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Abstract

Physical exercise, in general, promotes the improvement of several metabolic markers in overweight and obese children and 
adolescents, however, the evidence still presents some divergences regarding the impact of different training protocols on metabolic 
syndrome (MS). This systematic review aimed to assess and discuss the impact of different physical exercise protocols on the preva-
lence of MS and its markers in children and adolescents. The study followed the guidelines proposed by PRISMA-E 2012 and searches 
for articles were performed in the electronic database PubMed. As an inclusion criterion, the articles should explore the intervention 
and the impact of physical exercise on MS and its components on children and adolescents. A total of 348 articles were found and, 
after applying the eligibility criteria, 10 studies remained for qualitative analysis. Of the 10 selected studies, 3 used aerobic training 
protocol, 4 applied concurrent training, 2 recreational interventions and only 1 resisted training. Regardless of the protocol, physi-
cal exercise is a fundamental tool in maintaining several blood biomarkers and body composition, although protocols with aerobic 
exercises have shown good results. However, further investigations are still needed.
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Introduction
Studies have shown a strong association between obesity and 

other comorbidities such as insulin resistance, dyslipidemia and 
arterial hypertension, which, consequently, increase the risks of 
Cardiovascular Diseases (CVD) [1]. This set of cardiovascular risk 
factors, of metabolic origin, when occurring/developed simultane-
ously, is known as Metabolic Syndrome (MetS) [2]. Data indicate 
that people with MS have a risk of CVD and CVD mortality increased 
by two or more times, in comparison to people without the syn-
drome [3]. This data is alarming, since cardiovascular diseases are 

identified as the chronic non-communicable diseases (NCDs) that 
kill the most people in the world. According to the World Health 
Statistics published by the World Health Organization in 2020, it is 
estimated that in 2016 approximately 17.9 million people lost their 
lives due to cardiovascular diseases, a number that represents 31% 
of all deaths that occurred in the year [4].

Due to the strong association between obesity and the develop-
ment of MS, the early occurrence of overweight in the young popu-
lation is of great concern. The prevalence of childhood obesity has 

Citation: Ewerton Eiti Yamada., et al. “Intervention Protocols for the Treatment of Metabolic Syndrome and its Components in Children and  
Adolescents: A Systematic Review". Acta Scientific Nutritional Health 5.4 (2021): 49-58.



increased at a significant pace in recent years and is considered 
one of the greatest challenges to public health worldwide in the 
21st century. According to data published by the World Obesity 
Federation (WOF) in the Childhood Obesity Atlas, in 2019, about 
150 million children and adolescents around the world were con-
sidered obese, and that number is expected to reach 250 million by 
2030 [5]. Together and not only excluded to the adult population, 
the prevalence of MS has also increased as higher rates of obesity 
in children and adolescents are identified [6], a scenario that may 
be more serious in view of the difficulties in carrying out early di-
agnosis of MS.

In fact, establishing criteria for the diagnosis of MS in childhood 
and adolescence has been a challenge because some components 
of the syndrome may vary according to the individual’s age group 
and, therefore, there are still some divergences in the criteria for 
its definition. These divergences have made it difficult to accu-
rately estimate the prevalence of MS in this population and may 
underestimate the number of cases [7]. However, regardless of the 
criteria used in the definition, overweight and obese children are 
at increased risk of developing future metabolic and cardiovascu-
lar diseases, as well as increase in premature mortality in adult-
hood [8], which has made this population the focus of global public 
health strategies. Thus, the high prevalence of childhood obesity, 
MS and future CVD risk is worrisome and should alert profession-
als who care for children and adolescents, as early intervention in 
the child’s lifestyle is extremely important in order to reduce the 
incidence of these disorders and ensure a healthier adult life [9].

Admittedly, low levels of physical activity and aerobic fitness are 
associated with greater risks of MS and, therefore, physical exer-
cise has a fundamental role in the treatment and prevention of MS 
[10]. Studies that investigated the impact of physical exercise on 
the components of MS concluded that its practice has positive re-
sults on metabolic parameters, reduces blood pressure and insulin 
resistance, in addition to improving well-being and the predisposi-
tion to maintain physical activity in adulthood, guaranteeing lower 
risks of cardiovascular diseases and longer life expectancy [11]. 
Although the practice of physical exercise promotes improvement 
of several metabolic markers in overweight and obese children and 

adolescents [12], the evidence still presents some divergences re-
garding the impact of different training protocols on obesity and 
markers metabolic [13]. In this sense, the objective of this system-
atic review was to assess and discuss the impact of different physi-
cal exercise protocols on the prevalence of MS and its markers in 
children and adolescents.

Materials and Methods
The present study is a systematic review, developed according 

to the guidelines proposed by PRISMA-E 2012 (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyzes) [14].

Search and source of information
Searches for articles were carried out in the electronic database 

PubMed Central - PMC (https://www.ncbi.nlm.nih.gov/pmc/), be-
tween December 2019 and January 2020. To perform the search, 
we used as the main term “Metabolic Syndrome”, associated with 
secondary terms “Children and Adolescents” and “Physical Exer-
cise”.

