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 Purpose: The aim of the study was to determine the effect of nutrition education in the form of DASH diet booklets 

on body mass index, waist circumference, mid-upper arm circumference, and blood pressure in obese 

adolescents. 

Methods: This study was quasi-experimental, which is pre-test and post-test with control group design. The 

number of subjects was 60 respondents. The groups in this study were divided into two; one treatment group and 

one control group. The first group was given a nutrition education intervention with a booklet and the second 

group was not treated. Data analysis used paired t-test and independent t-test (p=0.05; CI=95%), Wilcoxon test, 

Mann-Whitney test, and Spearman rank test.  

Results: There were differences in BMI, waist circumference, mid-upper arm circumference, and significant 

systolic blood pressure in the treatment group after the intervention. The mean average of the treatment group 

decreased significantly; BMI: 0.36±0.05 kg/m2; waist circumference: 0.84±0.14 cm; mid-upper arm circumference: 

0.37±0.63 cm, and systolic blood pressure: 1.13±1.36 mmHg. In the control group the average BMI, waist 

circumference, mid-upper arm circumference, and systolic blood pressure were increased significantly. The 
treatment group experienced a decrease in energy intake by 524.65±85.77 kcal while physical activity increased 

by 0.635±0.09. Conversely, the control group experienced an increase in energy intake by 147.29±25.18 kcal, while 

physical activity decreased by 0.470±0.08. Changes in energy intake and physical activity between the treatment 

group and the control group were identified as significant correlations (p<0.001). Similar to it, the changes in the 

BMI, waist circumference, mid-upper arm circumference, and significant systolic blood pressure were identified 

as significant correlations (p<0.001). 

Application: The use of booklets can be a solution for the continuation of effective nutrition education as the 

nutritional information becomes easier to be comprehended and adapted by the booklet recipients and used in 

everyday life. 
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INTRODUCTION 

Obesity is a complex and multifactorial disease that can be 

prevented (1), often associated with an increased risk of 

various chronic diseases such as type 2 diabetes (T2D), 

hypertension, and cardiovascular disease (CVD) (2). The 

increasing trend of obesity that occurs in most developed 

countries has begun to stabilize, but the incidence of morbid 

obesity in developing countries has continued to increase, 

including obesity originating from among children and 

adolescents (3). 

Globally, 170 million children (aged <18 years) are 

estimated to be overweight and obese (4). The highest increase 

in the prevalence of obesity in children occurs in low and 

middle-income countries, with an increased rate of up to 30% 

higher than in developed countries (5). In Indonesia, an 

increase in the prevalence of adolescents who are overweight 

can be observed in the range of 2010 to 2018. The prevalence 

of fat in adolescents aged 13-15 years increased from 2.5% 

(2010) to 10.8% (2013) and 16% (2018) consisting of; 11.2% 

overweight and 4.8% are obese, while the prevalence of fat in 

adolescents aged 16-18 years also increased from 1, 4% (2010) 

to 7, 3% (2013) and 13.5% (2018) consisting of; 9.5% are 

overweight and 4% are obese (6-8). Central Java Province is 

one of the provinces that experienced an increase in the 

obesity prevalence of adolescents aged 16-18 years from 1.7% 

(2010) to 3.7% (2018), and very close to the national prevalence 

of 4% (2018). The obesity tends to be more experienced by 

adolescent girls by 4.5%, while in adolescent boys by 3.6% 

(7,8). 

Adolescents tend to develop unhealthy eating habits and 

consume foods with unbalanced nutrients so that they are 

vulnerable to gain weight that exceeds the threshold and even 
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reaches the obesity category based on BMI/U index (9). The 

effects of fatness (overweight) in adolescence can be: (1) 

continue to become obese as an adult (10,11); (2) increase the 

risk of degenerative diseases, such as type 2 diabetes mellitus, 

cardiovascular disease, chronic kidney disease, and cancer 

(12); and (3) increase mortality and early death (13). 

