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Abstract

Context: Given the high prevalence of metabolic syndrome (MetS) among children and adolescents, the role of dietary habits on
MetS development, and formation of food preferences from childhood, it is highly important to determine the association of dietary
habits with pediatric MetS.
Objective: This study aimed at systematically reviewing the association of different dietary patterns with MetS in a pediatric age
group.
Data Sources and Study Selection: An electronic search was conducted in international electronic databases including PubMed,
Cochrane, Scopus, Google Scholar, and domestic data sources. The following keywords were used ;((“Child”(Mesh) OR “Adoles-
cent”(Mesh) AND (“Metabolic Syndrome”(Mesh) AND “Diet”(Mesh) OR “Dietary Pattern” (Mesh)).We included all published data on
the association of MetS (presence of a cluster of 3 or more metabolic abnormalities) with dietary pattern in the pediatric age group
aged 3 to 18 years.
Data Extraction: At first, 4194 articles were identified (PubMed: 566; Scopus: 60; Google scholar: 3550; domestic data source: 18).
Results: After quality assessment, 17 studies were selected for text appraisal, of which 15 qualified articles were evaluated at the final
step. The number of total population and points of data were 19 298. From reported studies, 10 had a cross- sectional design, 3 were
interventional studies, 1 was cohort study, and 1 was a systematic review on Korean adolescents.
Conclusion: Our results indicated that the Mediterranean diet or diets with a higher score of healthy eating index, i.e., with
higher content of grains, vegetables, fruits, milk, and meat/meat alternatives, have inverse associations with the prevalence of MetS,
whereas Western type diets are associated with higher frequency of MetS in children and adolescents.
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1. Context

Metabolic syndrome (MetS) is a clustering of metabolic
risk factors including hypertension, central obesity, dys-
lipidemia, and fasting hyperglycemia, which is associated
with different cardio metabolic disorders in childhood as
well as many noncommunicable diseases (NCD) in adult-
hood (1, 2).

The prevalence of MetS is increasing worldwide in all
age groups, and it is suggested to be mainly due to the nu-
tritional transition state (3).

Prevalence of pediatric MetS has been reported to be 3%
to 4% worldwide. The incidence of MetS has been increas-
ing, especially in developing countries (4, 5).

A growing number of evidences suggest that MetS orig-
inates from early life and is associated with increased risk

of NCDS, and mainly cardiovascular disease (CVD) in adult-
hood (6). Previous reports have indicated that lifestyle in-
cluding nutritional habits and physical activity are consid-
ered as the most important independent risk factors for
MetS (7).

Evaluation of dietary pattern is now considered a more
appropriate approach than evaluating the role of iso-
lated nutrients in this field (8). Different dietary patterns
have been introduced in this regard including Mediter-
ranean dietary pattern (MDP), low carbohydrate diet score
(LCD),Western diet, dietary approaches to stop hyperten-
sion (DASH), etc.(9).

Several studies have documented the effectiveness of
different dietary habits in the management of MetS in pe-
diatric population; however, the results are controversial.
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A systematic review has supported the protective effects
of the MDP on development of MetS (10). In the pediatric
age group, such studies are scarce and inconclusive (11).
Thus, it is a priority to determine the impact of different
dietary patterns on MetS in children and adolescents to de-
sign more interventional studies.

2. Objectives

Given the high prevalence of MetS with its increas-
ing trend among children and adolescents and given the
role of different components of life style including dietary
habits, in this study we aimed at systematically review-
ing the association of different dietary patterns with MetS
among pediatric population.

3. Data Sources

The protocol of this study was approved by the pedi-
atric and nutrition board reviews and the regional ethics
committee of Isfahan University of Medical Sciences. We
conformed to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) checklist for report-
ing systematic reviews (12).

4. Study Selection

The inclusion criteria for this study were as follows:
(1) human studies; (2) cohort (both prospective and ret-
rospective), systematic reviews, and case-control studies;
(3) studying the association of MetS (presence of a clus-
ter of three or more metabolic abnormalities) with dietary
pattern; (4) participants aged younger than 18 years; and
(5) studies reporting sufficient data including odds ratios,
hazard ratios, and standardized incidence ratio with 95%
confidence interval for calculating a common effect size.
We did not consider any time limitation and included ar-
ticles published in English up to May 2015.

