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The increasing worldwide trend in childhood obesity is a driving force behind 
the increase in  metabolic syndrome (MetS) in adolescents. Although there is no 
clear definition of the pediatric MetS, it is very common among adolescents, 
characterized by insulin resistance (IR), dyslipidemia, abdominal obesity, and 
hypertension—all associated with a high risk of type 2 diabetes mellitus and CVD 
in adulthood. The role of nutritional factors, especially dietary patterns, in the 
development of obesity and MetS is explored. Also, the evidence that 
proinflammatory stressors may predispose to obesity-induced insulin resistance is 
reviewed. The present article examines the notion that decreasing nutritional risk 
factors in dietary patterns and reducing the impact of metabolic and inflammatory 
stressors may reduce the adverse health effects of obesity and slow the progression 
towards the MetS and CVD in adolescents. Evidence from pediatric dietary 
epidemiological and interventional studies that have investigated the potential 
preventive and therapeutic effects of dietary patterns modification is limited. The 
present article reviews the current knowledge about the effects of dietary patterns 
in the pathogenesis and progression of MetS in adolescents.

The overall pathophysiology of the MetS in 
adolescents is similar to adults, although some age-
specific factors exist. For example, in adolescents, a 
hormonal process such as pubertal development may 

Program’s Adult Treatment Panel III (ATP), and the 
World Health Organization (WHO) criteria are 
among the widely accepted classifications. Recently, 
the use of IDF criteria has been suggested [3]. The 
IDF definition of MetS in children and adolescents is 
different according to age groups (6 to <10, 10 to 
<16, and ≥16 years). Below the age of 10 years, the 
MetS is not diagnosed; from 10 to 16 years the 
diagnosis requires the presence of abdominal obesity 
(waist circumference ≥  90th percentile) plus the 
presence of two or more of the following criteria: 
triglycerides ≥  150 mg/dL, HDL-cholesterol <  40 
mg/dL, systolic blood pressure ≥  130 or diastolic 
blood pressure ≥  85 mm Hg, and fasting plasma 
glucose ≥  100 mg/dL or known Type 2 diabetes 
mellitus (T2DM). In adolescents aged ≥ 16 years, the 
IDF adult criteria can be alternatively used [4]. 

The increasing worldwide trend in the prevalence 
of pediatric obesity is one of the most epidemic 
alarming concerns [1]. Childhood obesity, especially 
abdominal obesity, is associated with insulin 
resistance and metabolic syndrome (MetS) in 
adolescence [2]. Although many attempts have been 
made to define MetS in the pediatric population, no 
concrete definition has been proposed to date. 
Indeed, more than 40 definitions have been offered 
for MetS, but none of them has been universally 
accepted [2]. The International Diabetes Federation 
(IDF), the US National Cholesterol Education 
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increase insulin resistance, while pregnancy and 
aging may be the main reasons in adults [5]. One of 
the most effective hormones in adolescence is 
growth hormone (GH). The similarity between the 
characteristics of GH deficiency and MetS have led 
to the hypothesis that abnormalities in GH secretion 
and action may predispose individuals to MetS [5]. 

Sex hormone levels are the other hormonal 
effects related to MetS and may play an important 
role in determining MetS risk among children and 
adolescents. It has been shown that male adolescents 
with MetS have significantly lower sex hormone-
binding globulin and higher free estradiol index 
levels [6]. The etiology of MetS is not completely 
clear; however, the evidence indicates that insulin 
resistance, inflammation, and obesity are three 
principal factors linked to metabolic changes 
contributing to the development of MetS. Diet and 
physical activity are important factors that affect 
these three factors [7]. Aside from restricting total 
calories, manipulation of distribution and type of 
dietary macronutrient has been associated with 
varying degrees of efficacy in prevention of MetS.