Research shows that hypertension in children and 

adolescents is related to a higher body weight (overweight or 

obese) (14). Children and adolescents generally have blood 

pressure less than 120/80 mmHg; a measurement that is 

considered normal in adults but can indicate hypertension 

problems in children and adolescents depending on age, sex, 

and height. Teenagers are eight times more likely to experience 

an increase in blood pressure that is not screened so that it is 

not detected. It indicates the need for better blood pressure 

monitoring in children and adolescents to prevent long-term 

complications resulting from hypertension (15,16). In addition 

to cardiovascular disease, obesity is also known to have 

relevance to public health, so it requires effective prevention 

strategies to overcome obesity early on, one of which can be 

done through increasing adolescent awareness about the 

importance of nutritional balance (17). 

Nutrition education is conducted to convey the importance 

of fulfilling balanced nutritional needs for teenagers (18) and as 

an effort to achieve balanced nutrition so identifying the 

optimal diet can be applied to prevent the disease progression, 

especially chronic disease that becomes an element of the 

public health effort priority. There has been no effective diet 

recommended for obese adolescents nowadays; the handling 

of nutrition is only limited to a balanced eating 

recommendation with increased physical activity but has not 

provided recommended applied dietary pattern yet (19,20). 

Provide recommendations for an applied diet is one of the 

ways to impart the knowledge and to enhance nutritional 

awareness of adolescents so that from an early age they can 

comprehend the importance of maintaining health through 

balanced nutrition while at the same time they start to adopt a 

healthier eating pattern. 

Dietary Approaches to Stop Hypertension (DASH) is an 

applied dietary pattern that was originally initiated to prevent 

hypertension but later in its development it was recommended 

to be one of the ideal diets for adults (21) and teenagers (ages 

11-17) (22). The DASH diet is indicated to provide potential 

benefits to prevent the development of diabetes mellitus and 

the metabolic syndrome (23) because it is a diet that has high 

intake in the whole grains, fruits, vegetables, low-fat dairy 

products combined with limited consumption of saturated fat 

sources, red meats, sweet foods, and drinks that contain sugar. 

The DASH diet pattern, which is high in fiber, antioxidants, 

unsaturated fats, and the use of low-fat dairy products, can 

support to prevent an increase of blood pressure and increase 

the insulin homeostasis and glucose tolerance (24). 

The use of booklets as an educational media has been 

recommended as an effort to provide health information for 

adolescents related to obesity (25). Research on adolescents 

using media booklets provides an influence in enhancing 

health knowledge in adolescents who are overweight and 

obese (26). The research has not yet concluded whether health 

education with booklet media is appropriate and effective as a 

solution in overcoming nutritional problems associated with 

changes in adolescent eating behavior that has an impact on 

changes in body dimensions of obese adolescents. Therefore, 

researchers are interested in conducting research aiming at 

determining the effect of nutrition education through the DASH 

diet booklet on body mass index (BMI), waist circumference, 

mid-upper arm circumference (MUAC), and blood pressure of 

obese adolescents in the Surakarta State High School. 

MATERIAL AND METHOD 

This study is analytical research with quasi-experimental 

pretest-posttest control group design. The study was 

conducted in August - November 2019 in six Surakarta State 

High Schools, i.e., SMA Negeri 2, SMA Negeri 3, SMA Negeri 4, 

SMA Negeri 5, SMA Negeri 7, and SMA Negeri 8. The population 

in this study were all adolescent girls 14-17 years that fit the 

inclusion criteria. The sample size calculation used open epi 

application and obtained a minimum sample of 27 subjects 

added by 10% drop out so that what is needed in each group is 

30 people. The subject selection of this study used a purposive 

sampling method, and it was obtained 60 people divided into 

two groups: the treatment group and control groups. Subjects 

who followed this study to completion were 30 people in 

treatment groups, and 30 people control groups. The inclusion 

criteria in this study were adolescent girls who were 

categorized as obese based on the results of the BMI 

calculation at ≥ the 95th percentile (or ≥26.3 kg/m2) of 2007 

WHO anthropometric standards, and residing in the Surakarta 

City area. Subjects were excluded from the study if the subject 

was undergoing specific dietary therapies in the treatment of 

the disease, and the subjects were remaining from severe 

infectious diseases in the last 3 (three) months. Meanwhile, the 

subject’s criteria stated to be dropped out if they resign during 

the study. 

