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Abstract
Purpose: In this review, we compared hypertension between adolescents and adults and evaluated
distinctive prevention programs.
Research Methodology: Systematic Review
Results: At present, the definition of hypertension used in adolescents, especially those aged >13
years, is the same as that in adults so that blood pressure monitoring can be easily performed.
Despite the aforementioned programs for preventing hypertension, unsatisfactory results are
observed in adults; adults find it difficult to follow the program because it is difficult to change
unhealthy lifestyle habits, such as low physical activities, bad food habit, poor sleeping pattern,
stress, and smoking habits, which have developed in adolescence. Thus, it is important to start
preventing hypertension during adolescence to prevent hypertension in adulthood.
Limitations: This paper is not a meta-analysis. Prevention strategies of hypertension may vary
among countries from different cultural and characteristic conditions.
Contribution: This review could contribute positively in decreasing the incidence of hypertension
worldwide.
Keywords: Hypertension; Blood Pressure; Adolescence; Adulthood; Prevention

Introduction
Hypertension, that is, a high blood pressure level, is commonly found in adults but is also present
in adolescents and even in children. Some studies have revealed that hypertension in adults may
start during adolescence (Giles et al,2009; Flynn,2017; Tirosh et al,2010; Chen and Wang,2008;
Sun et al,2007; Lai et al,2014). The worldwide prevalence of hypertension in adolescents may
vary, and its incidence rate has been increasing every year (Savitha et al,2007; Saing,2005;
Kurnianto et al,2020). A higher prevalence of hypertension in adolescents leads to declining
quality of life and increasing morbidity and mortality, particularly in adults (Flynn,2017; Tirosh et
al,2010; Chen and Wang,2008; Sun et al,2007; Lai et al,2014; Saing,2005; Kurnianto et
al,2020).The costs of hypertension treatments may increase every year; thus, it is more effective to
employ promotive and preventive programs rather than curative and rehabilitative treatments.
Hypertension and its complications subsequently lead to higher cost of medication, prolong
medication consumption, and decrease quality of life (Weintraub and Rudolph,2011; Lim et
al,2012).

In this review, we aimed to compare the incidence of hypertension between adolescents
and adults and evaluate distinctive prevention programs. This review could contribute positively in
decreasing the incidence of hypertension worldwide.
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Hypertension
Definition

Hypertension is defined as increased arterial systemic blood pressure above the normal level (Giles
et al,2009). In adults, it is defined as a disorder of systemic blood circulation with an increase in
systolic blood pressure (=140 mmHg) and/or diastolic blood pressure (=90 mmHg) detected in two
blood pressure measurements with a 5-min interval and at rest (Giles et al,2009). The recent
guideline published by the American Heart Association (AHA) and American College of
Cardiology (ACC) in 2017 reveals changes in hypertension definition. Hypertension is now
defined as increased systolic blood pressure >130 mmHg and/or diastolic blood pressure >80
mmHg (Whelton et al,2018).

Similar to adults, hypertension can also occur in adolescents. The Fourth Report on High
Blood Pressure in Children and Adolescents defined hypertension as an average systolic and
diastolic blood pressure >95™ percentile based on sex, age, and height in three measurements or
more (Flynn,2017). Moreover, in 2017, the American Academy of Pediatrics (AAP) defined
hypertension based on age and described hypertension as follows: hypertension in children aged 1
to <13 years is defined as an average systolic and diastolic blood pressure >95™ percentile, and
hypertension in children aged >13 years is defined as increased systolic blood pressure >130
mmHg and/or diastolic blood pressure >80 mmHg. This definition is suitable and in accordance
with the guidelines released by the AHA and ACC in the same year (Flynn,2017).

Epidemiology

According to the World Health Organization, in 1975, approximately 594 million people
had hypertension, and the numbers have doubled to approximately 1.13 billion people in 2015
(Dzau and Balatbat,2019).A previous study included samples taken from 90 countries in 2016 and
revealed that 31.1% of the adults have hypertension (Mills et al,2016).

Hypertension incidences in adolescents may vary worldwide, and approximately 1.3% to
21.6% of adolescents develop hypertension due to aging (Savitha et al,2007; Ejike et al,2010; Bell
et al,2019). In Indonesia, approximately 3.1% to 4.6% of adolescents have hypertension, but the
incidences have been increasing every year (Saing,2005; Kurnianto et al,2020). Given the
increasing rate of hypertension and risks, adolescents may experience decreased quality of life, and
if hypertension persistently occurs in adulthood, it may lead to higher morbidity and mortality
risks(Flynn,2017; Tirosh et al,2010; Chen and Wang,2008; Sun et al,2007; Lai et al,2014;
Saing,2005; Kurnianto et al,2020).

