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Abstract

The prevalence of asthma is increasing, especially among children in Malaysia, with environmental factors

as one of the main preventable contributors. The aim of this study was to determine the association

between environmental air pollutants and the occurrence of asthma among children seen in pediatric

clinics in Universiti Kebangsaan Malaysia Medical Center (UKMMC), Kuala Lumpur. An unmatched case

control study among children who attended the pediatric clinic was carried out from May to August 2015.

A total of 223 children who were diagnosed with asthma (105 cases) and who did not have asthma (118

controls) were included in this study. Their parents or caregivers were interviewed using questionnaires

modified from the International Study of Asthma and Allergies in Childhood. Data obtained were analyzed

using SPSS software version 20. There was a higher risk of asthma in those who had carpet at home (OR ¼
2.15 CI [1.25-3.68]), those who lived within 200 m of heavy traffic (OR ¼ 1.72 CI [1.01-2.93]), and those who

were exposed to lorry fumes (OR ¼ 2.61. CI [1.38-4.93]). Environmental air pollutants increased the risk of

asthma among children in Malaysia. Exposure to congested roads, lorry fumes, and indoor carpet were

associated with asthma among children in this study. Parents or caretakers of children with asthma should

be given adequate education on the prevention of asthmatic attack among these children.
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I N T RODUC T I ON

As the world progresses, air pollution has become a
major problem that has to be faced, especially in
developing countries. The immaturity of the respi-
ratory system in children results in them being at
high risk of developing respiratory problems as a
result of exposure to air pollution.1 One of the
most common chronic diseases in the world is
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asthma, and it is now becoming more common in
children.2 Asthma is defined as inflammation of air-
way that leads to airway hyper-responsiveness and
presence of episodic or chronic wheeze or cough.
According to previous research in Malaysia, the
prevalence of asthma has increased especially in
children, from 5.8% among 6- to 7-year-old chil-
dren to 8.9% among 13- to 14-year-old children.3

A local study among primary school children in
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Kuala Lumpur discovered 13.8% of children were
asthmatic.4

In some studies, the socioeconomic status of the
child’s family was associated with asthmatic symp-
toms. This includes parental education and income.
Evidence indicated that poor children and children
from lower income families were more likely to be
hospitalized for asthma, to have greater asthmatic
symptoms, and to have more severe asthma episodes
compared with children with asthma from higher
income families.5 Low income can result in large
families living in small and uncomfortable housing.
A crowded house is a significant risk to health.
Children living in crowded households can conse-
quently experience worse health outcomes. Crowd-
ing is associated with several infectious diseases
including lung and skin infections, meningococcal
disease, and rheumatic fever.6

Indoor air pollution can contribute to asthmatic
symptoms in children. Respiratory irritants such as
pesticides can cause damage to bronchial mucosa
and increase airway sensitivity to allergens or other
stimuli, thus increasing the risk of developing asthma
or of exacerbating existing asthma.7 Young children
may highly be exposed to pesticides because of their
greater skin surface areaetoebody mass ratio and
can have increased sensitivity to some pesticides.8

Previous studies inLebanon found that chronic respi-
ratory disease was reported in 407 (12.4%) of 3291
children who were exposed to pesticides.9

Among patients with asthma, sensitivity to indoor
allergens is more prevalent than sensitivity to outdoor
allergens. Exposure to indoor environmental agents,
including allergens and pollutants, can cause asthma
or exacerbate asthmatic symptoms.10 Besides, expo-
sure to common indoor allergens, such as dust mites,
cockroaches, and cat dander, has been found to
increase the risk of asthma in susceptible individu-
als.11 Previous studies found that the development
of sensitization to animal allergens and allergic dis-
eases in the general population can be caused by indi-
rect exposure, not direct exposure such as pet
ownership.12 In 2004, a survey done by the Seoul
Development Institute found that 17.2% of house-
holds in Seoul had pets, 16.6% had dogs, and 0.8%
had cats.13 However, the sensitization rate for dogs
was 8.6% and for cats it was 9.1%,14 suggesting
that low-dose exposure through indirect contact
with cat allergen increases the risk of sensitization.

