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ABSTRACT

Background: Hypertension is currently starting to show a trend in prevalence that continues to in-
crease at a younger age and is a major cause of premature death in the world. In adolescents, hyper-
tension is more common who are overweight or obese. This study aims to examine the effect of over-
weight and obesity on the incidence of hypertension in adolescents using a meta-analysis.

Subjects and Method: Meta-analysis was carried out using the PRISMA flow chart and the PICO
model. Population: adolescents aged 10 to 19 years. Intervention: overweight and obesity. Compa-
rison: normoweight. Outcome: hypertension). The databases used are PubMed, Science Direct,
Springer Link, and Google Scholar with the keywords (hypertension OR "High Blood Pressure") AND
"BMI Status" AND (adolescent OR teenager) AND "cross sectional". There were 9 cross-sectional
studies published in 2012-2022 with odds ratio (OR) effect size that met the inclusion criteria. Analy-
sis was performed with RevMan 5.3.

Results: A meta-analysis was conducted on 9 articles with a cross-sectional study design originating
from China, South Korea, India, Turkey, Tunisia, Lithuania and Poland involving 63,239 adolescents
aged 10-19 years. The results of the meta-analysis showed that overweight adolescents were 2.44
times more likely to experience hypertension compared to normal weight adolescents (aOR= 2.44;
95%ClI= 1.87 to 3.19; p<0.001), and obese adolescents were more likely to experience hypertension
4.53 times compared with normal weight adolescents (aOR= 4.53; 95% CI= 3.10 to 6.61; p<0.001).
Conclusion: Being overweight and obese can increase the risk of developing hypertension in
adolescents.
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BACKGROUND

Hypertension is defined as a condition when
blood pressure persistently increases abnor-
mally (Oparil et al., 2019; Singh et al., 2017).
By 2020, hypertension is the leading cause
of more than 670,000 deaths in the United
States (CDC, 2022). One of the global targets

e-ISSN: 2549-0273

for non-communicable diseases is to reduce
the prevalence of hypertension by 33% bet-
ween 2010 and 2030 (WHO, 2021a).
Initially, hypertension was rare in
children and adolescents, but now hyperten-
sion has shown a trend in prevalence at a
younger age (Yang et al.,, 2021). The CDC
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study shows that around 1 in 25 adolescents
or as many as 1.3 million adolescents aged
12 to 19 years have hypertension (CDC,
2020). The hypertension that most often
occurs in adolescents is essential hypertensi-
on, namely hypertension that occurs without
symptoms (asymptomatic) and many of
them are detected only during routine exa-
minations (Shaumi and Achmad, 2019).

In 2017, the American Academy of Pe-
diatrics (AAP) published new clinical practi-
ce guidelines for the diagnosis, evaluation,
and treatment of high blood pressure in chil-
dren and adolescents adjusted for age,
height, and sex (CDC, 2020; Samuels and
Samuel, 2018). The classification of blood
pressure in children aged 1-12 years accor-
ding to the AAP in 2017 is divided into nor-
mal blood pressure, which is less than the
goth percentile, elevated blood pressure,
which is between the 9oth and 95th percen-
tile, and hypertension is defined as 95th per-
centile or more (Samuels and Samuel,
2018).

Hypertension experienced by adole-
scents is related to multifactorial which can’t
be ascertained as a single cause. In adole-
scents, high blood pressure is more common
in adolescents who are overweight or obese,
and indicates a strong relationship between
obesity and hypertension in adolescents
(Flynn, 2019; Shaumi and Achmad, 2019).

Overweight and obesity are defined as
abnormal or excessive fat accumulation that
may impair health (WHO, 2021b). For chil-
dren and adolescents aged 5-19 years, the
calculation of BMI (Body Mass Index) needs
to take into account age, so that the BMI
values obtained are compared with the
WHO Growth Reference (WHO, 2021b).
Overweight conditions are defined if the
BMI value based on age is greater than 1
standard deviation above the WHO Growth
Reference median (BMI is equivalent to 25
to <30 kg/m2), while obesity is a condition
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if the BMI value is greater than 2 standard
deviations above the Growth Reference me-
dian WHO (BMI equivalent to >30 kg/m2)
(WHO, 2021b).