Classification

In 2003, the Seventh Report of The Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure VII (JNC VII) classified blood pressure into
normal, prehypertension, hypertension stage I, and hypertension stage II. Accordingly, the AHA
and 2017 ACC Guideline for the Prevention, Detection, Evaluation, and Management of High
Blood Pressure in adults classified blood pressure into normal, elevated, hypertension stage I, and
hypertension stage II (Whelton et al,2018). The descriptions are depicted in Tables 1 and 2.

In 2004, The Fourth Report On The Diagnosis, Evaluation, and Treatment Of High Blood
Pressure In Children And Adolescents classified blood pressure into normal, prehypertension,
hypertension, hypertension stage I, and hypertension stage II. Furthermore, in 2017, the AAP
released a new classification of hypertension: normal, elevated, hypertension stage I, and
hypertension stage II, as presented in Tables 3 and 4 (Flynn,2017).

Etiologies/Risk Factors

Adolescents and adults usually have primary or essential hypertension (85%-95% of
cases). Two main factors cause hypertension: genetics and lifestyle. Genetics contributes
approximately 30% of hypertension risk. Higher hypertension risk is caused by unhealthy
lifestyles. Lifestyles include physical activities, eating pattern, sleeping pattern, stress, and
smoking habit (Luma and Spiotta,2006; Ranasinghe et al,2015; Liu et al,2014; Kurnianto et
al,2020; Yoo and Park,2017; Andrade et al,2017; Huang et al,2014; Byrne et al,2016).

In this modern era, there may be lifestyle changes in adolescents and adults, such as
eating junk food, canned food, bottled sausages, canned beverages, preserved fruits and
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vegetables, and food with high levels of sugar, salt, fat and cholesterol; sedentary behaviors
because many activities can be carried out using modern technology; and driving a vehicle over
short distances instead of walking. These unhealthy lifestyles are harmful to the human body and
health and can influence physical decline caused by less physical activities and improper eating
pattern leading to hypertension (Kurnianto et al,2020; Singhal et al,2010; Wilson and
Ampey,2001).

Adolescents whose family or parents have a hypertension history show a higher risk to
cardiometabolic diseases such as overweight, obesity, and hypertension. Parents or adults can
affect the health of their offspring or adolescent children through genetic and environmental
factors. Adolescents usually imitate the habits or lifestyles of their parents, particularly unhealthy
eating patterns such as inappropriate nutrition intake including excessive salt and calorie
consumptions leading to obesity, sedentary behavior, smoking habit, stress, and sleep deprivation.
Adolescents also imitate teachers, family, friends, adults, and public figures(Ranasinghe et
al,2015; Liu et al,2014; Yoo and Park,2017; Andrade et al,2017; Huang et al,2014; Byrne et
al,2016).

Adolescents whose parents have a history of hypertension may have higher hypertension
risk in the future than adolescents whose parents do not have hypertension. If the parents have
hypertension, the risk of congenital hypertension is 4—15 times higher than in those whose parents
are normotensive. If both parents have hypertension, their children have a 44.8% risk of
hypertension. In addition, if one parent has hypertension, adolescents have a 12.8% risk of
hypertension (Saing,2005). People whose families have a history of hypertension may experience
significant increased blood pressure during childhood, adolescence, and into adulthood (Singh et
al,2010). Blood pressure variation in humans is caused by genetic factors, but the genes that cause
the variation remain unknown (Zheng et al,2016).

Diagnosis

The recommended blood pressure measurement method utilizes sphygmomanometer and
auscultation: that is, the stethoscope is placed on the brachial artery in the proximal and medial
cubital fossa of the right hand. The length of the cuff covers 80% of the upper limb, while its width
covers 40% of the upper limb (area between the acromion and olecranon). Bigger cuffs can
generate lower blood pressure, while smaller cuffs can generate higher blood pressure. Blood
pressure is appropriately measured after a 3- to 5-min break, and the environment is supposed to
be noiseless. During blood pressure measurement, children are seated and the right arm is
positioned as high as the heart. If the blood pressure is higher than the 90™ percentile, the
measurement should be repeated twice immediately to obtain valid results, and the average blood
pressure is used for classification. Therefore, when using the new AAP clinical practice guidelines,
blood pressure measurement results are recorded based on seXx, age, and height if the adolescents
aged <13 years, and the cut-off is used as in adults if the adolescents are >13 years old
(Flynn,2017; Kurnianto et al,2020; Luma and Spiotta,2006).