Mosquito-borne disease is common in tropical
and subtropical countries, including Malaysia.
Thus, many families use mosquito coils to repel
and kill mosquitoes. Studies have found that the
fumes generated by coils containing allethrin can
act as an asthma trigger.15 However, a local study
found that the prevalence of asthma among children
in families using mosquito coils was 6.5% and that
this was not statistically significant.16

Another risk factor that triggers asthma ishousehold
members who smoke. Exposure to cigarette smoke
increases incident asthma among children. Because
children have smaller airways, faster rates of breathing,
and immature immune systems, they are more prone
to any adverse health effects compared with adults.17

Because Malaysia is rapidly urbanizing, many
people living in urban areas are now faced with traf-
fic or road congestion, surrounded by factories and
reduced recreational park and greeneries, and thus
have higher chances of exposure to indoor and out-
door air pollution. Children are at increased risk
because they often play outside with friends. Recent
studies have found that there was a significantly
higher indoor exposure to PM 2.5 for children liv-
ing near busy roads than near less busy roads, with
a subsequently higher risk of respiratory illnesses.18

After many previous studies associating environ-
mental air pollutants with asthma in children, the
aim of this study was to investigate symptoms of
asthma among children seen at the Universiti
Kebangsaan Malaysia Medical Centre (UKMMC)
in relation to environmental air pollutants.

METHODS

This nonmatched case control study was conducted
in the pediatric clinic at UKMMC, which is situ-
ated at Bandar Tun Razak, Cheras and is governed
by Universiti Kebangsaan Malaysia. UKMMC, 1 of
4 university hospitals in Malaysia, is a teaching hos-
pital and provides tertiary health care services in
Kuala Lumpur province. The pediatric clinic pro-
vides mostly tertiary care to referral cases from other
primary health care centers.

The study population for the case group included
children 3-13 years old who were diagnosed with
asthma, whereas the control group consisted of chil-
dren 3-13 years old who did not have asthma.
Patients who were having severe asthmatic attack
and parents who did not understand Bahasa Melayu
or English were excluded from this study. This
study was conducted on patients in the pediatric
clinic of UKMMC from June to August 2015.

The sample size was calculated using Kish for-
mula,19 n ¼ Z2ðpÞð1�pÞ

D2 . The prevalence of asthma
among primary school children in Kuala Lumpur
was taken as 13.8%.20 By taking P ¼ 0.138,
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confidence level of 95% (Z ¼ 1.96) and absolute
precision of 8% (D ¼ 0.05), the sample size
was calculated by using Kish formula19:
n ¼ Z2ðpÞð1�pÞ

D2 , in which 183 respondents were
needed. It can also be determined by referring to
the table in Lwanga and Lemeshow.21 Because
this is an unmatched case control study, we collected
the data during the time designated without fixing
any number of cases and controls. However, because
of the limited number of asthmatic patients in the
pediatric clinic at Hospital Canselor Tuanku Muh-
riz in UKMMC, we had only 105 children for cases
and 118 children for controls.

The data were collected from June to August
2015. The sampling method used for this study
was stratified sampling. The patients seen in the
pediatric clinic within the age range of 3-13 years
old were divided into asthmatic and nonasthmatic
groups or strata. Within each group, a probability
sampling then was used. Our samples consisted of
60 boys and 45 girls from the asthmatic group
and 68 boys and 50 girls from the nonasthmatic
group.

The questionnaire we used was modified from
the International Study of Asthma and Allergies
in Childhood and was distributed to the mother,
father, or other caregiver of the selected patient.
Information about this study was explained to
them, and they were given the freedom of choice
to either participate in the study or refuse with or
without reason. They were also informed about
the confidentiality of their personal details in this
research. Those who agreed to participate in the
study were given informed consent forms before fill-
ing the questionnaire.

