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Abstract
Background  There are various pharmacological and non-pharmacological approaches in the management and 
treatment of metabolic syndrome (MetS). We aimed to systematically review the effect of different approaches in the 
management of pediatric MetS.

Methods  A systematic search was conducted in Medline, Scopus, Embase, Web of Science, and Google Scholar up to 
April 15, 2025. All interventional that had assessed the effects of lifestyle modifications in terms of changes in dietary 
habits, increased physical activity, and pharmacological interventions in the management of pediatrics MetS were 
included.

Results  Among 1701 records found in the databases, 31 articles were included. Lifestyle modification, physical 
exercise, and dietary habits alteration were the commonest effective approaches in modulating MetS. The 
Mediterranean and DASH (Dietary Approaches to Stop Hypertension) diets improved the metabolic profile of 
MetS and reduced its prevalence. Metformin was the most frequently prescribed medication that was prescribed 
for pediatric MetS. However, its efficacy alone in comparison to lifestyle modifications remains to be determined. 
The effect of omega-3 supplements on the metabolic profile of MetS cases was inconsistent, but vitamin D 
supplementation was shown to have some favorable effects. Natural products such as fermented camel milk, grape 
juice, and pomegranate juice did not show any significant improvement in pediatric MetS.

Conclusion  Multidisciplinary lifestyle modification is considered the first recommendation for the prevention and 
management of MetS in childhood. Metformin can be an effective adjuvant therapy to lifestyle modifications in some 
cases of MetS, especially in children with other comorbidities.

Trial code  CRD42024502835.
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Introduction
Affecting approximately a quarter of the population, 
metabolic syndrome (MetS) has spread all around the 
world in recent years due to the considerable changes in 
dietary habits and lifestyle. According to the latest meta-
analysis on more than 550,000 youths, the prevalence of 
MetS among children and adolescents was reported to be 
3% and 5%, respectively [1]. As a cluster of various medi-
cal issues that can lead to complications such as diabetes 
mellitus (DM), cardiovascular disease (CVD), metabolic-
associated fatty liver disease (MAFLD), and renal disease, 
the MetS has attracted increased attention through the 
last two decades [2, 3]. MetS is characterized by a set of 
cardio-metabolic risk factors including the presence of 
hypertension, abdominal obesity, high blood sugar levels, 
hypertriglyceridemia, and reduced serum high-density- 
lipoprotein cholesterol (HDL-C) [4]. Although yet, the 
complex pathogenesis of MetS is not fully understood 
[5]. Studies have suggested a strong interaction between 
environmental factors and genetic predispositions in the 
development of MetS [6].

It is important to notice that the criteria used to define 
MetS in adults could not apply to children and adoles-
cents [7]. Although discrepancies exist in various defi-
nitions of the pediatric metabolic syndrome, but the 
components are similar to adults, with variations in the 
cutoff points [8]. Given the increasing prevalence of MetS 
in the pediatric population and the potential long-term 
health risks, understanding its development and manage-
ment is crucial.

A growing body of evidence demonstrated that pedi-
atric MetS tracks to adulthood and increases the risk of 
serious health complications and chronic diseases [9]. 
Early intervention and effective management in child-
hood could significantly reduce the burden of these con-
ditions later in life [10]. However, much of the research 
has focused on adults, with limited data available for 
pediatric populations.

To date, various clinical trials have evaluated the effi-
cacy of different approaches for managing MetS in adults, 
which mainly included weight loss by lifestyle modifica-
tion, pharmacotherapy, and even surgical approaches 
[11–13]. However, this evidence is still scarce in the 
pediatric age group. Moreover, some controversies exist 
regarding the efficacy of some of these approaches. For 
instance, Raub and Goldberg demonstrated that metfor-
min when added to lifestyle modifications, did not show 
any clinically important efficacy compared to lifestyle 
modification alone in a pediatric population with MetS 
[14], whereas Stagi et al. [15] and Fu et al. [16] showed 
the efficacy of it in modulating the metabolic profiles 
of children with MetS. Rabbani et al. indicated no sig-
nificant change in MetS prevalence among elementary 
schoolchildren after 2 years of lifestyle modification [17]. 

In the case of supplement therapy, Ahmadi et al. did not 
find any significant improvement in pediatric MetS com-
ponents after 8 weeks of consuming Omega-3 (2.4 gr/
day) [18]. However, García-López et al. reported signifi-
cant improvement in lipid and glycemic profile as well as 
blood pressure following 1 month of the same interven-
tion [19].

