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Introduction

Metabolic syndrome, insulin resistance syndrome, or X syn-
drome are terms used to describe a set of metabolic disorders 
that increase the risk of cardiovascular disease and diabetes. 
These disorders include insulin resistance, high blood pres-
sure, hyperlipidemia (decreased high-density lipoprotein, 
elevated triglycerides), central or visceral obesity, type 2 dia-
betes, and exacerbated cardiovascular disease.1 This syn-
drome was first described in 1988 and its diagnostic criteria 
were determined. Since then, its definition has changed sev-
eral times and now there are various definitions of it.2 It 
should be noted that the presence of two or more metabolic 
disorders along with abdominal obesity suggests metabolic 
syndrome in children and adolescents.3 Obesity is a key risk 
factor for metabolic syndrome, especially abdominal obesity, 

which is a major accelerating factor in preventing cardiovas-
cular disease and type 2 diabetes.4 Overweight and obesity 
are the main features, along with abnormal metabolism of 
glucose, blood lipids, and high blood pressure.5 In addition, it 
occurs due to abdominal obesity, hypertriglyceridemia, and 
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decreased high-density lipoprotein levels.6 As the proportion 
of the obese population continues to rise, the prevalence of 
metabolic syndrome in both children and adolescents is 
increasing.7

The prevalence of metabolic syndrome using the 
International Diabetes Federation (IDF) criteria is 1%–7% 
for all communities and 16%–44% for the population of 
obese or overweight children.8 On the contrary, metabolic 
syndrome is increasing in low- and middle-income coun-
tries.9 According to another study, the prevalence of meta-
bolic syndrome was between 0.3% and 26.4%. As a result, 
the increase in the number of children and adolescents with 
metabolic syndrome depends, in part, on the definition used. 
The IDF definition generally has the lowest prevalence 
(0.3%–9.5%), while the de Ferranti et al. Classification had 
the highest prevalence (4.0%–26.4%).10 In this regard, 
according to the study results by Ahmadi et al.,11 the preva-
lence of metabolic syndrome according to IDF criteria in 
children and adolescents aged 10 to 18 years was 7.6% (9.4% 
in boys and 6% in girls).

On the contrary, the results of another study in Iran 
showed that the prevalence of metabolic syndrome in chil-
dren is 1%–22%.12 In this regard, according to the results of 
a study, the prevalence of metabolic syndrome among ado-
lescents attending public schools in Dubai was 3.7%.13 Also, 
the results of a study showed that the prevalence of meta-
bolic syndrome in the population of Arab children is increas-
ing, so this disorder increased to 11.8% in 2010, 20.1% in 
2015, and 20.6% in 2019.14

Early detection of metabolic syndrome components, 
especially among obese adolescents, is important for pre-
venting cardiovascular complications in adulthood.15 Many 
studies have confirmed that physical inactivity is an impor-
tant factor in the development of chronic diseases such as 
metabolic syndrome, obesity, cardiovascular disease, and 
type 2 diabetes.16 In this regard, according to the results of a 
study, family history of heart disease, living in urban areas, 
having a higher body mass index (BMI), and male gender 
were the main determinants of metabolic syndrome in ado-
lescents.11 On the contrary, the main reasons for the increase 
in the obesity epidemic and the subsequent components of 
the metabolic syndrome in childhood are excessive con-
sumption of fats and fried foods, low fiber intake, overeat-
ing, and low levels of physical activity.17

The results of the study showed a relatively high preva-
lence of metabolic syndrome in Beijing primary school stu-
dents, and the researchers also stated that proper nutrition 
education could reduce the prevalence of the syndrome and 
improve its components.18 In this regard, the results of 
another study showed that a 12-week intervention program 
based on physical activity, mental awareness, and nutrition 
for obese children (between 6 and 16 years old) is effective in 
improving blood sugar and triglyceride levels.19 Research 
findings also show that multivitamin zinc supplementation 
with lifestyle intervention (diet and exercise counseling) has 

a more positive effect on metabolic syndrome risk factors in 
overweight children than lifestyle intervention alone.20

However, the results of another study showed that short-
term (2 weeks) but accurate diet and exercise can eliminate 
the components of the metabolic syndrome in children.21 
Managing a patient with metabolic syndrome requires an 
integrated approach with involvement, a team providing care 
including physicians, nurses, nutritionists, pharmacists, and 
social workers. In this, the nurse plays a pivotal role in 
implementing patient-centered treatment strategies with 
realistic goals and expectations.22

Due to the increasing prevalence of metabolic syndrome 
in the world and in Iran and the lack of implementation of 
the researcher-selected technique in other studies (based on 
the time steps and the necessary follow-up when conducting 
research), researchers decided, in this study, to evaluate the 
effectiveness of physical activity and nutrition counseling 
on the components of metabolic syndrome in children with 
this disorder.

