ISSN 2219-2808 (online)

World Journal of
Clinical Pediatrics
World J Clin Pediatr 2013 May 8; 2(2): 6-15

www.wjgnet.com

WJC P

World Journal of
Clinical Pediatrics

Editorial Board
2012-2016
The World Journal of Clinical Pediatrics Editorial Board consists of 247 members, representing a team of worldwide
experts in pediatrics. They are from 43 countries, including Argentina (1), Australia (7), Austria (4), Belgium (2),
Brazil (4), Canada (7), Chile (2), China (22), Denmark (2), Egypt (10), Finland (1), France (5), Germany (4), Greece
(8), India (14), Iran (5), Israel (7), Italy (22), Japan (6), Mexico (2), Netherlands (2), New Zealand (1), Nigeria (3),
Norway (1), Pakistan (2), Poland (2), Portugal (1), Russia (2), Saudi Arabia (2), Serbia (2), Singapore (3), Slovenia
(1), South Africa (2), South Korea (2), Spain (5), Sweden (4), Switzerland (1), Thailand (2), Tunisia (1), Turkey (18),
United Arab Emirates (1), United Kingdom (11), United States (43).

EDITOR-IN-CHIEF
Eduardo H Garin, Gainesville
GUEST EDITORIAL BOARD
MEMBERS
Hsiao-Wen Chen, Taipei
Ming-Ren Chen, Taipei
Mu-Kuan Chen, Changhua
Ching-Chi Chi, Chiayi
Hung-Chih Lin, Taichung
MEMBERS OF THE EDITORIAL
BOARD

Argentina
Alcides Richard Troncoso, Buenos Aires

Australia
Garry Inglis, Herston
Jagat Kanwar, Victoria
Katherine Kedzierska, Parkville
Eline Suzanne Klaassens, Brisbane
Sam S Mehr, Sydney
Jing Sun, Brisbane
Cuong Duy Tran, Adelaide

Austria
Gerhard Cvirn, Graz
Claudia Elisabeth Gundacker, Vienna
Bernhard Resch, Graz
Amulya K Saxena, Graz

Belgium
Karel Allegaert, Leuven

WJCP|www.wjgnet.com

Yvan Vandenplas, Brussels

Brazil
Rejane Correa Marques, Rio de Janeiro
Priscila Krauss Pereira, Rio de Janeiro
Maria L Seidl-de-Moura, Rio de Janeiro
Sandra Elisabete Vieira, São Paulo

Xue-Qun Luo, Guangzhou
Ai-Guo Ren, Beijing
Chiu-Lai Shan, Hong Kong
Yuk Him Tam, Hong Kong
Jin-Xing Wang, Jinan
Jun-Jun Wang, Beijing
Long-Jiang Zhang, Nanjing
Yi-Hua Zhou, Nanjing

Denmark
Canada
Helen SL Chan, Toronto
Ediriweera Desapriya, Vancouver
Eleftherios P Diamandis, Toronto
Ran D Goldman, Vancouver
Manjula Gowrishankar, Edmonton
Prakesh S Shah, Toronto
Pia Wintermark, Montreal

Chile
René Mauricio Barría,Valdivia
Irene Morales Bozo, Santiago

Jesper Bo Nielsen, Odense
Ole D Wolthers, Randers

Egypt
Mosaad Abdel-Aziz, Cairo
Hesham E Abdel-Hady, Mansoura
Mohammed Al-Biltagi, Tanta
Mohammad MS Al-Haggar, Mansoura
Ashraf MAB Bakr, Mansoura
Badr Eldin Mostafa, Cairo
Rania Refaat, Cairo
Omar Mamdouh Shaaban, Assiut
Maysaa El Sayed Zaki, Mansoura
Magdy Mohamed Zedan, Mansoura

China
Yu-Zuo Bai, Shenyang
Xiao-Ming Ben, Nanjing
Kwong-Leung Chan, Hong Kong
Xian-Hui He, Guangzhou
Jian Hu, Harbin
Xi-Tai Huang, Tianjin
Huang-Xian Ju, Nanjing
Ren Lai, Kunming
Li Liu, Xi’an

I

Finland
Bright Ibeabughichi Nwaru, Tampere

France
Philippe Georgel, Strasbourg
Grill Jacques, Villejuif

February 8, 2013

Manuel Lopez, Saint Etienne
Georgios Stamatas, Issy-les-Moulineaux
Didier Vieau, Villeneuve d’Ascq

Germany
Yeong-Hoon Choi, Cologne
Carl Friedrich Classen, Rostock
Stephan Immenschuh, Hannover
Ales Janda, Freiburg im Breisgau

Greece
Michael B Anthracopoulos, Rion-Patras
Savas Grigoriadis, Thessaloniki
Vasiliki-Maria Iliadou, Thessaloniki
Theofilos M Kolettis, Ioannina
Ariadne Malamitsi-Puchner, Athens
Dimitrios Papandreou, Thessaloniki
Kostas N Priftis, Athens
Ioannis Michael Vlastos, Heraklion

India
Amit Agrawal, Ambala
Sameer Bakhshi, New Delhi
Atmaram H Bandivdekar, Mumbai
Sandeep Bansal, Chandigarh
Sriparna Basu, Varanasi
Ashu Seith Bhalla, New Delhi
Sushil Kumar Kabra, New Delhi
Praveen Kumar, New Delhi
Kaushal Kishor Prasad, Chandigarh
Yogesh Kumar Sarin, New Delhi
Kushaljit Singh Sodhi, Chandigarh
Raveenthiran V Venkatachalam, Tamilnadu
B Viswanatha, Bangalore
Syed Ahmed Zaki, Mumbai