Given the importance of MetS from childhood and the 
controversies regarding its management, we aimed to 
conduct a comprehensive review of different pharmaco-
logical and non-pharmacological approaches in the pre-
vention and management of MetS among children and 
adolescents. This review seeks to summarize the current 
evidence, highlight gaps in the existing literature, and 
provide recommendations for future research and clini-
cal practice.

Methods
Protocol registration
The protocol for this review was developed accord-
ing to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) 2020 guidelines 
[20] and registered on the International Prospective 
Register of Systematic Reviews (PROSPERO) with the 
CRD42024502835 registration code.

Search strategy
A comprehensive literature review was conducted 
through Medline (PubMed), Embase, Web of Science, 
Google Scholar, and Scopus up to April 15, 2025 using 
various combinations of related keywords such as “Pedi-
atrics”, “Child”, “Adolescents”, “Metabolic Syndrome”, 
“Life Style”, “Diet”, “Exercise”, “medication*”, “pharmac*”, 
“drug*”, and “behave*”. The details of the search string for 
each dataset are mentioned in Appendix 1. There is no 
restriction for language, date, or publication status. Fur-
thermore, the reference lists of the retrieved articles and 
the relevant reviews were examined to identify eligible 
studies.

Inclusion and exclusion criteria
All interventional studies assessing different approaches 
including increasing physical activity, reducing seden-
tary behavior, promoting healthy eating habits, and using 
pharmacological interventions to prevent and manage 
MetS occurrence among children and adolescents were 
included. There is no restriction for MetS definition. In 
vitro studies, animal investigations, conference abstracts, 
editorials, book chapters, and studies in languages other 
than English were excluded. Studies on both adults and 
pediatrics and studies with insufficient data or poor qual-
ity were also excluded. After retrieving the search results 
and excluding duplicates, two researchers independently 
screened the titles, abstracts, and full texts according to 
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the prespecified criteria and it was re-checked by another 
reviewer. According to the PICOS framework, the pop-
ulation (P) consisted of pediatric patients with MetS. 
The intervention (I) included various approaches, such 
as lifestyle modifications, dietary interventions, phar-
macological treatments, and supplement consumption. 
The comparison (C) involved evaluating the differences 
between these approaches. The outcome (O) focused 
on changes in the metabolic profile of the patients, 
and the study design (S) encompassed interventional 
investigations.

Data extraction
The data extraction process was conducted indepen-
dently by two reviewers, and their results were compared. 
Any disagreements were resolved through discussion, 
and if consensus could not be reached, a third reviewer 
was consulted to make the final decision. First author’s 
name, publication date, country of research, the exact 
design of the study (blindness and arms of the trial), 
characteristics of enrolled participants, number of par-
ticipants, criteria for MetS diagnosis, type and duration 
of intervention, and the main outcome were extracted.

Quality assessment
The quality of the included articles was evaluated using 
the National Institute of Health (NIH) quality assessment 
tool for controlled intervention studies and before-after 
(pre-post) studies without control group [21]. This scale 
consists of 14 questions for controlled interventional 
studies and 12 items for before-after investigations and 
qualifies studies as poor, fair, or good. Two independent 
reviewers assessed the quality of the studies, and con-
troversies were reconciled via consensus with the third 
reviewer.

Results
Study selection
The study selection process is summarized in Fig. 1. The 
primary search identified 1701 records. After duplicate 
removal, 1225 studies remained for assessment based 
on the title and abstract. After the screening, 44 studies 
were eligible for further evaluation through the full text. 
Two articles have been found in the reference checking of 
the relevant studies and reviews. Finally, 31 studies were 
included in the systematic review.

Study characteristics
The details of the 31 included studies are summarized in 
Table  1. Fourteen studies assessed the efficacy of differ-
ent approaches in the prevalence of MetS [17, 22–34], 
while others evaluated different approaches to change the 
metabolic parameters among cases with MetS [14–16, 
18, 19, 35–46]. Five studies assessed the efficacy of diet 