Several items should be considered to understand the table of blood pressure based on
sex, age, and height: (1) using the Center for Disease Control and Prevention (CDC) growth chart
given the percentile of height based on age, (2) conducting systolic and diastolic blood pressure
measurements and recording the results in children, (3) using the table of the National Health and
Nutrition Examination Surveywhich is based on sex and age of children; and (4) determining the
percentile of blood pressure and classifying the results in children. In children and adolescents,
blood pressure is rarely measured, and higher blood pressure is usually diagnosed in adults.
Previous studies stated that nearly 75% of hypertension and 90% of pre-hypertension incidences in
children and adolescents are not diagnosed comprehensively (Flynn,2017; Luma and
Spiotta,2006). Moreover, it is much simple to classify blood pressure in adults and adolescents
aged >13 years.

Hypertension Prevention in Adults

Eleven programs have been initiated and employed worldwide to prevent hypertension in
adults (categorized as secondary prevention), including Dietary Approaches to Stop Hypertension
(DASH), Diet Exercise and Weight Loss Intervention Trial (DEW-IT), PREMIER trial,
Hypertension Improvement Project (HIP) trial, The Logan Healthy Living Program, and programs
to change unhealthy lifestyles in many countries (Appel et al,1997; Miller et al,2002; Maruthur et
al, 2009; Dolor et al,2009; Eakin et al,2008; Cakir and Pinar,2006; Chao et al,2012; Garcia et
al,2001; Hacihasanoglu and Gozum,2011; Jafar et al,2009).
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DASH is a program focusing on effective eating pattern to lower blood pressure in
hypertension patients in the United States. The intervention is given for 8 weeks by medical
doctors to each participant without involvement of the family by maintaining nutrition intake per
day based on the Recommended Dietary Allowances for Americans (Appel et al,1997).

DEW-IT is an intervention program related to lifestyles such as dietary allowance,
increased physical activities, and weight loss through direct consultation with the medical doctors
by adult hypertension patients in the United States. The individualized program is conducted for 9
weeks with investigation of blood pressure measurements every 2 weeks by the medical doctors
without involvement of the family (Miller et al,2002).

The PREMIER trial program includes provision of education via leaflets dealing with
lifestyles, lifestyle modifications (improving physical activities >180 min per week; decreasing
weight; decreasing fat, salt, and calories intake; decreasing alcohol consumption; and eating
sufficient fruits and vegetables). In this 6-week program, the activities are recommended to each
adult hypertension patient in the United States without involving their family and other party, and
blood pressure is monitored until the end of the program (Maruthur et al, 2009).

The HIP trial is a strategy to change behavior in adult hypertension patients in the United
States through active interventions between medical doctors and patients for 18 months.
Monitoring is required to discover changes in lifestyles and blood pressures every 3 months.
Intervention performed by the medical doctors employs three major elements. The first element is
the use of module exercise for 45 min per day according to the guidelines of JNC-7 and module of
lifestyle modifications to control blood pressure. The module can be recieved through audio
streaming, slide presentation, and printed media based on the recommendation of the medical
doctors. The second element is medication algorithm program and evaluation for the medical
doctors. The third element is adherence evaluation of medical doctors toward the JNC-7 guideline.
The intervention strategy of the medical doctors consists of system support, feedback, knowledge,
motivation, self-efficacy, and skills which can influence adherence toward the guideline of the
treatment. Intervention is carried out by dividing the patients into groups of 10—15 members, while
each group is monitored by a health professional. Therefore, every patient is given dietary and
physical activity guideline books. The intervention strategy include knowledge, motivation, self-
efficacy, and skills which can influence adherence toward treatment and lifestyle changes (Dolor
et al,2009).

The Logan Healthy Living Program encourages lifestyle improvement (physical activity
and eating pattern) via telephone-based consultations as the primary service for low-income adult
hypertension patients living in the remote areas of Logan, Queensland, Australia. The intervention
is carried out for 12 months. The intervention strategies include self-efficacy/self-esteem,
motivation toward results and belief; encouragements from family, friends, and neighbors, and the
society; feedback; motivation; and utilization of workbook media that contain goal setting,
problem solving, self-reward, support social, positive self-talk, relapse, and action plan which can
influence patient lifestyles (Eakin et al,2008).

Moreover, in Istanbul, Turkey, lifestyle modification programs use an initial intervention
strategy: nurses give patients a 30-min education related to behaviors related to hypertension
prevention such as eating pattern, nutrition allowance based on DASH, alcohol consumptions,
smoking habit, and physical activities. The intervention is given for 6 months; therefore, there will
be a meeting every 3 months to maintain and strengthen the behaviors (Cakir and Pinar,2006).

The Chinese government regulates an intervention strategy that includes a health
management program including individual nutrition allowance and physical activity, education
concerning with self-health management, telephone-based consultation, meetings for discussing
health, and health promotion materials. The intervention is carried out once per month by trained
health professionals, for a total of 18 months (Chao et al,2012).