Both in the treatment group and control groups, pre-test 

for measurements of body mass index (BMI), waist 

circumference, mid-upper arm circumference (MUAC), and 

blood pressure were conducted. The treatment group was 

treated with booklet of nutrition education, which would be 

accompanied by an explanation of the contents of the booklet 

for ± 20 minutes (frequency once a week was given for four 

weeks). A month after subjects in the treatment group received 

booklet of nutrition education for four weeks, the research 

data was taken in the form of post-test measurements 

including body mass index (BMI) data, waist circumference, 

mid-upper arm circumference (MUAC) and blood pressure on 

treatment group and control groups that were conducted. 

Three kind of research variables were conducted in this 

study; the independent variable, the dependent variable, and 

the intermediate variable. The independent variable in this 

study is nutrition education through booklet, then the 

dependent variables are body mass index, waist 

circumference, upper-arm circumference, and blood pressure 

and the intermediate variables are energy intake and physical 

activity. The contents of the booklet were made by researchers 

from the modification of the booklet material about the Dietary 

Approaches to Stop Hypertension (DASH) diet developed by 

the National Heart, Lung, and Blood Institute (27). The booklet 

encompasses the definition of obesity and how to calculate 

BMI, causes of obesity, the impact of obesity, how to prevent 

obesity, an explanation of unhealthy eating patterns, and how 

to overcome obesity by applying a healthy diet (DASH diet). The 

booklet was given at the beginning after pre-test data was 

taken on the subject of treatment. At the same time, nutrition 

education contents in the booklet were explained to the 
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subject so they aimed to understand the contents of the 

booklet better. 

The BMI variable was measured using a scale (weight) and 

microtoise (height), the waist circumference variable was 

measured using a measuring tape, the mid-upper arm 

circumference variable was measured using a MUAC band, and 

the blood pressure variable was measured using a calibrated 

mercury sphygmomanometer. Energy intake data were 

collected by doing 3 x 24 hours of food-recall, which was 

conducted six times randomly in 4 school days and two days 

off. While physical activity variables were measured using the 

Physical Activity Questionnaire for Adolescents (PAQ-A) 

developed by Kowalski et al. (28) and have been modified into 

Indonesian. 

Data analysis was performed by paired t-test to observe the 

changes in pre-test and post-test in the treatment and control 

groups, then independent t-test to observe differences in the 

treatment and control groups. Besides, a correlation test was 

also conducted to perceive the relationship of changes in 

energy intake and physical activity to changes in body mass 

index (BMI), waist circumference, mid-upper arm 

circumference (MUAC), and obese adolescent blood pressure. 

Research ethics with informed consent, anonymity, 

confidentiality. 

Ethical Clearance 

Ethical clearance was obtained from the Research Ethics 

Commission of Sebelas Maret University, Surakarta, No. 

143/UN27.06/KEPK/2019. 

RESULTS 

Characteristics of Research Subjects 

Homogeneity test results of the research variables in Table 

1 indicate that the characteristics of the subjects in the 

treatment group and the control group are homogeneous or 

the same (p>0.05). The research group has fulfilled the 

requirements of experimental research, which is each research 

group before the research must be equal or comparable. 

The Effects of Nutrition Education on BMI, Waist 

Circumference, Mid-upper Arm Circumference, and Blood 

Pressure 

The results of the paired t-test analysis in Table 2 

demonstrate that the mean BMI, waist circumference, mid-

upper arm circumference, and systolic blood pressure in the 

treatment group experienced a significant decrease (p<0.001) 

after nutrition education intervention was given through a 

booklet. Conversely, in the control group of mean BMI, waist 

circumference, mid-upper arm circumference, and systolic 

blood pressure experienced a significant increase (p<0.001). 

 Table 3 illustrates a significant decrease in BMI, waist 

circumference, MUAC and systolic blood pressure in the 

treatment group with a mean reduction in BMI of 0.36±0.05 

kg/m2, while a decrease in waist circumference of 0.84±0.14 cm, 

a decrease in MUAC of 0.37±0.63 cm and a decrease in systolic 

blood pressure of 1.13±1.36 mmHg. Conversely, in the control 

group, there were increases in BMI, waist circumference, MUAC, 

and blood pressure. Changes in BMI, waist circumference, 

MUAC, and systolic blood pressure between the treatment and 

control groups were identified as significant (p<0.001). 