Enrico Stefano Corazziari, Rome
Vincenzo Cuomo, Rome
Vassilios Fanos, Cagliari
Filippo Festini, Florence
Irene Figa-Talamanca, Rome
Dario Galante, Foggia
Fabio Grizzi, Milan
Alessandro Inserra, Rome
Achille Iolascon, Naples
Cantinotti Massimiliano, Pietrsanta
Ornella Milanesi, Padova
Giovanni Nigro, L’Aquila
Giuseppe Rizzo, Rome
Claudio Romano, Messina
Mario Santinami, Milano
Gianluca Terrin, Rome
Alberto Tommasini, Trieste
Giovanni Vento, Rome

Mehdi Bakhshaee, Mashhad
Maria Cheraghi, Ahvaz
Mehran Karimi, Shiraz
Samileh Noorbakhsh, Tehran
Firoozeh Sajedi, Tehran

Japan
Ryo Aeba, Tokyo
Kazunari Kaneko, Osaka
Hideaki Senzaki, Saitama
Kohichiro Tsuji, Tokyo
Toru Watanabe, Niigata
Takayuki Yamamoto, Yokkaichi

Fernando Guerrero-Romero, Durango
Mara Medeiros, Mexico

Netherlands
Jacobus Burggraaf, Leiden
Paul Eduard Sijens, Groningen

Simon James Thornley, Auckland

WJCP|www.wjgnet.com

Perepelitsa S Alexandrovna, Kaliningrad
Vorsanova Svetlana, Moscow

Saudi Arabia
Naser Labib Rezk, Riyadh
Amna Rehana Siddiqui, Riyadh

Bjelakovic Borisav Bojko, Nis
Mirela Erić, Novi Sad

Singapore
Quak Seng Hock, Singapore
Anselm CW Lee, Singapore
Alvin Soon Tiong Lim, Singapore

Slovenia
Rok Orel, Ljubljana

South Africa
David Kenneth Stones, Free State
Eric Ogheneriobororue Udjo, Pretoria

South Korea
Byung-Ho Choe, Daegu
Dong-Hee Lee, Seoul

Nigeria
Akeem Olawale Lasisi, Ibadan
Tinuade Adetutu Ogunlesi, Sagamu
Joseph Ubini Ese Onakewhor, Benin

Norway
Lars T Fadnes, Bergen

Spain
Pilar Codoñer-Franch, Valencia
Claudio Golffier, Barcelona
Pablo Menendez, Andalucía
Juan F Martínez-Lage Sánchez, Murcia
Juan Antonio Tovar, Madrid

Sweden
Pakistan
Niloufer Sultan Ali, Karachi
Shakila Zaman, Lahore

Italy
Roberto Antonucci, Cagliari
CarloV Bellieni, Siena
Silvana Cicala, Naples
Sandro Contini, Parma

Russia

Mexico

Israel
Shraga Aviner, Ashkelon
Aviva Fattal-Valevski, Ramat Aviv
Rafael Gorodischer, Omer
Gil Klinger, Petah Tikva
Asher Ornoy, Jerusalem
Giora Pillar, Haifa
Yehuda Shoenfeld, Tel-Hashomer

Alexandre M Carmo, Porto

Serbia

New Zealand
Iran

Portugal

Poland
Piotr Czauderna, Gdansk
Joseph Prandota, Wroclaw

II

Moustapha Hassan, Stockholm
Maria Christina Jenmalm, Linköping
Sandra Kleinau, Uppsala
Birgitta Lindberg, Luleå

Switzerland
Ulf Kessler, Bern

February 8, 2013

Thailand
Surasak Sangkhathat, Hat Yai
Viroj Wiwanitkit, Bangkok

Tunisia
John C Anyanwu, Tunis Belvedere

Turkey
Sinem Akgül, Ankara
Ayse Tuba Altug, Ankara
Suna Asilsoy, Seyhan-Adana
Ozgu Aydogdu, Izmir
Kadir Babaoglu, Kocaeli
Aksoy Berna, Kocaeli
Murat Biteker, Istanbul
Merih Çetinkaya, Istanbul
Aynur Emine Cicekcibasi, Konya
Elvan Caglar Citak, Mersin
Cem Dane, Istanbul
Mintaze Kerem Günel, Ankara
Ahmet Güzel, Samsun
Salih Kavukcu, Izmir
Fethullah Kenar, Denizli
Selim Kurtoglu, Kayseri
Turker Ozyigit, Istanbul
Yalçın Tüzün, Istanbul

WJCP|www.wjgnet.com

United Arab Emirates
Iradj Amirlak, Al Ain

United Kingdom
Keith Collard, Plymouth
ASahib El-Radhi, London
Edzard Ernst, Exeter
Mohammad K Hajihosseini, Norwich
Tain-Yen Hsia, London
Claudio Nicoletti, Norwich
Cordula Margaret Stover, Leicester
Alastair Gordon Sutcliffe, London
Adrian Graham Thomas, Manchester
Richard Trompeter, London
Petros V Vlastarakos, Stevenage