Materials and methods

This study is a Randomized Clinical Trial study 
(IRCT2013110815318N1) that was performed on children 
aged 6 to 12 years with metabolic syndrome referred to a spe-
cialized pediatric clinic in one of the teaching hospitals affili-
ated with Ahvaz Jundishapur University of Medical Sciences. 
Samples were based on inclusion criteria (minimum age of 
child 6 years and maximum 12 years, with the child of pri-
mary caregivers, the willingness of the child and his parents 
to participate in the study and not to use drugs affecting lipid 
metabolism, glucose, and blood pressure) and diagnosis of 
the metabolic syndrome as defined according to the definition 
of the IDF and according to the diagnosis of the relevant phy-
sician. To conduct this research, after obtaining the code of 
ethics (IR.AJUMS.REC.1392.141/CDCRC-9204) from the 
relevant university committee and written consent from the 
parents, as well as obtaining oral consent from the child in the 
presence of two witnesses based on voluntary participation in 
the research, collecting data over 4 months by providing 
information on the details, objectives of the study, and how 
the interventions were conducted.

Stratified random sampling was performed based on age 
and sex. First, according to the educational levels of the pri-
mary school, six age groups including 6–7, 7–8, 8–9, 9–10, 
10–11, and 11–12 years were determined and then based on 
the sample size of 60 people. Considering three intervention 
groups (physical activity counseling group, diet counseling 
group, diet counseling group, and physical activity) and a 
control group, and using mini-tab software, 15 people for 
each group and a total of 60 people Sample title (including 
50% drop in each group) were selected.

It should be noted that the design and implementation 
stages of this study are shown in the concert flow diagram 
(Figure 1).
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The power calculation is as follows:
Sampling was based on 95% confidence and high power 

99% with effect size and with 50% drop in each group 
according to Minitab tool 15 people in each group were con-
sidered. After power analysis, it is 99%

ϕ
σ

2
2

22
=
nD

a

For each category, 10 people, including 5 boys and 5 
girls, were selected in three intervention groups (diet coun-
seling group, physical activity counseling group, diet coun-
seling group, and physical activity) and 15 people in the 
control group.

The data collection method in this study was based on 
interviews with parents and completing a physical activity and 

nutrition questionnaire appropriate to the group, measuring 
blood pressure, blood sugar, high-density lipoprotein, triglyc-
erides, and anthropometric indicators including height, waist, 
and weight.

In this study, data collection tools included three ques-
tionnaires. The demographic and anthropometric informa-
tion registration questionnaire consisted of six questions 
and was organized into two parts. The first part was related 
to the demographic information of the child and her family, 
which examined the age, sex, level of education of the child 
and parents, and other factors. The second part contained 
information about anthropometric measurements, systolic 
and diastolic blood pressure, high-density lipoprotein, tri-
glycerides, and fasting blood sugar. The second question-
naire was related to physical activity, which used the study 
of Pedrosa et al.23 questionnaire and included six questions. 

Assessed for eligibility (n=60)

Excluded (n= 0)
Not meeting inclusion criteria (n= 0)
Declined to participate (n= 0 )
Other reasons (n=0  )

Analysed (n=35) 
Excluded from analysis (give reasons) (n=0)

Physical activity counseling group=12
Diet counseling group=10

Diet counseling group, and physical 
activity=13

Discontinued intervention (give reasons) 
(n=10)

Not participating in more than two educational 
sessions

2Physical activity counseling group=1
0Diet counseling group=1

Diet counseling group, and physical 
3activity=1

Allocated to intervention (n=45)
Received allocated intervention (n=45)