In this study, the authors are interes-
ted in conducting a meta-analysis of the ef-
fects of overweight and obesity on the inci-
dence of hypertension in adolescents. This
study aims to examine the effect of overweight
and obesity on the incidence of hypertension
in adolescents using a meta-analysis

SUBJECTS AND METHOD

1. Study Design

The meta-analysis was performed with the

PRISMA flowchart using PubMed, Science

Direct, Springer Link, and Google Scholar

databases. The keywords used are (hyper-

tension OR "High Blood Pressure") AND

"BMI Status" AND (adolescent OR teenager)

AND "cross sectional". There were 9 primary

studies that met the inclusion criteria of this

study. Data analysis was carried out using

RevMan 5.3.

2. Steps of Meta-Analysis

Meta-analysis is carried out through 5 steps

as follows:

1) Formulate research questions with the
PICO model (Population: adolescents
aged 10 to 19 years, Intervention: over-
weight and obesity, Comparison: normo-
weight, and Outcome: hypertension).

2) Search for primary study research articles
from 4 online databases, namely Pub-
Med, Science Direct, Springer Link, and
Google Scholar.

3) Conduct screening and quality assess-
ment of primary articles.

4) Extracting and analyzing data using the
RevMan 5.3 application.

5) Interpret the results
conclusions.

3. Inclusion Criteria

The article was in English, the research de-

sign used a cross-sectional design, the rela-

and draw
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tionship size used was Odds Ratio (OR), the
analysis used was multivariate with adjust-
ted Odds Ratio (aOR), the research subjects
were adolescents aged 10 to 19 years, the
intervention was overweight and obesity,
comparison in the form of normoweight,
and the outcome variable is hypertension or
high blood pressure.

4. Exclusion Criteria

Non full-text articles published before 2012
and after 2022.

5. Operational Definition of Variables

Overweight is the condition of being over-
weight in adolescents with a BMI value of
more than 1 standard deviation above the
WHO Growth Reference median or a BMI
value between the 85th percentile and less
than the 95th percentile according to the
CDC Growth Chart (BMI equivalent to 25 to
<30 kg /m2).

Obesity is a condition of being overweight
in adolescents with a BMI value of more
than 2 standard deviations above the WHO
Growth Reference median or a BMI value at
the g5th percentile or more according to the
CDC Growth Chart (BMI equivalent to >30
kg/m2).

Hypertension is a condition when adole-
scent blood pressure is persistently elevated,
namely at the 95th percentile or more (equi-
valent to >130/80 mmHg) on repeated mea-
surements.

6. Study Instruments

The quality assessment of the primary arti-
cles in this study used a critical assessment
checklist for cross-sectional studies publi-
shed by the Joanna Briggs Institute (JBI).

7. Data Analysis

The articles were collected using PRISMA
diagram and analyzed using the Review Ma-
nager 5.3 application (RevMan 5.3) by calcu-
lating the effect size and heterogeneity (I2) to
determine the combined research model and
form the final results of the meta-analysis.
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The results of data analysis are presented in
the form of forest plots and funnel plots.

RESULTS

The process of searching for primary articles
related to the effect of overweight and obe-
sity on the incidence of hypertension in ado-
lescents in this meta-analysis study was car-
ried out on 4 online databases and the re-
sults obtained were 9 articles which can be
seen in Figure 1. PRISMA flow diagram.

The total articles in the initial search
process were 1,553 articles with details of 4
articles from the PubMed database, 78 arti-
cles from the Science Direct database, 101
articles from the Springer Link database,
and 633 articles from the Google Scholar
database. Furthermore, 425 articles were de-
leted with duplicate articles and 1,128 arti-
cles were filtered. From a total of 550 eligi-
ble full text articles, 9 were included in the
synthesis meta-analysis. Full text articles in-
cluded in the exclusion criteria are due to
the following reasons:

1) Outcomes and interventions from the stu-
dy did not match the PICO criteria.

2) The research subjects are not teenagers
aged 10-19 years, but include those aged
less than 10 years or more than 19 years.