United States
Stephen C Aronoff, Philadelphia
Hossam M Ashour, Detroit
Paul Ashwood, Sacramento
David C Bellinger, Boston
Vineet Bhandari, New Haven
FR Breijo-Marquez, Boston
Itzhak Brook, Washington
Patrick D Brophy, Iowa
Lavjay Butani, Sacramento

III

Archana Chatterjee, Omaha
Lisa M Cleveland, San Antonio
Shri R Deshpande, Atlanta
Michael Morgan Dowling, Dallas
Abdulrahman M El-Sayed, New York
Donald N Forthal, Irvine
Gregory Kane Friedman, Birmingham
Kenneth William Gow, Seattle
Dorothy I Bulas, Washington
Christopher L Coe, Madison
Elias Jabbour, Houston
Michael Van Doren Johnston, Baltimore
Ram V Kalpatthi, Gainesville
Stephen S Kim, Annandale
Edward Yungjae Lee, Annandale
Jing Lin, New York
Jorge Lopez, Gainesville
Aurelia Meloni-Ehrig, Gainesville
Murielle Mimeault, Omaha
Natan Noviski, Omaha
Michael David Seckeler, Charlottesville
Chetan Chandulal Shah, Little Rock
Mohamed Tarek M Shata, Cincinnati
Tsz-Yin So, Greensboro
Dennis Charles Stevens, Sioux Falls
Ru-Jeng Teng, Milwaukee
Rajan Wadhawan, St Petersburg
Hongjun Wang, St Charleston
Marie Wang, Menlo Park
Richard Wang, Atlanta
Wladimir Wertelecki, Annandale
Shu Wu, Miami
Fadi Xu, Albuquerque

February 8, 2013

WJC P

World Journal of
Clinical Pediatrics

Contents
REVIEW

Quarterly Volume 2 Number 2 May 8, 2013
6

Indoor air pollution and respiratory health of children in the developing world
Nandasena S, Wickremasinghe AR, Sathiakumar N

WJCP|www.wjgnet.com

I

May 8, 2013|Volume 2|Issue 2|

World Journal of Clinical Pediatrics

Contents
APPENDIX

Volume 2 Number 2 May 8, 2013
I-V

ABOUT COVER

Instructions to authors
Editorial Board Member of World Journal of Clinical Pediatrics , Lisa M
Cleveland, PhD, RN, IBCLC, Assistant Professor, UT Health Sciences Center
at San Antonio, Department of Family and Community Nursing, School of
Nursing, 7703 Floyd Curl Dr, San Antonio, TX 78229, United States

AIM AND SCOPE

World Journal of Clinical Pediatrics (World J Clin Pediatr, WJCP, online ISSN 2219-2808,
DOI: 10.5409) is a peer-reviewed open access academic journal that aims to guide
clinical practice and improve diagnostic and therapeutic skills of clinicians.
WJCP covers a variety of clinical medical topics, including fetal diseases, inborn,
newborn diseases, infant diseases, genetic diseases, diagnostic imaging, endoscopy, and
evidence-based medicine and epidemiology. Priority publication will be given to articles
concerning diagnosis and treatment of pediatric diseases. 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 WJCP. We will give priority
to manuscripts that are supported by major national and international foundations and
those that are of great clinical significance.

Indexing/Abstracting

World Journal of Clinical Pediatrics is now indexed in Digital Object Identifier.

FLYLEAF

I-III

Editorial Board

EDITORS FOR
THIS ISSUE

 	
Responsible Assistant Editor: Shuai Ma
Responsible Electronic Editor: Jin-Li Yan
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Clinical Pediatrics
ISSN
ISSN 2219-2808 (online)
LAUNCH DATE
June 8, 2012
FREQUENCY
Quarterly
EDITOR-IN-CHIEF
Eduardo H Garin, MD, Professor, Department of
Pediatrics, University of Florida, 1600 SW Archer Road.
HD214, Gainesville, FL 32610, United States
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Clinical Pediatrics

WJCP|www.wjgnet.com

Responsible Science Editor: Ling-Ling Wen

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: wjcp@wjgnet.com
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza,
315-321 Lockhart Road, Wan Chai,
Hong Kong, China
Fax: +852-6555-7188
Telephone: +852-3177-9906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

COPYRIGHT
© 2013 Baishideng. Articles published by this OpenAccess 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 this journal represent the viewpoints of the authors except where indicated otherwise.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/2219-2808/g_info_20100722180909.htm.
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

PUBLICATION DATE
May 8, 2013

II

May 8, 2013|Volume 2|Issue 2|

WJ CP

World Journal of
Clinical Pediatrics
World J Clin Pediatr 2013 May 8; 2(2): 6-15
ISSN 2219-2808 (online)
© 2013 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjcp@wjgnet.com
doi:10.5409/wjcp.v2.i2.6

REVIEW

Indoor air pollution and respiratory health of children in the
developing world
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behavior change to structural changes and from shifting of unclean cooking fuel to clean cooking fuel. Shifting from use of solid fuel to clean fuel invariably reduces household air pollution in developing countries,
but such a change is challenging. This review aims to
summarize the available information on IAP exposure
during childhood and its effects on respiratory health
in developing countries. It specifically discusses the
common sources of IAP, susceptibility of children to air
pollution, mechanisms of action, common respiratory
conditions, preventive and mitigating strategies.

