
Published by Baishideng Publishing Group Inc

World Journal of 
Hypertension
World J Hypertens  2014 May 23; 4(2): 15-24

ISSN 2220-3168 (online)



World Journal of 
HypertensionW J H

EDITORS-IN-CHIEF
Bernard Man Yung Cheung, Hong Kong
Ryuichi Morishita, Suita

GUEST EDITORIAL BOARD 
MEMBERS
Hsueh-Wen Chang, Kaohsiung
Nen-Chung Chang, Taipei
Ching-Feng Cheng, Hualien
Tzu-Hurng Cheng, Taichung
Po-Shiuan Hsieh, Taipei
Chii-Min Hwu, Taipei
Wei-Chuan Tsai, Tainan
Chuen-Mao Yang, Taoyuan

MEMBERS OF THE EDITORIAL 
BOARD

Argentina

Ernesto Alejandro Aiello, La Plata
Nidia Basso, Buenos Aires
Cesar G Fraga, Buenos Aires
Carlos J Pirola, Buenos Aires
Ramiro Sanchez, Buenos Aires
Patricia G Valles, Mendoza

Australia

John F Beltrame, Adelaide
Alexander Bobik, Melbourne
Dominique AM Cadilhac, Melbourne
Kade Davison, Adelaide
Xiao-Ming Gao, Melbourne
Shaun L Sandow, Sydney
Daniel Machado Luiz Vianna, Sydney

Brazil

Emmanuel Gomes Ciolac, Bauru
Maria Franco, São Paulo
Wilson Nadruz, Campinas
Edilamar M Oliveira, São Paulo
Katya Vianna Rigatto, Porto Alegre
Gil Salles, Rio de Janeiro
Angelina Zanesco, São Paulo

Canada

Suhayla Mukaddam-Daher, Québec
Ashok K Srivastava, Montreal

Chile

Jorge E Jalil, Santiago

China

Feng Cao, Xi’an
Yang-Xin Chen, Guangzhou
Yu Huang, Hong Kong
Zhi-Cheng Jing, Shanghai
Zhi-Yong Li, Nanjing
Chang Liu, Nanjing
Wen-Quan Niu, Shanghai
Ying-Xian Sun, Shenyang
Xue-Rui Tan, Shantou
Jun Tao, Guangzhou
Angela Yee-moon Wang, Hong Kong
Kong Wei, Beijing
Martin Chi Sang Wong, Hong Kong

Jian-Bo Wu, Luzhou
Jin Xu, Ningbo
Xiao-Qiang Yao, Hong Kong
Chun-Yu Zeng, Chongqing
Di Zhao, Zhengzhou

Croatia

Zvonko Rumboldt, Split

Cyprus

Chrystalleni Lazarou, Nicosia

Czech Republic

Michal Pravenec, Prague

Denmark

Robert A Fenton, Aarhus
Erik Lerkevang Grove, Skejby

Egypt

Sherifa Ahmed Hamed, Assiut

Finland

Thomas Kietzmann, Oulu
Eero Matti Antero Mervaala, Helsinki

I

Editorial Board
2011-2015

The World Journal of Hypertension Editorial Board consists of 306 members, representing a team of worldwide 
experts in hypertension. They are from 44 countries, including Argentina (6), Australia (7), Brazil (7), Canada 
(2), Chile (1), China (27), Croatia (1), Cyprus (1), Czech Republic (1), Denmark (2), Egypt (1), Finland (2), France 
(5), Germany (15), Greece (19), India (5), Iran (1), Israel (2), Italy (18), Japan (32), Kuwait (1), Malaysia (1), Mexico 
(1), Mongolia (1), Netherlands (5), New Zealand (1), Nigeria (1), Norway (1), Pakistan (1), Poland (3), Qatar (1), 
Russian (1), Saudi Arabia (2), Serbia (1), Singapore (3), Slovakia (3), Slovenia (1), South Korea (7), Spain (14), 
Sweden (4), Switzerland (1), Turkey (4), United Kingdom (12), and United States (81).

May 23, 2013WJH|www.wjgnet.com



France

Douraied Ben Salem, Brest
Claudine Kieda, Orléans Cedex
Alain Simon, Paris
Dinko Susic, New Orleans
Radia Tamarat, Fontenay aux Roses

Germany

Ingo Ahrens, Freiburg
René Pascal Andrié, Bonn
Ferdinand H Bahlmann, Saarbrücken
Andreas Daiber, Mainz
Dobromir Dobrev, Heidelberg
Raimund Erbel, Essen
Ioanna Gouni-Berthold, Cologne
Thomas Jax, Neuss
Jens Jordan, Hannover
Florian Lang, Tübingen
Masoud Mirzaie, Lemgo
Ludovit Paulis, Berlin
Frank Pistrosch, Dresden
Christoph Wanner, Würzburg
Corde Wit, Lübeck

Greece

Panagiotis Anagnostis, Thessaloniki
Stamatios P Efstathiou, Athens
Moses Elisaf, Ioannina
Athanasios D Giannoukas, Larissa
Ignatios Ikonomidis, Athens
Anastasios K Kollias, Athens
Dimitris P Papadopoulos, Athens
Nikolaos Papanas, Alexandroupolis
Kosmas I Paraskevas, Athens
Antonios N Pavlidis, Athens
Despina N Perrea, Goudi
Athanase D Protogerou, Athens
Evangelos Rizos, Ioannina
Pantelis A Sarafidis, Thessaloniki
Andreas Scorilas, Athens
George S Stergiou, Athens
Costas Thomopoulos, Athens
Dimitris M Tousoulis, Athens
Charalambos V Vlachopoulos, Athens

India

Sangiliyandi Gurunathan, Virudhunagar
Shivakumar Kailasam, Trivandrum
Madhu Khullar, Chandigarh
Edwin Stephen, Vellore
P Subash, Kozhikode