Eligebility criteria
As an inclusion criterion, it was defined that the articles should 

have an experimental design of an interventional character, involv-
ing obese or overweight children and adolescents, with character-
istics of MS. In addition, studies should mandatorily explore the 
intervention and impact of physical exercise on the prevalence of 
MS and/or its components (obesity, dyslipidemia, glycemia and in-
sulin resistance, blood pressure), with or without multidisciplinary 
intervention (nutritional) and psychological), as long as there was 
no use of medications, in order to ensure that the results were not 
influenced by other therapies, other than behavioral

Studies involving adults were excluded, which investigated only 
the relationship between Physical Fitness and MS and its compo-
nents, incidence, pathophysiology/pathophysiology. No dates and 
language limits were applied. Systematic reviews and meta-analyz-
es were also not included in the data extraction.

Data extraction
After screening, eligibility and inclusion of the studies, the ex-

traction of the relevant data was performed and stored in an Excel 
spreadsheet.
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Results
Study selection

After defining the search strategies, a total of 348 articles were 
found in the PubMed database. Among these, 265 were excluded 
due to the irrelevance of the title and abstract, leaving 83 articles. 
After applying the eligibility criteria, 73 were eliminated for not 
meeting the requirements, leaving 10 for qualitative analysis. The 
selection process is detailed in figure 1.

Figure 1: Diagram of the flow of identification, screening,  
eligibility and inclusion of articles [14].

The description of the studies, detailing the population, the in-
tervention and the outcomes are presented in tables 1, 2, 3 and 4, 
and were divided according to the exercise protocol used.

Concurrent training and metabolic syndrome markers

After reading, four studies were selected that fit the concurrent 
training model, as shown in Table 1. All four studies had interven-
tions by nutritionists and psychologists, in addition to physical ex-
ercise, however, there was no standardization in frequency, dura-
tion and intensity training.

The findings showed a significant impact on obesity, metabolic 
and cardiometabolic risk markers. Although everyone evaluat-
ed the effect of the intervention on MS markers, Bluher and col-
leagues were the only ones who did not show the prevalence of the 
syndrome [15]. In the others, with the exception of Wickham and 
colleagues, which, in contrast, showed an increase in prevalence, 
there was a reduction in the number of subjects with MS by half, 
approximately, at the end of the intervention [16].

Significant reductions in BMI and fat percentage, as well as im-
provements in the lipid profile, represented by a reduction in LDL 
and total cholesterol levels, were present in all studies. Only Mas-
quio and colleagues found increases in HDL [17], while reductions 
in triglycerides found by Bustos and colleagues [18]. As for glucose 
metabolism and insulin resistance, improvements were presented 
in the work of Bluher and colleagues [15] through the OGTT and 
HbA1c curve tests, Bustos and colleagues [18] by measuring blood 
glucose and Masquio and colleagues [17] through HOMA-IR and 
QUICKI. Finally, Bustos and colleagues [18] and Masquio and col-
leagues [17] observed a decrease in systolic and diastolic blood 
pressure.

Resistance training and metabolic syndrome markers

In the search, only Vásquez and colleagues [19] submitted their 
sample to a resistance training model - table 2. The intervention 
also had nutritional and psychological assistance.

The results showed that resistance training can reduce the 
prevalence of MS, improve body composition and physical condi-
tion. After 6 and 9 months of interruption of the intervention, all 
markers returned to baseline, suggesting that, in order to maintain 
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Reference Population
Intervention Results Conclusion

Protocol Intensity Program 
duration

other accom-
paniments

WI-
CKHAM.,  

et al. 2009 
[16]

N = 57  
(14 with MS) 
11-18 years

• Concurrent  
training

• 20-30min aerobic  
exercise + 20-

30min  
resistance exercise

• 1h / day; 3x / 
week

- 6  
months

Nutritional and 
psychological 

guidance

↓ BMI; ↓ Leptin; ↓% 
GC; ↓ Total choles-

terol; ↓ LDL;

At the beginning, 14 
had MS. After 6 mon-

ths, 17 had MS.

New lifestyle modifi-
cation strategies may 
be needed to signifi-

cantly improve cardio-
vascular risk factors 
among adolescents 

with obesity

BLUHER., 
 et al. 

2013 [15] 

N = 115 
7-18 years

• Concurrent  
Training

• 150min / week 
(90 min supervised 

+ 60 min free)

- 12  
months

Nutritional and 
psychological 

guidance

↓ PC; ↓ BMI; ↓ CA; ↓ 
Waist / height ratio; 
↓% GC; ↓ AGL; ↓ GGT; 

↓ OGTT curve; ↓ 
HbA1c

The combined 
exercise / lifestyle 

program KLAKS 
significantly improves 
the markers of obesity 
and glycemic control. 
Impaired cardiome-
tabolic risk markers 

are also favorably 
influenced.

BUSTOS.,  
et al. 2015 

[18]

N = 28  
(10 with SM) 
9,5±2 years

• Concurrent  
training

•50min / day; 2x / 
week

- 8  
months

Nutritional and 
psychological 

guidance

↓ BMI; ↓ CA ↓% GC; 
↓ PAS and PAD; ↓ 

Blood glucose; ↓ CT; 
↓ LDL; ↓ Triglyceri-

des;

Of the 10 that were 
classified with MS, 

only 5 were still clas-
sified with MS after.

The Bright Bodies 
Program produced 

significant and 
positive changes in the 

anthropometric and 
metabolic param-

eters in this group of 
children.

MAS-
QUIO.,  
et al.  
2016  
[17]

N = 108  
(32 com SM) 
15-19 years

• Concurrent  
training

• 30min aerobic 
exercise

• 30min resistance 
exercise

• 60min / day; 3x / 
week

 
50-70%  
VO2max

Every 8 weeks, 
training load 
and volume 

were inversely 
adjusted, ↓ 
number of 

repetitions from 
15 to 20 for 10 

to 12 and 6 to 8, 
respectively, for 

3 sets.