Sumal Nandasena, National Institute of Health Sciences, Ministry of Health, Kalutara, KT 12000, Sri Lanka
Ananda Rajitha Wickremasinghe, Department of Public
Health, Faculty of Medicine, University of Kelaniya, Kelaniya,
GQ 11010, Sri Lanka
Nalini Sathiakumar, Department of Epidemiology, School of
Public Health, University of Alabama at Birmingham, Birmingham, AL 35294, United States
Author contributions: Nandasena S completed the initial literature survey; Nandasena S, Wickremasinghe AR contributed
to summarize all eligible papers, synthesized the findings and
drafted the manuscript; Sathiakumar N helped in drafting the
final manuscript, and Nandasena S is the guarantor of the work;
All authors read and approved the final manuscript.
Correspondence to: Dr. Sumal Nandasena, National Institute
of Health Sciences, Ministry of Health, No. 28, Mathugama Road,
Kalutara, KT 12000, Sri Lanka. sumalnandasena@gmail.com
Telephone: +94-71-8289349 Fax: +94-34-2226319
Received: February 18, 2013 Revised: April 4, 2013
Accepted: April 17, 2013
Published online: May 8, 2013

© 2013 Baishideng. All rights reserved.

Key words: Indoor air pollution; Air pollution; Respiratory health; Children; Developing countries
Core tip: Indoor air pollution (IAP) is a key contributor
to the burden of disease in developing countries; use of
solid fuel for cooking and heating is the main source of
IAP. Children are among the most vulnerable groups for
adverse effects of IAP. The respiratory system is a primary target of air pollutants resulting in a wide range
of acute and chronic effects. The spectrum of respiratory adverse effects ranges from mild subclinical changes and mild symptoms to life threatening conditions,
and even death. This review summarizes the available
information on IAP exposure during childhood and its
effects on respiratory health in developing countries.

Abstract
Indoor air pollution (IAP) is a key contributor to the
global burden of disease mainly in developing countries.
The use of solid fuel for cooking and heating is the main
source of IAP in developing countries, accounting for an
estimated 3.5 million deaths and 4.5% of Disability-Adjusted Life Years in 2010. Other sources of IAP include
indoor smoking, infiltration of pollutants from outdoor
sources and substances emitted from an array of human
utilities and biological materials. Children are among the
most vulnerable groups for adverse effects of IAP. The
respiratory system is a primary target of air pollutants
resulting in a wide range of acute and chronic effects.
The spectrum of respiratory adverse effects ranges
from mild subclinical changes and mild symptoms to life
threatening conditions and even death. However, IAP
is a modifiable risk factor having potential mitigating
interventions. Possible interventions range from simple
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INTRODUCTION
Indoor air pollution (IAP) is a key contributor to the
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global burden of disease[1,2]. There is convincing evidence
of the adverse effects of IAP on human health, children
being one of the most vulnerable groups[3-5]. The respiratory system is a primary target for air pollutants resulting
in a wide range of acute and chronic effects[6].
Several reasons are attributed to children’s high susceptibility to the harmful effects of air pollution; the
growth of airways and alveoli of the respiratory system
are guided through a complex chemical pathway and air
pollutants are known to interfere with these pathways[4].
The airway epithelium of growing children is more permeable to air pollutants and the lung defence system is
not adequately evolved. Children have a differential ability to metabolize, detoxify, and excrete environmental
agents thereby making them prone to more harm[7]. A
higher resting metabolic rate of oxygen consumption per
unit body weight in children due to the larger surface area
per unit body weight and rapid growth, as compared to
adults, makes them more vulnerable. Further, children
engage in more physical activity than adults which leads
to a higher intake of air relative to body size[4,8].
This article is an overview of the major sources of
IAP exposure in households and associated respiratory
health effects in children in developing countries; we do
not discuss specific pollutants and their associated effects
per se.

lutants emitted by solid fuels; its concentration increases
to milligrams per cubic meter inside kitchens during
cooking[18-20] well above the World Health Organization
(WHO) guidelines of 25 μg/m3 (24 h average)[21].
The use of solid fuel varies across WHO regions:
77%, 74%, 74% and 36% of households use solid fuels
in Sub-Saharan Africa, in South-East Asia, in the Western
Pacific Region and in the Eastern Mediterranean Region,
respectively, as compared to 16% of households in Latin
America, Caribbean, and Central and Eastern Europe[22].
Secondhand smoke
Indoor tobacco smoking is another important source
of IAP which exposes non-smokers to tobacco smoke.
Secondhand smoke (SHS) comprises a mixture of mainstream smoke (smoke first inhaled by an active smoker
and then exhaled) and side-stream smoke (smoke emitted between puffs). Side-stream smoke accounts for
about 85% of total SHS, the rest comprising mainstream
smoke[23]. SHS is a complex mixture of more than 4000
chemicals, of which, more than 40 are identified carcinogens in vapor and particle phases[24]. The vapor-phase
compounds include benzene, vinyl chloride, acrolein etc.
The particulate-phase chemicals include alkaloids, nicotine and its derivatives, aromatic amines, polycyclic aromatic hydrocarbons, etc[25]. SHS can be more carcinogenic
than mainstream smoke inhaled by active smokers[23].