The Mexican government uses the following intervention strategy: participants are visited
by nurses 1-2 times per month for 6 months. In every visit, blood pressure is measured, and the
results are then observed. Meanwhile, lifestyle changes are discussed, and participants are advised
regarding healthy lifestyles along with the blood pressure target (Garcia et al,2001).

The government of Erzincan, Turkey, uses an intervention strategy in which nurses
provide education related to healthy lifestyles (dietary allowance, eating pattern, low salt food,
stress management, weight control, physical activity, risks of alcohol, and smoking habit) every
month for 6 months (Hacihasanoglu and Gozum,2011). Meanwhile, the Pakistan government
applies an intervention strategy in which health professionals provide education (dietary allowance
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based on DASH, physical activity, weight control, and no smoking habit) to the patients. The
program can be carried out at home attended by all family members. The first visit is performed
for 90 min, and the next visits are done once every 3 months for 24 months (Jafar et al,2009).

However, based on all regulated programs, unsatisfactory results were obtained because
adults are resistant to change unhealthy lifestyle habits which have started in adolescence (Fang et
al,2016; Tang et al,2013; Steptoe and McMunn,2009; Mellen et al,2008; Fang et al,2010).

Hypertension Prevention in Adolescents

To prevent hypertension in children and adolescents (categorized as primary or pre-
primary prevention), seven programs have been regulated in many countries: the School-EduSalt
trial to reduce salt consumption, efforts to stop smoking habit in the form of An informal school-
based peer-led intervention for smoking prevention in adolescence (ASSIST) and Repeated
implementation intention formation on adolescent smoking initiation (RIIF), efforts to maintain
eating pattern, and efforts to improve physical activities (Singhal et al,2010; Wilson and
Ampey,2001; He et al,2013; Ma et al,2019; Campbell et al,2008; Conner et al,2019; Thompson et
al,2013; Fardy et al,1996).

School-EduSalt is a program regulated in many schools in China to reduce salt intake by
using an intervention strategy: education related to low salt consumption is given to children in
schools in the forms of presentations, assignments, home works, role plays, and quizzes which can
stimulate the students to join the program. The program is carried out every 2 weeks for one
semester (4.5 months) and involves parents, friends, and teachers to provide and maintain the
program. Adolescents can gain awareness regarding not consuming food with high salt levels,
which is a common family behavior (He et al,2013; Ma et al,2019).

ASSIST is a school-based program applied in the United Kingdom and Wales that uses
an intervention strategy to prevent smoking habit. The program involves recruiting students
(motivators) who have the same age as the participants (controllers) to prevent smoking habit and
giving the students treatment in a 2-day training outside the schools. The treatment aims to deliver
detailed information related to harmful effects of smoking and programs to stop the smoking habit.
The motivators as well as the students are given the intervention for 10 weeks through daily
activities and the results are recorded in monitoring books. The trainers of the motivators visit
once every few weeks to monitor. Rewards and charters are used as stimulants for the motivators
to join the program (Campbell et al,2008).

Furthermore, Leeds and Staffordshire, in the United Kingdom, employ the following
intervention program: in the RIIF program, teachers give 50 min educational presentations in class
every 6 months. The students are given materials, motivations, and intentional implementation
such as anti-smoking messages, ways to avoid offers to smoking, anti-smoking captions in the
forms of words and pictures, and homework assignments (Conner et al,2019).

Singhal et al. (2010) introduced a program to maintain eating patterns in schools in India
using an intervention strategy. In the first 6 weeks, the program is introduced to the students. Then,
over the next 18 weeks, 30-min educational sessions concerning dietary allowance are given once
a week, with education related to food distribution, sources, and benefits for health (carbohydrate,
calories, fibers in vegetables and fruits, fats, proteins, and nuts); effects of fried food and junk
food; and information regarding healthy cooking and diseases in accordance with lifestyles. The
students can actively participate in physical school activities for 30 min 5 days per week, and
education related to physical activity at home is given, including limiting time for watching
television, doing house chores (e.g. sweeping), walking short distances, keeping food journals, and
conducting question-answer sessions related to physical fitness. Individual consultations regarding
lifestyle, eating patterns, and physical activity are carried out for 1 hour per week. School policy is
changed to provide healthy food in the canteens, such as not selling carbonated beverages and
unhealthy food with high calories. The teachers and parents are involved in the program.
Consultations about dietary allowance and communication with the parents are conducted for 5—7
min per month to confirm lifestyle, dietary allowance, and physical activity in adolescents. The
program also aims to train adolescents as volunteers to give information to their friends related to
health to sustain the program.