Table 1. Characteristics of the study subjects before the study (n = 60) 

Characteristics of the subject 
Treatment (n=30) Control (n=30) 

Pc 

Min Max Mean ±SD Min Max Mean ±SD 

Age (year) 15 17 15.93±0.58 14 17 15.83±0.59 0.81 

Body weight (kg) 64.5 89.5 75.83±6.86 65.9 87.0 74.70±5.47 0.12 

Body height (cm) 149.0 169.0 157.08±4.92 147.3 165.0 156.38±5.01 0.93 

BMIa(kg/m2) 28.16 34.54 30.68±1.50 28.06 34.53 30.54±1.60 0.92 

Waist circumference (cm) 78.5 107.0 89.63±7.68 81.0 107.1 89.55±6.00 0.10 

MUACb (cm) 27.0 38.0 32.18±3.03 27.2 36.5 31.55±2.29 0.09 

Systolic blood pressure (mmHg) 102 120 113.67±5.15 100 120 112.40±5.81 0.74 

Diastolic blood pressure (mmHg) 60 80 72.40±5.26 60 80 72.80±5.96 0.43 

Energy intake (kcal) 2230.10 3312.00 2736.89±313.54 2222.50 3120.90 2719.79±245.48 0.10 

Physical activity 1.170 2.840 2.080±0.46 1.161 3.275 2.268±0.53 0.77 
aBMI = Body Mass Index; bMid-upper arm circumference ; cIndependent t-test 

Table 2. Changes in BMI, waist circumference, mid-upper arm 

circumference and blood pressure before and after the 

intervention in the treatment and control groups 

Variable Before After P 

Treatment group 

BMIa(kg/m2) 30.68±1.50 30.31±1.50 <0.001c 

Waist circumference (cm) 89.63±7.68 88.79±7.69 <0.001c 

MUACb (cm) 32.18±3.03 31.76±3.32 0.004c 

Systolic blood pressure (mmHg) 113.67±5.15 112.53±5.11 <0.001d 

Diastolic blood pressure (mmHg) 72.40±5.26 72.7±6.37 0.974d 

Control group 

BMIa (kg/m2) 30.54±1.60 30.83±1.51 <0.001c 

Waist circumference (cm) 89.55±6.00 90.29±6.16 <0.001c 

MUACb (cm) 31.55±2.29 32.01±2.30 <0.001c 

Systolic blood pressure (mmHg) 112.40±5.81 112.93±5.86 0.107d 

Diastolic blood pressure (mmHg) 72.80±5.96 73.13±7.40 0.455d 

aBMI = Body Mass Index; bMid-upper arm circumference; cPaired t-test; 

dWilcoxon test 

Table 3. Changes in BMI, waist circumference, MUAC and blood 

pressure between the treatment and control groups 

Variable 
Change 

P 

Treatment Control 

BMIa(kg/m2) -0.36±0.05 0.29±0.05 <0.001c 

Waist circumference (cm) -0.84±0.14 0.75±0.30 <0.001c 

MUACb (cm) -0.37±0.63 0.47±0.07 <0.001c 

Systolic blood pressure (mmHg) -1.13±1.36 0.53±1.81 <0.001d 

Diastolic blood pressure (mmHg) -0.13±3.06 0.33±3.02 0.948d 

aBMI = Body Mass Index; bMid-upper arm circumference; cIndependent 

t-test; d Mann-Whitney test 
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 The Differences in Energy Intake and Physical Activity 

Table 4 demonstrates a decrease in energy intake and an 

increase in physical activity in the treatment group. Meanwhile, 

in the control group, there was an increase in energy intake and 

decrease physical activity. Energy intake in the treatment 

group after the intervention had a mean of 2212.24±312.15 kcal 

which decreased from the mean before the intervention 

2736.89±313.54 kcal while in the control group had a mean of 

2867.08±249.71 kcal which increased from the initial mean of 

2719.79±245.48 kcal. Physical activity in the treatment group 

had a mean of 2.715±0.47 which increased from the mean 

before intervention 2.080±0.46 while the control group had a 

mean of 1.797±0.56 which decreased from the initial mean of 

2.268±0.53. Changes in energy intake and physical activity in 

the treatment and control groups had significant identified 

differences (p<0.001). 

Table 5 illustrates a significant decrease in energy intake 

and a significant increase in physical activity in the treatment 

group with a mean decrease in energy intake by 524.65±85.77 

kcal, and an increase in physical activity by 0.635±0.09. 