12  
months

Nutritional and 
psychological 

guidance

↓ PC; ↓ BMI; ↓% GC; ↓ 
CA; ↓ leptin; ↓ C-reac-
tive protein; ↓ ICAM; 

↓ PAI-1; ↑ fat-free 
mass; ↓ RI, HOMA-IR, 
QUICKI, ↓ CT; ↑ HDL, 
↓ LDL, Triglycerides, 
PAS and PAD; 55% 
reduction in ado-

lescents diagnosed 
with MS

Interdisciplinary 
therapy is effective 
to control obesity, 

metabolic, inflamma-
tory and cardiometa-
bolic profiles in obese 
adolescents with and 

without metabolic 
syndrome. The modu-
lation of serum fatty 

acids is capable of 
affecting inflammation 

and cardiometabolic 
biomarkers in obese 
adolescents, and it 
is necessary to be 

considered in clinical 
nutritional manage-

ment.

Table 1: Summaries of individual data showing the interventions and outcomes of concurrent training on MS markers.

BMI - Body Mass Index; % GC - Body Fat Percentage; LDL - Low Density Lipoprotein; CT - Total Cholesterol; CA - Abdominal  
circumference; SBP - Systolic Blood Pressure; DBP - Diastolic Blood Pressure; AGL - Free Fatty Acid; PC - Body Weight; OGTT - Oral  

Glucose Tolerance Test; GGT - glutamyl transferase range
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the results obtained, the sustainability of the practice of physical 
exercise is necessary. A reduction in BMI z-score, waist circumfer-
ence was observed, while improvements in the percentage of fat 
occurred only in girls. In a distance traveled test, there was also 
improvement. Although the authors found a reduction in the preva-
lence of MS, data regarding the components of MS (blood glucose, 
triglycerides, HDL and blood pressure) were not exposed.

Reference Population
Intervention Results Conclusion

Protocol Intensity Program 
duration

Other  
follow-ups

VasQUEZ., 
et al. 2013

N = 1118-13 
years

45 min of resistance 
exercise exercises 

performed for 1min 
until muscle fatigue, 

rest for 2 min, 
totaling 3 sets per 
exercise 3x/week

- 3 months Nutritional and 
psychological 

guidance

zIMC; CA; 「%GC (wo-
men); ↑distância under 
runningtest; 「Preva-

lence of MS; after 6 and 9 
months of the end of the 
intervention, all results 

returned to baseline 
values

The sustainability of 
exercise is essential to 
maintain the changes, 
which are verified to 

determine the residual 
effect of exercise on 
body fat, metabolic 

syndrome and physical 
condition.

Table 2: Summary of individual data presenting the interventions and outcomes of resistance training on mS markers.

zBMI - Body Mass Index z-score; %GC - Body FatPercentage; CA - Abdominal Circumference.

Aerobic training and metabolic syndrome markers

Three studies applied the aerobic training model, as detailed in 
table 3. The surveys had no other interventions than aerobic exer-
cise. All authors used heart rate as an intensity control parameter, 
however, each following a specific protocol for intensity, duration 
and frequency of weekly training.

In general, the results showed that aerobic training performed 
at the heart rate corresponding to the zone of greater fat oxidation 
significantly reduces obesity markers and improves the compo-
nents of MS.

As a marker of central obesity, waist circumference showed a 
significant reduction in the three studies and, in two, there were 
improvements in weight and BMI. Reductions in glycemic and tri-
glyceride levels were also present in all studies. On the other hand, 
only two find increases in HDL. Blood pressure was assessed by 
two studies, however, only Ben Ounis and colleagues [20] found 
significant improvements.

Playful training

Finally, two studies applied training in a playful way - table 4. 
In this session, works that used games, sports and school physical 
education as an exercise mode were included, ensuring that the in-
tervention was, for the most part, playful. Both were accompanied 
by nutritional guidance.

Only one of the studies showed the prevalence of MS, however, 
both showed significance in the results regarding metabolic and 
anthropometric markers. Both Chen and colleagues [21], and Nas-
cimento and colleagues [22] observed improvements in BMI, body 
fat percentage, HOMA-IR index, insulin, LDL and total cholesterol.

Significant reductions in waist circumference, blood pressure 
and triglycerides were observed only in the work by Chen and col-
leagues [21].

Discussion
The present study aimed to assess and discuss the impact of 

different physical exercise protocols on the prevalence of MS and/
or its markers in children and adolescents. In general, the results 
presented here show the importance of physical exercise as a non-
pharmacological strategy to reduce the prevalence of MS and its 
impact both on anthropometric parameters and on the cardio-
metabolic health of children and adolescents. Although the focus 
of the analyzes was on the influence of different physical exercise 
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Reference Population
Intervention Results Conclusion

Protocol Intensity Program 
duration

Other  
follow-ups

CHEN., et 
al. 2006

N = 16 (7 
with MS) 

10-17 years

• Supervised activity 
including tennis, beach 
games and fitness exer-

cises • 2 to 2.5 hours 
per day

- 2 weeks Nutritional 
guidance

•PC; 「BMI; 「CA; 
「%GC; 「insulin fasting 

and HOMA-IR; 「CT; 
「LDL; 「Triglycerides; 
「PA. D the 7 individuals 

diagnosed with MS, all 
reversed the case.

