ascertained by FFQ responses on 2 

occasions. The correlation coefficients for the repeatability of 

cheese, milk, and yoghurt were 0.73, 0.69, and 0.79, 

respectively. Comparative validity was determined by 

comparison with intakes estimated from the average of 

twelve 24-h dietary recalls (one for each month of the year). 

Overall, these data indicate that the FFQ provides reasonably 

valid measures of the average long term dietary intake [8]. 

Portion sizes of consumed foods were converted from 

household measures to grams [9]. Considering that the 

Iranian food composition table is incomplete [10] in the 

number of food items and micronutrients, for the analysis of 

energy and nutrient intake of most food items, except for 

items like kashk, the USDA food composition table was used 

[11]. In this study, nuts and dried fruits was defined as sum of 

dried figs, raisins, dried berries, peanuts, almonds, walnuts, 

pistachios, hazelnuts and seeds. 

Blood pressure measurement 

Using a mercury sphygmomanometer and the Korotkoff 

sound technique, after resting for at least 5 minutes sitting on 

a chair, blood pressure was measured twice on the right arm, 

with a minimum interval of 30 seconds and an accuracy of 2 

mm Hg; the average of two measurements was considered as 

the final pressure. Systolic blood pressure with the first 

sound to be heard and diastolic blood pressure with the 

disappearance of sound were recorded [5]. 

Biochemical measurements 

All tests were done at the Tehran lipid and glucose 

research center lab on the same day as sampling. From all 

subjects after 12-14 hours of fasting during the night, 

between 7-9 am, venous blood samples were obtained to 

measure blood glucose level and lipid levels including 

triglycerides and HDL-C; samples were centrifuged within 

30-45 minutes of collection. Blood glucose was measured on 

the day of blood collection using the enzymatic colorimetric 

method with glucose oxidase. Serum concentration of 

triglycerides was measured using commercially available 

enzymatic reagents (Pars Azmoon, Tehran, Iran) adapted to 

the Selectra auto analyzer. Inter- and intra-assay CVs were 

1.6% and 0.6% respectively for triglycerides. HDL-C was 

measured after precipitation of the apolipoprotein B with a 

solution of phosphotungstic acid. Inter- and intra-assay CVs 

were 2% and 0.5% for HDL-C, respectively [5]. 

Definition of metabolic syndrome and its components 

In this study MetS in adolescents was defined, based on a 

modified definition of de Ferranti [12], as having at least 3 of 

the following components: Fasting plasma glucose 

concentration ≥ 110 mg/dL, fasting serum triglycerides≥ 100 

mg/dL, HDL-C< 45 mg/dL for boys, aged 15-19 years and 

<50 mg/dL for others; WC≥ 75th percentile for the age and 

sex of Iranian population (based on the CASPIAN study) 

[13]; systolic and diastolic blood pressure> 90th percentile 

for age, sex, and height based on the recommendations of 

National Heart, Lung and Blood Institute. Since WC 

percentiles for Iranian populations have been reported only 

up to the age of 18 years for individuals aged > 18, high WC 

was considered based on the criteria of Iranian adults (> 

95cm in both sexes) [14]. To assess systolic and diastolic 

blood pressure, on the basis of height-for-age charts of CDC 

[15], height percentile was determined for each person for 

ages 1 to 17 years using tables published by the National 

High Blood Pressure Education Program (NHBPEP) 

according to sex, age and height percentile 90th percentile of 

systolic and diastolic blood pressure were obtained [16]. To 

investigate hypertension in persons over 17 years, NCEP 

criteria for adults were used [17]. 
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Statistical analysis 

We used SPSS software (version 16; SPSS Inc, Chicago IL) 

for all statistical analyses. Normal distribution of the data 

was evaluated by diagrams and the Kolmogorov-Smirnov 

test. All components of MetS except triglycerides had normal 

distribution. To comparing quantitative variables between 

subjects with and without MetS and also between genders, 

independent t-test, to compare qualitative variables ratio, the 

Chi-square test, and to adjust for confounding variables, 

covariance analysis (ANCOVA) were used. To calculate the 

odds ratio (95% confidence interval) for the MetS and its 

components in quartiles of nuts and dried fruit, logistic 

regression models with adjustment for age, sex, body mass 

index and energy intake were used. 

3. Results 

Mean ± SD for age of participants (52.9% girls) was 14.8 

± 2.9 years. Mean ± SD for BMI was 22.1 ± 4.7 kg/m
2
. 

Demographic characteristics and components of MetS, in 

adolescent participants, both healthy subjects and those with 

MetS, are shown in Table 1. 

Table 1. Demographic Characteristics and The Components of MetS in Healthy Subjects and Subjects with MetS. 