One of the most common food constituents 
associated with obesity and MetS is dietary fat. 
Higher dietary fat intake is associated with higher 
prevalence of abdominal obesity, hypertension, and 
impaired fasting glucose [14]. Waist circumference 
shows a positive correlation with visceral adipose 
tissue and a negative association with subcutaneous 
adipose tissue [15]. Several studies have suggested 
that restriction in dietary fat has a positive impact on 
the prevention of the metabolic syndrome [16]. Other 
studies have shown that the amount of dietary fat 
intake is a specific risk factor for abdominal 

Dietary patterns reflect the effect of the diet as a 
whole and, thus, may provide insight beyond the 
effects characterize for single nutrients or foods [8]. 
Some dietary patterns like vegetarian diet reduce 
HDL cholesterol [9]. Unhealthy dietary intakes 
during adolescence contribute to the development of 
early risk factors for chronic disease in adulthood 
[10]. Designing desirable dietary patterns is very 
important in strengthening and promoting public 
health. However, the Western lifestyle has caused an 
increase in obesity in adolescents over the last 
decades and have negatively influenced healthy 
eating behaviors, especially among children and 
adolescents [11]. Childhood obesity, especially 
abdominal obesity, is associated with insulin 
resistance and metabolic syndrome in adolescents 
[12]. Kafeshani et al showed that socio-demographic 
characteristics are related to dietary patterns in 
Iranian adolescents [13]. Thus, some dietary patterns 
comprising different foods are considered in this 
section to evaluate their effects on the incidence of 
MetS in adolescents.

adiposity in adolescence [16,17]. Carlson and 
associates suggested that, to reduce the risk for MetS 
in adolescents, it is more important to emphasize a 
dietary paradigm that promotes inclusion of fiber-
rich, nutrient-dense, plant-based foods instead of 
what foods to restrict or exclude, which is commonly 
done when the focus is on total fat, cholesterol, or 
saturated fat intake [18]. The latest US Department 
of Agriculture Dietary Guidelines emphasizes 
optimizing types of dietary fat rather than decreasing 
total fat intake [19]. In some of the studies, a role for 
fat-soluble vitamins in the prevention of metabolic 
syndrome has been suggested [20].

The present review is now to briefly summarize 
findings from epidemiological and interventional 
studies retrieved from Google Scholar, PubMed, 
Scopus, and Web of Science databases, from 2000 to 
May 2016, using the terms “the metabolic 
syndrome,” “insulin resistance,” “glucose 
metabolism alterations,” “dyslipidemia,” “dietary 
pattern,” and “food pattern” to assess the role of 
dietary patterns in the development of metabolic 
syndrome in adolescents.

The Mediterranean diet and  metabolic 
syndrome in adolescents

The Mediterranean diet (MD) is rich in 
polyunsaturated fatty acids and olive oil and contains 
fish, wheat, olives, grapes, fiber, flavonoids, and 
antioxidants [21]. The beneficial effects of the MD 
have been proven in adults with cardiovascular risk 
factors [22]. Steffen et al showed that the risk of 
developing MetS is lower when consuming a diet 
rich in fruits, vegetables, whole grains, nuts, and fish 
[23]. The MD has been shown to efficiently decrease 
MetS risk by 20% to 43%, regardless of age, sex, 
physical activity, lipid levels, and blood pressure. 
The effect of the MD on cardiometabolic risk factors 
has been assessed in pediatric populations in few 
studies. Velazquez-Lopez and colleagues reported 
that the MD improves BMI, glucose, and lipid profile 
in children and adolescents with obesity and other 
components of MetS [21]. Similarly, in a study on 
362 adolescents aged 12-17, a high adherence to the 
MD was correlated with a low prevalence of the 
MetS [24]. However, Cuenca-Garcia et al showed in 
European adolescents (n = 2340; 12.5-17.5 years) 
that adherence to the MD was inversely related to 
systolic blood pressure, concluding that the MD 
alone is an insufficient contributor to reduced 
adiposity and improved cardiometabolic health in 
adolescents [25]. Grosso et al, in a cross-sectional 
survey of adherence to the Mediterranean diet in 
children and adolescents in Spain, Greece, and Italy, 
found that social and demographic factors were the 
major determinants of adherence. Among the former, 
high socioeconomic and cultural status of 
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participants’ parents (especially mothers) were 
associated with higher adherence [26]. In another 
study, gender, age, and low parental education were 
found to be linked to low adherence to the MD, so 
that male and younger adolescents were more likely 
to have low adherence to the MD [27]. Also, 
Kafeshani et al showed an inverse relationship 
between urbanization and Mediterranean dietary 
patterns and a positive relationship between nutrition 
knowledge and Mediterranean diet in adolescents 
[13]. As Salas-Salvado and colleagues have shown, 
polyphenols play a very important role in the 
prevention of MetS [28]. A summary of the 
mechanisms of the MD impact on components of 