Conversely, in the control group, there was an increase in 

energy intake by 147.29±25.18 kcal, and a decrease in physical 

activity by 0.470±0.08. Changes in energy intake and physical 

activity between the treatment group and the control group 

were identified as significant (p<0.001). 

The Relationship of Energy Intake and Physical Activity to 

BMI, Waist Circumference, MUAC, and Blood Pressure 

The analysis results in Table 6 indicate the relationship 

between changes in energy intake and changes of; BMI, waist 

circumference, MUAC, and blood pressure of obese 

adolescents. Changes in energy intake and BMI demonstrated 

a very strong relationship (r=0.95) and were statistically 

significant (p<0.001). Changes in energy intake with waist 

circumference showed a very strong relationship (r=0.94), 

which was statistically significant (p<0.001). Changes in energy 

intake with MUAC illustrate a strong relationship (r=0.79), 

which was statistically significant (p<0.001). Changes in energy 

intake with systolic blood pressure revealed an association 

with moderate correlation strength (r=0.59), which was 

statistically significant (p<0.001). When it was viewed from the 

direction of the relationship, the correlation has a positive 

relationship, that is, if there a change in the form of an increase 

in energy intake, BMI, waist circumference, MUAC, and systolic 

blood pressure will increase. Changes in physical activity and 

BMI in this study also had a very strong correlation (r=-0.88) and 

significant (p<0.001). Changes in physical activity with waist 

circumference indicated a very strong relationship (r=-0.88), 

which was statistically significant (p<0.001). Changes in 

physical activity with MUAC showed a strong relationship (r=-

0.79), which was statistically significant (p<0.001). Changes in 

physical activity with systolic blood pressure showed an 

association with moderate correlation strength (r=-0.55), 

which was statistically significant (p<0.001). This correlation 

revealed the direction of a negative relationship; if there is a 

change in the form of decreased physical activity, then BMI, 

waist circumference, MUAC, and systolic blood pressure will 

increase, and vice versa. Based on the correlation analysis, it 

can be concluded that in this study, there is a significant 

relationship between changes in energy intake and physical 

activity and on the changes of; BMI, waist circumference, 

MUAC, and systolic blood pressure in obese adolescents. 

DISCUSSIONS 

Dietary Approaches to Stop Hypertension (DASH) is an 

applied dietary pattern that was initially more often 

recommended as an ideal diet for adults but has not been 

widely applied to adolescents. This experimental study is the 

first to assess the implications of providing nutrition education 

with a booklet containing a recommended DASH dietary 

pattern for obese adolescents. This research is important 

because it assesses the benefits and accommodates the DASH 

diet as a recommended dietary pattern for adolescents and to 

analyze the effects of the DASH diet pattern on Body Mass Index 

(BMI), waist circumference, mid-upper arm circumference and 

blood pressure in obese adolescents. 