Physical activity counseling group=15
Diet counseling group=15

Diet counseling group, and physical 
activity=15

Lost to follow-up (give reasons) (n= 3)

Reluctance to continue participating in the 
study

Allocated to control (n=15)

Analysed (n=12) 
Excluded from analysis (give reasons) (n=0)

Allocation

Analysis

Follow-Up

Enrollment

Randomized (n= 60)

Figure 1.  Steps of design and implementation of the study.
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For five questions, the answers were set as a 5-point Likert-
type, and the options were assigned from 1 to 5 points 
according to the correct level of the child’s performance, 
and for one of the questions, the answer was set as yes or no, 
which was answered. Yes, one point and no answer was 
given zero points. Physical activity scoring was adjusted as 
scores below 50% weak, 50%–75% moderate, and above 
75% good.

The third diet questionnaire used the child nutrition ques-
tionnaire.24 This questionnaire (which includes 7 domains 
and 31 questions) examined the beliefs and attitudes of par-
ents as well as child nutrition practices, focusing on obesity 
susceptibility in children.25,26 The answers to the question-
naire questions were set as a five-choice Likert-type and the 
options were assigned from 1 to 5 points according to the 
correct level of parental performance for one of the ques-
tions, the answer was set as yes or no, which was answered 
Yes, one point, and no answer was given zero points. Diet 
scoring was set below 50% poor, 50%–75% moderate, and 
above 75% good.

To measure blood pressure in this study, a manual sphyg-
momanometer made by Alpikado company in Japan was 
used; to control the weight, a digital scale made by Seca 
company in Germany was used; a tape measure made in 
China was used to measure height; and a cardio check device 
made in the United States was used to monitor blood sugar, 
high-density lipoprotein, and triglycerides. One week before 
the intervention, anthropometric indices including height, 
weight, waist circumference, as well as blood pressure, 
blood sugar, high-density lipoprotein, and triglycerides were 
measured by the researcher as follows: Children’s blood 
pressure was measured from the right hand after 10 min of 
rest using and before fasting. Then anthropometric indices 
including height, weight, and waist circumference were 
measured.

The weighing was measured with minimum clothing and 
without shoes with an accuracy of 100 g. Height in standing 
position and without shoes so that the heels are stuck 
together; and the hips, back area, and shoulders are placed 
along a straight line in front of the meter attached to the wall; 
and after tangling the gonium with the head, difference with 
an accuracy of 0.5 cm were measured. During normal exha-
lation, the waist circumference was measured (between the 
last rib and the iliac head) while standing. Levels of triglyc-
erides, blood sugar, and high-density lipoprotein were meas-
ured using a capillary blood sample from the fingertip after 
12 h of fasting. The validity and reliability of the physical 
activity questionnaire were confirmed based on the study of 
Pedrosa et al.23 In addition, the validity and reliability of the 
child nutrition questionnaire have been confirmed based on 
the study of Birch et al.24 It should be noted that the question-
naire used in this study has been validated and a pilot study 
was used. So, these two questionnaires were handed over to 
10 faculty members of Ahvaz School of Nursing and 
Midwifery to check the validity of the content and after 

making the necessary corrections, the final version was 
compiled.

To determine the reliability of the data collection tool, 
questionnaires were given to 10 samples. After data collec-
tion, the internal correlation of the data was examined using 
Cronbach’s alpha with a coefficient of 85%. To confirm the 
reliability of the blood pressure measuring instrument, 
another arm mercury sphygmomanometer with the Alpikado 
brand was used and the two pressures obtained from each 
device were compared daily.

To measure the reliability of the scales, a standard 1 kg 
control scale was used daily. To confirm the reliability of the 
instrument for measuring blood lipids and blood sugar, after 
measuring blood lipids and blood sugar once, the same indi-
cators were measured again 20 min later and the two digits 
obtained from the measurement of each item (such as blood 
sugar, high-density lipoprotein, and triglycerides) were com-
pared for similarity. Then, an individual questionnaire for 
each child was completed by the researcher.

The intervention groups included three groups (diet coun-
seling group, physical activity counseling group, diet coun-
seling group, and physical activity) and a control group of 15 
pairs (each pair includes a child and one of his parents) called 
A, B, C, D, respectively.