 

Healthy subjects Subjects with MetS 
P 

(n = 611) (n = 174) 

BMI (kg/m2) 21.1 ± 4.2 25.2 ± 4.4 0.005 

Fasting blood glucose (mg/dL) 91.8 ± 8.1 94.6 ± 7.8 < 0.001 

Triglycerides (mg/dL) 74 (60-94) 131 (113-166) < 0.001 

HDL cholesterol (mg/dL) 52.5 ± 10.3 40.9 ± 6.9 < 0.001 

Waist circumferences (cm) 100 ± 11.6 86.3 ± 10.9 < 0.001 

Systolic blood pressure (mmHg) 66.2 ± 9.4 107 ± 13.0 < 0.001 

Diastolic blood pressure (mmHg) 
 

70.3 ± 11.6 < 0.001 

Data are mean ± SD except for TG. For TG median and interquartile ranges are reported. P value except for TG were obtained by using t-test and for TG was 

obtained by using Mann-Whitney U test. 

The prevalence of MetS and its components across quartiles of nuts and dried fruits consumption are presented in Table 2. 

Across increasing consumption of nuts and dried fruits, the prevalence of abdominal obesity and metabolic syndrome non-

significantly decreased. 

Table 2. Prevalence of MetS and Its Components across Quartiles of Nuts and Dried Fruits Intake. 

Quartiles of nuts and dried fruits 

 Q1 Q2 Q3 Q4 P1 

High blood glucose (%) 1.0 2.1 1.0 1.0 0.74 

High triglycerides (%) 37.4 40.5 32.0 29.7 0.10 

Low HDL-C (%) 56.1 48.2 49.7 49.2 0.39 

Abdominal obesity (%) 55.1 53.3 46.2 47.7 0.23 

Elevated blood pressure (%) 12.1 12.8 6.6 12.8 0.14 

Metabolic syndrome (%) 25.3 25.1 19.3 19.0 0.24 

Lowest to highest quartiles of total nuts and dried fruits intakes were: <5.0, 5.0-8.7, 8.7-15.5, >15.5 g/d respectively 
1
 Chi square test was used to compare the prevalence of MetS and its components across quartile categories of nuts and dried fruits consumption. 

Adjusted mean components of MetS according to quartiles of nuts and dried fruits intake are shown in Table 3. After 

adjustment for age, sex, energy intake, no significant differences in the components of MetS in quartiles of nuts and dried fruits 

were observed; only the concentration of triglycerides significantly decreased in the higher compared the lower quartile of nuts 

and dried fruits intakes. Also with increased intake of nuts and dried fruits, a non-significant decreasing trend was observed in 

waist circumference, systolic and diastolic blood pressure. 

Table 3. Adjusted means for components of MetS across quartiles of nuts and dried fruits intake. 

Quartiles of nuts and dried fruits intake 

 Q1 Q2 Q3 Q4 P1 

Fasting blood glucose (mg/dL) 92.9 ± 0.6 92.4 ± 0.6 91.9 ± 0.6 92.5 ± 0.6 0.70 

Triglycerides (mg/dL) 83(68-118) 93(67-118) 84(62.5-112) 78 (60-108) 0.04 

HDL cholesterol (mg/dL) 49.5 ± 0.8 50.1 ± 0.8 50.2 ± 0.8 49.9 ± 0.8 0.95 

Waist circumference (cm) 78.2 ± 0.8 77.0 ± 0.8 76.3 ± 0.8 75.9 ± 0.8 0.24 

Systolic blood pressure (mmHg) 102 ± 0.9 102 ± 0.8 101 ± 0.9 101 ± 0.8 0.24 

Diastolic blood pressure (mmHg) 67.8 ± 0.7 67.7 ± 0.7 66.0 ± 0.7 66.9 ± 0.7 0.24 

Data are mean ± SD except for TG. For TG median and inter-quartile range is reported. 
1Analysis of covariance with adjustment for age, sex and energy intake was used. P value for TG was obtained using Kruskal Wallis test. 
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The odds (95% CI) of MetS and its components across quartile categories of nuts and dried fruits intake are shown in Table 

4. After adjustment for age, sex, body mass index and energy intake, no significant differences in the risk of MetS and its 

components was observed in the quartile categories of nuts and dried fruits. Across increasing consumption of nuts and dried 

fruits, the odds of MetS and abdominal obesity non-significantly decreased. 

Table 4. Multivariate-Adjusted Odds Ratios and 95% Confidence Interval for MetS and Its Components across Quartiles of Nuts and Dried Fruits Intake. 

Quartiles of nuts and dried fruits intake 

 Q1 Q2 Q3 Q4 P1 

Metabolic syndrome 1.00 0.89 (0.5-1.5) 0.63 (0.4-1.1) 0.65 (0.4-1.1) 0.19 

Abdominal obesity 1.00 0.93 (0.6-1.4) 0.70 (0.4-1.1) 0.74 (0.5-1.1) 0.25 

Low HDL-C 1.00 0.82 (0.5-1.2) 0.88 (0.6-1.3) 0.80 (0.5-1.2) 0.73 

High triglycerides 1.00 1.1 (0.7-1.7) 0.77 (0.5-1.2) 0.70 (0.5-1.1) 0.12 

High blood glucose 1.00 0.98 (0.2-6.4) 0.40 (0.04-3.6) 0.61 (0.1-4.9) 0.75 

Elevated blood pressure 1.00 1.1 (0.6-2.2) 0.53 (0.2-1.1) 1.1 (0.58-2.0) 0.17 

Lowest to highest quartiles of total nuts and dried fruits intake respectively were: <5.0, 5.0-8.7, 8.7-15.5, >15.5 g/d. 

