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ABSTRACT

Introduction: The prevalence of hypertension in Indonesia has continued to increase over the last few years. An
unhealthy diet and lack of physical activity can elevate blood pressure, particularly if an unhealthy lifestyle has been
followed since adolescence. This study aimed to analyze the correlation between snack consumption and physical
activity with blood pressure in adolescent girls. Methods: A cross-sectional study was conducted with 349 adoles-
cent girls from seven Islamic boarding schools in West Java, Indonesia. Data on daily food and snack consumption
were obtained by the 24-hour recall for 3 non-consecutive days. Blood pressure was measured using a digital blood
pressure instrument, and the results were categorized by age, gender, and height. Linear regression analyses were
performed to investigate determinants of blood pressure. Results: A total of 120 (34.4%) of the adolescent girls in
the study had hypertension. A majority of girls had inadequate daily intake (energy, fat, carbohydrates, and sodium;
only total protein intake met Indonesia’s recommended dietary allowance). Snacks were found to be high in protein,
fat, and carbohydrates, with consumption levels above 15%. More than half (61.9%) of the subjects’ daily sodium
intake came from snacks. Low-fat intake from snacks was associated with an increase in blood pressure in this study.
Daily nutritional intake affecting blood pressure included sodium and total fat intake. Lack of physical activity in
adolescent girls was not a risk factor for elevated blood pressure. Conclusion: Fat and sodium intake was associated

with elevated blood pressure in adolescent girls.
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INTRODUCTION

Hypertension is a worldwide epidemic that can lead to
stroke, myocardial infarction, cardiac failure, dementia,
renal failure, or blindness if left uncontrolled. There are
approximately 1.13 billion people worldwide with the
condition, making it the leading risk factor for global
deaths (1). In Indonesia, the prevalence of hypertension
in the population ages 18 and older has increased from
25.8% in 2013 to 34.1% in 2018, with most cases
occurring in women (36.85% in women vs. 31.34%
in men) (2,3). Hypertension in adulthood often begins
with an increase in blood pressure in adolescence (4).
Elevated blood pressure in adolescents ages 12 to 18
also is associated with an increased risk of coronary
heart disease in young adulthood (ages 33-39) (5).

Globalization has caused lifestyle changes, including

changes in dietary habits and physical activity patterns
(6). It leads to changes in disease patterns, from infectious
diseases associated with undernutrition to chronic
diseases, such as hypertension, caused by obesity (7).
Adolescents have the highest prevalence of low physical
activity when compared to other age groups, at 64.4%
for ages 10 to 14 and 49.6% for ages 15 to 19 (3).
Moreover, a study of students ages 13 to 15 found that
34.2% of the girls had sedentary behavior for 3 hours or
more, which was slightly higher than boys (at 33.0%)
(8). A sedentary lifestyle with little physical activity is
associated with a high prevalence of hypertension in
adolescents (9,10).

Another factor that increases the risk of hypertension is
consuming snack foods while sitting still. Types of snack
foods consumed are usually high-fat, high-sugar, and
salty foods that can elevate blood pressure (11,12). In
addition, snacks account for almost half of total daily
sodium needs; this is associated with elevated blood
pressure in adolescents (13). The frequency of snacking
increases when the main meal frequency is less than
3 times a day, due to impaired appetite control (14).
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In European countries, adolescents ages 10 to 17
have formed unhealthy snacking habits (15). In Spain,
more than half of adolescents consume less than the
recommended fruit and vegetables, whereas fried
foods are consumed excessively (16). Meanwhile, in
Indonesia, adolescents have a high consumption of fatty
foods, instant foods, and soft drinks when compared
to other age groups. In addition, the consumption of
fruits and vegetables of 5 servings or more, according to
World Health Organization (WHO) recommendations,
is very low, at only 3.2% in the 10- to 12-year-old group
and 3.6% in the 15- to 19-year-old group (3). In the
following decades, this behavior might negatively affect
Indonesia’s health (17). The goal of this study was to
analyze how nutritional intake, specifically from snacks,
and physical activity of adolescent girls is associated
with their blood pressure.

MATERIALS AND METHODS

Study design

This cross-sectional study was conducted on school
girls from seven traditional Islamic boarding schools
in Tasikmalaya City, West Java, Indonesia. Inclusion
criteria consisted of being a female student, aged 12 to
18, receiving main meals twice a day, residing in an
Islamic boarding school, and getting parental consent.
Using the calculation for the minimum of subjects
needed for a cross-sectional study, the sample size was
determined. Based on the results of basic health research,
the prevalence of hypertension in Indonesia at the age
of 18 is 34% (3), the corresponding level of confidence
of 95%, the margin of error of 5%, and the possibility of
nonresponse, the total sample size was 349 people.