Group A

The children and their parents were placed in a group based 
on a nutrition education program. Before the intervention, a 
nutrition questionnaire for each child was completed by 
interviewing the parents and filling out the questionnaire by 
the Researcher. Nutrition scoring was done before the inter-
vention based on the nutrition questionnaire and then the 
intervention began. The pieces of training consisted of four 
consecutive sessions with an interval of 1 week and lasting 
120 min, which were determined by the researcher according 
to the studies and the implementation of the child nutrition 
questionnaire.

These sessions included discussions on obesity and child-
hood diseases, healthy eating habits, healthy cooking tech-
niques, and reading food labels. The recommended diet 
included the consumption of carbohydrates and unsaturated 
fats along with increased consumption of vegetables and 
fruits. Healthy foods included whole grains, milk, yogurt, 
green leafy vegetables, fruits, and unhealthy foods including 
fast foods and sweets.27 Educational pamphlets on healthy 
eating were provided to families.

Group B

Children and their parents were placed in a group based on a 
physical activity training program. Before the intervention, 
the physical activity questionnaire for each child was com-
pleted by interviewing the parents and filling out the ques-
tionnaire by the researcher, and the physical activity was 
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scored before the intervention based on the physical activity 
questionnaire. The pieces of training consisted of four con-
secutive sessions with an interval of 1 week lasting 120 min, 
which were determined by the researcher according to the 
studies and the implementation of the physical activity 
questionnaire.

In these sessions, the importance of exercise for children 
and their parents was expressed. They were encouraged to 
use stairs instead of elevators and play outdoors. Attractive 
charts, including 45 min physical activity programs, were 
distributed among families, and parents were given educa-
tional counseling in training sessions. The exercise interven-
tion regimen included 45 min of activity, which included the 
following. (1) Morning exercise regime: 10 min to warm up 
(stretching and strengthening exercises) and then 20 min of 
intense activity such as brisk walking, aerobics, cycling or 
club activities, and other sports activities. (2) Evening exer-
cise regime: 20–25 min of outdoor play or any other sport. 
Children and parents were also asked to limit television 
viewing and video games to reduce sedentary behavior dur-
ing the intervention program.20

Group C

The children and their parents were placed in a group based 
on a nutrition education program and a physical activity edu-
cation program. Before the intervention, the nutrition and 
physical activity questionnaire for each child was completed 
by interviewing the parents and filling out the questionnaire 
by the researcher. Diet and physical activity scoring were 
considered before the intervention based on the diet and 
physical activity questionnaire. The training consisted of 
eight consecutive sessions (lasting 4 weeks and lasting 
120 min), with two sessions per week (one session on nutri-
tion training and the second session on physical activity 
training). In these sessions, children and their parents 
received both group A and group B training. Of course, dur-
ing these sessions, the child’s parents were taught how to fill 
in the child’s diet and physical activity checklists.

Group D

Children and their parents did not receive any formal educa-
tion during this period, only the five risk factors of metabolic 
syndrome were measured at the beginning, during, and after 
the intervention. In addition, after receiving the results and 
completing the study in all three intervention and control 
groups, an educational session was held for the control group 
(providing attractive physical activity charts and educational 
pamphlets on having a healthy diet). After completing the 
educational pieces, to implement the educational pieces in 
daily life, the three test groups were given 4 months of 
opportunities.25 During these 4 months, the researcher made 
telephone calls to the child and his or her family twice a 
week, on two special days previously informed, and answered 

any questions they might have. In addition, a telephone num-
ber was provided to them to contact the researcher in case of 
any problems in implementing the diet and physical activity 
program (formative evaluation). Parents of children were 
also asked to fill out a checklist for their child every week 
according to the test group.

It should be noted that the researcher during the interven-
tion (45 days after the start of the intervention) and after 3 
months of the intervention, at the beginning of the fourth 
month again anthropometric indices including height, weight 
and waist circumference, blood pressure, triglyceride levels, 
high-density lipoprotein, and fasting blood glucose were 
measured from the three intervention groups and the control 
group by the previous method. Also, the child-related ques-
tionnaire (for each group) was completed by the researcher 
through interviews with parents. The scoring of diet and 
physical activity after the intervention was evaluated accord-
ing to the diet and physical activity questionnaire and also 
according to the group of each child. Data analysis was per-
formed using SPSS software version 21 and all variables 
were tested for normality using Kolmogorov–Smirnov test 
before any statistical comparison. Also, the analysis of vari-
ance with repeated measures including sphericity test, epsi-
lon correction factor, and Greenhouse Geiser test was used.