These results indicate 
that a strict diet and 

a short-term exercise 
regimen can reverse me-
tabolic syndrome, even 

in young people without 
documented atheroscle-

rosis.
NASCI-

MENT., et 
al. 2014

Longitudinal 
N = 575 - 18 

years

• 3h of school physical 
education• 2 sessions 
(1h each)of training, 

aerobic circuit, strength 
training, coordination 

and balance, games and 
longing• total 5h per 

week

80% of  
FcMáx

8 months Nutritional 
guidance

•BMI; • CT; LDL; • 
Insulin; • HOMA-IR; • 
% GC; ↑Ratio HDL/CT. 
Improvements in BMI 

prevented the reduction 
of adiponectin and cor-

related with increases in 
HMW and MMW

The increase related to 
obesity in mS characte-
ristics may be related to 
lower adiponectin. HMW 

and MMW were the 
multimeters that most 

explained the resources 
of the DM. The interven-
tion program improved 
the lipid profile and IR 

and prevented the reduc-
tion of adiponectin.

Table 4: Summary of individual data presenting the interventions and outcomes of mixed playful training on mS markers.

PC -Body Weight; BMI - Body Mass Index; CA - Circumference Abdominal; %GC - Body Fat Percentage; CT - Total Cholesterol;  
LDL - Low Density Lipoprotein; BP - Blood Pressure.

protocols (concurrent, resistance training, aerobic, mixed play) on 
the prevalence of MS and its impact on clinical markers, the im-
portance of multidisciplinary interventions in this context was also 
observed. Among the ten studies selected for this review, seven in-
cluded other follow-ups, with psychologists, nutritionists or both 
[15-19,21,22], where the majority demonstrated positive results 
on MS. These data suggest that the multidisciplinary intervention 
is efficient to improve the MS, however, it must be well monitored 
in order to avoid failures during the intervention.

Concurrent training

Concurrent training consists of a model where two physical ca-
pacities are worked on in the same training session, for example, 
aerobic strength and endurance. This training model has been the 
subject of many discussions due to possible interference that a 
given stimulus could cause over the other, impairing performance, 
development of strength, power and muscle mass gain. However, 
when it comes to improving health in general, the literature has 

shown that the simultaneous work of aerobic and resistance exer-
cises in the same training session has positively impacted on the 
components of MS improving the anthropometric markers, lipid 
profile [25] and glucose metabolism [26]. In the present review, 
we can see that all studies involving the concurrent training model 
were significant in improving body mass and composition, reduc-
ing BMI and fat percentage, as well as improving lipid profile mark-
ers, meeting what literature has shown in populations without the 
syndrome [25]. As for glucose metabolism and MS prevalence, the 
findings of this review showed significant reductions, except in the 
work of Wickham and colleagues [16] in which the results were 
opposed to the other studies [15,17,18], showing no significant 
change in blood glucose and an increase in the prevalence of the 
syndrome. These data lead us to believe that there was a flaw in the 
study by Wickham and colleagues [16], considering the course and 
the large discrepancy in the results when compared to the other 
studies.
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Thus, the set of findings suggests that when well designed and 
controlled, the concurrent training model can be an effective strat-
egy in the treatment of MS and its components, improving anthro-
pometric markers, glucose metabolism and at least one component 
of the lipid profile. However, despite these improvements, further 
investigations and better controls involving this training model in 
children and adolescents with MS are still needed, as data are still 
scarce and have been shown to be inconsistent.

Resistance training

Although the prescription of aerobic exercises to improve 
health is a common practice, resistance training has become popu-
lar and the subject of studies in recent years. Resistance training 
can be defined as a method that involves the use of resistive loads 
(free weights, weight machines, elastic ropes, medicine ball, body 
weight, etc.) aiming at a variety of objectives, such as improving 
health, improved sports performance, increased muscle mass, 
strength and others.

In addition to aesthetic improvement and physical-sports per-
formance, studies have shown the importance of maintaining ad-
equate levels of muscle mass, as low levels are associated with 
increased risk of cardiovascular disease [27] and cardiometabolic 
risk in adolescents [28], as well as greater risks of type 2 diabetes 
[29] and prevalence of MS in adults [30]. Thus, we can consider 
resistance training as an important tool to reduce the chances of 
cardiovascular events and metabolic disorders, resulting from and 
characteristic of the syndrome, since this practice is widely used to 
maintain and develop muscle volume and improve body composi-
tion. On the other hand, the impact of resistance exercise on lipid 
markers seems inconsistent. However, a systematic review has 
pointed out that resistance training applied at moderate intensity 
(50-85% of 1RM) promotes better effects on the lipid profile when 
compared to higher intensities (> 85% of 1RM) [31].

Regarding the effect of resistance training on arterial hyper-
tension, there is a lack of studies in this regard. In addition, most 
studies have included subjects using antihypertensive drugs whose 
blood pressure is within normal levels, making it difficult to assess 
the real effect of exercise on blood pressure and finding little signif-
icant results. However, Boeno and colleagues [32] when comparing 

two training models, concluded that both resistance and aerobic 
training can promote similar reductions in systolic blood pressure.