Iran

Samad Ghaffari, Tabriz

Israel

Jacob George, Rehovot
Yehonatan Sharabi, Tel Hashomer

Italy

Massimo Chello, Rome
Plinio Cirillo, Naples
Cesare Cuspidi, Meda
Giovanni De Simone, Napoli
Gianluca Faggioli, Bologna
Claudio Ferri, L’Aquila
Giovanni Landoni, Milan
Gianni Losano, Turin
Paolo Manunta, Milan
Giuseppe Nasso, Bari
Maurizio Paciaroni, Perugia
Francesco Panza, Foggia
Alessandro Pingitore, Pisa
Angelo Scuteri, Rome
Leonardo A Sechi, Udine
Carlo Setacci, Siena
Franco Veglio, Turin
Massimo Volpe, Rome

Japan

Xian-Wu Cheng, Nagoya
Toshiro Fujita, Tokyo
Michiya Igase, Ehime
Yoshihiro Ishikawa, Yokohama
Toshihiko Ishimitsu, Mibu
Rui-Cheng Ji, Oita
Akira T Kawaguchi, Kanagawa
Yuhei Kawano, Suita
Kazuhiko Kotani, Shimotsuke
Zhong-Fang Lai, Kumamoto
Shin-ichiro Miura, Fukuoka
Toru Miyoshi, Okayama
Kyoichi Mizuno, Bunkyo
Sachio Morimoto, Fukuoka
Satoshi Morimoto, Tokyo
Noboru Motomura, Tokyo
Tetsuo Nishikawa, Yokohama
Toshio Nishikimi, Kyoto
Akira Nishiyama, Kagawa
Hiroyuki Sasamura, Tokyo
Hideaki Senzaki, Saitama
Kazuaki Shimamoto, Sapporo
Akira Sugawara, Sendai
Jun Sugawara, Tsukuba
Fumiaki Suzuki, Gifu
Masafumi Takahashi, Tochigi
Shinji Takai, Osaka
Kouichi Tamura, Yokohama
Yoshinari Uehara, Fukuoka
Hidefumi Waki, Wakayama
Takuya Watanabe, Tokyo

Kuwait

Ibrahim Fadil Benter, Safat

Malaysia

Aida Hanum Ghulam Rasool, Kota Bharu

Mexico

Martha Rodríguez Moran, Durango

Mongolia

Shuumarjav Uurtuya, Ulaanbaatar

Netherlands

Charles Agyemang, Amsterdam
Ka Lai Cheng, Rotterdam
Heleen M den Hertog, Rotterdam
Barend Mathijs Eduard Mees, Den Haag
Pim Van der Harst, Groningen

New Zealand

Gillian Amanda Whalley, Auckland

Nigeria

Simeon Alabi Simeon, Sokoto

Norway

Tonje Amb Aksnes, Oslo

Pakistan

Mohammad Wasay, Karachi

Poland

Grzegorz Pawel Kopec, Cracow
Tomasz Jan Rechciński, Lodz
Tomasz Andrzej Zielinski, Warszawa

Qatar

Hong Ding, Doha

Russian

Arthur M Melkumyants, Moscow

Saudi Arabia

Mohamed AA Haidara, Abha
Aiman M El-Saed Ramadan, Riyadh

Serbia

Dragan J Milic, Nis

Singapore

Jinsong Bian, Singapore
Chan Yan Yee Mark, Singapore
Vijay Kumar Sharma, Singapore

II May 23, 2013WJH|www.wjgnet.com



III May 23, 2013WJH|www.wjgnet.com

Slovakia

Iveta Herichova, Bratislava
Olga Pechánová, Bratislava
Fedor Simko, Bratislava

Slovenia

Janja Pretnar Oblak, Ljubljana

South Korea

Jong HoLee, Seoul
Inho Jo, Seoul
Dong-Ik Kim, Seoul
In-Kyu Lee, Daegu
Chang Gyu Park, Seoul
Moo-Yong Rhee, Gyeonggi-do
Ki-Chul Sung, Seoul

Spain

Adrià Arboix, Barcelona
Francisca Barceló, Palma
Vivencio Barrios, Madrid
PJ Morillas Blasco, San Juan de Alicante
Carlos Escobar Cervantes, Madrid
Pablo García de Frutos, Barcelona
Carlos Félix Sanchez Ferrer, Madrid
Vicente Lahera, Madrid
Raul Moreno, Madrid
Alberto Ortiz, Madrid
Miguel Rivera Otero, Valencia
Mercedes Salaices, Madrid
García Salom, Murcia
Rosa Solà, Reus

Sweden

Axel Carl Carlsson, Stockholm
Mattias Carlström, Stockholm
Folke Sjöberg, Linköping
Cang-Bao Xu, Lund

Switzerland

Thomas Dieterle, Basel

Turkey

Murat Biteker, Istanbul
Teoman Kilic, Kocaeli
Ilker Tasci, Ankara
Okan Turgut, Sivas

United Kingdom

Charalambos Antoniades, Oxford
Jonathan Birns, London
Pierluigi Costanzo, Cottingham
Timothy Mark Curtis, Belfast
Christopher Jackson, Bristol
Juan-Carlos Kaski, London
Ludwig Neyses, Manchester
Jeetesh Valijibhai Patel, Birmingham
T Alexander Quinn, Oxford
Alexander Marcus Seifalian, London
Bryan Williams, Leicester
Junxi Wu, Glasgow