SOURCES AND CONSTITUENTS OF
INDOOR AIR POLLUTION

Outdoor sources
With rapid urbanization and industrialization, ambient
air pollutant concentrations in many cities in developing
countries far exceed current WHO air quality guidelines[26]. Globally, 32% of the population live in areas
exceeding WHO Level 1 interim threshold of 35 μg/m3
largely encompassing cities in South and East Asia[27].
Most primary pollutants typically have steep decreasing
gradients with distance from roads. In general, the highest exposures are found within the first 50-100 m from
roadways, and exposures often fall to background levels
by 300-500 m[28,29]. Interconnected high traffic roads in
an area would have a high background pollution level.
Pollutants with high outdoor concentrations infiltrate
indoors. Infiltration and trapping of pollutants vary
depending on the local topography and the configuration of buildings[29]. A study in urban and rural areas of
Bangladesh found that mean concentrations of CO, CO2,
dust particles, and major volatile organic compounds
(VOC) were significantly higher in urban biomass fuel
using kitchens as compared to rural counterparts[30]. In
Sri Lanka, indoor NO2, SO2 and PM2.5 levels were high in
living rooms of houses in a traffic congested urban area
as compared to living rooms of houses using clean fuels
in a semi-urban area[31].

The sources, pollutant types and extent of IAP are a result of complex interactions between structures, building
systems, source strength, removal and deposition rates,
indoor mixing and chemical reactions, furnishings, the
outdoor environment and source strength, and practices
and behaviours of the inhabitants[9-12]. Thus, variations
are seen at different levels (i.e., developed vs developing
countries; between developing countries; between cities/
regions of a country; and between households).
Solid fuel
Fuels used for cooking and heating purposes may be
solid or non-solid. Solid fuel can be biomass or coal;
biomass fuel includes wood (unprocessed and charcoal),
dung or crop residues[13]. The types of solid fuels used
vary by country. For example, coal is commonly used in
China[14], but not in Sri Lanka[15]. Solid fuels emit a complex mixture of pollutants with more than 200 chemicals
and compound groups[13]. The composition differs by
type of solid fuel. Common pollutants include inorganic
gases (e.g., CO, NO2, O3 etc.), particulate matter (PM),
hydrocarbons (e.g., polycyclic aromatic, monoaromatic
such as benzene etc.), oxygenated organic compounds (e.g.,
aldehydes, phenols etc.), chlorinated organic compounds
(e.g., methylene chloride etc.) and free radicals[16, 17].
Solid fuel use for cooking and heating is the main
source of IAP in developing countries[17]. PM less than 2.5
μm in diameter (PM2.5) is one of the most hazardous pol-
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Other sources
A spectrum of biological pollutants is released from
dust mites, molds, fungi, bacteria, pests (cockroaches,
mice, rats) and also from byproducts of men and pets.
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These pollutants may release microbial products such
as endotoxins, microbial fragments, peptidoglycans and
various types of allergens[10,32,33]. Several common products used in households may also release pollutants.
Such products include personal care products, household products such as finishes, rug and oven cleaners,
paints and lacquers, paint strippers, pesticides, mosquito
repellants, dry-cleaning fluids, building materials, and
home furnishings etc. Kerosene is considered as a cleaner alternative for solid fuels, biomass and coal[34], though
it still is low in the energy ladder[35]. Kerosene use for
cooking and lighting remains widespread in developing
countries[34] especially in urban settings where biomass
is not freely accessible[15]. It has been shown that the
kerosene stoves and devices emit substantial amounts
of PM2.5, CO, NO2 and SO2[34]. Uranium-bearing soil
releases radon which may aggregate in poorly ventilated
or closed indoor air environments[36,37]. Very fine asbestos fibers may be released into the air when asbestos
containing material such as roof sheets, insulation for
heating systems etc. are used.

a concentration-dependent manner with increased lung
pathogenesis. Although some of these studies were not
based on pollutants originating from indoor sources, it is
reasonable to believe that a similar pathology exists for
IAP sources as well.
Burden of disease
IAP in developing countries is disproportionately high
as compared to developed countries due to differences
in sources of IAP, the main difference being the use of
solid fuels for cooking and heating purposes by the majority of the population in developing countries. In fact,
76% of all global PM pollution occurs indoors in the
developing world[49]. IAP from combustion of solid fuels
for cooking and space heating is one of the ten most important contributors to the global burden of disease; it is
estimated to have resulted in 3.5 million deaths and 4.5%
of Disability-Adjusted Life Years (DALYs) in 2010[2]. It
is estimated that about 3 billion of the world’s population and up to 90% of rural households in developing
countries use solid fuel as the main source of energy for
cooking and heating[1,50].
Almost 152 million new episodes of “clinical pneumonia” are reported from developing countries while
only 4 million episodes are reported from developed
countries. In this estimation, “clinical pneumonia” included episodes of pneumonia, bronchiolitis and reactive
air way diseases associated with respiratory tract infections[51]. The South-East Asia Region reports the highest
number of episodes of clinical pneumonia (0.36 episodes
per child-year). More than half of the new pneumonia
episodes are reported from India (43 million), China (21
million) and Pakistan (10 million) and 6 million each from
Bangladesh, Indonesia and Nigeria[51,52]
SHS is a common source of IAP in both the developed and the developing world[53]. Children are exposed
more to SHS than other age-groups as they are unable
to avoid the exposure specifically when their close relatives are smoking at home. About 40% of children are
exposed to SHS worldwide and an estimated 165000
children under 5 years die each year from lower respiratory infections caused by exposure to SHS. Two-thirds of
these deaths occur in developing countries of Africa and
South Asia[54]. The largest contribution to DALYs due to
SHS exposure is from children[54].