The Effect of Nutrition Education on Body Mass Index 

The results of the study in the treatment group and the 

control group revealed that the mean BMI in each group 

experienced changes after the intervention was given. In the 

treatment group, the mean BMI experienced a decrease 

whereas in the control group the BMI mean experienced an 

increase. The mean before and after in the treatment and 

control groups had significant differences (p<0.001). The 

results of this study support previous research in Iran by 

Mazloomy-Mahmoodabad et al. (29), which stated health 

Table 4. Changes in energy intake and physical activity before 

and after the intervention in the treatment and control groups 

Variable Before After p 

Treatment group    

Energy intake (kcal) 2736.89±313.54 2212.24±312.15 < 0.001a 

Physical activity 2.080±0.46 2.715±0.47 < 0.001a 

Control group    

Energy intake (kcal) 2719.79±245.48 2867.08±249.71 <0.001a 

Physical activity 2.268±0.53 1.797±0.56 <0.001a 
a Paired t- test 

Table 5. Differences in energy intake and physical activity after 

the intervention in the treatment and control groups 

Variable Treatment Control p 

Energy intake (kcal) -524.65±85.77 147.29±25.18 <0.001a 

Physical Activity 0.635±0.09 -0.470±0.08 <0.001a 
a Independent t-test 

Table 6. Correlation of changes in energy intake and physical 

activity with BMI, waist circumference, MUAC, and systolic 

blood pressure after the intervention 

Dependent 

Variable 
Independent Variable r p 

Energy intake (kcal) BMIa(kg/m2) 0.95 <0.001c 

 Waist circumference (cm) 0.94 <0.001c 

 MUACb (cm) 0.79 <0.001c 

 Systolic blood pressure (mmHg) 0.59 <0.001c 

 Diastolic blood pressure (mmHg) -0.39 0.05c 

Physical Activity BMIa(kg/m2) -0.88 <0.001c 

 Waist circumference (cm) -0.88 <0.001c 

 MUACb (cm) -0.79 <0.001c 

 Systolic blood pressure (mmHg) -0.55 <0.001c 

 Diastolic blood pressure (mmHg) 0.001 0.99c 

aBMI: Body Mass Index; bMid-upper arm Circumferenc; c Rank 

Spearman test 
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education interventions for six weeks can reduce the BMI of 

obese adolescents up to 0.460.78 kg/m2. 

The provision of nutrition booklets has an effect on the 

reduction of adolescent BMI with a significant mean difference, 

this result was different from the study did by Lanita et al. (26) 

who reported that the reduction in mean BMI in the booklet 

group was statistically insignificant (p>0.05). This might be due 

to the frequency of giving a booklet which was once only so it 

did not give maximum effect and the booklet giving was not 

completed with explanation of the contents of the booklet. 

Teenagers would better understand the contents of the 

booklet when it is given along with an explanation of its 

contents. Further, the provision of material related to the 

contents of the booklet needs to be done by nutritionists who 

are competent in their fields. It is in line with research (30), 

which stated that nutrition professionals are identified as the 

most suitable for giving advice related to weight management 

in obese people. 

The Effect of Nutrition Education on Waist Circumference 

Waist circumference is one of the ways to measure visceral 

adipose tissue, which is often associated with metabolic 

disorders in children and adolescents (31) and even considered 

to be more effective in terms of predicting adiposity and insulin 

resistance (32). The results of the study in the treatment group 

and the control group showed a change in waist circumference. 

After the intervention was given, the mean waist circumference 

group decreased while in the control group, the mean waist 

circumference increased. The mean waist circumference 

before and after the treatment and control groups had 

significant differences. The research did by Motlagh et al. (33) 

on Iranian adolescents reported waist circumference 

measurements were used to identify obesity, and the decline 

could indicate improved health. Increased waist circumference 

in adolescents is important to prevent, so it will not cause 

adverse health effects in the future (34).  

Nutrition education through the media booklet imparts an 

influence on waist circumference because it can help prevent 

an increase or even decrease the waist circumference of obese 

adolescents. The changes of waist circumference are possible 

because there were changes in dietary patterns as it initiates 

awareness about health hazards and the importance of 

changing unhealthy dietary patterns, especially because eating 

habits learned during childhood and adolescence tend to 

continue into adulthood (35). 

The Effect of Nutrition Education on Mid-upper Arm 

Circumference (MUAC) 

The results in the treatment group and the control group 

indicated that the mean of mid-upper arm circumference 

(MUAC) in each group experienced a change after given 

intervention as; in the treatment group, the mean MUAC 

decreased while in the control group, the mean MUAC 

increased. The mean before and after intervention in the 

treatment and control groups had significant differences. 

Nutrition education through booklets was possible to influence 

the changes in arm circumference for obese adolescents. 

Those results support the research did by Dharmade and Kale 

(36) in India of the influence of nutrition education on 

anthropometric measurements of adolescent girls. Their 

research results revealed that exposure to nutrition education 

had brought positive changes in anthropometric 

measurements of adolescent girls as it makes the MUAC of 

adolescents change towards the normal range. The 

importance of preventing an increase in arm circumference 

began to be noted after studies linked MUAC measures with 

more functional outcomes, namely the development of 

comorbidities associated with obesity such as type 2 diabetes 

and cardiovascular disease and the presence of risk factors for 

the disease (37). 

The Effects of Nutrition Education on Blood Pressure 

The results of the study in the treatment group and the 

control group showed a mean change in systolic blood 

pressure. The mean systolic blood pressure in each group 

experienced changes after being given an intervention as; in 

the treatment group, the mean systolic blood pressure 

decreased, while in the control group, the systolic blood 

pressure increased. The mean before and after intervention in 

the treatment group and control groups had significant 

differences (p<0.001). Nutrition education through booklets 

imparts an influence on the systolic blood pressure of obese 

adolescents, possibly due to a decrease in BMI, which is also an 

indication of weight loss in adolescents. Weight loss with blood 

pressure control had been shown to be related in clinical 

studies, and weight loss is even first-line therapy in obese 

adolescents with hypertension (15). 