United States

Ali Ahmed, Birmingham
Vignendra Ariyarajah, Philadelphia
George Bakris, Chicago
Arlin Blood, Loma Linda
Michael D Brown, Philadelphia
Oscar A Carretero, Detroit
Kejing Chen, Woodstock
Yanfang Chen, Dayton
Gregory Cherr, Buffalo
Steven G Chrysant, Oklahoma
Julia L Cook, New Orleans
David Eugene Dostal, Temple
Scott Earley, Fort Collins
Brent M Egan, Charleston
Khalid Mustafa Elased, Dayton
Guo-Chang Fan, Cincinnati
Ming-Guo Feng, New Orleans
Andrew W Gardner, Oklahoma
Robert Joel Goldberg, Worcester
Prasenjit Guchhait, Houston
Alok K Gupta, Baton Rouge
Gang Hu, Baton Rouge
Arshad Jahangir, Scottsdale-Phoenix
Muthuvel Jayachandran, Rochester
Huanguang Jia, Gainesville
Xian-Cheng Jiang, Brooklyn
Kai Jiao, Birmingham

Pedro A Jose, Washington
Raouf A Khalil, Boston
Raj Kishore, Chicago
Peter Kokkinos, Washington
Bruce C Kone, Houston
Theodore A Kotchen, Milwaukee
Richard A Krasuski, Cleveland
Rakesh C Kukreja, Richmond
Rajesh Kumar, Temple
Jason M Lazar, Brooklyn
Eric Lazartigues, New Orleans
De-Pei Li, Houston
Faqian Li, Rochester
Ruisheng Liu, Jackson
Jun Ma, Palo Alto
Robert H Mak, La Jolla
Mahmood S Mozaffari, Augusta
J Peter Oettgen, Boston
Pál Pacher, Bethesda
Jing Pan, Temple
Sampath Parthasarathy, Columbus
Qi Qian, Rochester
Gangjian Qin, Chicago
Xiaoping Ren, Cincinnati
Lindy Marie Rossow, Norman
Juan M Saavedra, Bethesda
Barry William Scheuermann, Toledo
Hossam A Shaltout, Winston-Salem
Joseph Isaac Shapiro, Toledo
Weibin Shi, Charlottesville
Elsayed Z Soliman, Winston Salem
David E Stec, Jackson
Hirofumi Tanaka, Austin
Dale D Tang, Albany
N D Vaziri, Orange
Gang Wang, New York
Jianjie Wang, Springfield
Mingyi Wang, Baltimore
Yi-Xin Wang, Lafayette
Monte S Willis, Chapel Hill
Yi Wu, Philadelphia
James Michael Wyss, Birmingham
DaLiao Xiao, Loma Linda
Lai-Hua Xie, Newark
Jihong Xing, Hershey
Zhice Xu, Torrance
Baojian Xue, Iowa
Zhekang Ying, Columbus
Rogelio Zamilpa, San Antonio
Robert Yuk-Lung Zee, Boston
Chunxiang Zhang, Newark
Li-Ru Zhao, Shreveport
Ming-Sheng Zhou, Miami
Xin J Zhou, Dallas



W J
 

World Journal of 
HypertensionH

Contents

IWJH|www.wjgnet.com May 23, 2014|Volume 4|Issue 2|

Quarterly  Volume 4  Number 2  May 23, 2014

15	 Hypertension	in	children	with	obesity

	 Gunta SS, Mak RH

REVIEW



Contents
World Journal of Hypertension

Volume 4  Number 2  May 23, 2014

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li             Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Su-Qing Liu            Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

EDITORIAL	OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of  Hypertension
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: bpgoffice@wjgnet.com
Help desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive, 
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

PUBLICATION	DATE
May 23, 2014

COPYRIGHT
© 2014 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL	STATEMENT
All articles published in journals owned by the 
Baishideng Publishing Group (BPG) represent the 
views and opinions of  their authors, and not the views, 
opinions or policies of  the BPG, except where other-
wise explicitly indicated.

INSTRUCTIONS	TO	AUTHORS
Full instructions are available online at http://www.
wjgnet.com/2220-3168/g_info_20100722180909.htm.

ONLINE	SUBMISSION	
http://www.wjgnet.com/esps/

IIWJH|www.wjgnet.com

APPENDIX

ABOUT COVER

AIM AND SCOPE

INDEXINg/ABSTRACTINg

FLYLEAF

May 23, 2014|Volume 4|Issue 2|

NAME	OF	JOURNAL	
World Journal of  Hypertension

ISSN
ISSN 2220-3168 (online)

LAUNCH	DATE
December 23, 2011

FREQUENCY
Quarterly

EDITORS-IN-CHIEF
Bernard Man Yung Cheung, PhD, Clinical Professor, 
Division of Clinical Pharmacology and Therapeutics, De-
partment of Medicine, University of Hong Kong, Room 
802, 8/F, Administration Block, Queen Mary Hospital, 
102 Pokfulam Road, Hong Kong, China

Ryuichi Morishita, MD, PhD, Professor, Department 
of  Clinical Gene Therapy, Osaka University Graduate 
School of  Medicine, 2-2 Yamada-oka, Suita City, Osaka, 
565-0871, Japan

I-V Instructions	to	authors

Editorial	Board	Member	of	World	Journal	of	Hypertension ,	Satoshi	Morimoto,	
MD,	PhD,	Associate	Professor,	Department	of	Medicine	II,	Endocrinology	and	
Hypertension,	Tokyo	Women's	Medical	University,	8-1	Kawada-cyo,	Shinjyuku-
ku,	Tokyo	62-8666,	Japan

World Journal of  Hypertension (World J Hypertens, WJH, online ISSN 2220-3168, DOI: 
10.5494) is a peer-reviewed open access academic journal that aims to guide clinical 
practice and improve diagnostic and therapeutic skills of  clinicians.