They were allowed to ask questions if they did
not understand the questions asked. The given
questionnaire was collected on the same day it was
distributed. Enough time was allocated to the
respondents to complete their questionnaire. The
questionnaire comprised section A, which include
demographic characteristic data; section B, which
include child health; and section C, which include
environmental factors.

The data collected were analyzed using IBM
SPSS Statistics version 20 (IBM Corp., Armonk,
NY). The data were presented using descriptive sta-
tistics and bivariable and multivariable analysis.
Odds ratio for each risk factor was calculated. c2

test was used to determine the relationship between
environmental risk factors and asthma among
children. A confidence interval of 95% and P value
< .05 were taken as significant values.
Ethical approval was obtained from the Research
and Ethics Committee, Faculty of Medicine,
UKMMC. Furthermore, approval from the pedia-
tric clinic at UKMMC was also obtained. All
respondents signed a consent form as a proof that
they agreed to participate in the study.

R E SU L T S

We recruited a total of 103 cases (57.1% boys and
42.9% girls) and 118 controls (57.6% boys and
42.4% girls), with median age of 6 years old.
Outdoor Air Pollutants. Among cases, 33.3% had
frequent exposure to lorry fumes, whereas 16.1%
of controls reported such a history (Table 1). The
exposure to lorry fumes doubled the prevalence of
asthma (OR ¼ 2.5, 95% CI ¼ 1.31-4.77) (Table 2).
The prevalence of asthma was significantly asso-
ciated with the distance of the house to the con-
gested road; 51.4% of respondents with asthma
lived near congested roads compared with 38.1% of
controls (Table 1). The risk was higher in those
living near congested roads (OR ¼ 1.72, 95% CI
1.01-2.93) (Table 2).
Indoor Air Pollutants. In this study, 52.4% of asth-
matic cases and 33.9% of controls had carpet at
home (Table 1). The presence of carpet at home
doubled the risk of asthma in children (OR ¼ 2.06,
95% CI ¼ 1.19-3.58) (Table 2). For the presence of
a pet at home, 30.5% of asthmatic cases and 26.3%
of controls had pets at home, but the difference was
not significant (c2 ¼ 0.484, 95% CI ¼ 0.69-2.21)
(Table 2).

A total of 32.4% of cases and 41.5% of controls
had more than 2 family members sleeping in their
bedroom; however, the difference was not signifi-
cant (c2 ¼ 1.980, 95% CI ¼ 0.39-1.17) (Table 2).

Meanwhile, 26.7% of cases and 25.4% of controls
were exposed to household aerosols (such as perfume)
and pesticides usage (Table 1). The differencewas not
significant (c2 ¼ 0.045, 95% CI ¼ 0.59-1.94)
(Table 2). For exposure to smoking household mem-
bers, a total of 45.7% cases and 33.1% controls were
exposed to it; however, the difference was not signifi-
cant (c2¼ 3.719, 95% CI of 0.99-2.94) (Table 2). A
total of 17.1% cases and 13.6% controls were exposed
to household usage of mosquito coil burning, but the
difference was not significant (c2¼ 0.550, 95%CI¼
0.64-2.74) (Table 2).
Socioeconomic Factors (Parents’ Educational Level
and Family Income). Atotal of 31.4%of childrenwho
had asthma had a father with lower educational level
comparedwith 44.9% among childrenwithout asthma



Table 1. Distribution of Cases and Controls

Risk Factors

Cases

n (%)

Controls

n (%)

Total

n (%)

Gender

Male 60 (57.1) 68 (57.6) 128 (57.4)

Female 45 (42.9) 50 (42.4) 95 (42.6)

Age

3-6 years old 52 (49.5) 65 (55.1) 117 (52.5)

7-13 years old 53 (50.5) 53 (44.9) 106 (47.5)

Smoking Household Member

Present 48 (45.7) 39 (33.1) 87 (39.0)