Thompson et al. (2013) presented a church-based program to improve physical activity in
North Carolina, United States, employing an intervention program that uses a spiritual/religious
approach. A 60-min interactive educational session, divided into 30-min two sessions, includes
theology studies concerning healthy lifestyle and attitude toward healthy behaviors. Within the
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session, healthy appetizers and pure water are served. Every week during the 12-week program,
aerobic exercises with music are performed based on the sociocultural aspects of the society.

The Physical Activity and Teenage Health (PATH) is a program that employs an
intervention strategyto improve physical fitness in adolescents in New York. Health promotion
activities are given for 30 min 5 times every week for 11 weeks. In each session, the adolescents
perform resistance and aerobic exercises for 20—25 min, and teachers provide 5-min discussions
related to healthy lifestyle habits, physical activity, dietary allowance, non-smoking habits, stress
management, heart attack, cancer, and motivations. Every adolescent is given an assignment and
description related to physical activities and physical fitness for adolescence (Fardy et al,1996).

Limitations: This paper is not a meta-analysis. Prevention strategies of hypertension may vary
among countries from different cultural and characteristic conditions.

Conclusion

At present, the definition of hypertension used in adolescents, especially those aged >13 years, is
the same as that in adults so that blood pressure monitoring can be easily performed. Despite the
aforementioned programs for preventing hypertension, unsatisfactory results are observed in
adults; adults find it difficult to follow the program because it is difficult to change unhealthy
lifestyle habits, such as low physical activities, bad food habit, poor sleeping pattern, stress, and
smoking habits, which have developed in adolescence. Thus, it is important to start preventing
hypertension during adolescence to prevent hypertension in adulthood.

Abbreviations

AAP American Academy of Pediatrics
ACC American College of Cardiology
AHA American Heart Association

ASSIST An informal school-based peer-led intervention for smoking
prevention in adolescence

CDC Center for Disease Control and Prevention
DASH Dietary Approaches to Stop Hypertension
DEW-ITDiet Exercise and Weight Loss Intervention Trial
HIP Hypertension Improvement Project

JNC VII Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure VII

PATH Physical Activity and Teenage Health

RIIF Repeated implementation intention formation on adolescent
smoking initiation

Declarations

Conflicts of interest: The authors have no conflicts of interest to declare.

Funding: The authors would like to thank the Indonesia Endowment Fund for Education
(Lembaga Pengelola Dana Pendidikan) for supporting this study.

Ethics approval and consent to participate: Not applicable

Studies involving animals must include a statement on ethics approval: Not applicable
Consent for publication: Not applicable.

Availability of data and materials: Not applicable.

Acknowledgements: Not applicable.

Authors’ Contributions

All authors participated in the drafting of the manuscript.

All authors read and approved the final manuscript.

References

Andrade RC, Ferreira AD, Ramos D, Ramos EM, Scarabottolo CC, Saraiva BT, Gobbo LA,
Christofaro DG. 2017. Smoking among adolescents is associated with their own
characteristics and with parental smoking: cross-sectional study. Sao Paulo Medical
Journal. 135(6):561-7. doi:10.1590/1516-3180.2017.0154220717

Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, Bray GA, Vogt TM,
Cutler JA, Windhauser MM, Lin PH. 1997. A clinical trial of the effects of dietary patterns

565



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 12, ISSUE 04, 2021

on blood pressure. New England journal of medicine. 336(16):1117-24.
doi:10.1056/NEJM199704173361601

Bell CS, Samuel JP, Samuels JA. 2019. Prevalence of hypertension in children. Hypertension.
73(1):148-52. doi:10.116 1/HYPERTENSIONAHA.118.11673.

Byrne DW, Rolando LA, Aliyu MH, McGown PW, Connor LR, Awalt BM, Holmes MC, Wang
L, Yarbrough MI. 2016. Modifiable healthy lifestyle behaviors: 10-year health outcomes
from a health promotion program. American journal of preventive medicine. 51(6):1027-
37.doi:10.1016/j.amepre.2016.09.012

Campbell R, Starkey F, Holliday J, Audrey S, Bloor M, Parry-Langdon N, Hughes R, Moore L.
2008. An informal school-based peer-led intervention for smoking prevention in
adolescence (ASSIST): a cluster randomised trial. The Lancet. 371(9624):1595-602.
doi:10.1016/S0140-6736(08)60692-3

Cakir H, Pinar R. 2006. Randomized controlled trial on lifestyle modification in hypertensive
patients. Western journal of nursing research. 28(2):190-209.
doi:10.1177/0193945905283367

Chao J, Wang Y, Xu H, Yu Q, Jiang L, Tian L, Xie W, Liu P. 2012. The effect of community-
based health management on the health of the elderly: a randomized controlled trial from
China. BMC health services research. 12(1):449. doi:10.1186/1472-6963-12-449

Chen X, Wang Y. 2008. Tracking of blood pressure from childhood to adulthood: A systematic
review and meta-regression analysis. Circulation. 117:3171-80.
doi:10.1161/CIRCULATIONAHA.107.730366.