Results

The results of the study showed the comparison of age,  
sex, and duration of breastfeeding in the three intervention 
and control groups, respectively, with p = 0.998, p = 0.997, 
and p = 0.352. No statistically significant difference was 
observed. Therefore, the four groups are homogeneous in 
terms of age, sex, and duration of breastfeeding (Table 1). 
The results of this study showed that the mean abdominal 
obesity of children in the diet counseling and physical activ-
ity group had the highest decrease compared to the control 
group after the intervention (p < 0.001).

The results showed that the mean of hypertension in chil-
dren in the diet counseling and physical activity group had 
the highest decrease compared to the control group after the 
intervention (p < 0.001). The results showed that the mean 
fasting blood sugar of children in the diet counseling and 
physical activity group had the highest decrease compared to 
the control group after the intervention (p < 0.001).

The results showed that the mean of high-density lipopro-
tein in children in the diet counseling and physical activity 
group had the highest increase compared to the control group 
after the intervention (p < 0.001). The results showed that 
the mean of pediatric triglycerides in the diet counseling and 
physical activity group had the highest decrease compared to 
the control group after the intervention (p < 0.001).

Generally comparing the mean of all four groups, it was 
found that the diet and physical activity counseling group 
had the greatest effect on reducing abdominal obesity, reduc-
ing hypertension, lowering fasting blood sugar, increasing 
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mean lipoprotein, and lowering triglycerides. After that, the 
diet counseling group and the physical activity counseling 
group are placed (Table 2).

Discussion

In this study, the effect of both dietary intervention and phys-
ical activity for 4 months on different components of meta-
bolic syndrome was performed. The results of this study 
showed that the implementation of both intervention meth-
ods, that is, diet counseling and physical activity, have a sig-
nificant effect on the components of the metabolic syndrome 
in children of school age. Since the risk factors for metabolic 
syndrome in children are increasing, this study was per-
formed on children aged 6–12 years. As soon as possible, 
the families of affected children with sufficient information 
should start the necessary changes to improve their chil-
dren’s lifestyles. In this regard, Xu et al.28 also chose their 
study in this age range and the results of their study also 
show the early onset of metabolic syndrome in children.

Based on the results of this study, it was found that in the 
three experimental groups (diet group, physical activity 
group, and diet and physical activity group) and control 
group, the number of boy patients was not much different 
from girl patients. The study by Friend et  al.8 noted the 

association between metabolic syndrome and other factors 
including obesity, age, and gender.

Perhaps one of the reasons for this discrepancy is the small 
number of samples in this study. A comparison of the fre-
quency distribution of breastfeeding duration in the three 
intervention groups and control group shows that there is no 
significant difference in the duration of breastfeeding in the 
four groups. The results of several studies confirm that breast-
feeding in infancy is an important protective factor against 
metabolic syndrome in childhood and adolescence.26 A com-
parison of the mean abdominal obesity between the three 
intervention groups (diet group, physical activity group, and 
diet and physical activity group) and control group before, 
during, and after the study shows the diet and physical activ-
ity counseling group had the greatest effect on reducing 
abdominal obesity And then the diet counseling group and the 
physical activity counseling group are placed, respectively. 
Therefore, the results of this study in this regard are consist-
ent with the results of research by Kamal and Ragy. As the 
results of their research also showed that 3 months of exercise 
in two groups of healthy obese children with metabolic syn-
drome reduces abdominal obesity and body weight and 
increases the amount of high-density lipoprotein.16

A comparison of the mean score of hypertension between 
the three intervention groups (diet group, physical activity 

Table 1.  Comparison of age, sex, and duration of breastfeeding in children under three intervention groups (diet, physical activity, diet, 
and physical activity) and control group.