Measurement

Through interviews, information on the characteristics of
the subjects and the frequency of physical activity was
collected. Data on daily consumption of main meals and
snacks were obtained through a 24-hour recall method
for three non-consecutive days. Food pictures and
household measurements were used to help subjects
define portion size. The data were then analyzed
using Nutrisurvey software based on Indonesian Food
Composition Data 2017 (18) to measure the intake of
energy, protein, fat, carbohydrates, fiber, sodium, and
potassium. The total nutritional intake was compared
with the Indonesian recommended dietary allowance
(RDA) and was classified into two groups, adequate
if the RDA was met and inadequate if the nutritional
intake was less than the RDA. Nutritional intake from
snacks was high if the intake level was greater than
15% and low if the intake level was less than 15%
(19). A standardized digital blood pressure instrument
(the Omron Digital HEM-8712, Japan) was used to
measure blood pressure. Measurements were carried
out three times with the subject in a sitting position.
Classification of hypertension in the present study was
based on U.S. National Institutes of Health guidelines,

as follows. Normal blood pressure (normotensive) is
defined by systolic blood pressure (SBP) and diastolic
blood pressure (DBP) that are less than the 90th
percentile by sex, age, and height; prehypertensive
indicates that SBP and DBP are greater than or equal to
the 90th percentile but less than the 95th percentile; and
hypertension is defined by a mean systolic and diastolic
pressure equal to or above the 95th percentile for age,
sex, and height (20). Body weight was measured using
a digital scale (Omron, Japan) with a precision of 0.1
kg, and height was measured using a stadiometer with
a precision of 0.1 cm. Measurements were repeated
three times. Body mass index (BMI) was calculated by
dividing body weight (kg) by height squared (m2). The
nutritional status parameter used was the BMI for age
z-score (BAZ) categorized according to the Indonesian
Child Anthropometry Standard for ages 5 to 15, namely:
thin (=3 SD to less than -2 SD), normal (-2 SD to +1 SD),
overweight (+1 SD to +2 SD), and obese (greater than
+2 SD) (21). This study has received ethical approval
(no. 178/EA/KEPK-FKM/2021) from the Health Research
Ethics Committee, Faculty of Public Health, Diponegoro
University, Semarang, Indonesia.

Statistical analysis

Data were analyzed using SPSS software version 23.
Descriptive analyses were reported as means plus or
minus standard deviation (SD) for quantitative variables
and frequency and percentage for categorical variables.
Prior to statistical analysis, all variables with numerical
data were tested for normality of the data distribution
using the Kolmogorov-Smirnov test. Statistical tests were
carried out with a 95% confidence level, or a of 5%.
Bivariate analysis used Pearson’s product moment if the
data were normally distributed and Spearman’s rank if
the data was not normally distributed. To investigate
determinants of blood pressure, we used a linear
logistic analysis. The independent variables included in
the multivariate modeling were those with a p of less
than 0.25 in bivariate analysis. We use multiple linear
regression (MLR) to determine the direction and how
much influence the independent variables have on the
dependent variable. The variables that will be included
in the model are those that have a p value <0.25 from
the results of the bivariate analysis. Both for Systolic
Blood Pressure and Diastolic Blood Pressure variables,
we use backward stepwise regression to find a stepwise
regression approach starting with the full model and
at each step gradually removing variables from the
regression model to find the reduced model that best
describes the data.

RESULTS

The mean age of the included subjects was around 15
years, and the mean weight and height were 46.67 kg =+
9.43, and 149.60 cm + 5.45, respectively. Of the 349
subjects, most (76.5%) had a normal BAZ, and 13.5%
were in the overweight category. The mean SBP was
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113.36 mmHg + 12.21 and the mean DBP was 78.39
mmHg + 9.19. A total of 53.6% of the subjects had
normal blood pressure and one-third had hypertension
(34.4%). Most (75.4%) of the subjects rarely did physical
activity, with a frequency of only 1.3 times per week
(Table I).

Table I: Characteristics of Adolescent Girls at Islamic Boarding
Schools in West Java, Indonesia (N = 349)

Characteristic Values

Age (years) 1492 £1.73
Weight (kg) 46.67 +9.43
Height (cm) 149.60 = 5.45
BAZ status, n (%)

Thin 17 (4.9)

Normal 267 (76.5)

Overweight 47 (13.5)

Obese 18 (5.2)

Systolic blood pressure (mmHg) 113.36 £12.21

Diastolic blood pressure (mmHg) 78.39 £9.19
Hypertension status, n (%)
Hypertensive 120 (34.4)
Prehypertensive 42(12.0)
Normotensive 187 (53.6)
Physical activity frequency (time/week) 1.30 £ 1.40
Physical activity level, n (%)
Inadequate (0-1 times/week) 263 (75.4)
Adequate (2-7 times/week) 86 (24.6)

Data are mean =+ standard deviation for quantitative variables and frequency (percent) for
categorical variables.
BAZ, body mass index for age z-score.

