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INTRODUCTION

ABSTRACT
Background: Hypertension is the leading risk factor for cardiovascular disease
development. Although hypertension in adults and the elderly is more common,
adolescent hypertension has increased in the past two decades. Hypertension at an
early age affects cognitive performance and increases the risk of cardiovascular
diseases and premature death in the future. The risk factors of hypertension are often
related to urban populations' unhealthy lifestyles.
Objectives: To investigate the risk factors of hypertension among urban adolescents.
Methods: This case-control study matched by age and sex was conducted between
January — July 2021 in Tangerang City, Indonesia, involving 66 adolescents. Blood
pressure was measured two times using Omron® automated sphygmomanometer.
The BMI defines nutritional status for age. High-sodium food sources, fruit and
vegetable, and coffee consumption were assessed using an SQ-FFQ. The statistical
analysis used was a Chi-square test (95% Cl).
Results: The results show there is a significant relationship between nutritional status
[p=0.001, OR (95%Cl)= 6.133 (2.111 — 17.824)] and high-sodium food source
consumption [p=0.001, OR(95%Cl)= 6.824 (1.958 — 23.782)] with hypertension. There
is no significant relationship between coffee [p=0.613, OR (95%Cl)= 3,200 (0,315 —
32,475)], fruit [p=0.071, OR(95%Cl)= 2.604(0.911- 7.445)] and vegetable [p= 0.125,
OR(95%Cl)= 2.222(0.795 — 6.211)] consumption with hypertension.
Conclusions: Overweight and sodium consumption increases the risk of adolescent
hypertension. These factors can be modified and improved by increasing a healthy
lifestyle, mainly in the urban. Future strategic interventions addressing adolescents'
unhealthy lifestyles (high consumption of fat, sodium, sugar, and low physical activity)
should be considered.

level, smoking habit, nutritional status, fruit and

Epidemiology transition has been showing a
trend of mortality and disease, shifting from infectious to
non-communicable diseases!. Hypertension is a
condition considered one of the indicators that define
metabolic syndrome, which could lead to the
development of cardiovascular diseases. The global
prevalence of hypertension among adults has increased
in low and middle-income countries in the past three
decades? and increased among adolescents in the past
two decades3. Hypertension in adolescents should be a
concern since children's hypertension is related to adult
hypertension and lifelong detrimental cardiovascular
events#5. Hypertension is also the silent killer, rarely
detected before blood pressure identification as it often
comes  without symptoms®. Identification  of
hypertension at an early age might provide a more
strategic intervention to prevent the disabilities.

The risk factors of hypertension are often
identified along with the unhealthy lifestyle among the
urban population, such as alcohol consumption, stress