An electronic search was conducted in international
electronic databases including PubMed, Cochrane, Scopus,
and Google Scholar, moreover, Iranmedex, Irandoc, and
Scientific Information Database (SID) were used for Persian
document searches.The following keywords were used:
((“Child” (Mesh) OR “Adolescent” (Mesh) AND (“Metabolic
Syndrome” (Mesh) AND “Diet” (Mesh) OR “Dietary Pattern”
(Mesh)).

5. Data Extraction and Quality Assessment

After reviewing and studying the summary and titles
of all searched articles, the repeated and irrelevant items

were excluded, and then, the full texts of articles were care-
fully studied by researchers. The related articles were se-
lected and the irrelevant ones were excluded.

The quality of the documents was evaluated indepen-
dently by 2 research experts for the objective of each
research project, study method, sample size, sampling
method, data collection tool, variable evaluation status,
and the studied target group. Disagreements were re-
solved by consensus and mutual discussion. Using Cohen’s
kappa statistic (606) (13), the kappa statistic for agreement
for quality assessment was 0.96.

The following information were extracted for each fi-
nally included article: first author, place of the study, year
of publication, study population (including sample size,
age, sex), study design, dietary assessment, definition of
MetS, dietary patterns, and main findings.

6. Results

At first, 4194 articles were identified (PubMed: 566; Sco-
pus: 60; Google scholar: 3550, and Domestic data source:
18). During 3 refined steps and after removing duplicates,
44 articles related to the study domain were selected. Af-
ter quality assessment, 17 studies were selected for text ap-
praisal, of which 15 (7, 14-27) were evaluated at the final step
(Figure 1).

The numbers of total population was 19 298. The age
range of studied population was 3 to 18 years.

From reported studies, 10 had a cross- sectional design
(7, 15-17, 19, 20, 22, 24-26), 3 were interventional studies (14,
23, 27), 1 was a cohort study (18), and 1 was a systematic re-
view (21). Table 1 demonstrates the details of the 15 included
studies.

7. Discussion

In the present study, we systematically reviewed the as-
sociation of dietary pattern with Mets in children and ado-
lescents. Our results indicated that the MDP or diets with a
higher score of HEI contain higher content of grains, veg-
etables, fruits, milk, and meat/meat alternatives have an
inverse association with the prevalence of MetS, whereas
Western diets or diets with similar content are associated
with higher frequency of MetS in children and adolescents.

Dietary modification is the most important compo-
nent in managing MetS. One of the reviewed studies re-
vealed that compared to physical activity, the dietary pat-
tern could have a better effect in the prevention and con-
trol of MetS in children and adolescents (17).

Limitations exist to examine the separate effects of nu-
trients on MetS, this might be because of the correlation
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Figure 1. Flow Diagram of Study Selection

and interaction between some nutrients. When the inde-
pendent variations of the nutrients were entered simulta-
neously into a model, their degree was markedly reduced.
The effect of a single nutrient may be too small to detect,
but the effects of multiple nutrients in a dietary pattern
may be large enough to be detectable (8, 10).

In our literature review, we found some relevant papers
among adult population (29-32) and only 1 review study
among Korean adolescents (21).

A review study that investigated the protective effect of
different dietary patterns against MetS indicated that the
main components of various diets are monounsaturated
fatty acids, omega-3 fatty acids, fruits, vegetables, whole

grains, dairy and dairy components, calcium, vitamin D,
and whey protein, which could explain their potential pro-
tective effects against MetS (28). Almost all studies on adult
populations have supported the protective effect of MDP,
DASH, or other high-quality diets as well as the harmful ef-
fects of the Western diet (28-31).

The results of the current review have also represented
similar results. Most of the reviewed studies had a cross-
sectional design and mostly supported the beneficial effect
of MDP and those with higher score of HEI on the MetS in
the pediatric population (7, 15-17, 19, 20, 22, 24-26).