Table 1l shows that the total daily nutritional intake
level of the subjects (energy, fat, carbohydrates, and
sodium) was inadequate, and only protein intake met
the participants’ daily needs based on Indonesia’s RDA.
Nutritional intake from snacks was often high in energy,
protein, fat, and carbohydrates, with consumption
above the cut-off point of 15%. The average daily fiber
intake was 3.57 g/day, of which 2.46 g/day came from
snacks. Average sodium intake was 506.63 g/day, and
average snacking accounted for about 61.9% (313.95
g/day) of total daily sodium intake. More than one-third
of potassium intake came from snacks (157.71 mg/day).

The results of the bivariate analysis in Table 11l show
that there was a correlation between SBP and BAZ,
total energy, total fat, total sodium, and total potassium
intake, whereas DBP was associated with total nutritional
intake (energy, protein, fat, carbohydrates, sodium, and
potassium). Nutritional intake from snacks and physical
activity frequency was not correlated with SBP and DBP.

To conduct multiple regression analysis and identify
risk factors influencing blood pressure, we selected 7
models for Tables IV and V.

Multiple regression analysis was conducted for systolic
and diastolic blood pressure to determine the relevance

Table 1I: Average Daily Nutritional Intake and Categories of Nutri-
tional Intake Level Based on RDA for Adolescent Girls in West Java,
Indonesia (N = 349)

Variables Values

Nutritional intake
Energy (kcal/day) 1501.29 + 721.41

Protein (g/day)

Fat (g/day)

Carbohydrate (g/day)

Dietary fibre (g/day)

Sodium (g/day)

33.53+£16.19
44.54 + 28.73
235.67 +116.36
3.57£3.13
506.63 + 607.00
Potassium (mg/day) 367.49 + 308.14

Energy intake level, n (%)

Adequate 73 (20.9)

Inadequate 276 (79.1)
Protein intake level, n (%)

Adequate 333(95.4)

Inadequate 16 (4.6)
Fat intake level, n (%)

Adequate 61(17.5)

Inadequate 288 (82.5)
Carbohydrate intake level, n (%)

Adequate 100 (28.7)

Inadequate 249 (71.3)
Sodium intake level, n (%)

Adequate 29 (8.3)

Inadequate 320(91.7)

Nutritional intake from snacks

829.75 £ 716.88
12.89 £12.10
29.64 = 28.44

Energy (kcal/day)
Protein (g/day)

Fat (g/day)
Carbohydrate (g/day)
Dietary fibre (g/day)
Sodium (g/day)

125.31 £ 112.52
2.46 + 3.05
313.95 +486.35
Potassium (mg/day) 157.71 + 250.28

Energy intake level from snacks, n (%)

>15% 249 (71.3)

<15% 100 (28.7)
Protein intake level from snacks, n (%)

>15% 176 (50.4)

<15% 173 (49.6)
Fat intake level from snacks, n (%)

>15% 233 (66.8)

<15% 116 (33.2)
Carbohydrate intake level from snacks, n (%)

>15% 245 (70.2)

<15% 104 (29.8)

Data are mean =+ standard deviation for quantitative variables and frequency (percent) for
categorical variables.

of blood pressure and dietary factors. As shown in Table
IV, the variable included for each model (1, 2, 3, 4, 5,
6, and 7) accounted for between 0.080 and 0.088 R2
of the variability in SBP. Sodium total, fat total, and fat
from snacks were significantly associated with SBP.
Fat from snacks was inversely associated with SBP in
3, 4, 5, 6, and 7 models, whereas total sodium was
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Table IlI: Correlation between Body Mass Index for Age z Score,
Physical Activity Frequency, and Nutritional Intake with Systolic and
Diastolic Blood Pressure in Adolescent Girls in West Java, Indonesia
(N = 349)