Logistic regression models with adjustment for age, sex, and energy intake were used. 

4. Discussion 

The present study investigated the relationship between 

nuts and dried fruits consumption and MetS and its 

components in 10-19 year old adolescent participants of the 

fourth phase of  the TLGS.  The prevalence of  MetS was 

22.2% (girls: 19.5% and boys: 25.2%). The results showed 

that higher consumption of nuts and dried fruits could have 

an inverse association with metabolic disorders especially 

dyslipidemia and abdominal obesity. 

Similarly, in a cross sectional study no significant 

association was observed between consumption of nuts and 

hyperglycemia, hypertension, serum triglycerides and HDL-

C levels [4]. Several prospective cohort studies show that 

consumption of dried fruits and nuts are inversely associated 

with BMI and risk of obesity [18-21]. Between the years 

1999-2004, in the NHANES cohort, nuts consumption 

associated with a lower incidence of risk factors for 

cardiovascular disease and the MetS [2]. The SUN cohort 

study with a 6 month follow-up, reported that compared to 

those who did not use any nuts, those who consumed > 2 

servings of nuts per week had a 32% lower risk of MetS [22]. 

In the Physicians' Health Study, a lower incidence of 

hypertension was observed in people who regularly 

consumed nuts; however, this association was observed 

mainly among lean subjects (BMI < 25) while in overweight 

and obese subjects there was no correlation [23]; Contrary to 

their study, the SUN cohort study found no association 

between consumption of nuts with hypertension [24]. In the 

NHANES study, the risk of low HDL-C in consumers of nuts 

and peanuts was 20% lower than others [25]. Pooled analysis 

of the recent clinical studies shows that consumption of nuts 

has no effect on HDL-C [26]. 

Nuts are high energy density foods, and approximately 45-

75% of the weight is composed of fat [27]. The fatty acid 

composition of nuts is beneficial because the saturated fatty 

acid content is low (16-4%) and because they are rich in 

mono-unsaturated fatty acids (oleic acid) and 

polyunsaturated fatty acids (linoleic acid) [4, 27]. Nuts are a 

good source of protein (approximately 25% of energy) and 

often have high content of L – arginine, an amino acid which 

is the precursor of the endogenous vasodilator, nitric oxide 

[27]. Nuts are also rich sources of fiber, which ranges from 4 

to 11 grams of fiber per 100 grams of nuts [27, 28]. Nuts 

contain a variety of vitamins (such as folic acid, niacin, 

vitamin E tocopherols and B6) and minerals (such as calcium, 

magnesium, potassium, selenium, and copper) [27, 29]. 

As mentioned nuts contain minerals such as calcium, 

magnesium, and potassium and the sodium content of raw or 

roasted but otherwise unprocessed nuts is very low [30]. 

High intakes of calcium, magnesium, and potassium, 

together with a low sodium intake, are associated with 

protection against arterial hypertension, bone 

demineralization, insulin resistance, and overall 

cardiovascular risk [31]. 

Nuts contain sizeable amount of folate [30], a B-vitamin 

necessary for normal cellular function that plays an important 

role in detoxification homocysteine, a sulfur containing 

amino acid with atherothrombotic properties that 

accumulates in plasma when folate status is subnormal [32]. 

Also nuts contain several bioactive compounds, including 

phytosterols and phenolic compounds, especially Flavonoids 

and proanthocyanidins [27, 29]. 

The mechanism of the action of phytosterols has been 

linked to their hydrophobicity, which is higher than that of 

cholesterol because of a bulkier hydrocarbon molecule and 

entails a higher affinity for micelles than cholesterol. 

Therefore the phytosterols content of nuts contributes to their 

cholesterol-lowering effect [33]. 

The high content of phenolic compounds in nuts, 

particularly in the pellicle, might anticipate an anti-

inflammatory effect of nut consumption [34]. Walnuts have 

more anti-inflammatory effects than other nuts for two 

reasons; Firstly, because they are the only nuts that contain 

substantial amounts of ALA, which is known as one of the 

more anti-inflammatory fatty acids [35, 36], and secondly, 

they are also particularly rich in the phenolic ellagic acid, 

which has shown potent anti-inflammatory properties in 

experimental studies [37, 38]. 

Regarding study strengths and limitation, one limitation of 

this study is its cross-sectional design, which precludes 

inferences on causation relationship between the parameters. 
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Also due to the incomplete Iranian food composition table in 

the number of food items and micronutrients, for most food 

items, except for items like kashk the USDA food 

composition table was used. Although the effect of 

confounders were considered in this study as much as 

possible, but we were unable to control for the effect of 

genetic factors on MetS. The main strength of this study was 

population-based design. 

In conclusion, nuts and dried fruits are nutrient rich foods 

with wide ranging cardiovascular and metabolic benefits, and 

they can readily be incorporated into healthy diets, 

demonstrating that nuts and dried fruits in the diet improve 

nutritional quality [28]. 
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