modification [22, 23, 35–37], four studies physical activ-
ity training [24, 25, 27, 38], three studies pharmacological 
interventions [14–16], nine studies different supplements 
and natural products consumption [18, 19, 33, 41–46], 
and ten studies assessed lifestyle management [17, 26, 
29–32, 34, 39, 40, 47]. Ten research was conducted in a 
before-after manner without control group [16, 24, 26, 
29–32, 34, 36, 40] and others were performed in a con-
trolled intervention design. Included investigations have 
utilized different diagnostic criteria for MetS includ-
ing International Diabetes Federation (IDF) criteria [15, 
18, 23, 25, 27, 29, 32, 34, 35, 39–43, 45, 47], modified 
National Cholesterol Education Program Adult Treat-
ment Panel III (ATP III) [17, 22, 24, 26, 31, 37, 38, 46], 
and adopted World Health Organization (WHO) criteria 
[19, 30]. A few articles used a mixture of different crite-
ria [16, 47]. Included surveys were conducted between 
2006 and 2023 in 12 different countries including eleven 
in Iran [17, 18, 22, 35, 37, 39, 41, 43–46], five in Brazil 
[24, 25, 27, 30, 40], four in the USA [14, 31, 34, 36], three 
in Mexico [19, 23, 26], two in Germany [32, 47], and one 
in Spain [29], Italy [15], Poland [42], China [16], Egypt 
[38], and Saudi Arabia [33]. According to the NIH qual-
ity assessment tool, 20 out of 31 included articles in this 
study qualified as good [15, 17, 19, 22–25, 27, 29, 30, 33, 
35, 37–43, 46], and the rest as fair. Details of the quality 
assessment process are shown in Appendix 2.

According to the available literature, the low number of 
studies on each intervention, the great heterogeneity of 
included studies due to different study designs, MetS cri-
teria, and characteristics of participants persuade us not 
to conduct a meta-analysis.

Diet modification for pediatric MetS
Two studies have assessed the efficacy of the Mediter-
ranean diet for a duration of 12 [35] and 16 [23] weeks. 
Their results demonstrated a significant improvement in 
both the metabolic profile of MetS and a reduction in its 
prevalence among obese children and adolescents. Two 
investigations by the same research group on 6 weeks 
of Dietary Approaches to Stop Hypertension (DASH) 
diet intervention among post-pubescent adolescent 
girls demonstrated a significant reduction in the preva-
lence of MetS compared to usual dietary advice (UDA) 
[22, 37]. However, no significant change was observed 
compared to the baseline levels [22]. They also showed 
a reduction in circulating levels of hs-CRP, but not other 
inflammatory markers among cases with MetS follow-
ing the DASH diet [37]. A before-after trial among obese 
children with MetS suggested a significant improvement 
in lipid profile following 9 days of an isocaloric fructose 
restriction diet [36].
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Physical activity for pediatric MetS
Kamal and Ragy [38] showed that a set of exercises three 
times per week, for twelve weeks by a trained physiolo-
gist, decreased the prevalence of MetS from 12.9 to 7.5%, 
and also significantly improved the metabolic profile and 
inflammatory biomarkers of MetS patients. A study by 
Vasconcellos et al. [27] suggested that a 12-week recre-
ational soccer training (3 times per week), effectively 

reverses the status of MetS among obese adolescents with 
MetS. de Mello et al. [25] showed a significant reduction 
in MetS prevalence and improvement in its components 
following both aerobic training and aerobic plus resis-
tance training. Leite et al. [24] also demonstrated the 
same results after 12 weeks of indoor cycling or outdoor 
walking or running.

Fig. 1  PRISMA flow diagram
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Lifestyle modifications for pediatric MetS
Six studies [26, 29–32, 47] demonstrated a significant 
reduction in MetS prevalence following different types 
of lifestyle modifications (including a mixture of dietary 
modifications, physical activity changes, and loosen-
ing weight) following different durations ranging from 2 
weeks to 12 months. Abrams et al. [34] showed a signifi-
cant reduction in MetS prevalence (1.9 after 4 months) 
after loosening weight through lifestyle modification. On 
the other hand, a study conducted by Rabbani et al. [17] 
did not show a significant change in MetS prevalence 
after 2 years of lifestyle modification (educating students, 
teachers, and parents; changes in food services and phys-
ical activity), compared to its baseline level and even the 
control group. Two of the included records utilized the 
“Obeldicks” lifestyle intervention (a combination of phys-
ical activity, nutrition education, and behavior therapy) 
[32, 47]. Two other investigations indicated the benefi-
cial effects of lifestyle changes in modulating the meta-
bolic parameters of children with MetS [39, 40]. Of note, 
Hakim et al. [39] showed the beneficial effects of diet 
modification and physical activity training both in com-
bination (as a lifestyle modification) and separately.