Conner M, Grogan S, West R, Simms-Ellis R, Scholtens K, Sykes-Muskett B, Cowap L, Lawton
R, Armitage CJ, Meads D, Schmitt L. 2019. Effectiveness and cost-effectiveness of
repeated implementation intention formation on adolescent smoking initiation: A cluster
randomized controlled trial. Journal of consulting and clinical psychology. 87(5):422-32.
doi:10.1037/ccp0000387

Dolor RJ, Yancy WS, Owen WF, Matchar DB, Samsa GP, Pollak KI, Lin PH, Ard JD, Prempeh
M, McGuire HL, Batch BC. 2009. Hypertension Improvement Project (HIP): study
protocol and implementation challenges. Trials. 10(13):1-14. doi:10.1186/1745-6215-10-
13

Dzau VJ, Balatbat CA. 2019. Future of Hypertension: The Need for Transformation.
Hypertension. 74(3):450-7. doi:10.1161/HYPERTENSIONAHA.119.13437

Eakin EG, Reeves MM, Lawler SP, Oldenburg B, Del Mar C, Wilkie K, Spencer A, Battistutta D,
Graves N. 2008. The Logan Healthy Living Program: a cluster randomized trial of a
telephone-delivered physical activity and dietary behavior intervention for primary care
patients with type 2 diabetes or hypertension from a socially disadvantaged community—
rationale, design and recruitment. Contemporary Clinical Trials. 29(3):439-54.
doi:10.1016/j.cct.2007.10.005

Ejike CE, Ugwu CE, Ezeanyika LU. 2010. Variations in the prevalence of point (pre) hypertension
in a Nigerian school-going adolescent population living in a semi-urban and an urban area.
BMC pediatrics. 10(13):1-7.

Fang J, Keenan NL, Ayala C, Dai S, Valderrama AL. 2010. Fruits and vegetables intake and
physical activity among hypertensive adults in the United States: behavioral risk factor
surveillance system, 2003 and 2007. American journal of hypertension. 23(7):762-6.
doi:10.1038/ajh.2010.46

Fang J, Moore L, Loustalot F, Yang Q, Ayala C. 2016. Reporting of adherence to healthy lifestyle
behaviors among hypertensive adults in the 50 states and the District of Columbia, 2013.
Journal of the  American Society  of  Hypertension. 10(3):252-62.
doi:10.1016/bs.mcb.2015.01.016.0Observing

Fardy PS, White RE, Haltiwanger-Schmitz K, Magel JR, Mcdermott KJ, Clark LT, Hurster MM.
1996. Coronary disease risk factor reduction and behavior modification in minority
adolescents: the PATH program. Journal of Adolescent Health. 18(4):247-53.
doi:10.1016/1054-139X(95)00283-X

Flynn JT, Falkner BE. 2017. New clinical practice guideline for the management of high blood
pressure in children and adolescents. Hypertension. 70:683-6.
doi:10.1161/HYPERTENSIONAHA.117.10050.

Garcia-Pefia C, Thorogood M, Armstrong B, Reyes-Frausto S, Mufioz O. 2001. Pragmatic
randomized trial of home visits by a nurse to elderly people with hypertension in Mexico.

566



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 12, ISSUE 04, 2021

International journal of epidemiology. 30(6):1485-91. doi:10.1093/ije/30.6.1485

Giles TD, Materson BJ, Cohn JN, Kostis JB. 2009. Definition and classification of hypertension:
an update. The Journal of Clinical Hypertension. 11(11):611-4. doi:10.1111/.1751-
7176.2009.00179.x

Hacihasanoglu R, Goziim S. 2011. The effect of patient education and home monitoring on
medication compliance, hypertension management, healthy lifestyle behaviours and BMI
in a primary health care setting. Journal of clinical nursing. 20(5-6):692-705.
doi:10.1111/j.1365-2702.2010.03534 .x

He FJ, Wu Y, Ma J, Feng X, Wang H, Zhang J, Lin CP, YuanJ, Ma Y, Yang Y, Yan LL. 2013. A
school-based education programme to reduce salt intake in children and their families
(School-EduSalt): protocol of a cluster randomised controlled trial. BMJ open. 3(7).
doi:10.1136/bmjopen-2013-003388

Huang HW, Lu CC, Yang YH, Huang CL. 2014. Smoking behaviours of adolescents, influenced
by smoking of teachers, family and friends. International nursing review. 61(2):220-7.
doi:10.1111/inr.12084

Jafar TH, Hatcher J, Poulter N, Islam M, Hashmi S, Qadri Z, Bux R, Khan A, Jafary FH, Hameed
A, Khan A. 2009. Community-based interventions to promote blood pressure control in a
developing country: a cluster randomized trial. Annals of internal medicine. 151(9):593-
601.