Although Vásquez and colleagues [19], have not evaluated the 
gain in muscle mass in their work, observed that resistance train-
ing promoted a reduction in body weight, improvements in physi-
cal conditioning and a reduction in the prevalence of MS. In addi-
tion, they observed that 6 and 9 months after ceasing exercise, the 
gains obtained regressed close to the baseline, suggesting the need 
for constant exercise to ensure that the results are sustained. An-
other limitation of the work by Vásquez and colleagues [19] is due 
to the fact that they did not show results for blood markers and 
blood pressure, making it impossible to compare data with other 
findings. Although the authors indicate resistance training to re-
duce the prevalence of MS, we emphasize that the works found in 
the literature are insufficient and there is a need for more research 
in this sense for a more conclusive result.

Aerobic training

Aerobic training is characterized by performing rhythmic con-
tinuous exercises that involve large muscle groups whose energy 
production depends, predominantly, on aerobic metabolism, that 
is, it depends on the presence of oxygen to extract energy in the 
form of adenosine triphosphate of carbohydrates, fatty acids or 
amino acids. Aerobic training promotes adaptations in the cardio-
vascular system, improving the function and size of the heart and 
arteries, as well as the increase of vessels in the skeletal muscle, 
reflecting both in the improvement of aerobic power and physical 
performance, as well as in cardiovascular health [32]. Some au-
thors have shown an inverse association between cardiorespira-
tory fitness and MS, reinforcing the importance of works that op-
timize VO2Máx [34]). Therefore, the better the cardiorespiratory 
fitness, the lower the chances of developing MS.

Recently, Houzelle and colleagues [35], also showed that aerobi-
cally trained people have improved oxidative capacity and sensitiv-
ity to muscle insulin due to adaptations in mitochondrial dynamics, 
suggesting that the practice of aerobic exercises may act in glyce-
mic control and increase fat oxidation. These findings support the 
results found in the present systematic review, where we can ob-
serve improvements in glycemic control, in the lipid profile, as well 
as an increase in the fat oxidation rate.
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Although aerobic exercise is often recommended to control 
blood pressure, only Ben Ounis and colleagues [20] found signifi-
cant reductions in blood pressure levels. However, we noticed that 
in other studies, the subjects’ blood pressure was already at normal 
levels, thus not showing any significant reductions.

Playful mixed training

In the scope of physical exercise, training is understood as an or-
ganized and systematic practice aiming at physical improvement, 
in order to improve the ability to perform tasks that involve motor 
demands. However, when aimed at children and adolescents, the 
application of playfulness in training can make the practice more 
attractive and stimulating, ensuring greater participation by the 
participants.

Although few studies are performed with games and games, our 
findings showed the relevance of interventions with games, sports 
and physical education at school. Chen and colleagues [21] submit-
ted their sample to a protocol based on beach games and sports. 
After the short-term intervention, the authors showed significant 
improvements in anthropometric and cardiometabolic measures 
and a significant reduction in the prevalence of MS. Still with a pro-
posal of a playful character, involving school physical education, 
Nascimento and colleagues [22] despite not having a prevalence 
of MS, they showed that school physical education promotes im-
provement in body composition, lipid profile, metabolism and glu-
cose control. Although we have not found other works in the same 
direction, we can conclude that an active childhood, even with sim-
ple recreational games and school physical education, can reverse 
metabolic diseases.

One of the limitations of the present review was the difficulty in 
grouping the results of the different studies for a deeper analysis. 
The heterogeneity of the diagnostic protocols used, varying from 
definitions proposed by the International Diabetes Federation 
- IDF [36] and WHO [37] made it impossible to perform a meta-
analysis due to inconsistent results. The lack of consensus on which 
definition of the syndrome should be applied has been reported in 
another study [38] and remains a challenge for carrying out more 
elaborate studies. 

A definition frequently used for children and adolescents is pro-
posed by the IDF, in which abdominal obesity is considered a man-
datory condition for diagnosis [36]. For the Federation, children 
under 10 years old cannot be diagnosed with MS, but their family 
members should be alerted about the state of overweight/obesity. 
For children over 10 and under 16, the diagnosis is made by the 
presence of abdominal obesity (percentile ≥90) together with two 
or more clinical changes, such as triglycerides ≥150mg/dL, HDL 
cholesterol <40 mg/dL, systolic blood pressure ≥130/diastolic ≥85 
mm Hg, plasma glucose ≥100mg/dL or type 2 diabetes mellitus. 
For adolescents over 16 years old, the same criteria are used for 
adults. In view of the vast number of definitions (more than 40) 
and the lack of consensus between the agencies, the prevalence of 
MS is underestimated or overestimated, depending on which defi-
nition is used. Therefore, in addition to just diagnosing a patient, it 
is important to individually assess each cardiometabolic and bio-
chemical risk factor related to the syndrome [38].

Conclusion

Anyway, the outcomes presented here make it evident that, re-
gardless of the protocol, physical exercise is a fundamental tool in 
the maintenance of various blood biomarkers and body composi-
tion and, consequently, this maintenance will positively imply in 
the improvement of MS in children and adolescents. Furthermore, 
the importance of an early intervention, in childhood and adoles-
cence, whether multidisciplinary or not, is also recognized, adopt-
ing an active lifestyle and healthy eating habits because, if serious 
measures are not taken, the prevalence of related pathologies obe-
sity will be increasing. Although there is a need for further inves-
tigation, especially with resistance training, protocols with aerobic 
exercises have stood out and shown good results, even without any 
other type of intervention. However, we know that nutritional and 
psychological monitoring can be tools of great importance in the 
treatment process and change of habits.

Acknowledgements
This research was possible thanks to the financial support of 

the Instituto Cesumar de Ciência, Tecnologia e Inovação (ICETI), 
Maringa, Paraná, Brazil. 