Absent 57 (54.3) 79 (66.9) 136 (61.0)

Exposure to Aerosols

Yes 28 (26.7) 30 (25.4) 58 (26.0)

No 77 (73.3) 88 (74.6) 165 (74.0)

Mosquito Coil Burning

Yes 18 (17.1) 16 (13.6) 34 (15.3)

No 87 (82.9) 102 (86.4) 189 (84.7)

Presence of Pets

Present 32 (30.5) 31 (26.3) 63 (28.3)

Absent 73 (69.5) 87 (73.7) 160 (71.7)

Presence of Carpet at Home*

Present 55 (52.4) 40 (33.9) 95 (42.6)

Absent 50 (47.6) 78 (66.1) 128 (57.4)

Fathers’ Educational Level

Higher 72 (68.6) 65 (55.1) 137 (61.4)

Lower 33 (31.4) 53 (44.9) 86 (38.6)

Mothers’ Educational Level

Higher 66 (62.9) 64 (54.2) 130 (58.3)

Lower 39 (37.1) 54 (45.8) 93 (41.7)

Family Income

Higher 25 (23.8) 18 (15.3) 43 (19.3)

Lower 80 (76.2) 100 (84.7) 180 (80.7)

Congested Household

Yes 34 (32.4) 49 (41.5) 83 (37.2)

No 71 (67.6) 69 (58.5) 140 (62.8)

Exposure to Lorry Fumes*

Frequent 35 (33.3) 19 (16.1) 54 (24.2)

Seldom 70 (66.7) 99 (83.9) 169 (75.8)

Living Near Congested Roads*

Yes 54 (51.4) 45 (38.1) 99 (44.4)

No 51 (48.6) 73 (61.9) 124 (55.6)

* significant association

Table 2. Factors Associated with Asthma in Children

Risk Factors Wald SLR Crude OR 95% CI

Smoking Household Member

Present 3.719 1.71 0.99-2.94

Absent 1.00

Exposure to Aerosols

Yes 0.045 1.07 0.59-1.94

No 1.00

Mosquito Coil Burning

Yes 0.550 1.32 0.64-2.74

No 1.00

Presence of Pets

Present 0.484 1.23 0.69-2.21

Absent 1.00

Presence of Carpet at Home*

Present 7.663 2.15 1.25-3.68

Absent 1.00

Fathers’ Educational Level

Higher 4.230 0.56 0.33-0.97

Lower 1.00

Mothers’ Educational Level

Higher 1.693 0.70 0.41-1.20

Lower 1.00

Family Income

Higher 2.578 0.58 0.29-1.13

Lower 1.00

Congested Household

Yes 1.980 0.67 0.39-1.17

No 1.00

Exposure to Lorry Fumes*

Frequent 8.683 2.50 1.31-4.77

Seldom 1.00

Living Near Congested Roads*

Yes 3.952 1.72 1.01-2.93

No 1.00

OR, odds ratio; SLR, simple logistic regression
* significant association
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(Table 1) (c2 ¼ 4.230, 95% CI ¼ 0.33-0.97). This
result contradicts with previous researches. There is
no significant association found between mothers’
educational level and the prevalence of asthma in
children (c2 ¼ 1.693, 95% CI ¼ 0.41-1.12). There
is also no significant association between family
incomeand theprevalence of asthma (c2¼ 2.578, 95%
CI ¼ 0.29-1.13) (Table 2).