WJH covers topics concerning atherosclerosis, atrial fibrillation, blood pressure 
measurement, cerebrovascular diseases, clinical aspects and trials for hypertension, 
community cardiovascular practice, diabetes, hypertension education programs, 
endocrine hypertension, epidemiology of  hypertension and metabolic disorders, 
experimental hypertension, renal hypertension; and hypertension-related heart failure, 
hemodynamics, imaging procedures, implementation of  guidelines, lifestyle changes, 
microcirculation, molecular biology, neural mechanisms, new therapeutic development, 
obesity and metabolic syndrome, organ damage, pharmacoeconomics, public health, 
renin-angiotensin system, sleep apnea, therapeutics and clinical pharmacology. Priority 
publication will be given to articles concerning diagnosis and treatment of  hypertensive 
disease. The following aspects are covered: Clinical diagnosis, laboratory diagnosis, 
differential diagnosis, imaging tests, pathological diagnosis, molecular biological diagnosis, 
immunological diagnosis, genetic diagnosis, functional diagnostics, and physical diagnosis; 
and comprehensive therapy, drug therapy, surgical therapy, interventional treatment, 
minimally invasive therapy, and robot-assisted therapy. 

We encourage authors to submit their manuscripts to WJH. We will give priority 
to manuscripts that are supported by major national and international foundations and 
those that are of  great basic and clinical significance.

	 World Journal of  Hypertension is now indexed in Digital Object Identifier.

I-III	 Editorial	Board



Hypertension in children with obesity

Sujana S Gunta, Robert H Mak

Sujana S Gunta, Robert H Mak, Division of Pediatric Nephrol-
ogy, Rady Children’s Hospital, University of California, San Di-
ego, La Jolla, CA 92093-0634, United States
Author contributions: Gunta SS researched the data for the 
article; Gunta SS and Mak RH wrote the manuscript and contrib-
uted to discussions of the content as well as review and/or editing 
of the manuscript before submission.
Supported by The National Institute of Health U01 DK-3-012 
grant; and investigator-initiated grants from the Cystinosis Re-
search Foundation and Abbott Laboratories
Correspondence to: Robert H Mak, MD, PhD, Division of 
Pediatric Nephrology, Rady Children’s Hospital, University of 
California, San Diego, 9500 Gilman Drive, MC 0634, La Jolla, 
CA 92093-0634, United States. romak@ucsd.edu
Telephone: +1-858-8226717  Fax: +1-858-8226776
Received: March 19, 2014      Revised: May 4, 2014
Accepted: May 14, 2014
Published online: May 23, 2014

Abstract
The prevalence of obesity related hypertension has 
dramatically increased in children with the parallel in-
crease in pediatric obesity. This pediatric health prob-
lem may adversely affect cardiovascular health in adult 
life. The pathogenesis of hypertension in obese chil-
dren is not widely understood. We therefore undertake 
this review to raise public awareness. Early childhood 
parameters like birth weight and postnatal weight gain 
may play important roles in risk for obesity and obesity 
related hypertension later in childhood and adult life. 
Further information is required to confirm this origin of 
hypertension so that appropriate measures are taken 
in the peri-natal period. The role of sympathetic ner-
vous system has now been well established as one of 
the principle mechanisms involved in obesity related 
hypertension. The Renin-Angiotensin system, insulin 
resistance due to obesity and as a part of metabolic 
syndrome along with imbalance in adipokines such as 
leptin and adiponectin, cause activation of the sympa-
thetic system, vasoconstriction, endothelial dysfunction 
and sodium reabsorption among other perturbations. 
Multi-step interventions targeting these various mech-

anisms are required to break the cycle of obesity and 
metabolic syndrome. Vitamin D deficiency, sleep ap-
nea due to airway obstruction and hyperuricemia may 
also play a significant role and should not be ignored 
in its early stages. Obesity is a risk factor for other co-
morbid conditions like chronic kidney disease and fatty 
liver which further accentuate the risk of hypertension. 
Increased awareness is required to prevent, diagnose 
and treat obesity related hypertension among the pe-
diatric population.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hypertension; Obesity; Children; Birth 
weight; Sympathetic nervous system; Hormone; Kid-
ney; Sodium; Vitamin D; Uric acid

Core tip: The obesity epidemic in children is beginning 
to show its ramifications of increase in chronic diseases 
in children such as hypertension. Early childhood fac-
tors like prematurity and accelerated post-natal weight 
gain play a role in hypertension in later years and shed 
light on the multi-factorial prevention strategies that 
need to be in place. Furthermore, surveillance of fac-
tors such as vitamin D deficiency, hyperuricemia, sleep 
apnea, chronic kidney disease and fatty liver is required 
in addition to the traditional approach of weight man-
agement and pharmacotherapy.

Gunta SS, Mak RH. Hypertension in children with obesity. World 
J Hypertens 2014; 4(2): 15-24  Available from: URL: http://www.
wjgnet.com/2220-3168/full/v4/i2/15.htm  DOI: http://dx.doi.
org/10.5494/wjh.v4.i2.15

INTRODUCTION
Prevalence
The prevalence of  obesity in children [body mass index 
(BMI) ≥ 95th percentile] has increased from 13.9% in 
1999 to about 17% in 2004 and has remained stable at 
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this rate until 2010 in the United States per National 
Health and Nutrition Examination Survey (NHANES) 
data[1,2]. In the two decades prior to that the prevalence of  
obesity in children more than doubled[2]. The prevalence 
of  hypertension in children is also increasing over the 
past few decades, in part due to the increasing prevalence 
of  obesity[3].