Obesity has been considered as one of the causes of 

hypertension. It is widely recognized that overweight and 

obesity closely related to the occurrence of hypertension in 

children and adolescents (38). Blood pressure increase in 

obesity conditions is often associated with activity increase of 

the central nervous system. In obese individuals, the most 

likely thing to happen is baroreflex inhibition (the body’s 

homeostatic mechanism that helps maintain blood pressure at 

almost constant levels) (39,40). The fact that obesity and 

hypertension can occur independently and together shows 

that both of them may be a sign of something that is 

metabolically wrong, and therefore they may be effects. 

Further, obese adolescents tend to have food consumption 

that exceeds daily calorie needs. Unfortunately, it becomes a 

habit for eating the foods which contain high calorie and fat. 

These foods are also often associated with high sodium intake 

and have an impact on increasing blood pressure (especially 

systolic blood pressure) in children and adolescents (41). The 

epidemic of obesity and hypertension has emerged along with 

significant changes in the consumption of fast food and instant 

foods which are high in sodium, trans fat, and fructose corn 

syrup accompanied by decreased physical activity due to 

automation of activities that previously required more physical 

work (42).  

The Relationship of Energy Intake and Physical Activity to 

Adolescent Obesity 

The results of the study indicated a decrease in energy 

intake and a significant increase in physical activity for the 

treatment group. Conversely, in the control group, there was 

an increase in energy intake and decreased physical activity. 

Changes in energy intake and physical activity between the 

treatment group and the control group were identified as 

significant (p<0.001). Nutrition education is assumed to 

influence energy intake and physical activity because if there is 

a change in BMI, waist circumference, MUAC, and systolic blood 

pressure in obese adolescents will change the nutritional 

intake and physical activity. This change is associated with 

nutrition education that was conducted. It can be caused by 
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changes in dietary patterns in obese adolescents related to the 

awareness of adolescents to start maintaining food (the 

amount and type) and ultimately have an impact on reducing 

energy intake.  

Nutrition education is an effort to convey information for 

adolescents. Those who get it will have a higher chance to 

follow the recommendations in the booklet. Changes in energy 

intake and BMI, waist circumference, MUAC, and systolic blood 

pressure in the study were correlated. As seen from the 

direction of the relationship, the correlation has a positive 

relationship; that mean, if there is a change in the form of an 

increase in energy intake, other variables will experience an 

increase. Nutrition education through booklets in the research 

can help obese adolescents to be able to change their excessive 

daily energy intake to become more balance as needed 

gradually (43). Apart from it, changes was occurred in the 

physical activity of obese adolescents who have increased in 

line with the decrease in energy intake. This shows that 

nutrition education not only has a good impact through 

changes in dietary patterns and nutrition intake of adolescent 

obese who have become more balance but also through 

increase of the physical activity. 

CONCLUSION 

In conclusion, there were correlation of physical activity 

with BMI, waist circumference, MUAC, and systolic blood 

pressure indicates the direction of a negative relationship. That 

statement is in line with research, which states that as physical 

activity decrease, body dimensions will increase. But it is not 

only the physical activity important to consider but also the 

nutrition intake of adolescents, especially calorie intake. That 

is because the effort to lose weight is an effort that synergizes 

variables with each other. It is not only related to the settings 

of food intake and physical activity but also an effort to start a 

healthier lifestyle.  

Obese adolescents need to learn how to implement a 

better daily diet as directed through nutrition education with 

booklet media in this study. The Diet Approach to Stop 

Hypertension (DASH) in the nutrition education booklet has 

been shown to have benefits and recommended as a diet 

applied to obese adolescents. Early adolescence is not only a 

critical time to start and improve many risk behaviors but it can 

also provide important opportunities for health promotion 

through nutrition education. In the future, the application of 

booklets that contain daily diet advice in term of nutrition 

education can be a solution for the continuation of effective 

nutrition education for adolescents as the nutritional 

information about healthy daily (DASH) diet is easier to be 

comprehended and adapted into booklet recipient targets, 

and used in everyday life. 
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