3) Does not include the value of the adjusted
odds ratio (aOR) as a result of multivaria-
te logistic regression analysis.

4) The study design is not cross sectional.

5) The operational definitions of the varia-
bles hypertension, overweight and obesity
do not match the operational definitions
of these variables in this study.

Figure 2. shows the distribution area of
the primary articles used in this study which
are spread over 3 continents, namely 5 arti-
cles from the Asian Continent (China, South
Korea, Turkey), 2 articles from the African
Continent (Tunisia), and 2 articles from the
Continent Europe (Lithuania and Poland).
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Total of articles (n=1,553)
Database PubMed= 4
Database Science Direct= 78

Database Springer Link= 101
Database Google Scholar= 1,370

A 4

A 4

Remove duplicate data (n=425)

Filtered articles (n= 1,128)

v

A 4

Issued articles (n= 578)
Not full text= 71
Title irrelevant= 507

Eligible full text articles (n= 550)

A 4

Articles included in the
qualitative synthesis (n= 9)

A 4

Articles included in the qualitative
synthesis and meta-analysis (n= 9)

Full text article issued with reason (n= 541)
Does not meet the inclusion criteria = 502
Does not match with definition operational= 38

Figure 1. PRISMA Flow Diagram

5 studies in
Asia

Figure 2. Map of research areas on the effect of
overweight and obesity on hypertension in Adolescent

Table 1. shows the results of the primary stu-
dy quality assessment used in this study. The
assessment of the quality of the primary stu-
dies in this study was carried out using a cri-
tical appraisal checklist cross sectional study
by JBI (Joanna Briggs Institute, 2017).
Based on the results obtained from the study
quality assessment, the total scores in the 9
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selected primary studies ranged from 15 to
16, this indicates that the quality of all pri-
mary articles used in this study is feasible for
meta-analysis.

Table 2. presents a description of the 9
primary studies with a cross-sectional study
design that were included in the meta-ana-
lysis of the effects of overweight and obesity
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on the incidence of hypertension in ado- sample of 63,239 youth aged 10 to 19 years.
lescents. There are 9 articles with a total

Table 1. Critical appraisal checklist for cross-sectional study of the effect of over-
weight and obesity on the incidence of hypertension in adolescents

Question Criteria

Author (Year)

1 2 3 4 5 6 Vi 8 Total
Aounallah-Skhiri et al. (2012) 2 2 2 2 2 2 2 2 16
Cam et al. (2020) 2 2 2 2 1 2 2 2 15
Dulskiene et al. (2014) 2 2 2 2 2 2 2 2 16
Huang et al. (2022) 2 2 2 2 2 2 2 2 16
Kaczmarek et al. (2015) 2 2 2 2 2 2 2 2 16
Lim et al. (2014) 2 2 2 2 2 2 2 2 16
Liu et al. (2021) 2 2 2 2 2 2 2 2 16
Soua et al. (2022) 2 2 2 2 2 2 2 2 16
Zou et al. (2019) 2 2 2 2 1 2 2 2 15

Description of the question criteria:

= Were the criteria for inclusion in the sample clearly defined?
= Were the research subjects and settings described in detail?
= Is exposure measured in a valid and reliable way?
= What are the standard criteria used for objective condition measurement?
= Were confounding factors identified?
= Was a strategy for dealing with confounding factors stated?
= Are the results measured in a valid and reliable way?
= Has proper statistical analysis been used?
swer score description:

= No
= Can’ttell
= Yes

N~ O ?oo\locn-hoomv-l

Table 2. Cross-sectional studies included for meta-analysis: the effect of over-
weight and obesity on the incidence of hypertension in adolescents (N=63,239)