Conflict of Interest

The authors declare no conflict of interest.

56

Intervention Protocols for the Treatment of Metabolic Syndrome and its Components in Children and Adolescents: A Systematic Review

Citation: Ewerton Eiti Yamada., et al. “Intervention Protocols for the Treatment of Metabolic Syndrome and its Components in Children and  
Adolescents: A Systematic Review". Acta Scientific Nutritional Health 5.4 (2021): 49-58.



Bibliography

1. Murni I K., et al. “Risk of metabolic syndrome and early vas-
cular markers for atherosclerosis in obese Indonesian adoles-
cents”. Pediatrics and International Child Health 40.2 (2020): 
1-7.

2. Grundy S., et al. “Definition of metabolic syndrome. NHLBI/
AHA conference proceedings”. Circulation 109.27 (2004): 433-
438.

3. Mottillo S., et al. “The Metabolic Syndrome and Cardiovascular 
Risk a Systematic Review and Meta-Analysis”. Journal of the 
American College of Cardiology 56.14 (2010): 1113-1132.

4. World Health Organization (WHO). “World Health Statistics 
2020: monitoring health for the SDGs, sustainable develop-
ment goals”. Geneva (2020).

5. World Obesity federation (WOF). “Atlas of Childhood Obesity”. 
London (2019).

6. Ogden C L., et al. “Trends in Obesity Prevalence Among 
Children and Adolescents in the United States, 1988-1994 
Through 2013-2014”. Journal of the American Medical Associa-
tion 315.21 (2016): 2292-2299.

7. Al-Hamada and D RAMAN. “Metabolic syndrome in children 
and adolescents”. Translational Pediatrics 4.4 (2017): 397-
407.

8. Yanovski J A. “Pediatric obesity. An introduction”. Appetite 93 
(2015): 3-12.

9. Deboer M D. “Assessing and managing the metabolic syndrome 
in children and adolescents”. Nutrients 11.8 (2019): 1-12.

10. Neto A S., et al. “Physical activity, cardiorespiratory fitness, and 
metabolic syndrome in adolescents: a cross-sectional study”. 
BMC Public Health 11.674 (2011): 1-7.

11. Brandão A P., et al. “Management of metabolic syndrome in 
young population”. American Journal of Therapeutics 15.4 
(2008): 356-361. 

12. Paes ST., et al. “Efeitos metabólicos do exercício físico na obe-
sidade infantil: uma visão atual”. Revista Paulista de Pediatria 
33.1 (2015): 122-129.

13. Whooten R., et al. “Physical activity in adolescents and chil-
dren and relationship to metabolic health”. Current Opinion in 
Endocrinology, Diabetes and Obesity 26.1 (2019): 25-31.

14. Welch., et al. “Extending the PRISMA statement to equity-fo-
cused systematic reviews (PRISMA-E 2012): explanation and 
elaboration”. Journal of Clinical Epidemiology 70 (2016): 68-
89.

15. Blüher S., et al. “The one-year exercise and lifestyle interven-
tion program KLAKS: Effects on anthropometric parameters, 
cardiometabolic risk factors and glycemic control in childhood 
obesity”. Metabolism 63.3 (2014): 422-430.

16. Wickham E P., et al. “Prevalence of the Metabolic Syndrome 
Among Obese Adolescents Enrolled in a Multidisciplinary 
Weight Management Program: Clinical Correlates and Re-
sponse to Treatment”. Metabolic Syndrome and Related Disor-
ders 7.3 (2009): 179-186.

17. Masquio DCL., et al. “The Role of Free Fatty Acids in the In-
flammatory and Cardiometabolic Profile in Adolescents With 
Metabolic Syndrome Engaged in Interdisciplinary Therapy”. 
The Journal of Nutritional Biochemistry 33 (2016): 136-144.

18. Bustos., et al. “Impacto del programa de manejo de la obesidad 
Bright Bodies aplicado a niños y adolescentes chilenos”. Revis-
ta Médica de Chile 143.9 (2015): 1136-1143.

19. VÁSQUEZ F., et al. “Efecto residual del ejercicio de fuerza mus-
cular en la prevención secundaria de la obesidad infantil”. Nu-
trición Hospitalaria 28.2 (2013): 333-339.

20. Ben Ounis, O., et al. “Exercise improves the ApoB/ApoA-i ratio, 
a marker of the metabolic syndrome in obese children”. Acta 
Paediatrica 99.11 (2010): 1679-1685.

21. Chen A K., et al. “Effect of a short-term diet and exercise in-
tervention on metabolic syndrome in overweight children”. 
Metabolism Clinical and Experimental 55.7 (2006): 871-878.

22. Nascimento H., et al. “Adiponectin and Markers of Metabolic 
Syndrome in Obese Children and Adolescents: Impact of 8-mo 
Regular Physical Exercise Program”. Pediatric Research 76.2 
(2014): 159-165.