Pharmacological interventions for pediatric MetS
A before-after trial among adolescents with MetS aged 
over 10 years indicated a significant improvement in 
MetS components following administration of metfor-
min (1000 mg per day) for 3 months [16]. Stagi et al. [15] 
also found the same results following the consumption 
of 1500 mg metformin per day for 12 months. Moreover, 
they suggested that adding 2175  mg of Policaptil Gel 
Retard (PGR) to the mentioned treatment potentiates 
the metformin’s long-term effects for the following 12 
months. Another study by Raub and Goldberg [14] found 
that metformin when added to lifestyle modifications, 
did not show any clinically obvious efficacy compared to 
lifestyle modification alone.

Supplements and natural products for pediatric MetS
Two articles have assessed the efficacy of vitamin D 
supplements [33, 46]. Al-Daghri et al. [33] showed con-
sumption of vitamin D tablets significantly reduced the 
prevalence of MetS, but vitamin D-fortified milk con-
sumption did not show a significant change. Kelishadi et 
al. [46] found a significant reduction in insulin resistance 
and c-MetS following 12 weeks of vitamin D (300000 IU 
per week). Two studies evaluated the effect of Omega-3 
consumption on the metabolic profile of children with 
MetS [18, 19]. Ahmadi et al. [18] showed no significant 
improvement in MetS components after 8 weeks of con-
suming either vitamin E (400 IU/day) or Omega-3 (2.4 
gr/day). However, García-López et al. [19] demonstrated 
a significant improvement in lipid and glycemic profile 

and blood pressure of children with MetS following 1 
month of Omega-3 (2.4 gr/day). Zinc supplementation 
also demonstrated a significant improvement in the met-
abolic profile of prepubescent children with MetS [44]. 
Extracts from Aronia melanocarpa and grape seed were 
found to be effective for children with MetS [42].

Fermented camel milk (FCM) [43], grape juice, and 
pomegranate juice consumption [45] showed no signifi-
cant improvement in the metabolic parameters of MetS.

Discussion
The current study aims to systematically review different 
approaches in the prevention and management of MetS 
among children and adolescents. The efficacy of differ-
ent methods such as diet modification, physical activ-
ity changes, lifestyle modification and multidisciplinary 
therapy, pharmacological interventions, and consuming 
different supplements and natural products has been 
assessed in different settings (Fig. 2). A large number of 
included studies have focused on lifestyle modifications 
and utilizing different supplements and natural products. 
In most studies, lifestyle modifications were found to be 
effective in reducing the prevalence of MetS or modulat-
ing the metabolic profile of MetS cases.

According to the included studies, the Mediterranean 
diet was found to be an effective dietary plan for MetS 
management [23, 35]. To date, different observational 
studies have shown the relationship between adher-
ence to the Mediterranean diet and lower risk of MetS 
incidence among children [48–50]. Martino et al. [49] 
showed that children with poor adherence to this habit 
and lower physical activity levels accompanied by 7 times 
increased possibility of MetS incidence. Mohammadi 
et al. [48] also demonstrated lower odds of being meta-
bolically unhealthy among obese adolescents with higher 
adherence to the Mediterranean diet. The DASH diet was 
also found to be more effective than usual dietary advice 
in lowering MetS prevalence [22]. Higher adherence to 
the DASH diet among children correlates with lower 
odds of developing MetS and modulates different meta-
bolic abnormalities [51].

Different types of physical exercise were found to be 
impressive in lowering MetS prevalence and modulat-
ing its components among children [24, 25, 27, 38]. A 
systematic review conducted by Cao et al. [52] showed 
that aerobic exercise has beneficial effects on lipid pro-
file, blood pressure, and anthropometrics among chil-
dren with MetS, but cannot completely reverse the MetS 
status. According to the WHO guidelines, children and 
adolescents are recommended to do moderate to vigor-
ous-intensity physical exercise for at least 1 h per day [53]. 
After the COVID-19 pandemic era, sedentary behav-
iors increased among children and adolescents [54, 55]. 
A systematic review regarding this issue demonstrated 
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a significant association between lower physical activity, 
increased sedentary time due to COVID-19, and MetS 
among adolescents [56].

Lifestyle modification through different multidis-
ciplinary approaches (a combination of dietary habit 
changes, physical exercise recommendations, and psy-
chological and clinical consultations) was found to be 
the most important intervention for modulating MetS in 
childhood [57]. However, its efficacy varies between dif-
ferent research. To the point that even Rabbani et al. [17] 
show no significant changes in MetS prevalence following 

2 years of lifestyle modification. This variation might be 
due to the methods of lifestyle modification, healthcare 
providers, duration of intervention, and the adherence 
of children and their families to the recommendations. 
Obeldicks lifestyle intervention is a combination of physi-
cal exercise, behavioral and psychological therapy of both 
children and their parents, and nutritional education. 
Studies showed its efficacy in loosening weight [28], and 
thus modulating MetS among obese children [32, 47].