Analysis of  data from NHANES surveys between 
1999 and 2008 showed that 14% of  adolescents aged 
12-19 years had prehypertension or hypertension[4]. In 
a school based screening program in the United States, 
the prevalence of  hypertension increased progressively 
as the BMI percentile increased from ≤ 5th percentile 
(2%) to ≥ 95th percentile (11%)[3]. Among 761 school 
children in Oklahoma, United States almost 28% were 
obese and 18% had blood pressure (BP) > 90th percentile 
on the first screening and 2.8% had persistently elevated 
BP after three screenings. BMI ≥ 85th percentile was 
significantly associated with hypertension compared to 
non-obese children[5]. This trend is also seen in other 
parts of  the world. The prevalence of  hypertension was 
almost 25% and pre-hypertension 34.7% among obese 
children at one endocrinology referral center in India[6]. 
A pediatric primary care setting in Italy noted about 35% 
of  a sample of  1310 children to be overweight or obese. 
The prevalence of  prehypertension and hypertension 
was 7.1% in normal weight, 21.9% in overweight and 
42.3% in obese[7]. Among Chinese adolescents, higher 
prevalence of  hypertension was associated with higher 
BMI percentiles. Non-obese adolescents had less than 5% 
prevalence of  hypertension whereas among those with 
BMI > 95th percentile, approximately 20% boys and 12% 
girls had hypertension[8].

Data from two randomized, double-blind, multicenter 
valsartan trials that recruited children with hypertension, 
performed at several centers across 9 countries showed 
that 17% of  children age < 6 years, 62% of  school-aged 
children and 60% of  adolescents had primary hyperten-
sion. BMI was significantly higher in those with primary 
hypertension compared with those with secondary hyper-
tension. Also noted was a significant age-related increase 
in BMI in both the primary and secondary hypertension 
subgroups. Approximately 50% of  children 6 to < 17 
years in these trials were classified as obese[9]. More than 
2 decades ago published reports indicated about 16% of  
referred pediatric hypertensive cases as primary hyper-
tension and about 45% of  the cases as obesity related 
hypertension in primary care centers[10]. This is in stark 
contrast to a recent study from four centers of  the Mid-
west Pediatric Nephrology Consortium in the United 
States, where about 91% of  the children were diagnosed 
with primary hypertension and among these 89% of  
children had a BMI > 85th percentile[11]. Characteristics of  
children with primary hypertension may be changing due 
to obesity epidemic. Among children with primary hyper-
tension at a referral clinic, more than 50% were obese[12]. 
Other characteristics included higher prevalence of  iso-
lated systolic hypertension[12], positive family history of  
hypertension[12], increased incidence of  left ventricular 

hypertrophy[12,13] and decreased nocturnal dipping[13].

EARLY DEVELOPMENT OF OBESITY 
RELATED HYPERTENSION
Data from 2001-2008 from several studies in Germany, 
Switzerland and Austria that included more than 260000 
children with overweight or obesity was examined[14]. The 
most prevalent cardiovascular risk factor in this patient 
population was hypertension in more than 35% of  the 
cohort. Hypertension mainly correlated with the degree 
of  overweight and these children were also at higher risk 
of  left ventricular hypertrophy and arterial stiffness mea-
sured by flow mediated dilatation.

Data analysis from four large prospective cohorts of  
cardiovascular risk factors-the Bogalusa Heart Study (n = 
635), the Muscatine Study (n = 722), the Childhood De-
terminants of  Adult Health Study (n = 2331), and the car-
diovascular risk in Young Finns Study (n = 2640) showed 
the highest cardiovascular risk factors among those who 
were overweight or obese as children and continued to be 
obese as adults[15]. The risks (type 2 diabetes, hyperlipid-
emia, carotid intima media thickness) among overweight 
and obese children who became non-obese as adults were 
similar to those among persons who were never obese 
which may suggest nullifying the effect of  childhood obe-
sity by maintaining a normal adult BMI. Only the associa-
tion between childhood obesity and risk of  hypertension 
remained significant after accounting for adult obesity. 
Obese adults who were overweight or obese as children 
had an even higher risk of  hypertension than did obese 
adults who had normal weight as children. This may sug-
gest that childhood adiposity has a lasting effect on risk of  
hypertension, even after normalization of  BMI.

Low birth weight
Low birth weight is associated with a higher BMI in child-
hood. Children with a low birth weight were observed 
to have more abdominal fat and a higher percentage of  
total fat than those with higher birth weight[16]. The Ath-
erosclerosis Risk in Young Adults-study[17] showed that 
birth weight was inversely associated with systolic BP and 
serum triglycerides and positively associated with waist 
circumference. This inverse association of  birth weight 
and obesity, hypertension has been previously shown in 
the Nurses’ Health Study (in women)[18] and the Health 
Professionals Follow-up study (in men)[19]. Decreased 
number of  nephrons in the low birth weight or prema-
ture infant has been proposed to be responsible for com-
pensatory hypertrophy and intraglomerular hypertension 
in the remaining nephrons subsequently leading to glo-
merular sclerosis and hypertension[20,21]. It may be due to 
this reason that some studies show an association of  low 
birth weight with hypertension irrespective of  current 
BMI[22]. Children born with low birth weight or small for 
gestational age demonstrate blunted circadian rhythms on 
24 h ambulatory BP and heart rhythmicity monitoring. 
This may indicate abnormalities of  cardiovascular regu-
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lation[23]. The blunted circadian rhythm is seen as early 
as within first 72 h after birth indicating cardiac vulner-
ability[24]. Among children born small for gestational age, 
BMI was positively associated with mean BP, nocturnal 
dipping, and the circadian amplitude of  BP[23]. Obese 
adolescents have decreased nocturnal dipping compared 
to their lean counterparts[25] and may indicate similar car-
diac dysregulation. Whether low birth weight by itself  is a 
risk factor or if  these individuals are at higher risk due to 
its frequent association with accelerated post natal weight 
gain remains to be seen.