The results of multiple logistic regression indi-
cate that only 2 factors were significantly associated
with asthma occurrence in children; they were the
presence of carpet at home and exposure to lorry
fumes (Table 3). The presence of carpet at home
presents approximately 2 times higher risk of
asthma in children, whereas exposure to lorry fumes
presents about 3 times higher risk.
D I S CU S S I ON

Based on our results, there was a significant asso-
ciation between the presence of carpet at home
and the prevalence of asthma in children. This is
consistent with our hypothesis, as well as support-
ing the results of previous research. As reported in
previous study, sensitization to house dust mites,



Table 3. Risk Factors for Asthma in Children (Multiple Logistic
Regression)

Risk Factors Wald MLR Adj OR 95% CI

Presence of Carpet at Home

Yes 6.648 2.06 1.19-3.58

No 1.00

Exposure to Lorry Fumes

Frequent 7.710 2.50 1.31-4.77

Seldom 1.00

Adj, adjusted; OR, odds ratio; MLR, multiple logistic regression.
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which are found in carpets, is significantly more
prevalent in children with asthma in Malaysia.22

Similar to our hypothesis, children who lived
near congested traffic have higher prevalence of
asthma. Children who are frequently exposed to
lorry fumes are at risk for asthma. We believed
that in Malaysia, urban citizens tend to be more
affected by asthma than those living in rural areas
because of environmental air pollution. One of the
common reasons was waste and fumes from
vehicles. Road traffic, especially congested roads,
contributes the most to air pollution in urban areas,
which supports the statement that living near roads
with congested traffic significantly impaired respira-
tory health.23

According to our study, the percentage of chil-
dren who had asthma was higher in higher family
income group than those with lower family income
group, but the finding was not statistically signifi-
cant. Thus, this study found that there is no associ-
ation between parents’ income and prevalence of
asthma in children. Other studies have also found
no significant association between these 2 variables;
rather, they found that the prevalence of asthma is
more affected by other factors such as genetic and
environmental effects.24 However, a different study
reported that having parents with lower income
exposed the children to lower socioeconomic com-
munities and increased the children’s risk for
asthma.25

Our data indicated that there was a significant
association between prevalence of asthma in chil-
dren and their father’s educational level but not
their mother’s educational level. We classified
parents’ educational level into 2 categories: lower
educational level and higher educational level. Our
finding somehow contradicts other research, as
according to Augusto et al,26 parents’ educational
level plays an important role in the prevalence of
asthma. Statistically, parents with higher
educational level have a better job and a better
house environment, thus lowering the risk for their
children to get asthma.

Southeast Asian homes tend to be crowded.27

A crowded home environment exposes susceptible
persons to other environmental factors, including
air pollutants, tobacco smoke, and enhanced aller-
gic sensitization.28 However, our results indicate a
trend that asthma was less common in those who
share a bedroom with >2 persons than those who
shared their bedroom with �2 persons; however,
the difference was not statistically significant.
According to Ones et al,29 household size and
sharing a bedroom were not significant risk factors
for asthma in their survey, which supports our
result.

Surprisingly, there was no significant association
between smoking household members and the prev-
alence of asthma among children. Previous literature
reported that children and young adults who were
exposed to passive smoking will have 20% higher
risk for wheezing or asthma. However, the same
study also stated that a few studies found that
household passive smoking exposure may not be
significantly associated with increasing asthma
prevalence.30

Studies by Salome et al31 and Hernandez et al7

found that the standard insecticides formulation
had significant effects on asthma patients. This is
contradicted by our study, in which there was no
significant association between aerosol insecticides
and the prevalence of asthma. It remains uncertain
whether pesticide exposure increases the risk of
asthma or not.

In our study, a higher percentage of children
with asthma had pets compared with children
without asthma, although this was not statisti-
cally significant. There is a trend that the pres-
ence of pet does have some risks. According to
Benjamin et al,32 exposure to pets appears to
increase the risk of asthma and wheezing in chil-
dren. They also stated in their research that
parents of asthmatic children are more likely to
remove pets from the home, biasing the results
of their study.

Mosquito coils are efficient as a mosquito repel-
lent and contain pyrethrins, formaldehyde, and var-
ious fine particles.33 Prolonged exposure to
mosquito coils has been found to induce asthma
and persistent wheezing in children.34 However,
our study found an independent association of mos-
quito coil smoke exposure with asthma and persis-
tent wheezing.
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S TUDY L IM I T A T I ON S

Our study focused on patients seen in UKMMC,
which may not represent the country’s population
because the hospital is located in Cheras area and
thus it is possible that only local area patients were
recruited as samples.