57

Intervention Protocols for the Treatment of Metabolic Syndrome and its Components in Children and Adolescents: A Systematic Review

Citation: Ewerton Eiti Yamada., et al. “Intervention Protocols for the Treatment of Metabolic Syndrome and its Components in Children and  
Adolescents: A Systematic Review". Acta Scientific Nutritional Health 5.4 (2021): 49-58.

https://pubmed.ncbi.nlm.nih.gov/31775576/
https://pubmed.ncbi.nlm.nih.gov/31775576/
https://pubmed.ncbi.nlm.nih.gov/31775576/
https://pubmed.ncbi.nlm.nih.gov/31775576/
https://www.sochob.cl/pdf/sindrome_metabolico/Definition%20of%20Metabolic%20Syndrome.pdf
https://www.sochob.cl/pdf/sindrome_metabolico/Definition%20of%20Metabolic%20Syndrome.pdf
https://www.sochob.cl/pdf/sindrome_metabolico/Definition%20of%20Metabolic%20Syndrome.pdf
https://pubmed.ncbi.nlm.nih.gov/20863953/
https://pubmed.ncbi.nlm.nih.gov/20863953/
https://pubmed.ncbi.nlm.nih.gov/20863953/
https://apps.who.int/iris/handle/10665/332070
https://apps.who.int/iris/handle/10665/332070
https://apps.who.int/iris/handle/10665/332070
https://jamanetwork.com/journals/jama/fullarticle/2526638
https://jamanetwork.com/journals/jama/fullarticle/2526638
https://jamanetwork.com/journals/jama/fullarticle/2526638
https://jamanetwork.com/journals/jama/fullarticle/2526638
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5682379/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5682379/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5682379/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4546881/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4546881/
https://pubmed.ncbi.nlm.nih.gov/31382417/
https://pubmed.ncbi.nlm.nih.gov/31382417/
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-674
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-674
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-674
https://pubmed.ncbi.nlm.nih.gov/18645340/
https://pubmed.ncbi.nlm.nih.gov/18645340/
https://pubmed.ncbi.nlm.nih.gov/18645340/
https://www.scielo.br/pdf/rpp/v33n1/pt_0103-0582-rpp-33-01-00122.pdf
https://www.scielo.br/pdf/rpp/v33n1/pt_0103-0582-rpp-33-01-00122.pdf
https://www.scielo.br/pdf/rpp/v33n1/pt_0103-0582-rpp-33-01-00122.pdf
https://journals.lww.com/co-endocrinology/Abstract/2019/02000/Physical_activity_in_adolescents_and_children_and.7.aspx
https://journals.lww.com/co-endocrinology/Abstract/2019/02000/Physical_activity_in_adolescents_and_children_and.7.aspx
https://journals.lww.com/co-endocrinology/Abstract/2019/02000/Physical_activity_in_adolescents_and_children_and.7.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4599721/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4599721/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4599721/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4599721/
https://pubmed.ncbi.nlm.nih.gov/24405751/
https://pubmed.ncbi.nlm.nih.gov/24405751/
https://pubmed.ncbi.nlm.nih.gov/24405751/
https://pubmed.ncbi.nlm.nih.gov/24405751/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3135889/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3135889/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3135889/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3135889/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3135889/
https://pubmed.ncbi.nlm.nih.gov/27155920/
https://pubmed.ncbi.nlm.nih.gov/27155920/
https://pubmed.ncbi.nlm.nih.gov/27155920/
https://pubmed.ncbi.nlm.nih.gov/27155920/
https://scielo.conicyt.cl/scielo.php?script=sci_arttext&pid=S0034-98872015000900006
https://scielo.conicyt.cl/scielo.php?script=sci_arttext&pid=S0034-98872015000900006
https://scielo.conicyt.cl/scielo.php?script=sci_arttext&pid=S0034-98872015000900006
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S0212-16112013000200010
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S0212-16112013000200010
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S0212-16112013000200010
https://pubmed.ncbi.nlm.nih.gov/20594189/
https://pubmed.ncbi.nlm.nih.gov/20594189/
https://pubmed.ncbi.nlm.nih.gov/20594189/
https://pubmed.ncbi.nlm.nih.gov/16784957/
https://pubmed.ncbi.nlm.nih.gov/16784957/
https://pubmed.ncbi.nlm.nih.gov/16784957/
https://pubmed.ncbi.nlm.nih.gov/24819375/
https://pubmed.ncbi.nlm.nih.gov/24819375/
https://pubmed.ncbi.nlm.nih.gov/24819375/
https://pubmed.ncbi.nlm.nih.gov/24819375/


23. Kamal N and RAGY M M. “The effects of exercise on C-reactive 
protein, insulin, leptin and some cardiometabolic risk factors 
in Egyptian children with or without metabolic syndrome”. 
Diabetology and Metabolic Syndrome 4.27 (2012): 27.

24. Zguira M S., et al. “Effect of an 8-week individualized train-
ing program on blood biomarkers, adipokines and endothe-
lial function in obeses young adolescents with and without 
metabolic syndrome”. International Journal of Environmental 
Research and Public Health 16.5 (2019): 751-763.

25. Antunes B M L., et al. “Effect of concurrent training on gender-
specific biochemical variables and adiposity in obese adoles-
cents”. Archives of Endocrinology and Metabolism 59.4 (2015): 
303-309.

26. Bassi D., et al. “Potential effects on cardiorespiratory and met-
abolic status after a concurrent strength and endurance train-
ing program in diabetes patients - a randomized controlled 
trial”. Sports Medicine 2.31 (2016): 1-13.

27. Srikanthan., et al. “Relation of Muscle Mass and Fat Mass to 
Cardiovascular Disease Mortality”. American Journal of Cardi-
ology 117.8 (2016): 1355-1369.

28. Burrows R., et al. “Low muscle mass is associated with cardio-
metabolic risk regardless of nutritional status in adolescents: 
A cross-sectional study in a Chilean birth cohort”. Pediatric 
Diabetes 18.8 (2017): 895-902.