Accelerated post natal weight gain
There is ongoing debate that low birth weight per se might 
not be a risk factor for adult hypertension but it is the 
accelerated post natal growth[26]. Intrauterine growth re-
tardation may cause decreased nephron number causing 
impaired kidney development. When coupled with an 
excessive infant “catch-up” growth after birth, it results 
in a mismatch between body size and nephron number. 
This predisposes to nephron hyperfiltration and hyper-
tension in adulthood[27]. Cluster analysis on a longitudinal 
Australian birth cohort showed a U-shaped relationship 
between birth weight and components of  metabolic 
syndrome like obesity and hypertension. The risk was 
elevated with both low and high birth weights but post-
natal weight gain was the dominant factor associated with 
the high-risk cluster[28].

Rapid weight gain from birth to 2-3 years of  age is as-
sociated with overweight, high BP and adverse metabolic 
outcomes in several studies[29,30]. A study from United 
Kingdom[31], predicted an increased metabolic risk includ-
ing elevated BP at the age of  17 years based on rapid 
weight gain during 0-6 mo of  infancy. Adjustment for 
birth weight and BMI at the age 17 years did not alter this 
significant association. A study of  cohort of  European 
American subjects identified weight gain in first week 
of  life to be a critical determinant for the development 
of  obesity several decades later[32]. Prevention of  early 
catch-up growth in a mouse model of  low birth weight 
reversed the development of  glucose intolerance and 
obesity suggesting that accelerated post natal weight gain 
and not low birth weight may be a risk factor for obesity 
later in life[33].

High birth weight
A recent systematic review and meta-analysis that in-
cluded 33 studies (included case-control, cross sectional 
and cohort studies) showed high birth weight (> 4000 g) 
to be associated with increased risk of  obesity compared 
with subjects with birth weight < 4000 g[34]. There was no 
significant association between low birth weight (< 2500 
g) and obesity. The authors found that low birth weight 
was not associated with the risk of  obesity in cohort 
studies, studies with large sample sizes and/or high qual-
ity grades. Though case-control and cross sectional stud-
ies were largely from China and the cohort studies were 
from the western world, no evidence of  publication bias 

was found[34]. Several other studies show evidence of  cor-
relation between high birth weight and obesity[35-37]. High 
birth weight, catch up growth and increased weight gain 
in first year of  life were risk factors for obesity at the age 
of  7 years in a United Kingdom cohort[36].

Another systematic review and meta-analysis showed 
that high birth weight (> 4000 g) was associated with in-
creased risk of  hypertension and higher BP during child-
hood. However, as these children grew into adults they 
were less susceptible to hypertension than those with 
normal birth weight[38]. High birth weight is also associ-
ated with other cardiovascular risk factors like increased 
carotid intima media thickness[39].

ROLE OF SYMPATHETIC NERVOUS 
SYSTEM
Activation of  the sympathetic nervous system (SNS) plays 
a significant role in the pathogenesis of  obesity induced 
hypertension and is thought to be the principal mecha-
nism involved. Even in the absence of  hypertension, obe-
sity is characterized by increased sympathetic activity[40]. 
Studies have shown that BP in obese individuals is more 
effectively reduced by adrenergic blockade as compared to 
lean individuals[41] suggesting SNS plays a key role in obe-
sity induced hypertension. Obesity has differential SNS 
activity in various tissues and is most prominent in the 
kidney and muscles, whereas the heart has normal to de-
creased sympathetic activity and depressed parasympathet-
ic activity[42]. The autonomic nervous system balance was 
found to be impaired in a group of  obese children from 
Turkey in favor of  increased SNS activity[43]. In a Study 
from Japan, obese children were found to have global 
autonomic depression[44]. Abdominal obesity and visceral 
adiposity elicits greater SNS activation as compared to 
individuals with increased subcutaneous fat[45] and weight 
loss is shown to decrease SNS over activity in obesity[46]. 
More specifically, the renal sympathetic nerve mediates a 
significant part of  the effects of  SNS activation in obesity. 
Denervation of  the kidneys attenuates sodium absorption 
and decreases BP in experimental animal models[42,47].

Even in the absence of  glomerular sclerosis and chron-
ic kidney disease (CKD) in obesity, the increased SNS ac-
tivity leads to decreased renal blood flow, stimulating re-
nin release and activation of  the renin-angiotensin-system 
(RAS). Visceral obesity also causes fat deposition around 
and into the renal medulla stimulating renin secretion[48]. 
Adipose tissue expresses components of  RAS. Adipo-
cytes possess functionally active aldosterone synthase that 
generates aldosterone, which is increased in animal mod-
els of  obesity[49]. There is also evidence of  functioning 
RAS in adipocytes of  humans[50]. Adipose tissue derived 
angiotensinogen was substantially increased in obese in-
dividuals and correlated with systolic BP in a study from 
Japan[51]. The contribution of  adipose tissue renin to cir-
culating renin levels is not well understood. An increase 
in circulating Angiotensin Ⅱ may cause a negative feed-
back loop leading to a decrease in plasma renin activity[52]. 
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factors that includes insulin resistance, hypertension, and 
hyperlipidemia, and especially obesity. The evidence on 
causality is conflicting though[71]. This association is also 
seen in adolescents[72]. Vitamin D deficiency is significant-
ly higher in obese children (34%-56%) vs healthy control 
children (16%-21%)[73,74]. There is a dose response rela-
tionship between vitamin D levels and hypertension with 
lower levels of  vitamin D associated with higher BP[75].

Vitamin D acts a negative endocrine regulator of  
RAS by directly suppressing plasma renin expression and 
also renin gene activity[76]. Vitamin D receptor-knockout 
mice show increases in plasma expression of  renin and 
angiotensin II with resulting hypertension[77,78].