The DASH diet and metabolic syndrome in 
adolescents

The Dietary Approaches to Stop Hypertension 
(DASH) diet, which is rich in vegetables, fruits, 
whole grains, low-fat dairy products, magnesium, 
potassium, calcium, and fiber and low in saturated 
fats, trans fats, and cholesterol, was originally 
proposed by the US National Heart, Lung, and Blood 
Institute to reduce blood pressure [29]. Several 
studies in adults have shown that adherence to a 
DASH diet has positive effects on cardiovascular 

MetS and T2DM are shown in Figure 1. The MD 
improves cardiometabolic health through its rich 
content of phytochemicals and bioactive nutrients, 
with synergistic effects on metabolic pathways. The 
n e t  e f f e c t s  o n  i n t e r m e d i a t e  m a r k e r s  o f 
cardiometabolic disease shown for these nutrients in 
clinical trials include improved lipid profile, 
glycemic control, decreased blood pressure, reduced 
adiposity, and antioxidant and anti-inflammatory 
actions. The overall result is a reduced MetS and 
T2DM risk. Hence, according to studies cited, 
Mediterranean dietary patterns could have a role in 
the prevention and treatment of MetS and its 
components in adolescents.

health, including reduced risk of hypertension, 
T2DM, coronary heart disease, stroke, and overall 
mortality [30]. Besides, the beneficial effect of the 
DASH diet on better glycemic control and liver 
enzymes in T2DM has also been documented [31]. 
Moore et al, using data from 2185 girls followed up 
over 10 years (until the girls were 18-20 years of 
age), showed that adherence to the DASH diet 
prevents high blood pressure in adolescents [32]. 
Similarly, Saneei et al indicated that a DASH eating 
pattern for 6 weeks among adolescent girls with 

Figure 1: A summary of the mechanisms through which the Mediterranian diet impacts components 
of metabolic syndrome and type 2 diabetes
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The Western dietary pattern is high in total fat 
[37] and saturated fatty acids and refined grains, 
which is associated with increased risk of overweight 
in adolescents [9,38] and increased risk of MetS [39]. 
With globalization, Western-style fast food intake is 
increasingly being adopted in developing countries 
[40] due to easy accessibility, familiarity and 
influence of mass media [41]. This low-quality diet 
[42], characterized by high consumption of red 
meat,rans and saturated fats, and high energy density, 
has been known as a predominant factor leading to 
the development of insulin resistance and MetS [43]. 
Nourmohammdi et al showed that low intake of 
saturated fatty acids along with increased intake of 
omega-3 polyunsaturated fatty acids may be useful 
in reducing the risk of MetS and its consequences 
[44]. Marlatt et al studied 367 adolescents (11 to 18 
years old) and showed that fast food consumption 
was associated with higher BMI, body fat, low-
density lipoprotein cholesterol, triglycerides, 
glucose, insulin, HOMA-IR index, and MetS cluster 
score [45]. Ahluwalia et al also indicated that a 
Western dietary pattern was associated with a greater 
risk for MetS in adolescents [46]. Ambrosini showed 
that a higher adherence to the Western dietary pattern 
is associated with greater odds for the MetS and its 
components in adolescents [47]. Similarly, Oddy et 
al indicated that a Western dietary pattern in 14-year-

Günther et al showed that a higher adherence to 
DASH was inversely related to hypertension 
independent of demographic, clinical, and 
behavioral characteristics [34]. Another study on 57 
adolescents  wi th  a  c l in ica l  d iagnosis  of 
prehypertension or hypertension showed that the 
DASH intervention proved more effective than 
nutrition care in improving systolic blood pressure 
and diet quality in adolescents with elevated blood 
pressure [35]. In a cross-sectional study among 2130 
youth with type 1 diabetes, Liese et al found that the 
greater adherence to the DASH diet was inversely 
associated with the LDL:HDL ratio and glycated 
hemoglobin. However, they failed to find significant 
associations with serum triglyceride and LDL-
cholesterol levels [36]. Liese suggested that higher 
levels of adherence to the DASH diet were 
significantly associated with race/ethnicity, higher 
income, not smoking, more vigorous physical 
activity, and less television watching, but not with 
age or gender, in youth with diabetes mellitus. So all 
studies indicated in this paper show that adherence to 
the DASH diet prevents high blood pressure and 
other components of metabolic syndrome in 
adolescents.

The Western diet and metabolic syndrome in 
adolescents

MetS led to a reduced prevalence of MetS [33]. Also, 
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