Author (Year) Country Sample P I C (0)
Aounallah-Skhiri Tunis 1,484  Adolescent girls  Overweight, Normo- Hyper-
et al. (2012) aged 15-19 years  Obesity weight  tension
Cam et al. (2020) Turkey 896 Teenagers aged  Overweight, Normo- Hyper-
14-19 years Obesity weight  tension
Dulskiene et al. Lithuania 7,457 Teens aged 12-15 Overweight, Normo- Hyper-
(2014) years Obesity weight  tension
Huang et al. China 886 Teens aged 11-14 Overweight, Normo- Hyper-
(2022) years Obesity weight  tension
Kaczmarek et al. Poland 4,941  Teenagers aged  Overweight, Normo- Hyperten
(2015) 10-18 years Obesity weight  sion
Lim et al. (2014) South 1,526  Teenagers aged  Overweight, Normo- Hyper-
Korea 10-19 years Obesity weight  tension
Liu et al. (2021) China 42,025 Teenagersaged  Overweight, Normo- Hyper-
12-17 years Obesity weight  tension
Soua et al. (2022) Tunis 1,385 Teenagersaged  Overweight, Normo- Hyper-
14-19 years Obesity weight  tension
Zou et al. (2019) China 2,639 Teens aged 12-15 Overweight, Normo- Hyper-
years Obesity weight  tension
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Table 3. Adjusted Odds Ratio (aOR) of primary studies included in the meta-
analysis of the effect of overweight and obesity on the incidence of hypertension

in adolescents

Overweight Obesity
. 95%CI 95%CI
Studies aOR Lower Upper aOR Lower Upper
Limit Limit Limit Limit

Aounallah-Skhiri et al. 2.1 1.0 4.3 5.4 2.2 13.4
(2012)
Cam et al. (2020) 3.21 1.72 5.98 13.54 6.40 28.62
Dulskiene et al. (2014) 3.56 3.02 4.19 6.64 4.65 9.49
Huang et al. (2022) 5.73 3.27 10.03 2.33 1.54 3.52
Kaczmarek et al. (2015) 3.12 2.63 3.71 9.75 6.91 13.75
Lim et al. (2014) 1.46 0.94 2.28 1.90 1.05 3.45
Liu et al. (2021) 2.21 1.78 2.75 3.09 2.33 4.08
Soua et al. (2022) 1.72 1.18 2.51 3.74 2.56 5.42
Zou et al. (2019) 1.42 1.06 1.90 4.03 2.83 5.74

The forest plot in Figure 3. shows that there
is an effect of overweight on hypertension in
adolescents, and this effect is statistically
significant. Overweight adolescents are 2.44
times more likely to experience hypertension
compared to adolescents with normal weight
(aOR= 2.44; 95%CI= 1.87 to 3.19; p<0.001).
The forest plots also show high heterogene-
ity in the estimated effects of overweight bet-
ween primary studies in this meta-analysis

(I2= 86%; p<0.001). Thus, the calculation of
effect estimation is carried out using the
Random Effect Model (REM) approach.

The funnel plot in Figure 4. shows that
the distribution of effect estimates between
studies is more or less symmetrical, that is,
the distribution of effect estimates to the right
and left of the vertical line of the average
effect estimates is the same. Thus, this funnel
plot shows no publication bias.

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Apunallah-Skhiri 2012 07419 03657 7.2%  2.10[1.03,4.30]
Carm 2020 11663 03174  82%  3.21[1.72,5.98 —
Dulskiene 2014 12688 00831 140%  356(303, 414 -
Huang 2022 17457 02867 40%  573[327 1003 —
Kaczmarek 2015 11378 00872 139%  312([263,370] -
Lirm 2014 03812 0226 105% 1.46[0.94, 2.28] Bl
Liu 2021 0rE41 0111 13.4% 2.21[1.78, 2.74] =
Soua 2022 05423 01923 11.4%  1.72[1.18,2.51] —
Zou 2019 03507 01482 12.5%  1.42[1.06,1.90] ——
Total (95% CI) 100.0% 2.44[1.87, 3.19] &
Heterogeneity: Tau®= 0.13; Chi®= 56.13, df= 8 (P = 0.000013; F= 86% oy o T 00
Testfor overall effect: 2= 652 (P = 0.00001) Normoweight Overweight

Figure 3. Forest plot meta-analysis of the effect of overweight

on the incidence of hypertension
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Figure 4. Funnel plot meta-analysis of the effect

of overweight on the

The forest plot in Figure 5. shows that there is
an effect of obesity on the incidence of hyper-
tension in adolescents, and this effect is sta-
tistically significant. Obese adolescents are
4.53 times more likely to experience hyper-
tension compared to adolescents with normal
weight (aOR= 4.53; 95% CI= 3.10 to 6.61; p
<0.001). The forest plots also show high
heterogeneity in obesity effect estimates
between primary studies in this meta-analysis

incidence of hypertension

(I2= 86%; p<0.001). Thus, the calculation of
effect estimation is carried out using the Ran-
dom Effect Model (REM) approach.