Vitamin D inhibits the proliferation and migration of  
vascular smooth muscle cells under endothelial stress[79] 
and down regulates thrombogenic protein expression[80]. 
Endothelial dysfunction, a known contributor to hyper-
tension, is seen in vitamin D deficient individuals not just 
in chronic conditions like renal insufficiency[81] and diabe-
tes[82] but also in healthy, asymptomatic individuals[83].

OTHER MECHANISMS
Endothelial dysfunction
Obesity is considered a pro-inflammatory state due to 
insulin resistance, vitamin D deficiency, elevated levels 
of  leptin and decreased adiponectin. Adipose tissue also 
secretes other pro-inflammatory factors like interleukin-6 
and tumor necrosis factor α[84]. Insulin resistance leads 
to the down regulation of  nitric oxide production and up 
regulation of  vasoconstrictor endothelin-1 levels[85]. This 
imbalance along with other pro-inflammatory cytokines 
and reactive oxygen species from the adipose tissue lead 
to endothelial dysfunction[86]. Unfavorable lipid profile 
in severely obese children also contributes to endothelial 
dysfunction[87].

Obese children and adolescents have greater carotid 
artery intima media thickness as compared to the non-
obese. These associations are not always dependent of  
BP[88-90]. Increased carotid artery intima media thickness 
is a known marker of  hypertension and cardiovascular 
morbidity in adults and may suggest the early preceding 
changes in obese children.

Intermittent hypoxia/sleep apnea
There is increasing evidence for diastolic hypertension, 
increased mean BP, non-dipping status of  BP and in-
creased BP variability in children with obstructive sleep 
apnea syndrome[91-93]. Furthermore, the children with 
obesity and obstructive sleep apnea have even higher 
prevalence of  hypertension[93,94]. Hypertension may per-
sist even after the improvement of  apnea-hypopnea in-
dex after adeno-tonsillectomy in these patients and hence 
may require long term BP monitoring[95].

Sodium and fluid retention
Insulin and leptin have direct actions on the renal tubule 
causing sodium retention[56,62]. BP in obese adolescents 

This may explain the inverse relationship of  plasma renin 
activity and BP in an obese adolescent cohort in United 
States. Though, a positive and significant correlation was 
seen between the plasma renin activity and severity of  
obesity[53].

HORMONAL PERTURBATIONS
Obese individuals have high levels of  circulating insu-
lin, considered to be secondary to peripheral insulin 
resistance. It continues to be debated if  hypertension is 
caused by hyperinsulinemia, insulin resistance or its vas-
cular effects[48]. Insulin directly acts on the renal tubule 
causing sodium retention[54]. It also has sympatho-excit-
atory effects and causes increased levels of  norepineph-
rine. Though insulin has vasodilatory effects, its action is 
impaired in the presence of  severe insulin resistance[55].

Leptin is an anorexigenic hormone produced in the 
adipose tissue and is known to stimulate the SNS[56]. 
Leptin deficient mice (ob/ob) have a phenotype of  se-
vere obesity but do not exhibit hypertension[57]. Leptin 
may contribute to the pathophysiology of  hypertension 
in obesity through SNS stimulating actions in the kidneys, 
adrenal glands, brown adipose tissue[48] and endothelial 
dysfunction via alteration in the expression of  NO syn-
thase[58]. Leptin acts via both central mechanism[59] and pe-
ripheral mechanism[60] causing hypertension and stimulat-
ing renal sodium tubular reabsorption. Obese individuals, 
including obese children, have high circulating levels of  
leptin, but they seem to have a resistance to its metabolic 
actions such as decreased food intake and increased basal 
metabolic rate. Although, leptin’s role in stimulating the 
SNS and selective leptin mediated activation of  the renal 
nerve seems to be unaltered in obesity[48,61]. A recently 
published multi-ethnic study for atherosclerosis[62] con-
firmed the previously shown association of  higher serum 
leptin level with higher odds of  hypertension irrespective 
of  BMI[63].

Obesity in children is associated with low adiponectin 
levels[64,65] and low levels are known to be predictive of  ad-
verse cardiovascular events in adults[66,67]. Low adiponectin 
level was an independent predictor of  cardiovascular risk 
in a cohort of  obese elementary school children in Ja-
pan[68]. Serum adiponectin levels were found to be lower 
in obese and hypertensive children as compared to normal 
weight and normotensive children with the lowest levels 
seen in those with both obesity and hypertension[69].

Obesity induced hypertension may have similarities 
with the phenotype of  Cushing’s syndrome resulting 
from cortisol excess[48]. It is proposed that obese indi-
viduals may have increased intra-adipose glucocorticoid 
action, even in the presence of  normal plasma glucocor-
ticoid levels[70].

VITAMIN D DEFICIENCY
Recent literature shows an association between vitamin 
D deficiency (< 50 nmol/L) and cardio-metabolic risk 
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is shown to be sensitive to salt intake. After significant 
weight loss, this sensitivity of  BP to sodium decreases[96]. 
Salt consumption has a positive association with BMI 
even when adjusted for consumption of  other high calo-
rie foods, seen in both adults[97] and adolescents[98]. Pres-
sure natriuresis is reset to a hypertensive level in obese 
subjects resulting in volume overload[58]. Decreasing 
sodium intake has been shown to decrease BP in adults 
and has a comparatively decreased but significant effect 
in children too[99]. This decrease in BP is more prominent 
among the obese children[100].

Hyperuricemia
Hyperuricemia is associated with metabolic syndrome[101,102]. 
The cause-effect relationship is yet to be established. 
Evidence points to hyperinsulinemia leading to increased 
absorption of  uric acid in the kidney[103] and also suggests 
that hyperuricemia increases the risk of  developing meta-
bolic syndrome after adjusting for other known risk fac-
tors[104,105]. Fructose is implicated in the pathway of  hyper-
uricemia leading to components of  metabolic syndrome in 
adults and adolescents[105,106]. It has an effect on decreased 
nitric oxide production and endothelial dysfunction[107,108].