29. Son JW., et al. “Low muscle mass and risk of type 2 diabetes in 
middle-aged and older adults: Findings from the KoGES”. Dia-
betologia 60.5 (2017): 865-872.

30. Carvalho., et al. “Association between skeletal mass indices 
and metabolic syndrome in brazilian adults”. Journal of Clinical 
Densitometry: Assessment and Management of Musculoskeletal 
Health (2020): 1-11.

31. Mann., et al. “Differential Effects of Aerobic Exercise, Resis-
tance Training and Combined Exercise Modalities on Choles-
terol and the Lipid Profile: Review, Synthesis and Recommen-
dations”. Sports Medicine 44.xx (2014): 211-221. 

32. Boeno F P., et al. “Effect of aerobic and resistance exercise 
training on inflammation, endothelial function and ambula-
tory blood pressure in middle-aged hypertensive patients”. 
Journal of Hypertension XX.XX (2020): 2501-2509.

33. Hellsten Y and Nyberg M. “Cardiovascula adaptations to exer-
cise training”. Comprehensive Physiology 6 (2016): 1-32.

34. Wedell-Neergaard AS., et al. “Cardiorespiratory fitness and the 
metabolic syndrome: Roles of inflammation and abdominal 
obesity”. PLoS ONE 13.3 (2018): 1-16.

35. Houzelle, A., et al. “Human skeletal muscle mitochondrial dy-
namics in relation to oxidative capacity and insulin sensitiv-
ity”. Diabetologia (2020).

36. Zimmet P., et al. “The metabolic syndrome in children and ado-
lescents”. Lancet 369.9579 (2007): 2059-2061.

37. Alberti K G and ZIMMET Z. “Definition, diagnosis and clas-
sification of diabetes mellitus and its complications. Part 1: 
diagnosis and classification of diabetes mellitus provisional 
report of a WHO consultation”. Diabetic Medicine 15.7 (1998): 
539-553.

• Prompt Acknowledgement after receiving the article
• Thorough Double blinded peer review
• Rapid Publication 
• Issue of Publication Certificate
• High visibility of your Published work

Assets from publication with us

Website: www.actascientific.com/
Submit Article: www.actascientific.com/submission.php 
Email us: editor@actascientific.com
Contact us: +91 9182824667 

58

Intervention Protocols for the Treatment of Metabolic Syndrome and its Components in Children and Adolescents: A Systematic Review

Citation: Ewerton Eiti Yamada., et al. “Intervention Protocols for the Treatment of Metabolic Syndrome and its Components in Children and  
Adolescents: A Systematic Review". Acta Scientific Nutritional Health 5.4 (2021): 49-58.

https://pubmed.ncbi.nlm.nih.gov/22691465/
https://pubmed.ncbi.nlm.nih.gov/22691465/
https://pubmed.ncbi.nlm.nih.gov/22691465/
https://pubmed.ncbi.nlm.nih.gov/22691465/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427147/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427147/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427147/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427147/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427147/
https://pubmed.ncbi.nlm.nih.gov/26331317/
https://pubmed.ncbi.nlm.nih.gov/26331317/
https://pubmed.ncbi.nlm.nih.gov/26331317/
https://pubmed.ncbi.nlm.nih.gov/26331317/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981628/
https://pubmed.ncbi.nlm.nih.gov/26949037/
https://pubmed.ncbi.nlm.nih.gov/26949037/
https://pubmed.ncbi.nlm.nih.gov/26949037/
https://pubmed.ncbi.nlm.nih.gov/28145023/
https://pubmed.ncbi.nlm.nih.gov/28145023/
https://pubmed.ncbi.nlm.nih.gov/28145023/
https://pubmed.ncbi.nlm.nih.gov/28145023/
https://pubmed.ncbi.nlm.nih.gov/28102434/
https://pubmed.ncbi.nlm.nih.gov/28102434/
https://pubmed.ncbi.nlm.nih.gov/28102434/
https://www.sciencedirect.com/science/article/abs/pii/S1094695019302306
https://www.sciencedirect.com/science/article/abs/pii/S1094695019302306
https://www.sciencedirect.com/science/article/abs/pii/S1094695019302306
https://www.sciencedirect.com/science/article/abs/pii/S1094695019302306
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3906547/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3906547/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3906547/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3906547/
https://pubmed.ncbi.nlm.nih.gov/32694343/
https://pubmed.ncbi.nlm.nih.gov/32694343/
https://pubmed.ncbi.nlm.nih.gov/32694343/
https://pubmed.ncbi.nlm.nih.gov/32694343/
https://pubmed.ncbi.nlm.nih.gov/26756625/
https://pubmed.ncbi.nlm.nih.gov/26756625/
https://pubmed.ncbi.nlm.nih.gov/29590212/
https://pubmed.ncbi.nlm.nih.gov/29590212/
https://pubmed.ncbi.nlm.nih.gov/29590212/
https://pubmed.ncbi.nlm.nih.gov/33258025/
https://pubmed.ncbi.nlm.nih.gov/33258025/
https://pubmed.ncbi.nlm.nih.gov/33258025/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(07)60958-1/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(07)60958-1/fulltext
https://pubmed.ncbi.nlm.nih.gov/9686693/
https://pubmed.ncbi.nlm.nih.gov/9686693/
https://pubmed.ncbi.nlm.nih.gov/9686693/
https://pubmed.ncbi.nlm.nih.gov/9686693/
https://pubmed.ncbi.nlm.nih.gov/9686693/