The funnel plot in Figure 6. shows that
the distribution of effect estimates between
studies is more or less symmetrical, that is,
the distribution of effect estimates to the right
and left of the vertical line of the average
effect estimates is the same. Thus, this funnel
plot shows no publication bias.

Odis Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Aounallah-Skhiri 2012 16919 04608 77%  5.43[2.20,13.40]
Cam 2020 2B056 03818  88% 1364 (641, 2867 —
Dulskiene 2014 18936 0182 122%  6.64[4.65 9.49) -
Huang 2022 08459 0.2113 11.7%  2.33[1.54, 353 —
Kaczmarek 2015 22773 DA77 123%  G75[A91,1376) —
Lim 2014 0B436 03035 102%  1.90[1.05 3.45] ——
Liu 2021 11282 01418 127%  3.09[2.34,4.08] -
Soua 2022 13191 01883 121%  374[2568 547 ——
Zou 2019 13938 01804 122%  4.03[283 574 -
Total (95% CI) 100.0%  4.53[3.10, 6.61] E: 8
Heterageneity: Tau®= 0.27; Chi*= 58,36, df= 8 (P = 0.00001); F= 86% T o -+ o0
Test for overall effect: Z=7.81 {F = 0.00001) ’ r~Jﬁ-rmnweiﬂht Obesity

Figure 5. Forest plot meta-analysis of the effect of obesity

on the incidence of hypertension
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Figure 6. Funnel plot meta-analysis of the effect of obesity
on the incidence of hypertension

DISCUSSION
1. Effect of overweight on the inciden-
ce of hypertension in adolescents

Overweight is defined as a condition of
adolescent body weight that is more than 1
standard deviation above the WHO Growth
Reference median (BMI equivalent to 25 to
<30 kg/m2) or a BMI value between the 85th
percentile and less than the g5th percentile
based on CDC Growth Charts (CDC, 2021;
WHO, 2021b). The condition of overweight
in adolescents has the potential to cause
various other health problems such as
hypertension, which in turn can have long-
term implications for the development of
cardiovascular disease as adults (Flynn,
2019; Rohkuswara and Syarif, 2017).

Based on the results of a meta-analysis
of 9 primary studies in this study, it showed
that overweight adolescents were 2.44 times
more likely to experience hypertension com-
pared to adolescents with normal weight
(aOR= 2.44; 95%CI= 1.87 t0 3.19; p<0.001).

The results of this study are in line
with research by Manios et al. (2017) which
shows that being overweight or overweight
in adolescents is significantly related to hy-
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pertension in both conditions of increased
systolic and diastolic blood pressure. Adole-
scents with excess body weight have a 2.51
times more likely to have an increase in
systolic or diastolic blood pressure compa-
red to adolescents with normal or under-
weight weight (aOR = 2.51; 95% CI= 1.97 to
3.20).

Research by Szabo et al. (2021) also
showed similar results, namely the percenta-
ge of hypertension in both male and female
adolescents was higher in those who were
overweight (64.14%) compared to adole-
scents with normal weight. The results of
this study also show that increasing body
weight is a significant risk factor for the inci-
dence of hypertension in adolescents.

The results of other studies show that
there is a strong relationship between over-
weight and hypertension in adolescents
(Wariri et al., 2018). According to Yusrizal et
al. (2016), BMI values and the risk of hyper-
tension in adolescents show a positive rela-
tionship, which means that any increase in
BMI values will be followed by an increased
risk of hypertension in adolescents. The
results of this study indicate that every 1
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kg/m2 increase in BMI can increase the risk
of hypertension in adolescents by 4.85
mmHg.