Groups Total p-value

Age (years) Control
N = 12

Diet
N = 10

Physical 
activity
N = 12

Diet and 
physical 
activity
N = 13

6–7 2 2 1 2 7 0.998
7–8 2 2 1 1 6
8–9 2 1 2 2 7
9–10 2 2 2 3 9
10–11 2 2 2 3 9
11–12 2 1 4 2 9
Mean (SD) 8.50 ± 1.784 8.30 ± 1.767 9.25 ± 1.712 8.77 ± 1.691 47
Sex
N = 24

Boy 5
(50)

6
(50)

7
(53.8)

6
(50)

24 0.997

Girl 5
(50)

6
(50)

6
(46.2)

6
(50)

23

Total 10 12 13 12 47
Duration of breastfeeding 6 months 2

(20)
0

(0)
2

(3.15)
3

(25)
0.352

12 months 3
(30)

3
(25)

1
(6.7)

1
(3.8)

18 months 1
(10)

1
(3.8)

0
(0)

0
(0)

2 years 3
(30)

2
(5.16)

7
(8.53)

5
(6.41)

Total 10 12 13 12
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Table 2.  Comparison of the mean and standard error of abdominal obesity, hypertension, fasting blood sugar, high-density lipoprotein, 
and triglyceride in three intervention groups (diet, physical activity, diet, and physical activity) and control group.

Research stages in four groups (intervention and control)/
abdominal obesity

Mean Mean difference Standard error p-value

Control group Before 91.6 0.8 2.8 0.3
During 91.8 2.8 0.3
After 92.4 2.7 0.4

Diet counseling group Before 86.4 −3.5 3.2 <0.001
During 84.7 3.2 <0.001
After 82.9 3.1 <0.001

Physical activity counseling group Before 90.9 −1.9 3.2 <0.001
During 90 3.2 <0.001
After 89 3.1 <0.001

Diet and physical activity counseling group Before 86.4 −4 3.0 <0.001
During 84.3 3.0 <0.001
After 82 2.9 <0.001

Research stages in four groups (intervention and control)/
hypertension

Mean Mean difference Standard error p-value

Control group Before 125.0 2.58 4.7 0.5
During 126.1 4.3 0.4
After 127.5 3.8 0.5

Diet counseling group Before 123.0 −4.2 5.4 0.005
During 121.0 5.0 0.005
After 118.7 4.4 0.002

Physical activity counseling group Before 128.0 −3.4 5.4 0.005
During 126.4 5.0 0.005
After 124.5 4.4 0.002

Diet and physical activity counseling group Before 126.0 −8.4 5.1 0.005
During 119.4 4.7 0.005
After 117.6 4.2 0.002

Research stages in four groups (intervention and control)/
fasting blood sugar

Mean Mean difference Standard error p-value

Control group Before 102.6 1.7 2.3 0.6
During 102.7 2.0 0.5
After 104.3 1.9 0.4

Diet counseling group Before 105.9 −13.8 2.7 <0.001
During 98.7 2.4 <0.001
After 92.0 2.9 <0.001

Physical activity counseling group Before 95.0 −11.8 2.6 <0.001
During 89.5 2.2 <0.001
After 83.2 2.1 <0.001

Diet and physical activity counseling group Before 102.8 −16.6 2.7 <0.001
During 95.2 2.4 <0.001
After 86.1 2.9

Research stages in four groups (intervention and control)/
high-density lipoprotein

Mean Mean difference Standard error p-value

Control group Before 37.4 −0.1 1.2 0.3
During 36.9 0.9 0.9
After 37.3 0.9 0.2

Diet counseling group Before 39.1 2.5 1.3 <0.001
During 40.3 1.0 <0.001
After 41.6 1.0 <0.001

Physical activity counseling group Before 40.5 1.1 1.3 <0.001
During 41.2 1.0 <0.001
After 41.6 1.1 <0.001

Diet and physical activity counseling group Before 38.3 2.7 1.3 <0.001
During 40.1 1.0 <0.001
After 41.1 1.1 <0.001

(Continued)



8	 SAGE Open Medicine

Research stages in four groups (intervention and control)/
triglyceride

Mean Mean difference Standard error p-value

Control group Before 152.6 2.8 2.6 0.5
During 153.9 2.2 0.4
After 155.5 2.1 0.4

Diet counseling group Before 160.2 −15.2 3.0 <0.001
During 151.1 2.5 <0.001
After 145.0 2.5 <0.001