Kurnianto A, Sunjaya DK, Rinawan FR, Hilmanto D. 2020. Prevalence of Hypertension and Its
Associated Factors among Indonesian Adolescents. International Journal of Hypertension.
2020:1-7. doi:10.1155/2020/4262034.

Lai CC, Sun D, Cen R, Wang J, Li S, Fernandez- Alonso C, Chen W, Srinivasan SR, Berenson GS.
2014. Impact of long-term burden of excessive adiposity and elevated blood pressure from
childhood on adulthood left ventricular remodeling patterns: the Bogalusa Heart Study.
Journal of  the American College of  Cardiology. 64(15):1580-7.
doi:10.1016/j.jacc.2014.05.072

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, AlMazroa MA, Amann M,
Anderson HR, Andrews KG, Aryee M. 2012. A comparative risk assessment of burden of
disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions,
1990-2010: a systematic analysis for the Global Burden of Disease Study 2010. The
lancet. 380(9859):2224-60. doi:10.1016/S0140-6736(12)61766-8

Liu J, Sekine M, Tatsuse T, Hamanishi S, Fujimura Y, Zheng X. 2014. Family history of
hypertension and the risk of overweight in japanese children: Results from the Toyama
Birth Cohort study. Journal of epidemiology. 24(4):304-11. doi:10.2188/jea.JE20130149

Luma GB, Spiotta RT. 2006. Hypertension in children and adolescents. Am Fam Physician.
73(9):1558-68.

Ma Y, Feng X, Ma J, He FJ, Wang H, Zhang J, Xie W, Wu T, Yin Y, Yuan J, MacGregor GA.
2019. Social support, social network and salt-reduction behaviours in children: a substudy
of the School-EduSalt trial. BMJ open. 9(6):1-8. doi:10.1136/bmjopen-2018-028126

Maruthur NM, Wang NY, Appel LJ. 2009. Lifestyle interventions reduce coronary heart disease
risk  results from the premier trial. Circulation. 119(15):2026-31.
doi:10.1161/CIRCULATIONAHA.108.809491

Mellen PB, Gao SK, Vitolins MZ, Goff DC. 2008. Deteriorating dietary habits among adults with
hypertension: DASH dietary accordance, NHANES 1988-1994 and 1999-2004. Archives
of internal medicine. 168(3):308-14. doi:10.1001/archinternmed.2007.119

Miller 3rd ER, Erlinger TP, Young DR, Jehn M, Charleston J, Rhodes D, Wasan SK, Appel LJ.
2002. Results of the D iet, E xercise, and W eight Loss I ntervention T rial (DEW-IT).
Hypertension. 40(5):612-8. doi:10.1161/01.HYP.0000037217.96002.8E

Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, et al. 2016. Global disparities
of hypertension prevalence and control: A systematic analysis of population-based studies
from 90 countries. Circulation. 134(6):441-50. doi:10.1161/CIRCULATIONAHA.
115.018912.

Ranasinghe P, Cooray DN, Jayawardena R, Katulanda P. 2015. The influence of family history of
hypertension on disease prevalence and associated metabolic risk factors among Sri
Lankan adults. BMC public health. 15(1):1-9. doi:10.1186/s12889-015-1927-7

Saing JH. 2005. Hipertensi pada remaja. Sari Pediatri. 6(4):159-65. doi:10.14238/sp6.4.2005.159-
65

567



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 12, ISSUE 04, 2021

Savitha MR, Krishnamurthy B, Fatthepur SS, Kumar AY, Khan MA. 2007. Essential hypertension
in early and mid-adolescence. The Indian Journal of Pediatrics. 74(11):1007-11.