vegetable consumption, sodium consumption, and coffee
consumption. Obesogenic environments and behaviors
have contributed to increasing obesity among
adolescents. The contribution from marketing and
promotion also defined adolescents' motivation to
choose unhealthy products’. Overweight and obese is a
risk factor for obesity as it increases the volume and
blood pressure to be pumped to make the supply
sufficient for the circulatory need?®. Obesity also activates
the sympathetic nervous system and impairs renal
mechanisms toward diuresis®. A cup of coffee leads to
elevated blood pressure as caffeine increases
vasoconstriction and vascular resistance!®%12, Fruit and
vegetable consumption lowers the risk of hypertension
since potassium, magnesium, vitamin C, folic acid,
flavonoid, and carotenoid content improve endothelial
function and vasodilation and increase antioxidant
activity’314, The abundant study explained the causal
effect of high sodium consumption and hypertension.
High sodium intake impairs systemic vascular resistance
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and endothelial function and increases ROS inclusion criteria (1) age 15 - 18 years; (2) Moderate
production81516, physical activity (GPAQ); (3) Have no family history of
According to Indonesia Basic Health Survey, the hypertension.
prevalence of hypertension in Indonesia among people Blood pressure was measured two times using
aged>18 increased by 8.3% in five years!”18. A study in Omron® automated blood pressure monitor. The second
Palembang, Indonesia, showed that the prevalence rate measurement was started 5-15 minutes after the first
of hypertension among adolescents was 8%. It was measurement. Participants were not allowed to exercise
demonstrated that adulthood blood pressure is related to or have a meal 30 minutes before the measurement.
childhood blood pressure!®. Therefore, lifestyle Hypertension was defined at 2120/>80 mmHg?2.
intervention to control adulthood hypertension is needed Nutritional status was measured by calculating the body
for adolescents. Tangerang City is an industrialized city in mass index for age. Body weight and height were
Banten Province, Indonesia, one of six Jakarta (the measured twice using a digital scale and microtoise. High-
country's capital city) buffer regions. Its geographical and sodium food sources, fruit and vegetable, and coffee
social condition contributes to urban health and consumption were assessed using Semi-Quantitative
nutritional problems. Tangerang Health Profile shows the Food Frequency Questionnaire (SQ-FFQ). The chi-square
prevalence of hypertension in people aged 215 years is test (95% Cl) was used for the statistical analysis.
63.3%20. Therefore, this study aims to investigate the risk Ethical clearance was obtained from Ethical
factors of hypertension among urban adolescents. Committee for Health Studies with the Iletter
03/21.06/010565, Universitas Muhammadiyah Prof. DR.
METHODS Hamka. Informed consent was provided to the
This study was an analytical observational participants before data collection.
study using a case-control design. Participants were
recruited from Neroktog Urban Communities, Tangerang RESULTS AND DISCUSSION
City, Banten Province, Indonesia. The sample size was The results show that 32 (48.5%) participants
estimated for the hypothesis test for estimating the odds were overweight, 4 (6.1%) participants consumed coffee
ratio. The case and control group ratio was 1:1, with > 3 cups per day, 42 (53.6%) participants consumed fruit
matching by age and sex. The total number of samples < 1 portion per day, 43 (65.2%) participants consumed
was 66, consisting of 33 for the control and 33 for the vegetable < 1 portion per day, and 46 (69.7%) participants
case. The study applied consecutive sampling with consumed high-sodium food source > 3 times per day.

Table 1. Analysis of hypertension with nutritional status, coffee consumption, fruit and vegetable consumption, and high-
sodium food source consumption

Variable Category nCase % :ontr;l) p-value OR #"C‘J‘pper
O g 8 31 % 5 o en o e
) . .
(Cczf:,isac;nsumptlon ;z 330 990'19 312 937 0613 320 031 3248
i <
Ypeogriitz:l/::s)nsumptlon ;21 294 Z; ii 451:2 0125 222 080 621
ortiontimgt : R T R S PR P
Ecl,gn}:j;d,;;?nfa?r:;:;;)e ::,’ 249 ?;i 12 z;z 0.001* 6.82 196 23.78

*) Indicates significant differences between case and control group analyzed by Chi-square test (95% Cl).

Table 1 shows the results of bivariate analysis This result aligns with previous studies, which
using the Chi-square test to determine the relation of also demonstrated the relationship between obesity and
each variable. Nutritional status was categorized as hypertension in adolescents in urban and rural?324, It
normal to underweight if the Z-Score (BMI for age) is <1 strengthens the point that over-nutrition induced by
SD and overweight if the Z-Score (BMI for age) is >1 SD - unhealthy lifestyles is a common problem in rural areas
>2SD?2, The nutritional status and high-sodium food and a challenge in an industrialized urban area like
consumption were significantly related to hypertension Tangerang City. The present study found that participants
incidence. Participants who were overweight were 6.13 also like to consume local high-dense food, such as mie
times more likely to develop hypertension than those ayam, bakso, siomay, variety kinds of fritters, and other
who were normal and underweight. Participants who high-fat snacks.
consume high-sodium food sources more than three Being overweight could elevate blood pressure
times a day were 6.13 times more likely to develop through several inflammatory, hormonal, and circulatory
hypertension than those who consume less. Coffee mechanisms. Obesity impairs essential factors in
consumption was not significantly related to regulating vascular tones, such as nitric oxide (NO),
hypertension incidence or vegetable and fruit reactive oxygen species (ROS), endothelin, and RAS.
consumption. The high-sodium food source was related Obesity alters the amount of NO, which causes vascular
to hypertension incidence with a p-value of 0.001. stress. Adipose tissue also affects blood pressure via the
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regulation of leptin and adiponectin, which is related to
arterial tone. Obesity appears conjointly with insulin
resistance which also leads to vascular dysfunction23,
Higher body mass also causes higher volumes of blood
pumped in the circulation26:27,