The results obtained in this meta-ana-
lysis show that adolescents who are over-
weight are more likely to develop hyperten-
sion, but the exact size of the effect varies.
This shows the possibility that there are
other factors that influence hypertension in
overweight adolescents.

According to Kelly et al. (2015), in
general there are a number of characteristics
that are identified as increasing the risk of
hypertension in overweight adolescents, but
the underlying biological mechanisms are
uncertain. Several factors that have been
identified to increase the risk of hyperten-
sion in overweight adolescents include a his-
tory of hypertension and a history of diabe-
tes mellitus in the family, older age, history
of LBW (low birth weight), lack of physical
activity, poor sleep quality, excess sodium
intake. , and lack of potassium intake.

2. The effect of obesity on the inciden-
ce of hypertension in adolescents
Obesity is defined as an adolescent whose
body weight is more than 2 standard devia-
tions above the WHO Growth Reference
median (BMI equivalent to >30 kg/m2) or a
BMI value at the g95th percentile or more
according to the CDC Growth Charts (CDC,
2021; WHO, 2021b). Obesity shows a condi-
tion of body weight that exceeds the con-
dition of being overweight, so that adoles-
cents with obesity have a greater possibility
of experiencing other, more serious health
problems, such as hypertension, and can
also trigger the development of cardiovasc-
ular disease as adults (Flynn, 2019; Rohkus-

wara and Syarif, 2017).

The results of this study's meta-analy-
sis showed that obese adolescents were 4.53
times more likely to experience hypertension
compared to adolescents with normal weight
(aOR= 4.53; 95% CI= 3.10 t0 6.61; p<0.001).
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The results of this study are in line
with the research of Manios et al. (2017) that
obesity in adolescents is significantly related
to hypertension both in conditions of incre-
ased systolic and diastolic blood pressure.
Obese adolescents are 6.31 times more likely
to have an increase in systolic or diastolic
blood pressure than adolescents with nor-
mal weight or less (aOR = 6.31; 95% CI =
4.62 to 8.60).

Meanwhile, similar to the research by
Febriani et al. (2020) which showed that
obesity can increase the risk of hypertension
in adolescents and the effect is statistically
significant (OR = 5.8; p<0.001). The results
of this study also show that obesity, a family
history of hypertension and a family history
of obesity can simultaneously increase the
risk of hypertension in adolescents.

The results of several studies show that
the risk of hypertension in obese adolescents
is higher than the risk of hypertension in
overweight adolescents, with a reference for
the size of the effect being adolescents with
normal nutritional status or normoweight
(Manios et al., 2017; Mohan et al., 2019) .
This is consistent with the results of this
meta-analysis study which showed that the
effect size of obesity on hypertension in ado-
lescents was higher (aOR = 4.53) than the
effect size of overweight on hypertension in
adolescents (aOR = 2.44).

In line with this, Karimulla and Rao's
research (2021) shows a positive relation-
ship between BMI and hypertension, which
means that the higher the BMI value, the
greater the risk of hypertension, and in this
case the BMI obesity value range is higher
than the BMI value range for the category
overweight. According to Brady (2017), the
main approach in dealing with the problem
of adolescents with obesity-related hyper-
tension needs to be focused on achieving a
healthy weight and achieving a healthy
lifestyle.
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This study has several limitations, such
as a language bias because this research uses
only primary studies published in English.
In this study there were also limitations in
searching for primary studies because re-
searchers only searched 4 online databases,
namely PubMed, Science Direct, Springer
Link, and Google Scholar.

AUTHOR CONTRIBUTION
Nurussyifa Afiana Zaen as the main re-
searcher who selects topics, conducts
searches for research data collection, and
conducts research data analysis. Didik
Gunawan Tamtomo and Burhannudin
Ichsan reviewed research documents.

ACKNOWLEDGEMENT
The researcher would like to thank all those
who contributed to the preparation of this
article, and to the database providers
PubMed, Science Direct, Springer Link,
Google Scholar.

FUNDINGS AND SPONSORSHIP
The study was self-funded.

CONFLICT OF INTEREST
There is no conflict of interest in this study.