Singh M, Mensah GA, Bakris G. 2010. Pathogenesis and clinical physiology of hypertension.
Cardiology clinics. 28(4):545-59. doi:10.1016/j.cc1.2010.07.001

Singhal N, Misra A, Shah P, Gulati S. 2010. Effects of controlled school-based multi-component
model of nutrition and lifestyle interventions on behavior modification, anthropometry and
metabolic risk profile of urban Asian Indian adolescents in North India. European journal
of clinical nutrition. 64(4):364-73. doi:10.1038/ejcn.2009.150

Steptoe A, McMunn A. 2009. Health behaviour patterns in relation to hypertension: the English
Longitudinal ~ Study of Ageing. Journal of hypertension. 27(2):224-30.
doi:10.1097/HJH.0b013e3283193e6e

Sun SS, Grave GD, Siervogel RM, Pickoff AA, Arslanian SS, Daniels SR. 2007. Systolic blood
pressure in childhood predicts hypertension and metabolic syndrome later in life.
Pediatrics. 119(2):237-46. doi:10.1542/peds.2006-2543

Tang L, Patao C, Chuang J, Wong ND. 2013. Cardiovascular risk factor control and adherence to
recommended lifestyle and medical therapies in persons with coronary heart disease (from
the National Health and Nutrition Examination Survey 2007-2010). The American journal
of cardiology. 112(8):1126-32. doi:10.1016/j.amjcard.2013.05.064

Thompson WM, Berry D, Hu J. 2013. A church-based intervention to change attitudes about
physical activity among Black adolescent girls: A feasibility study. Public Health Nursing.
30(3):221-30. doi:10.1111/phn.12009

Tirosh A, Afek A, Rudich A, Percik R, Gordon B, Ayalon N, Derazne E, Tzur D, Gershnabel D,
Grossman E, Karasik A. 2010. Progression of normotensive adolescents to hypertensive
adults: a study of 26 980 teenagers. @ Hypertension.  56(2):203-9.
doi:10.1161/HYPERTENSIONAHA.109.146415

Weintraub HS, Rudolph A. 2011. Combination therapy for managing difficult-to-treat patients
with stage 2 hypertension: focus on valsartan-based combinations. American journal of
therapeutics. 18(6):227-43. doi:10.1097/MJT.0b013e3181da0437

Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Himmelfarb CD, DePalma SM,
Gidding S, Jamerson KA, Jones DW, MacLaughlin EJ. 2018. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the
prevention, detection, evaluation, and management of high blood pressure in adults: a
report of the American College of Cardiology/ American Heart Association Task Force on
Clinical Practice Guidelines. Journal of the American College of Cardiology. 71(19):127-
248. doi:10.1016/j.jacc.2017.11.006

Wilson DK, Ampey-Thornhill G. 2001. The role of gender and family support on dietary
compliance in an African American adolescent hypertension prevention study. Annals of
Behavioral Medicine. 23(1):59-67. doi:10.1207/S15324796 ABM2301_9

Yoo JE, Park HS. 2017. Relationship between parental hypertension and cardiometabolic risk
factors in adolescents. The Journal of Clinical Hypertension. 19(7):678-83.
doi:10.1111/jch.12991

Zheng W, Suzuki K, Sato M, Yokomichi H, Shinohara R, Yamagata Z. 2016. Pubertal timing and
a family history of hypertension: Prospective cohort study. Pediatrics International.
58(4):284-9. doi:10.1111/ped.12821

Table 1. Blood Pressure Classification According to the INC VII

Blood Pressure Systolic Blood Pressure Diastolic Blood Pressure
Classification (mmHg) (mmHg)
Normal <120 <80
Prehypertension 120-139 80-89
Hypertension stage I 140-159 90-99
Hypertension stage 11 >60 >100

Source: Whelton et al,2018

568



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 12, ISSUE 04, 2021

Table 2. Blood Pressure Classification According to ACC 2017

Blood Pressure Systolic Blood Pressure Diastolic Blood
Classification (mmHg) Pressure (mmHg)
Normal <120 <80
Elevated 120-129 <80
Hypertension stage I 130-139 80-89
Hypertension stage II >140 >90

Source: Whelton et al,2018

Table 3. Blood Pressure Classification According to the Fourth Report

Blood Pressure Classification

Systolic and diastolic blood pressures are lower than the

Normal 90" percentile

Prehypertension Systolic and diastolic blood pressures are higher or
equivalent to the 90™ percentile but lower than the 95
percentile

Hypertension Systolic and diastolic blood pressures are higher or

equivalent to the 95™ percentile

Hypertension stage | Systolic and diastolic blood pressures are between the 95
and 99" percentiles plus 5 mmHg

Hypertension stage 11 Systolic and diastolic blood pressures are higher than the
99™ percentile plus 5 mmHg

Source: Flynn et al,2017

Table 4. Blood Pressure Classification According to the AAP 2017

Classification Age 1 to <13 Years Age >13 years
Normal <90™ P <120/80 mmHg
Elevated 90™ —<95" P or 120/80-129/80 mmHg

<120/80 mmHg
Hypertension stage [ >95Mto <95™ P + 12 mmHg, or 130/80—-139/89 mmHg
130/80-139/89 mmHg
Hypertension stage II >95" P+ 12 mmHg, or >140/90 mmHg
>140/90 mmHg

Source: Flynn et al,2017. P, percentile
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