Systolic blood Diastolic blood

Nutritional Intake pressure pressure
r P r P
Physical activity frequency -0.081 0.130 -0.091 0.090
Nutritional intake
Energy (kcal/day) 0.113 0.035 0.125 0.019
Protein (g/day) 0.102 0.057 0.141 0.008
Fat (g/day) 0.128 0.017 0.134 0.012
Carbohydrate (g/day) 0.101 0.059 0.108  0.044
Dietary fibre (g/day) 0.040 0.454 0.063 0.241
Sodium (g/day) 0.210 0.001 0.123 0.022
Potassium (mg/day) 0.111 0,038 0.130 0.015
Nutritional intake from snacks
Energy (kcal/day) 0.044 0.413 0.045 0.401
Protein (g/day) 0.029  0.58 0015  0.783
Fat (g/day) 0.080 0.137 0.069 0.199
Carbohydrate (g/day) 0.037 0486 0030  0.572
Dietary fibre (g/day) -0.007 0.903 0.019 0.726
Sodium (g/day) 0.098  0.067  0.038  0.480
Potassium (mg/day) 0.001 0.991 0.003 0.953

positively associated with SBP in all seven models. The
fat total was positively associated with SBP in 2, 3, 4,
5, 6, and 7 models. Other risk factors such as energy
intake, carbohydrate intake, physical activity frequency,
potassium total, and protein total did not affect the SBP
(Table 1V). The variables included for models 1, 2, 3,
4,5, 6, and 7 accounted for between 0.066 and 0.074
R2 of the variability in DBP. Sodium total, fat from
snacks, and fat total were significantly associated with
DBP. Fat from snacks was inversely associated with
DBPin 4, 5, 6, and 7 models, and total sodium also was

positively associated with DBP in all models. Total fat
was associated with an increase in DBP in models 5, 6,
and 7 (p < 0.05) (Table V).

DISCUSSION

The prevalence of hypertension in adolescent girls was
34.4% in Tasikmalaya, West Java, higher than in high
school students in the western part of Indonesia, such as
Pekanbaru (22.1%) (22) and Palembang (8%) (23). The
prevalence of adolescent hypertension in Indonesia in
this study was higher than in other Asian countries, such
as Vietnam (26.5%) (24), Turkey (14.8%) (25), China
(13.1%) (26), and India (6.4%) (27).

In this study, we analyze the effects of sodium, potassium,
energy, protein, carbohydrate, fat, dietary fiber intake,
physical activity frequency, and snack consumption on
blood pressure in adolescent girls. The study indicated
that total sodium was positively associated with SBP and
DBP in multiple regression models in this population,
supported by the results of descriptive analysis which
showed the average total sodium intake was 506 g/
day. The Indonesian Ministry of Health recommends
that adolescent girls between 13 — 15 years old should
have only about 1500 mg of sodium each day (28).
Even though the average sodium consumption of
young women is still below the RDA, which is 506 mg,
research on adolescents in Italy showed the results of a
significant direct association was found between total
sodium intake and the highest SBP and DBP quartile
(13). Fat from snacks was inversely associated with both
SBP and DBP.

Numerous studies have shown a direct link between
sodium intake and blood pressure (29-33). Sodium
intake increased hypertension by 1.479 times in both the

Table IV: Multiple Regression Models of Systolic Blood Pressure and Effect of Related Variables among Adolescent Girls in West Java, Indonesia

(N = 349)
Model 1 R?= Model 2 R?= Model 3 R?= Model 4 R?= Model 5 R?= Model 6 R?= Model 7 R?=
0.088 0.088 0.088 0.088 0.087 0.084 0.080
BISE) vall,ue BISE) vall;ue BISE) va,I)ue BSE) valljue BISE) vall7ue BISE) va,I)ue BSE) vall,ue
Protein total ;096197(; 0.314 (-(())85898) 0.264 (_(?(())5898) 0.257 (-885825) 0.221 (_885715) 0.266
Fat from snack (8‘5’%’) 0.074 (8‘3% 0.073 (85’;% 0.048 (3‘323 0.035 ('(()).‘5'6212) 0.023 ('(()).‘555; 0.047 (855757) 0-032
Potassium total (8833) 0.525 (8833) 0.525 (8832) 0.526 (883(2)) 0.492
Carbohydrate total (—883177) 0.961
Energy total (8832) 0.943 (885) 0.924 ((())%10[; 0.917
Sodium from snack (_(())8826) 0.953 (_(())8825) 0.959
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Table V: Multiple Regression Models of Diastolic Blood Pressure and Effect of Related Variables among Adolescent Girls in West Java, Indonesia