CONC LU S I ON S

This study found that environmental air pollutants
increased the risk of asthma among children in
Malaysia. The independent risk factors associated
with asthma were exposure to lorry fumes and
indoor carpet.

R E COMMENDA T I ON S

Environmental air pollution is undeniably an
important threat and also a major factor that
contributes to childhood asthma. Hence, inter-
vention is required in terms of health education
for parents or caretakers to prevent asthmatic
attack among children in Malaysia. Future studies
should be carried out to find other environmental
air pollutants that may contribute to asthma in
children.
ACKNOWL EDGMENT S

This study was approved by the Department of Commun-
ity Health and the Research and Ethics Committee of
Universiti Kebangsaan Malaysia Medical Centre. The
authors would also like to thank the Department of
Paediatrics UKMMC for allowing the study to be carried
out at their clinics, as well as the doctors and nurses who
assisted in recruiting the respondents of the study. Last
but not least, the authors would like to convey their
utmost appreciation to the respondents who were willing
to participate in this study.
R E F E R E N C E S
1. World Health Organization. Child-
ren’s environmental health factsheet.
Geneva, Switzerland:WHO.Available
at: http://www.who.int/mediacenter/
factsheets/fs313/en/index.html; 2010.
Accessed July 25, 2015.

2. Masoli M, Fabian D, Holt S, Beasley
R. The global burden of asthma: exec-
utive summary of the GINA Dissem-
ination Committee Report. Allergy
2004; 59: 469e478.

3. Omar AH, Zainudin NM, Abdullah
AF, et al. Clinical Practice Guidelines
for the Management of Childhood
Asthma 2014. Available at: www.
acadmed.org.my. Accessed July 15,
2015.

4. Surdi Roslan MJ, Mohd Johari MN,
Abdul Mubing NM, Harif
Fadzilah H. Sociodemographic profile
of childhood asthma among children
in Selangor-Malaysia. Pediatr Res
2011;70:557.

5. Chen E, Wolf JM, Miller GE.
Parent psychological states predict
changes in inflammatory markers in
children with asthma and healthy
children. Brain Behav Immun
2008;22:433e41.

6. Zhang J, Baker MG, McDonald A,
Howden-Chapman P. Infectious Dis-
eases Attributable to Household
Crowding in New Zealand: A Sys-
tematic Review and Burden of Disease
Estimate. Wellington, NZ: He Kain-
gaOranga/Housing and Health
Research Programme, University of
Otago; 2013.

7. Hernández AF, Parrón T, Alarcón R.
Pesticides and asthma. Curr Opin
Allergy Clin Immunol 2011;11:90e6.

8. Sanborne M, Cole D, Abelsohn A,
Weir E. Identifying and managing
adverse environmental health effects:
4. Pesticides. CMAJ 2002;166:1431.

9. Salameh PR, Baldi I, Brochard P,
Raherison C, Abi Saleh B,
Salamon R. Respiratory symptoms in
children and exposure to pesticides.
Eur Respir J 2003;22:507e12.

10. Sharma HP, Hansel NN, Matsui E,
Diette GB, Eggleston P, Breysse P.
Indoor environmental influences on
children’s asthma. Pediatr Clin North
Am 2007;54:103e20.

11. Kang BC, Johnson J, Veres-
Thorner C. Atopic profile of inner-
city asthma with a comparative
analysis on the cockroach-sensitive
and ragweed-sensitive subgroups.
J Allergy Clin Immunol 1993;92:
802e11.

12. Plaschke P, Janson C, Norrman E,
Björnsson E, Ellbjär S, Järvholm B.
Association between atopic sensitiza-
tion and asthma and bronchial hyper-
responsiveness in Swedish adults: pets,
and not mites, are the most important
allergens. J Allergy Clin Immunol
1999;104:58e65.