REFERENCES
Aounallah-Skhiri H, Ati JE, Traissac P,
Romdhane HB, Eymard-Duvernay S,
Delpeuch F, Achour N, et al. (2012).
Blood pressure and associated factors
in a North African adolescent populati-
on. a national cross-sectional study in
Tunisia. BMC Pub Health. 12(98). doi:
10.1186/1471-2458-12-98.
Brady TM (2017). Obesity-related hype.rten-
sion in children. Front Pediatr. 5(197):
1—7. doi: 10.3389/-fped.2017.00197.
Cam HH, Top FU (2020). Prevalence of
hypertension and its association with
body mass index and waist circumfere-

www.jepublichealth.com

nce among adolescents in Turkey: A
cross-sectional study. J Pediatr Nurs.
57: e29—e33. doi: 10.1016/j.pedn.202-
0.09.017.

CDC (2020). High blood pressure in kids and
teens. Centers for Disease Control and
Prevention. Retrieved September 10,
2022, from https://www.cdc.gov-/blo-
odpressure/youth.htm.

CDC (2021). Defining childhood weight
status. Centers for Disease Control and
Prevention. Retrieved September 13,
2022, from https://www.cdc.gov-/obe-
sity/basics/childhood-defining.html.

CDC (2022). Facts about hypertension. Cen-
ters for Disease Control and Preventi-
on. Retrieved September 10, 2022,
from https://www.cdc.gov/bloodpress-
ure-/facts.htm.

Dulskiene V, Kuciene R, Medzioniene J,
Benetis R (2014). Association between
obesity and high blood pressure among
Lithuanian adolescents: A cross-secti-
onal study. Ital J Pediatr. 40(102). doi:
10.1186/s13052-014-0102-6.

Febriani RT, Sari NL (2020). Hypertension
risk factors among obese adolescent. In
The 7th International Conference on
Public Health. doi: 10.26911/the7thicp-
h.o1.02.

Flynn JT (2019). The hypertensive adole-
scent. CJASN. 14(7): 1074—1076. doi:
10.2215/CJN.02800319.

Huang Y, Zheng H, Qin S, Chen C, Su D, Ye
B, Huang Y, et al. (2022). Prevalence
and risk factors of hypertension in ado-
lescents: A cross-sectional study based
on junior high schools in southwest
China. Res Sq. doi: 10.21203/r5.3.1r5-2-
194101/Vv1.

JBI (2017). Checklist for analytical cross-
sectional studies. Joanna Briggs Insti-
tute Retrived October 29, 2022, from
https://jbi.global/sites/default/files/2
019-05/JBI_Critical_Appraisal-Check-
list_for_Analytical _Cross_Sectional_S
tudies2017_o0.pdf.

118



Zaen et al./ Effects of Overweight and Obesity on Hypertension in Adolescents

Kaczmarek M, Stawinska-Witoszynska B,
Krzyzaniak A, Krzywinska-Wiewio-
rowska M, Siwinska A (2015). Who is
at higher risk of hypertension? Socio-
economic status differences in blood
pressure among Polish adolescents: a
population-based ADOPOLNOR study.
Eur J Pediatr. 174: 1461—1473. doi: 10-
.1007/500431-015-2554-0.

Karimulla S, Rao NP (2021). Prevalence of
obesity and hypertension in adolescent
school children of Guntur town,
Andhra Pradesh. Int J Contemp Med
Res. 8(7): G1—G4. doi: 10.21276/ijcmr.-
2021.8.7.1.

Kelly RK, Magnussen CG, Sabin MA, Cheung
M, Juonala M (2015). Development of
hypertension in overweight adole-
scents: A review. Adolesc Health Med
Ther. 6: 171—-187. doi: 10.2147/AHMT-
.555837.

Lim H, Xue H, Wang Y (2014). Association
between obesity and metabolic comorbi-
dities among children and adolescents in
South Korea based on national data.
BMC Pub Health. 14(279). doi: 10.1186/-
1471-2458-14-279.

Liu K, Li C, Gong H, Guo Y, Hou B, Chen L,
Liu F, et al. (2021). Prevalence and risk
factors for hypertension in adolescents
aged 12 to 17 years: A School-based
study in China. Hypertension. 78: 1577
—1585. doi: 10.1161/HYPERTENSION-
AHA.121.17300.