(N =349)
Model 1 R?= Model 2 R?= Model 3 R?= Model 4 R?= Model 5 R?= Model 6 R?= Model 7 R?=
0.074 0.074 0.073 0.072 0.070 0.070 0.066
ﬁ(SE) va’I’ue ﬁ(SE) vall)ue ﬁ(SE) va,I)ue ﬁ(SE) vafue [S(SE) vall)ue ﬁ(SE) vafue ﬁ(SE) va,I’ue
fomeney (033 065 (555 0650
Protein Total ('(()’_ '85216) 0.774
Carbohydrate total (8‘321;) 0.369 Eg:ézg 0.385 (8‘35‘3 0.425 (8‘5252) 0.402
Dietary fiber (—(())20;3) 0.535 (_(())20;97) 0.546 (_(())20;;9) 0.533
Sodium total ooon 0032 (Goon 0032 gaoh 0030 ool 0025 gact 0007 g B0 B 0008
omsmont 9% oz 00 0z M oz O s 00 o 0% 0
Fat total Oory OHEoory 0417 goh 0375 (R 0337 ool oeae gl 000 00

Guangxi Bai Ku Yao and Han populations, ages 15 to 89,
according to a cross-sectional study in China (34). In a
Mediterranean population, sodium intake raised DBP in
normotensive and untreated hypertension subjects (35).
According to an analysis of data from The Third National
Health and Nutrition Examination Survey (NHANES IlI),
those with high sodium intake were more likely to have
high DBP (30). SBP and DBP increased by 0.8 mmHg
and 0.7 mmHg, respectively, for each additional gram
of sodium consumed per day (36). In contrast to the
common eating habits of Indonesians, which is three
main meals a day, the traditional Islamic boarding
schools only provided meals twice a day: breakfast at 7
a.m. and dinner at 5 p.m. Female students might have
consumed snacks between these times, leading to a
high contribution of sodium from snacks to total daily
nutrition intake. However, sodium intake from snacks
was less than a quarter of the recommended maximum
intake value of 1400-1600 mg/day for young women,
meaning that the level of sodium intake from snacks
was safe and did not cause adverse effects on health
(28). Elevated blood pressure in children ages 8 to 17
years may occur if sodium intake is equal to or greater
than 3450 mg/day (37). The low intake of sodium from
snacks showed that adolescent girls rarely consume
high-sodium snacks, as a single snack item may supply
an average of 6% to 14% of the recommended daily
intake of sodium (38).

Our study found that total fat intake was one of the factors
associated with blood pressure. This is consistent with a
study in China that reported that SBP increased by 1.08
mmHg per 50 grams of fat intake per day in those with
low fruit and vegetable consumption (178 + 49 g/day)
(39). On the other hand, reducing fat intake, particularly
saturated fatty acids (SFA), may reduce the risk of
high blood pressure in adolescents (40). The inverse

relationship between fat from snacks and blood pressure
or hypertension was maintained even after daily sodium
intake was adjusted. A Korean study discovered that
snacking frequency was inversely associated with blood
pressure and hypertension (41). Previous studies have
found that dietary fat from different sources is negatively
associated with the incidence of hypertension. The fat
referred to here is a fat derived from eggs, milk, dairy
products, and seafood that has a protective effect against
prehypertension and hypertension (42). According to a
cross-sectional study conducted on 39,252 adult males
in Shanghai, China, those who consume “fruit and milk”
as part of their diet have lower SBP and DBP (43). The
Indonesian Nutrition Adequacy Rate for fat at the age
of 13-15 years is 80 grams (28). The results of this study
show that the average consumption of fat from snacks is
29.64 g. This figure can be categorized as low. A study
modifying the diet of respondents to reach 30 g of total
fat showed that there was a decrease in systolic and
diastolic blood pressure (44).

Adolescent girls in Islamic boarding schools rarely
experienced physical activity (only about once a week),
although this was not significantly associated with blood
pressure. The frequency of physical activity was less
than the WHO recommendation of 3 days a week for
children ages 5 to 17 (45). However, adolescent girls
may experience misinformation regarding the definition
of physical activity and limit reports of physical activity
to exercises. Physical activity includes any body
movement produced by skeletal muscles that require
energy expenditure. Therefore, the daily activities that
are usually carried out by adolescent girls, such as
washing clothes and sweeping and mopping floors,
should be included in the category of physical activity.
This likely increases the frequency of physical activity to
more than once a week. The limitation of this study was
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that the method of measuring physical activity; 24-hour
physical activity recall was not used. This may provide a
detailed description of the type and intensity of physical
activity for each full day (46). In addition, the 24-hour
recall method can also cause bias because it depends on
the memory of the participants, several types of food may
not be recorded because the participants forgot and only
gives an overview of one day, which may not truly depict
participants’ normal diet. Two or more non-consecutive
recalls are needed to estimate the distributions of typical
dietary intake to account for day-to-day variance. In this
study, the 24-hour food recall was conducted over 3
non-consecutive days. The multiple administrations in
order to minimize bias (47).