A study from Iran did not document any association
between the HEI and MetS in females aged 10 to 19 years
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(25). Likewise, the findings of another study from the same
population did not indicate any association between low
carbohydrate diet (LCD) and occurrence of the MetS (26).
Three of the reviewed studies were interventional (14, 23,
27). Chen et al. evaluated the effectiveness of a 14- day
healthy dietary pattern (high-fiber, low-fat, low sodium
diet) with exercise in 16 children, from whom 7 had MetS.
MetS was reversed in all 7 children (14). Saneei et al. in
a randomized cross-over clinical trial compared the out-
come of DASH diet for 6 weeks with usual dietary advice
(UDA).DASH diet had a significant effect in reduction of the
prevalence of Mets (23). Velazquez-Lopez et al. compared
the effectiveness of and Mediterranean style diet (MSD)
with standard diet on the occurrence of MetS. Their result
showed the beneficial effect of MSD on the MetS (27).

The only cohort study, which was included in our re-
view, was conducted by Ambrosini et al. on 593 males and
546 females aged 14 years, and indicated that the Western
dietary pattern is associated with high- risk metabolic clus-
ter (18).

There was no report on the effectiveness of certain di-
etary patterns on MetS in different sexes, ages, and regional
(urban/rural) groups, and most of these studies have eval-
uated the association in the entire population.

The diets reported to have a protective effect on the oc-
currence of pediatric MetS are considered to be plant food
based diets, which are rich in fruits, vegetables, legumes
and whole grains, nuts, low fat dairy products, fish, and
vegetable oils. These foods contain nutrients and fiber that
may have an effect on glucose metabolism and weight reg-
ulation. They are also rich in micronutrients (vitamins,
fatty acids, essential minerals) and other bioactive compo-
nents such as antioxidants, phytoestrogens, and phenolic
compounds that have a protective effect on most of the
chronic disorders including MetS. In fact, the mentioned
healthy diets (DASH,MDP or high-quality diet) are labeled
differently according to the country of origin or study de-
sign, but their main components are similar (32, 33).

In contrast, the most dominant components of West-
ern diets, which are shown to have a direct association
with increased risk of MetS in children and adolescents,
are meat or meat products, sugar-sweetened beverages,
junk foods, refined cereals, sweets, processed and ultra-
processed foods. These foods contain high amounts of sat-
urated fatty acids, simple carbohydrates, fructose, and low
amount of micronutrients and bioactive substances (34,
35).

Given the role of gene-nutrient interaction in the oc-
currence and prevention of MetS, the association between
MetS and ethnic groups and culture and changes in food
preferences, food availability, and the dietary pattern over
time (36-38), it is recommended to provide new dietary pat-

terns that would obtain their main components from the
mentioned healthier diets such as MDP or DASH and have
more complementary items that are derived from the re-
gional studies of each population as well as the findings
of recent studies. Thus, taking such dietary patterns in
early life, which should be updated frequently, would prop-
erly prevent the increasing occurrence of MetS both dur-
ing childhood and adulthood.

It is well established that the major contributors of
MetS are different in various regions and populations (39).
Therefore, it seems that reviewing different reports from
each population and considering their findings in current
healthy diets would be an appropriate approach for each
population.

The limitations of this review should be taken into
account. One of the limitations was the cross- sectional
design of most included studies; such a study design
could not provide enough inferences about causality. The
other limitation was using different definitions for pe-
diatric MetS and different methodologies in mentioned
studies, which result in heterogeneity in our obtained re-
sults. Moreover, using self-reported food frequency ques-
tionnaires for recording the dietary patterns in some stud-
ies as well as questionnaire completed by parents in some
other studies were the other limitations of the current re-
view.

Using various questionnaires for recording dietary in-
formation could be subject of bias, mainly underreporting
of non- healthy foods and over- reporting of healthy foods.

The strength of the current study is that this type of re-
view has not been reported yet among the pediatric popu-
lation. Thus, considering the early origin of many noncom-
municable diseases in adulthood, our data could be used
to design a more interventional study for evaluating the ef-
fectiveness of new dietary patterns based on our results.

8. Conclusion

Reviewing current evidences indicated that dietary
patterns such as Mediterranean and/or DASH, or other di-
etary patterns with higher score of HEI have a protective
effect for occurrence of pediatric MetS, while the Western
dietary pattern is associated with a higher risk of pediatric
MetS. Furthermore, considering the importance of some
components such as unprocessed foods, low salt intake,
and whole grain, which were reported in some studies, it is
recommended to design further interventional studies to
evaluate new healthy dietary patterns with the aforemen-
tioned characteristics.
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