RESPIRATORY HEALTH
Mechanisms
Air pollutants act on one or more host defence mechanisms against pathogens in the respiratory tract. Many
pollutants act together in a cascade of partly interrelated
biological mechanisms. The biological mechanisms include triggering oxidative stress, both local and systemic
inflammation, reduction of the mucociliary clearance,
increased reactivity of the respiratory epithelia, reduction of the macrophage responses to microorganisms,
increased epithelial permeability and adhesion to microorganisms, bronchial irritation etc[38-41]. These mechanisms
differ by type of pollutant and extent of exposure[17,42].
PM10 emitted from a mixture of fossil and biomass fuels
have been reported to enhance the capacity of pneumococci to adhere to human lower airway cells in vitro[43].
Several animal studies provide evidence of biological
mechanisms of adverse respiratory health effects of air
pollution. Hsu et al[44] reported that guinea pigs produce
broncho-constriction when they were exposed to wood
smoke, and the response increased with subsequent
exposures. Rats intermittently exposed to wood smoke
for 75 min daily for 15 d showed signs of mononuclear
bronchiolitis and mild emphysema, while more severe
conditions were reported when the exposure was extended to 30 d and 45 d[45]. Exposure of mice to cigarette smoke and subsequent infection with Streptococcus
pneumonie, increased numbers of bacteria in lung tissue
and more severe clinical signs of sepsis were reported
as compared to unexposed mice[46]. Instillation of fossilfuel-derived PM into the lower airways of mice impaired
phagocytosis and clearance of Streptococcus pneumonie[47].
Harrod et al[48] exposed the mice to diesel engine emissions and subsequently infected them with Pseudomonas
aeruginosa. The number of both ciliated and non-ciliated
airway epithelial cells was reduced during the infection in

WJCP|www.wjgnet.com

Epidemiological evidence
Acute respiratory infections: Acute respiratory infections (ARI) can be classified into acute upper respiratory
infections (AURI) and acute lower respiratory infections
(ALRI) depending on the area of the respiratory tract
that is affected. The upper respiratory tract consists of
the airways from the nostrils to the vocal cords in the
larynx, including the paranasal sinuses and the middle ear.
The lower respiratory tract includes the continuation of
the airways from the trachea and bronchi to the bronchioles and the alveoli[55]. AURIs are usually mild in nature
and often caused by viruses, though some cases of sinusitis and otitis media may be caused by virulent bacteria.