CONCLUSION

In adolescent girls, elevated SBP and DBP were
associated with high total sodium and total fat intake. Fat
from snacks was found to be inversely associated with
blood pressure and this warrant further evaluation of
the different type of fats in the regular snacks consumed
by the girls. Physical activity was not associated with
elevated SBP or DBP. Further research is needed on the
effects of various types of snacks and types of fat on the
blood pressure of adolescent girls.

ACKNOWLEDGEMENT

This study was funded by the Diponegoro University
Faculty of Public Health under grant number 010/
UN?7.5.9/KS/2020.

REFERENCES

1. WHO. Global Non-Communicable Disease
Target: Reduce High Blood Pressure. World Health
Organization. 2016;190-215.

2. National |Institute of Health Research and
Development. National Report on Basic Health
Research 2013. National Institute of Health
Research and Development Ministry of Health
Republic of Indonesia. 2013.

3. National Institute of Health Research and
Development. National Report on Basic Health
Research 2018 [Internet]. National Institute of
Health Research and Development Ministry of
Health Republic of Indonesia. Jakarta: National
Institute of Health Research and Development
Publishing Office; 2019. Available from: http://
labdata.litbang.kemkes.go.id/images/download/
laporan/RKD/2018/Laporan_Nasional_RKD2018_
FINAL.pdf

4. UrbinaEM, Lande MB, HooperSR, DanielsSR. Target
Organ Abnormalities in Pediatric Hypertension.
] Pediatr [Internet]. 2018;202(November):14-22.
doi:10.1016/j.jpeds.2018.07.026

5. Raitakari OT, Juonala M, Kahunen M, et al.
Cardiovascular risk factors in childhood and

10.

11.

12.

13.

14.

15.

16.

carotid artery intima-media thickness in adulthood:
the Cardiovascular Risk in Young Finns Study.

JAMA. 2003;290(17):2277-2283. doi:10.1001/
jama.290.17.2277
Belahsen R. Nutrition transition and food

sustainability. Proc Nutr Soc. 2014;73(3):385-388.
doi:10.1017/S0029665114000135

Galal OM. The nutrition transition in Egypt:
obesity, undernutrition and the food consumption
context. Public Health Nutr. 2002;5(1A):141-148.
doi:10.1079/PHN2001286

Peltzer K, Pengpid S. Leisure Time Physical
Inactivity and Sedentary Behaviour and Lifestyle
Correlates among Students Aged 13-15 in the
Association of Southeast Asian Nations (ASEAN)
Member States, 2007-2013. Int J Environ Res
Public Health. 2016;13(2):217. doi:10.3390/
ijerph13020217

Wyszynska ], Podgyrska-Bednarz J, Deren K, Mazur
A. The Relationship between Physical Activity
and Screen Time with the Risk of Hypertension
in Children and Adolescents with Intellectual
Disability. Biomed Res Int. 2017;2017:1940602.
doi: 10.1155/2017/1940602.

Durrani AM, Fatima W. Effect of Physical Activity
on Blood Pressure Distribution among School
Children. Adv Public Heal. 2015;2015:1-4. doi:
10.1155/2015/379314

Martinez-Gomez D, Tucker J, Heelan KA, Welk
GJ, Eisenmann JC. Associations between Sedentary
Behavior and Blood Pressure in Young Children.
Arch Pediatr Adolesc Med. 2009;163(8):724-30.
doi: 10.1001/archpediatrics.2009.90.

Majane OHI, Vengethasamy L, Du Toit EF,
Makaula S, Woodiwiss AJ, Norton GR. Dietary-
induced Obesity Hastens the Progression from
Concentric  Cardiac  Hypertrophy to  Pump
Dysfunction in Spontaneously Hypertensive Rats.
Hypertension. 2009;54(6):1376-83. doi: 10.1161/
HYPERTENSIONAHA.108.127514.

Ponzo V, Ganzit GP, Soldati L, De Carli L, Fanzola
I, Maiandi M, et al. Blood Pressure and Sodium
Intake from Snacks in Adolescents. Eur ) Clin Nutr.
2015;69(6):681-6. doi: 10.1038/ejcn.2015.9
McCrory MA, Campbell WW. Effects of Eating
Frequency, Snacking, and Breakfast Skipping on
Energy Regulation: Symposium Overview. ] Nutr.
2011;141(1):144-7. doi: 10.3945/jn.109.114918
De Vet E, Stok FM, De Wit JBF, De Ridder DTD.
The Habitual Nature of Unhealthy Snacking:
How Powerful are Habits in Adolescence?
Appetite [Internet]. 2015;95:182-7. doi:10.1016/j.
appet.2015.07.010