Metformin is the most frequent medication that 
has been prescribed for the management of MetS in 

Fig. 2  Approaches in the management of MetS in pediatrics
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childhood. Fu et al. [16] showed the effectiveness of met-
formin in the management of metabolic profiles of MetS 
when combined with lifestyle modifications. However, its 
efficacy alone in comparison to lifestyle modifications is 
questionable [14]. With all these explanations, it appears 
that metformin could act as an adjuvant alongside life-
style modifications in treating MetS, especially in chil-
dren with additional risk factors such as type 2 DM [15]. 
According to the American Diabetes Association (ADA), 
metformin can be started at a dose of 500–1000  mg 
per day for the first one or two weeks. Then titration of 
the dose can be done weekly over three to four weeks, 
depending on patient tolerance, to a maximal dose of 
1000 mg twice per day [58].

The results surrounding the effect of omega-3 supple-
ment on the metabolic profile of MetS cases are incon-
sistent [18, 19]. Our results go along with a systematic 
review conducted by Tureck et al. [59] on observational 
and interventional studies regarding this issue. Further 
well-designed randomized clinical trials and cohort stud-
ies are needed to better clarify the exact association. 
Vitamin D supplementation has been shown to have 
favorable effects in modulating cardiometabolic factors 
of children with MetS [46] and even reducing its preva-
lence [33]. A systematic review by Rouhani et al. [60] 
indicated that higher levels of serum vitamin D is associ-
ated with lower odds of MetS in children.

Metabolic and Bariatric Surgery is approximately the 
final step in combating metabolic disorders. The Ameri-
can Society for Metabolic and Bariatric Surgery (ASMBS) 
guideline for pediatrics recommended to consider sur-
gery for adolescents between 10 and 19 years old with a 
body mass index (BMI) greater than 35 kg/m2 in the pres-
ence of severe comorbidities such as type 2 DM, obstruc-
tive sleep apnea syndrome, nonalcoholic steatohepatitis, 
or benign intracranial hypertension. Besides, adolescents 
with a BMI higher than 40 kg/m2 and less severe compli-
cations may also be considered for surgery [61].

Strengths and limitations
According to the available literature, actually there is only 
one systematic review [62] that aimed to assess different 
interventions for pediatric MetS; it includes just 9 RCTs 
that were conducted up to 2017. Moreover, they excluded 
before-after investigations and did not include a few rele-
vant studies. This persuaded us to conduct a comprehen-
sive updated review surrounding this issue in different 
databases and fill this gap. In addition to addressing the 
limitations of the previous review, all of the included 
studies in our review were assessed for quality, and we 
ensured that only those with acceptable methodologi-
cal rigor were included. This adds strength to our find-
ings and ensures that the conclusions drawn are based 
on reliable evidence. However, as previously mentioned, 

due to the limited number of high-quality studies avail-
able, we were unable to conduct a meta-analysis. We 
recognize that the absence of this analysis is a limitation 
in our study, but we believe our approach offers valu-
able insights into the existing interventions and lays the 
groundwork for future research in this area. Another 
limitation of our review is the inability to separate the 
data based on pubertal status or age groups (pre-puber-
tal children vs. adolescents) due to the lack of detailed 
information on pubertal status in the included studies. 
Additionally, most studies included both children and 
adolescents, which may have impacted the ability to eval-
uate age-related differences in metabolic outcomes.

Conclusion
Multidisciplinary lifestyle modification through differ-
ent methods was found to be the first recommenda-
tion for preventing and managing MetS in childhood. 
A combination of physical activity, dietary changes, and 
behavioral interventions has been shown to be particu-
larly effective. Mediterranean and DASH diets are effec-
tive dietary habits in modulating MetS. Metformin was 
found to be an effective adjuvant therapy to lifestyle 
modifications in modulating MetS, especially in children 
with other comorbidities such as type 2 DM. Results sur-
rounding the efficacy of omega-3 supplements in MetS 
management are controversial. Vitamin D supplements 
have been shown to possess favorable effects in pediatrics 
MetS. Future clinical trials with long-term follow-ups 
are essential for the evaluation of different management 
methods for pediatric MetS. Additionally, exploring the 
underlying mechanisms of how these interventions influ-
ence MetS will be crucial in developing personalized 
treatment strategies for affected children.
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