Hyperuricemia may also be involved in RAS stimula-
tion leading to hypertension[109]. This, alongside with en-
dothelial dysfunction, may increase cardiovascular disease 
risk of  hyperuricemic individuals[108,110,111]. Hyperuricemia 
is associated with hypertension not only in adults but also 
in children and adolescents. Elevated serum uric acid was 
found in 89% of  subjects with primary hypertension, and 
only in 30% with secondary hypertension and in none 
of  the controls in a tertiary care nephrology program in 
Texas, United States[112]. Interestingly, the link between 
obesity and hyperuricemia was not consistent in this co-
hort[112]. The same group also showed the effect of  uric 
acid lowering agent like Allopurinol to have significant 
reduction in BP in those with pre-hypertension[113] and 
stage Ⅰ essential hypertension[114].

RENAL STRUCTURAL DAMAGE/CKD
Obesity is shown to be a strong and independent risk 
factor for CKD in several epidemiological studies. There 
has been a parallel increase in the prevalence of  obesity 
and CKD[115]. Obese individuals have glomerular hyper-
perfusion and hyperfiltration[116]. It may eventually lead 
to obesity related glomerulopathy that initially manifests 
as glomerulomegaly and in later stages has several fea-
tures of  focal segmental glomerulosclerosis. Clinically 
it presents as varying degrees of  proteinuria and renal 
insufficiency[117]. Albuminuria is associated with impaired 
glucose tolerance in overweight/obese teenagers[118] and 
adults[119].

In obesity, due to glomerular hyperperfusion and pres-
ence of  renal visceral fat deposition, there is activation of  
the RAS[120] and plasma renin activity positively correlates 
with BMI[55]. The unfavorable lipid profile seen in obese 
children also contributes to the rate of  progression of  
renal disease. Nephron loss in CKD then leads to further 

elevation of  BP[120]. Even pre-hypertension is shown to 
be associated with decreased renal function and increased 
proteinuria in children[120]. It is a two-way street with hy-
pertension being a major “cause” and “effect” of  renal 
dysfunction in obese individuals.

NON-ALCOHOLIC FATTY LIVER DISEASE
The prevalence of  nonalcoholic fatty liver disease (NA-
FLD) parallels that of  obesity in children[121] and has 
been shown to predict the risk of  hypertension[122] and 
CKD[123], the latter is also significant risk factor for hyper-
tension. There is growing consensus that NAFLD should 
be considered as a criterion for metabolic syndrome[124-126] 
due to interplay of  the pathophysiology with insulin 
resistance. A recently published cohort study showed 
increased risk of  hypertension with the development of  
fatty liver disease[127]. Furthermore, resolution of  fatty 
liver disease in this cohort did not decrease their risk for 
hypertension[127] suggesting the importance of  preven-
tion strategies. Genetic factors influence risk of  fatty liver 
disease in hypertensive mice[128] and further research is re-
quired to assess similar risks in humans. Interventions to 
prevent obesity will also be helpful in decreasing the inci-
dence of  NAFLD in children thereby further decreasing 
the risk for hypertension.

TREATMENT STRATEGIES
Lifestyle interventions are recommended for all chil-
dren diagnosed with obesity related hypertension. This 
includes increased physical activity and healthy dietary 
choices for weight loss and/or decreased rate of  weight 
gain and low sodium diet[129]. The effect of  high sodium 
intake has a more pronounced effect of  elevated sys-
tolic BP among overweight and obese adolescents as 
compared to the general population. Correspondingly, 
decreasing sodium intake may have a greater effect on BP 
among the obese[100].

Pharmacological and surgical options for treatment 
of  obesity are limited in children[129]. Angiotensin con-
verting enzyme (ACE) inhibitors and calcium channel 
blockers are the most frequently prescribed drugs for 
primary hypertension in children and adolescents[130,131]. 
ACE inhibitors are the drug of  choice for treating obe-
sity related hypertension in adults considering that SNS 
and RAS activation are the most important mechanisms 
leading to elevated BP in obesity[50]. ACE inhibitors and 
angiotensin receptor blockers also have additional reno-
protective effects and become the ideal drug of  choice 
in co-morbid conditions[132]. Beta blockers are not pre-
ferred in children due to their adverse metabolic profile, 
especially in obesity related hypertension due to impaired 
glycemic control and potential for increase in triglyceride 
levels and weight gain[132,133].

CONCLUSION
Hypertension due to obesity in children is increasing. Un-
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derstanding the complex interaction of  various mecha-
nisms involved, as illustrated in Figure 1, will help design 
better prevention and treatment strategies. Efforts at 
prevention should start right from birth or in the pre-
natal period due to the possible developmental origin of  
obesity related hypertension. Addressing co-morbid con-
ditions is also important. Obesity related hypertension 
is well-recognized in the adult population and increased 
awareness is required in pediatrics for early diagnosis and 
implementing prevention and treatment options.
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Instructions to authors

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2220-3168/
g_info_20100725073806.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
All types of  articles’ writing style and requirement will be found in the 
link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15

RESUBMISSION OF THE REVISED 
MANUSCRIPTS
Authors must revise their manuscript carefully according to the 
revision policies of  Baishideng Publishing Group Co., Limited. The 
revised version, along with the signed copyright transfer agreement, 
responses to the reviewers, and English language Grade A certifi-

cate (for non-native speakers of  English), should be submitted to 
the online system via the link contained in the e-mail sent by the edi-
tor. If  you have any questions about the revision, please send e-mail 
to esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3168/g_info_20100725073726.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2220-3168/
g_info_20100725073445.htm.
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