Roura E, Mila-Villarroel R, Pareja SL, Caballero
AA. Assessment of Eating Habits and Physical
Activity among Spanish  Adolescents. The
“Cooking and Active Leisure” TAS Program. PLoS
One. 2016;11(7):1-21. doi: 10.1371/journal.
pone.0159962

58 Mal J Med Health Sci 19(4): 53-60, July 2023



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Isfandari S. Risk Factor and Health Status of
Indonesia Young Adult: Indonesia Picture of Next
Decade. Bull Heal Res. 2014;42(2):122-30.
Ministry of Health Republic of Indonesia.
Indonesian Food Composition Data [Internet].
Ministry of Health Republic of Indonesia. 2017
[cited 2027 Jul 30]. Available from: https://www.
panganku.org/en-EN/beranda

Murakami K, Livingstone MBE. Decreasing The
Number of Small Eating Occasions (<15 % of Total
Energy Intake) Regardless of The Time of Day May be
Importantto Improve Diet Quality but not Adiposity:
A Cross-Sectional Study in British Children and
Adolescents. Br J Nutr. 2016;115(2):332—41. doi:
10.1017/S0007114515004420.

National Institutes of Health. The Fourth Report on
The Diagnosis, Evaluation, and Treatment of High
Bloood Pressure in Children and Adolescents.
Vols. 05-5267, NIH Publication. 2005.

Ministry of Health Republic of Indonesia.
Regulation of the Minister of Health of the Republic
of Indonesia Number 2 in 2020 concerning Child
Anthropometry Standards. 2020.

Marlina Y, Huryati E, Soenarto Y. Body Mass
Index and Physical Activity with Blood Pressure
in High School Students. Indones ] Clin Nutr.
2016;12(4):160.

Kurnianto A, Kurniadi Sunjaya D, Ruluwedrata
RinawanF, Hilmanto D. Prevalence of Hypertension
and Its Associated Factors among Indonesian
Adolescents. Int ] Hypertens. 2020;2020 :4262034.
doi: 10.1155/2020/4262034.

Mai TMT, Gallegos D, Jones L, Tran QC, Tran TMH,
Van Der Pols JC. The Utility of Anthopometric
Indicators to Identify Cardiovascular Risk Factors in
Vietnamese Children. Br ) Nutr. 2020;123(9):1043—
55. doi: 10.1017/S0007114520000203.

Cam HH, Ustuner Top F. Prevalence of
Hypertension and Its Association with Body
Mass Index and Waist Circumference Among
Adolescents in Turkey: A Cross-Sectional Study.
] Pediatr Nurs [Internet]. 2021;57:e29-33.
doi:10.1016/j.pedn.2020.09.017

Zou Y, Xia N, Zou Y, Chen Z, Wen Y. Smartphone
Addiction may be Associated with Adolescent
Hypertension: A Cross-sectional Study among
Junior School Students in China. BMC Pediatr.
2019;19(1):1-8. doi: 10.1186/s12887-019-1699-9
Goel R, Misra A, Agarwal SK, Vikram N. Correlates
of Hypertension among Urban Asian Indian
Adolescents. Arch Dis Child. 2010;95(12):992-7.
doi: 10.1136/adc.2009.162347.

Ministry of Health Republic of Indonesia.
Ministerial Regulation on Health No. 28 of 2019
concerning Recommended Nutritional Adequacy
Rate for the Indonesian People. 2019.

Chobanian A V, Bakris GL, Black HR, Cushman
WC, Green LA, Izzo Joseph L. ), et al. The
Seventh Report of the Joint National Committee on

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Prevention, Detection, Evaluation, and Treatment
of High Blood PressureThe JNC 7 Report. JAMA
[Internet]. 2003 May 21;289(19):2560-71.
doi:10.1001/jama.289.19.2560

Cohen HW, Hailpern SM, Alderman MH. Sodium
Intake and Mortality Follow-up in The Third
National Health and Nutrition Examination Survey
(NHANES 111). ] Gen Intern Med. 2008;23(9):1297—
302. doi: 10.1007/s11606-008-0645-6

He FJ, Marrero NM, MacGregor GA. Salt and
Blood Pressure in Children and Adolescents. ]
Hum Hypertens. 2008;22(1):4-11. doi: 10.1038/
sj.jhh.1002268.