May 8, 2013|Volume 2|Issue 2|

Nandasena S et al . Indoor air pollution and respiratory health

The majority of ARI deaths and severe illness episodes
are due to ALRIs, consisting mainly of pneumonia[55].
ARIs do not confine themselves to the respiratory tract
and may have systemic effects due to the possible extension of infection or microbial toxins to other organs,
inflammation, and reduced lung function[55]. Risk factors
for ALRIs include malnutrition, low birth weight (≤
2500 g), non-exclusive breast feeding (during the first 4 mo
of life), non-immunized for measles within the first 12 mo
of life, IAP and crowding[55].
A large number of epidemiological studies have
demonstrated the association between ARI and IAP,
though the estimations of associations vary in magnitude
and consistency across individual studies[56,57] and metaanalyses[58-60]. This heterogeneity may be due to differences in the definition of ARIs, duration of exposure
measurements, relative distribution of varying household
characteristics including ventilation, stove types, kitchen
amenities, country and/or climate, age group studied and
relative extent of exposure to other sources of IAP such
as indoor smoking etc[61].
A recent meta-analysis of eight studies found that
children were more than three times likely to have ARIs
when exposed to solid biomass fuel smoke as compared to non-exposed children (OR = 3.52; 95%CI:
1.94-6.43)[59]. Based on 24 studies, the overall pooled
odds ratio was 1.78 (95%CI: 1.45-2.18) for pneumonia
among the under-five children exposed to IAP due to
solid fuel use as compared to non-exposed children of
the same age group[60]. Based on eight studies conducted
prior to year 2000, the estimated risk of IAP due to solid
biomass fuel use for ALRI of under-five children was 2.3
(95%CI: 1.9-2.7) as compared to non-exposed children[62].
Another recent review based on sixteen studies reported
significantly elevated odds ratios ranging from 1.38-6.00
for ALRI due to exposure to IAP[58]. The strongest association of exposure to IAP and respiratory health
is found in the youngest age groups[60]. This finding is
consistent with the fact that younger the child the more
susceptible they are to air pollutants due to their physical
characteristics as well as their likelihood to stay indoors
and stay with their mothers during cooking. Preschool
children spend more time in the kitchens as compared to
their school going elder siblings[63]. As children grow, they
become more independent. School children spend a considerable time away from the house and in outdoors during peak concentration levels of air pollutants indoors.
In rural China, younger children living in households
that use solid fuel for cooking and heating purposes had
higher 24-hour average exposures of PM2.5 levels; 5-8
year old, 9-11 year old and 12-14 year old children had
exposures of 70 μg/m3 (95%CI: 60-80 μg/m3), 46 μg/m3
(95%CI: 40-49 μg/m3) and 40 μg/m3 (95%CI: 37-40 μg/
m3), respectively[64]. Among 1397 school children (aged
7-14 years), no definitive associations were observed between wheezing and wood/coal use (OR = 1.05; 95%CI:
0.27-4.05) or kerosene use (OR = 0.57; 95%CI: 0.1 -2.12)
as compared to children living in households that use gas
for cooking[65].
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Parental smoking has a significant effect on respiratory health of children as they may smoke at home and
exposure to SHS is inevitable in many scenarios[66]. In
Nepal, it has been shown that respiratory health effects
among children were high (adjusted OR = 1.41; 95%CI:
1.02-1.96) when mothers smoked[67]. Based on findings
of 361021 rural and urban families in Indonesia, paternal
smoking was associated with increased infant mortality
(rural: OR = 1.30; 95%CI: 1.24-1.35. urban: OR = 1.10;
95%CI: 1.01-1.20), and under-5 child mortality (rural: OR
= 1.32; 95%CI: 1.26-1.37. urban: OR = 1.14; 95%CI: 1.05
-1.23)[68].
Studies on middle ear infections (otitis media) due
to solid fuel exposure in developing countries are limited. Although otitis media is rarely fatal, it may lead
to complications including deafness and mastoiditis[17].
Exposure to SHS is strongly associated with the occurrence of middle ear infections in children. A recent metaanalysis based on 61 epidemiological studies reported
that maternal postnatal smoking was associated with a
1.62 (95%CI: 1.33-1.97) risk and living with a smoker was
associated with a 1.37 (95%CI: 1.25-1.50) risk of middle
ear infections in children. Maternal postnatal smoking
and paternal smoking were associated with a 1.86 (95%CI:
1.31-2.63) and 1.83 (95%CI: 1.61-2.07) risk of surgery
for middle ear infection, respectively, as compared to not
having a smoker in the household[69].
Although the evidence from the developing countries
is scarce, European studies show that chemicals released
from other sources (i.e., indoor sources other than cooking fuel and smoking) are associated with respiratory
health of children. Redecoration of apartments with
paints etc. had a significant influence on the occurrence
of obstructive bronchitis in the first (OR = 4.1; 95%CI:
1.4-11.9) and in the second year of life (OR = 4.2;
95%CI: 1.4-12.9) among children living in apartments in
Germany[70].
Asthma: Studies on solid fuel use and asthma have revealed contradictory findings[17]. Use of wood fuel was associated with an increased risk for asthma among adolescents in rural Belgium (OR = 2.2; 95%CI: 1.1-4.4)[71]. The
pooled OR of four studies on asthma among children
exposed to biomass fuels was 0.50 (95%CI: 0.12-1.98)[59].
However, wheezing, a clinical expression of asthma[72],
was associated with exposure to solid fuel smoke in children. Wheezing is a clinical symptom of lower respiratory tract infections, pneumonia, etc[72]. A study conducted
in two settings with different outdoor air pollution levels
in Sri Lanka reported that indoor cooking with unclean
fuels was a risk factor for wheezing among children 7-10
years of age (adjusted OR = 2.02; 95%CI: 1.13-3.59) independent of the area of residence (adjusted OR = 1.57;
95%CI: 1.01-2.46)[73].
A recent meta-analysis estimated that the asthma is
1.33 (95%CI: 1.14-1.56) times higher among children
exposed to SHS and that the duration of exposure is an
important factor in the induction of asthma. The same
study showed that “ever having asthma” is 1.48 (95%CI:
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1.32-1.65) times higher among children exposed to SHS
as compared to children not exposed to SHS[74].
Exposure to molds increases the susceptibility to
asthma[75]. Although evidence from developing countries
is limited, many epidemiological studies in developed
countries suggest that asthma is associated with residential dampness and molds. The pooled OR of mold exposure and asthma in studies conducted in Russia, North
America and 10 countries in Eastern and Western Europe
was 1.35 (95%CI: 1.20-1.51)[76]. In Taiwan, the presence
of visible mold (adjusted OR = 1.76; 95%CI: 1.18-2.62)
was shown to be an independent determinant of incident
asthma[77]. Residential concentrations of propylene glycol
and glycol ethers, a class of VOC, were associated with a
1.5 fold greater likelihood of asthma (95%CI: 1.0-2.3) in
Sweden[78]. However, evidence of the association between
asthma and microbial agents is inconclusive[79].