Coffee consumption might lead to elevated
blood pressure because of its caffeine content, even
though this condition is differed by the individual caffeine
metabolism. Previous studies explained that the results
regarding the relationship between caffeine intake and
blood pressure are still inconclusive. The present study
shows no significant relationship between coffee
consumption and hypertension. Coffee consumption
among participants is relatively low, and they mostly
consumed instant coffee with low caffeine content. This
result also aligns with the study conducted in the Paniki
Bawah public health center in Manado City, which found
no relationship between coffee consumption and
hypertension?8.

Caffeine, the dominant compound in coffee,
tea, cocoa bean, and energy drink, increase blood
pressure by affecting adrenaline and epinephrine, which
induce the heart to pump harder to circulate the blood.
Aside from its caffeine content, consuming coffee as a
sweet beverage might impair insulin sensitivity and
increase oxidative stress. A very mixed result on the
relation between coffee consumption and hypertension
is also related to the genetic profile of cytochrome P450
1A2 (CYP1A2)?. Coffee consumption is also related to
other unhealthy lifestyles, such as smoking and high
sodium consumption. Therefore the development of
hypertension might not be caused directly by caffeine
consumption but other factors. Besides caffeine, coffee is
also rich in potassium and polyphenol. Potassium is
known to improve endothelial dysfunction, while
chlorogenic acid, the main polyphenol content of coffee,
has an antihypertensive effect3?. These factors could
explain  why the relationship between coffee
consumption and hypertension remains inconclusive.

This study found that habitual fruit and
vegetable consumption is still low. The food environment
can cause this finding, which is essential in shaping eating
behavior. Thus, it is crucial to provide healthy food at
school and home31. Moreover, adolescents' low fruit and
vegetable consumption is related to lower preference
and picky eating habits.

The protective effect of fruit and vegetable
against cardiovascular diseases has been widely
confirmed. Bioactive nutrients in food and vegetable,
such as vitamin A, vitamin C, flavonoids, and magnesium,
have antioxidant and anti-inflammatory activity3233,
which can delay hypertension34. A healthy fiber-rich diet
promotes better health outcomes, although the study
results between fiber intake and hypertension are
inconclusive. It could be explained that studies that
primarily identify the effect of total fiber for all kinds of
food sources, not specified by the type, whether it is
soluble or insoluble. For example, a study found that fiber
from cereals and vegetables is significantly related to a
lower risk of hypertension but not fiber from fruit3.

High-sodium food sources observed in this
study are crackers, biscuits, ultra-processed food, canned
food, salted fish and seafood, sauce, ketchup, soy sauce,

276

and instant foods. Sodium is vital in regulating fluid
balance and is a Renin-Angiotensin-Aldosterone System
(RAAS) component. Reducing sodium consumption is
beneficial to reduce hypertension risk and the mortality
and morbidity caused by cardiovascular diseases.
Increased salt consumption results in high fluid retention,
thus affect to the high pressure of the artery. High sodium
intake is also related to inflammation?’. Inflammatory
cells, T cells, and macrophages infiltrate the kidney and
contribute to hypertension3é.

CONCLUSIONS

This study found a significant relationship
between nutritional status and high-sodium food
consumption with hypertension incidence among
adolescents in Neroktog urban communities, Tangerang
City, Banten Province, Indonesia. There was no significant
relationship between coffee consumption, fruit and
vegetable consumption, and hypertension incidence. Fat
and sodium consumption increase the risk of
hypertension among adolescents. These modifiable
factors could be improved by increasing healthy lifestyles,
mainly in the urban setting. We recommend a future
strategic intervention addressing the unhealthy lifestyle
among adolescents (high consumption of fat, sodium,
sugar, and low physical activity), which should be
considered.
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