Hassana NE, El Shebinib SM, El-Masrya SA,
Ahmedb NH, Alia MM, El-Saecedc GSM, et al.
Association between Dietary Sodium, Calcium,
Saturated Fat and Blood Pressure in Obese Egyptian
Adolescents. Egypt Pediatr Assoc Gaz. 2019;67(1).
doi: 10.1186/s43054-019-0007-5

Hojhabrimanesh A, Akhlaghi M, Rahmani E,
Amanat S, Atefi M, Najafi M, et al. A Western
Dietary Pattern is Associated with Higher Blood
Pressure in Iranian Adolescents. Eur | Nutr
[Internet].  2017;56(1):399-408. doi:10.1007/
s00394-015-1090-z

Ruixing Y, Shangling P, Shuquan L, Dezhai
Y, Weixiong L, Qiming F, et al. Comparison
of Hypertension and Its Risk Factors between
The Guangxi Bai Ku Yao and Han Populations.
Blood Press. 2008;17(5-6):306—16. doi:
10.1080/08037050802589593

Schruder H, Schmelz E, Marrugat ). Relationship
between Diet and Blood Pressure in A
Representative Mediterranean Population. Eur ]
Nutr. 2002;41(4):161-7. doi: 10.1007/s00394-
002-0372-4.

Leyvraz M, Chatelan A, da Costa BR, Taffn P,
Paradis G, Bovet P, et al. Sodium Intake and Blood
Pressure in Children and Adolescents: A Systematic
Review and Meta-Analysis of Experimental
and Observational Studies. Int ] Epidemiol.
2018;47(6):1796-810. doi: 10.1093/ije/dyy121.
Rosner B, Cook NR, Daniels S, Falkner B.
Childhood Blood Pressure Trends and Risk Factors
for High Blood Pressure: The NHANES Experience
1988-2008. Hypertension. 2013;62(2):247-54.
doi: 10.1161/HYPERTENSIONAHA.111.00831.
Lucan SC, Karpyn A, Sherman S. Storing Empty
Calories and Chronic Disease Risk: Snack-Food
Products, Nutritive Content, and Manufacturers
in Philadelphia Corner Stores. ] Urban Heal.
2010;87(3):394-409. doi: 10.1007/s11524-010-
9453-5.

Yuan S, Yu H jie, Liu M wei, Tang B wen, Zhang
J, Gasevic D, et al. Fat Intake and Hypertension
Among Adults in China: The Modifying Effects
of Fruit and Vegetable Intake. Am ] Prev Med
[Internet]. 2020;58(2):294-301. doi:10.1016/j.
amepre.2019.09.004

Mal J Med Health Sci 19(4): 53-60, July 2023 59



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

40.

41.

42.

43.

60

Morenga L Te, Montez JM. Health Effects of
Saturated and Trans-Fatty Acid Intake in Children
and Adolescents: Systematic Review and Meta-
Analysis. PLoS One. 2017;12(11). doi: 10.1371/
journal.pone.0186672.

Kong A, Beresford SAA, Alfano CM, Foster-
Schubert KE, Neuhouser ML, Johnson DB, et
al. Associations between Snacking and Weight
Loss and Nutrient Intake among Postmenopausal
Overweight to Obese Women in a Dietary
Weight-Loss Intervention. ] Am Diet Assoc
[Internet]. 2011;111(12):1898-903. doi:10.1016/j.
jada.2011.09.012

Kim S, Park GH, Yang JH, Chun SH, Yoon H], Park
MS. Eating Frequency is Inversely Associated with
Blood Pressure and Hypertension in Korean Adults:
Analysis of the Third Korean National Health and
Nutrition Examination Survey. Eur J Clin Nutr.
2014;68(4):481-9. doi: 10.1038/ejcn.2014.9

Lee SA, Cai H, Yang G, Xu WH, Zheng W, Li H,
et al. Dietary patterns and blood pressure among
middle-aged and elderly Chinese men in Shanghai.

44,

45.

46.

47.

Br J Nutr. 2010;104(2):265-75. doi: 10.1017/
S0007114510000383.

Lawrence J. Appel, Moore TJ, Obarzanek E,
Vollmer WM. A Clinical Trial of the Effects
of Dietary Patterns on Blood Pressure. New
Engl J Med. 1997;336:1117-24. doi: 10.1056/
NEJM199704173361601.

WHO. WHO Guidelines on Physical Activity and
Sedentary Behaviour. World Health Organization.
Geneva: World Health Organization; 2020.

Welk GJ, Kim Y, Stanfill B, Osthus DA, Calabro
MA, Nusser SM, et al. Validity of 24-h Physical
Activity Recall: Physical Activity Measurement
Survey. Med Sci Sport Exerc. 2014;46(10):2014—
24. doi: 10.1249/MSS.00000000000003 14.

Luo H, Dodd KW, Arnold CD, Engle-Stone R. A
New statistical method for estimating usual intakes
of nearly-daily consumed foods and nutrients
through use of only one 24-hour dietary recall.
J Nutr. 2019;149(9):1667-73. doi: 10.1093/jn/
nxz070.

Mal ] Med Health Sci 19(4): 53-60, July 2023