problem. Unclean cooking fuels, the major source of
IAP, become cleaner, and more convenient, efficient
and costly as people move up the “energy ladder” from
animal dung, the lowest in the ladder to electricity at the
top of the ladder[35]. People generally move up the ladder as socio-economic conditions improve[17]. Poverty is
a major constraint to move up the energy ladder as clean
fuels are more costly[91,92]. Poverty is associated with poor
housing conditions resulting in poor ventilation, inability
to partition the kitchen from other microenvironments
of houses, and lack of kitchen amenities such as chimneys that increases the exposure to IAP. Poverty also
affects other factors such as nutrition which increase the
susceptibility of children to ARIs[92]. There may be other
factors involved in shifting towards clean cooking fuels
such as their relative availability, cultural practices and attitudes[15,93]. As a consequence, shifting from unclean to
clean cooking fuels in many developing countries is slow
and is likely to continue for many more decades[14].
Potential interventions to reduce IAP may target
sources of pollution, improvements in living environments, and change of behaviors of persons who cook
and households members [94]. Introduction of tailor
made cook stoves is the intervention of choice to control IAP when shifting of fuel type to cleaner ones is
slow. Many limited scale cook stove interventions have
been successfully implemented in developing countries
and many innovations are on the way[95-98]. However,
penetration of the concept to a larger proportion of
the population is a major challenge[99]. Much commitment is needed to design and distribute improved cook
stoves with greater community acceptance, high energy
efficiency and marked reduction of emissions to needy
communities. A formal evaluation of successful improved stove programs will provide opportunities to
understand the reasons for success[100]; this should be
an important component of ongoing and future cook
stove interventions. Behavior change activities to reduce
the IAP can be focused on four main areas, namely (1)
improving ventilation in the kitchen during cooking
(e.g., opening of windows and doors during the cooking operations); (2) keeping children away from fires;
(3) improving stove maintenance; and (4) reducing the
duration of burn[101,102]. Interventions should attempt
to address all possible activities as a package. Further,
the change of behavior and practices of communities is
an essential element for the sustainability of improved
cook stove interventions; audience targeted communication packages should be intertwined in such programs.
Essentially, the “threat” of IAP to children’s health should
be emphasized among traditional stove users through
appropriate media and language to target the most rural
communities. Improving awareness of adverse health
effects of IAP among health administrators, physicians
and primary health care workers would complement
prevention approaches.
The public health burden of tobacco use has shifted
from the developed to the developing world; the tobacco
industry is using innovative marketing strategies in the

Lung functions: Factors that affect development of
lung function in children are potentially important in
determining the lung functions of adults[80]. Lung function is a strong predictor of mortality in adults. A review
of data from China has shown that reductions in
children’s forced expiratory volume in the first second
(FEV1), forced vital capacity (FVC) and peak flow are
associated with domestic coal use[81]. In Ecuador, children living in homes that use biomass fuel and children
exposed to environmental tobacco smoke had lower
FVC and lower FEV1 (P < 0.05)[82]. Among 200 school
children in north India, FVC and FEV1 were lowest in
boys whose households used biomass fuel (P < 0.05).
The same study reported that all parameters were lower,
though not statistically significant, in passive smokers
irrespective of the type of fuel used[83]. In China, FEV1
and FVC growth of children living in households that
used coal as fuel was 16.5 mL/year (P < 0.001) and 20.5
mL/year (P < 0.001), respectively, lower than in children living in households that used clean fuels[84]. In a
prospective study of Chinese school children (n = 1718,
aged 10.05 ± 0.86 years), lower growth rates in forced
expiratory flow (FEF25%-75%) (P = 0.020) during the 18
mo of follow up were reported among children exposed
to SHS (> 5 cigarettes/d)[85].
Other respiratory conditions: SHS exposure during childhood is associated with increased lung cancer
risk among never smoking adults (OR = 2.25; 95%CI:
1.04-4.90)[86]. A considerable number of studies has reported that coal and biomass are associated with hypopharyngeal, laryngeal and lung cancers in later life with
long time exposure[10,87-90]. These studies suggest that
these cancers in later life may be attributable to exposures
in young ages.

FUTURE DIRECTIONS IN PREVENTION
It is evident that IAP is a major risk factor of respiratory ill health in children in developing countries. Multiple synergistic strategies are required to overcome the
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developing world[103]. Legislature has been enacted in
many countries including some developing countries banning smoking in public places, thus reducing exposure
to SHS[104]. However, these laws are not practically important at household level, perhaps where the most important source of exposure of children to SHS exists[66].
Thus, extensive awareness campaigns targeting change
of indoor smoking habits in households is important,
despite the fact that such change of habits is difficult to
achieve. Studies have shown that as a country’s income
level increases, cigarettes become more engineered with
reductions in emission levels[103]. Cigarette design and
their adverse effects may be more harmful resulting in a
higher disease burden in many developing countries[103].
This concept needs be explored and understood at country level to implement standards for cigarettes. In addition, the implementation of the recommended smoking
prevention strategies of WHO will certainly reduce exposure to SHS[53]. Studies on health effects of IAP sources
other than from solid fuel and SHS are scarce in developing countries. This may reflect a lack of expertise and
capacity to conduct scientifically sound epidemiological
studies in such countries. However, “modernization” of
households and household practices has introduced a
spectrum of hitherto unknown chemical products, the
adverse effects of which are yet to be elucidated. Hence,
it is important to quantify the epidemiological risk associated with these substances as an initial step in designing
mitigating strategies.

2

CONCLUSION
IAP disproportionately affects children’s respiratory
health due to their physiological susceptibility and spending more time indoors. Exposure of children in developing countries to IAP has contributed significantly to the
global burden of disease. IAP is a modifiable risk factor
having known interventions to mitigate its effects. Other
than solid fuel and SHS exposure, pollutants from other
sources, yet to be explored, may play an important role in
impacting on the respiratory health of children in developing countries.
Successful prevention strategies need robust information pertaining to the problem generated from diverse
settings. Future research is needed in several areas. Some
key areas include quantification of different air pollutants, robust estimation of associations between indoor
pollutants and adverse respiratory health effects, genetic
susceptibility to indoor pollutants and their carcinogenic
effects, impact on lung growth and development, characteristics and assessment of successful IAP reduction interventions (e.g., cook stove interventions), cultural practices and behaviors that lead to a reduction or an increase
in IAP and its exposure.
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