13. Yoo KY, Cho SH, Gin Y, Lee YJ.
Strategic Guidelines to Protect and
Manage Pet Animals in Seoul (SDI
04-R-21). Seoul, South Korea: The
Seoul Institute; 2004.

14. Kim TB, Kim KM, Kim SH, et al.
Sensitization rates for inhalant aller-
gens in Korea: a multi-center study.
J Asthma Allergy Clin Immunol
2003;23:483e93.

15. Azizi BHO, Henry RL. The
effects of indoor environmental fac-
tors on respiratory illness in pri-
mary school children in Kuala
Lumpur. Int J Epidemiol 1991;20:
144e50.

16. Noorhassim I, Rampal KG,
Hashim JH. The relationship between
prevalence of asthma and environmen-
tal factors in rural households. Med J
Malaysia 1995;50:263e7.

17. Bearer CF. Environmental health
hazards: How children are different
from adults. Future Child 2005;5:
11e26.

18. Nurul Anis Sofiah F, Juliana J.
Indoor particulate matter 2.5 (PM2.
5) and lung function among children
living near busy road in Cheras,
Kuala Lumpur. Health Environ J
2013;4:1e19.

19. Kish L. Survey Sampling. New York,
NY: John Wiley and Sons; 1965.

20. Azizi BH, Henry RL, Omar AH.
Effects of indoor air pollution on
lung function of primary school chil-
dren in Kuala Lumpur. Acta Paediatr
Jpn 1990;32:183e7.

http://www.who.int/mediacenter/factsheets/fs313/en/index.html
http://www.who.int/mediacenter/factsheets/fs313/en/index.html
http://www.acadmed.org.my
http://www.acadmed.org.my
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref4
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref4
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref4
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref4
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref4
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref4
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref5
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref5
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref5
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref5
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref5
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref5
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref5
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref6
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref6
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref6
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref6
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref6
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref6
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref6
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref6
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref6
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref7
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref7
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref7
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref7
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref8
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref8
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref8
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref8
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref9
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref9
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref9
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref9
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref9
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref9
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref10
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref10
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref10
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref10
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref10
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref10
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref11
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref11
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref11
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref11
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref11
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref11
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref11
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref11
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref12
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref12
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref12
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref12
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref12
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref12
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref12
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref12
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref12
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref13
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref13
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref13
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref13
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref13
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref14
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref14
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref14
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref14
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref14
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref14
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref15
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref15
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref15
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref15
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref15
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref15
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref15
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref16
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref16
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref16
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref16
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref16
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref16
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref17
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref17
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref17
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref17
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref17
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref18
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref18
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref18
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref18
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref18
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref18
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref18
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref19
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref19
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref20
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref20
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref20
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref20
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref20
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref20


Idris et al. A n n a l s o f G l o b a l H e a l t h , V O L . 8 2 , N O . 1 , 2 0 1 6

Environmental Air Pollutants in Kuala Lumpur
J a n u a r y eF e b r u a r y 2 0 1 6 : 2 0 2 – 2 0 8

208
21. Lwanga SK, Lemeshow S. Sample
Size Determination in Health Studies:
A Practical Manual. Geneva, Switzer-
land: WHO; 1991.

22. Teo KS, Cheah CW, Mak JW. Asso-
ciation between house dust mite
(HDM) sensitisation and asthma con-
trol using skin prick test and HDM
antigen specific IgE levels in saliva of
Malaysian children. Int eJ Sci Med
Educ 2015;9:3e12.

23. D’Amato G, Cecchi L, D’Amato M,
Liccardi G. Urban air pollution and
climate change as environmental risk
factors of respiratory allergy: an
update. J Investig Allergol Clin
Immunol 2010;20:95e102.