Physical activity counseling group Before 154.2 −11.2 3.0 <0.001
During 148.6 2.5 <0.001
After 143.0 2.5 <0.001

Diet and physical activity counseling group Before 157.7 −16.2 2.8 <0.001
During 148.0 2.4 <0.001
After 141.5 2.3 <0.001

Table 2. (Continued)

group, and diet and physical activity group) and control 
group before, during, and after the study shows that the mean 
of hypertension in children in the group of diet and physical 
activity counseling had the highest decrease and after that, 
the diet counseling group and then the physical activity 
counseling group are placed, respectively. It should be noted 
that according to the opinions of researchers so far, the treat-
ment of MetS in childhood and adolescence is largely based 
on lifestyle intervention.29

A comparison of mean fasting blood sugar between the 
three intervention groups (diet group, physical activity 
group, and diet and physical activity group) and control 
group before, during, and after the study shows that the diet 
and physical activity counseling group had the greatest effect 
on lowering fasting blood sugar and then, the diet counseling 
group and the physical activity counseling group are placed, 
respectively. Accordingly, the results of this study are con-
sistent with the study by Khadilkar et  al.,20 which showed 
that diet and exercise modification often have synergistic 
effects on fasting blood sugar and blood pressure.

Comparison of the mean of high-density lipoprotein 
between the three intervention groups (diet group, physical 
activity group, and diet and physical activity group) and con-
trol group before, during, and after the study shows that the 
diet and physical activity counseling group had the greatest 
effect on increasing high-density lipoprotein and then, the 
diet counseling group and the physical activity counseling 
group are placed, respectively. In this regard, the findings of 
this study are consistent with the findings of the study by 
Leão et al.,30 which indicate that interventions with a low-
calorie diet combined with physical activity have better 
results in the treatment of metabolic syndrome.

Comparison of mean triglyceride between the three inter-
vention groups (diet group, physical activity group, and diet 
and physical activity group) and control group before, dur-
ing, and after the study shows that the diet and physical 
activity counseling group had the greatest effect on lowering 
triglycerides and after that, the diet counseling group and the 

physical activity counseling group are placed, respectively. 
In this regard, the results of this study are consistent with the 
results of the research by Khadilkar et  al.,20 which also 
showed that adding exercise to a low-calorie diet improves 
high-density lipoprotein and triglyceride levels.

Although there is no consensus on appropriate strategies 
for the treatment of metabolic syndrome in this regard, few 
studies have been conducted on the effect of both dietary and 
physical activity intervention on the indicators of metabolic 
syndrome, according to which, it seems that both interven-
tion methods performed in this study, when applied together, 
have direct effects on the improvement of various compo-
nents of the metabolic syndrome and ultimately the treat-
ment of the metabolic syndrome. This important action refers 
to confirming the general aspects of lifestyle changes and 
following a healthy, low-calorie diet with exercise to prevent 
metabolic syndrome.

It should be noted that the only limitation of this study 
was the loss of several research samples due to non-partic-
ipation in an educational session. However, the limitation 
would be the sociodemographic details, age groups, or 
sample size. Therefore, it is suggested that researchers con-
sider more samples to conduct such studies. Also recom-
mended to provide an educational and practical guide to 
school principals in recognizing this metabolic disorder 
and proper implementation of diet and physical activity 
counseling to prevent this metabolic disorder. On the con-
trary, citing the results of this study, a general guide must 
be provided to the health team and those involved in the 
implementation of metabolic syndrome prevention and 
control programs. This is because research results have 
shown that the prevention of any metabolic disorder is 
more effective than its treatment.

Conclusion

The results of this study showed that the simultaneous 
implementation of both intervention methods, both diet 
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counseling and physical activity, has a tremendous effect on 
the components of metabolic syndrome in children with the 
metabolic syndrome of school age. Therefore, due to the 
spread of unhealthy lifestyles, including lack of effective 
physical activity for children, as well as the use of inappro-
priate eating habits, it is expected that the occurrence of 
such chronic diseases in childhood will increase as rapidly 
as possible. In this regard, it can be concluded that provid-
ing coherent and regular counseling on physical activity and 
proper nutrition methods appropriate for childhood, can 
increase knowledge and improve the performance of par-
ents to prevent metabolic syndrome at different ages of 
childhood.
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