Manios Y, Karatzi K, Protogerou AD,
Moschonis G,  Tsirimiagou C,
Androutsos O, Lionis C, et al. (2017).
Prevalence of childhood hyper-tension
and hypertension pheno-types by
weight status and waist circumference:
The Healthy Growth Study. Eur J Nutr.
57(3), 1147—-1155. doi: 10.1007/s00394-
017-1398-y.

Mohan B, Verma A, Singh K, Singh K,
Sharma S, Bansal R, Tandon R, et al.
(2019). Prevalence of sustained hyper-
tension and obesity among urban and

www.jepublichealth.com

rural adolescents: A school-based,
cross-sectional study in North India.
BMJ Open. 9(e027134): 1—9. doi: 10.1-
136/bmjopen-2018-027134.

Oparil S, Acelajado MC, Bakris GL, Berlowitz
DR, Cifkova R, Dominiczak AF, Grassi
G, et al. (2019). Hypertension. Nat Rev
Dis Primers. 4: 1—48. doi: 10.1038/nr-
dp.2018.14.

Samuels J, Samuel J (2018). New guidelines
for hypertension in chil-dren and
adolescents. J Clin Hyper-tens. 20:
837—-839. doi: 10.1111/jch.13285.

Shaumi NRF, Achmad EK (2019). Lite-rature
review: Hypertension risk fac-tors
among adolescents in Indonesia. Media
Litbangkes. 29(2): 115—122. doi: 10.22-
435/mpk.v29i2.1106.

Singh S, Shankar R, Singh GP (2017). Preva-
lence and associated risk factors of hy-
pertension: A cross-sectional study in
urban Varanasi. Int J Hypertens. doi:
10.1155/2017/5491838.

Soua S, Ghammam R, Maatoug J, Zammit N,
Fredj SB, Martinez F, Ghannem H
(2022). The prevalence of high blood
pressure and its determinants among
Tunisian adolescents. J Hum Hypertens.
doi: 10.1038/s41371-022-00677-X.

Szabo L, Kormos-Tasi J, Gacsi E, Scheuring
N (2021). High blood pressure and
obesity prevalence in adolescents: Re-
sults of a screening program. Arch Dis
Child. 106(2). doi: 10.1136/archdischil-
d-2021-europaediatrics.49.

Wariri O, Jalo I, Bode-Thomas F (2018). Dis-
criminative ability of adiposity measu-
res for elevated blood pressure among
adolescents in a resource constrained
setting in north-east Nigeria: A cross-
sectional analysis. BMC Obes. 5(1): 1—
10. doi: 10.1186/5s40608-018-0211-7.

WHO (2021a). Hypertension. World Health
Organization. Retrieved October 24,
2022, from https://-www.who.int/ne-
ws-room/factsheets/detail /hypertensi-
on.

119



WHO (2021b). Obesity and overweight.

World Health Organization. Retrieved
September 10, 2022, from https://-
www.who.int/news-room/-fact-sheets-
/detail/obesity-and-over-weight.

Yang Y, Min J, Chang L, Chai J, Song Z, Zha

S, Zhang M, et al. (2021). Pre-valence
trends of hypertension among 9-17
aged children and adolescents in
Yunnan, 2017-2019: a serial cross-
sectional surveillance survey. BMC Pub
Health. 21(338): 1—9. doi: 10.1186/s1-
2889-021-10258-1.

www.jepublichealth.com

Zaen et al./ Effects of Overweight and Obesity on Hypertension in Adolescents

Yusrizal M, Indarto D, Akhyar M (2016).

Risk of hypertension in overweight
adolescents in Pangkalpinang, Indo-
nesia. J Epidemiol Public Health. 1(1):
27—-36. doi: 10.269-11/jepublichealth-
.2016.01.01.04.

Zou Y, Xia N, Zou Y, Chen Z, Wen Y (2019).

Smartphone addiction may be associated
with adolescent hypertension: A cross-
sectional study among junior school
students in China. BMC Pediatr. 19(1):
1—8. doi: 10.1186/s12887-019-1699-9.

120