24. Dales RE, Choi B, Chen Y, Tang M.
Influence of family income on hospital
visits for asthma among Canadian
school children. Thorax 2002;57:
513e7.

25. Chen E, Miller GE, Walker HA,
Arevalo JM, Sung CY, Cole SW.
Genome-wide transcriptional profil-
ing linked to social class in asthma.
Thorax 2009;64:38e43.

26. Augusto AL, Vincent JC, Scott TW,
Race RG. Socioeconomic factors and
area of residence are associated with
asthma prevalence. Pediatr Pulmonol
1999;28:394e401.

27. Devalia JL, Davies RJ, Rusznak C.
Allergen/irritant interactiondits role
in sensitization and allergic disease.
Allergy 1998;53:335e45.

28. Von Mutius E, Martinez FD,
Fritzsch C, Nicolai T, Reitmeir P,
Thiermann HH. Skin test reactivity
and number of siblings. BMJ
1994;308:692e5.

29. Ones U, Akcay A, Tamay Z, Guler N,
Zencir M. Rising trend of asthma
prevalence among Turkish schoolchil-
dren. Allergy 2006;61:1448e53.

30. Burke H, Leonardi-Bee J, Hashim A,
et al. Prenatal and passive smoke
exposure and incidence of asthma
and wheeze: systematic review and
meta-analysis. Pediatrics 2012;129:
735.

31. Salome CM, Marks GB, Savides P,
Xuan W, Woolcock AJ. The effect
of insecticide aerosols on lung func-
tion, airway responsiveness and symp-
toms in asthmatic subjects. Eur Respir
J 2006;16:38e43.

32. Apelberg JA, Aoki Y, Jaakkola JJ.
Exposure to pets and risk of asthma
and asthma-like symptoms. J Allergy
Clin Immunol 2001;107:455e60.

33. Lukwa N, Chandiwana SK. Efficacy
of mosquito coils containing 0.3%
and 0.4% pyrethrins against An.gam-
biae sensu lato mosquitoes. Cent Afr
J Med 1998;44:104e7.

34. Liu W, Zhang J, Hashim JH,
Jalaludin J, Hashim Z,
Goldstein BD. Mosquito coil emis-
sions and health implications. Envi-
ron Health Perspect 2003;111:
1454e60.

http://refhub.elsevier.com/S2214-9996(16)00022-9/sref21
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref21
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref21
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref21
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref22
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref22
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref22
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref22
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref22
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref22
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref22
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref22
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref23
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref23
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref23
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref23
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref23
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref23
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref23
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref24
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref24
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref24
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref24
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref24
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref24
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref25
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref25
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref25
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref25
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref25
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref25
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref26
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref26
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref26
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref26
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref26
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref26
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref27
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref27
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref27
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref27
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref27
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref27
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref28
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref28
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref28
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref28
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref28
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref28
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref29
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref29
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref29
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref29
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref29
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref30
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref30
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref30
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref30
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref30
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref30
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref31
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref31
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref31
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref31
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref31
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref31
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref31
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref32
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref32
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref32
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref32
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref32
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref33
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref33
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref33
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref33
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref33
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref33
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref34
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref34
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref34
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref34
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref34
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref34
http://refhub.elsevier.com/S2214-9996(16)00022-9/sref34

	Environmental Air Pollutants as Risk Factors for Asthma Among Children Seen in Pediatric Clinics in UKMMC, Kuala Lumpur
	Introduction
	Methods
	Results
	Outdoor Air Pollutants
	Indoor Air Pollutants
	Socioeconomic Factors (Parents' Educational Level and Family Income)

	Discussion
	Study Limitations
	Conclusions
	Recommendations
	Acknowledgments
	References


