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Air pollutant in Jakarta is a high risk factor for acute respiratory diseases to children. Objective of
this study is to determine the effect of air pollution to respiratory diseases among elementary school
children in Jakarta. The cohort comprises 392 school children from 25 elementary schools in
Jakarta. An initial symptoms observation was carried out when the study began, and daily
observations were performed over the 9o days of the study. The incidence rate of cough was found
higher among children in low polluted area than those in high polluted area (11% and 4.9%
respectively) but the incidence rates of sore throat, phlegm, and nasal were found no different
between children in high and low polluted area. Having risk of sore throat found longer among
children in low polluted area (survival time 7-8 days) than high polluted area (3-4 days). In contrast,
having risk of cough found longer among children in high polluted area (survival time 8-9 days) than
low polluted area (2-3 days). Similarly, having risk of phlegm and nasal found longer among children
in low polluted area (survival time 4-5 days and 5-6 days) than high polluted area (3-4 days and 2-3
days) respectively. Air pollutants affected the risk of having sore throat, cough, phlegm, and nasal to
elementary school children both in high and low polluted areas in Jakarta. It is suggested

improvement of air quality monitoring, better quality for gasoline, reduce traffic congestion, and

promote better public transports and green energy.

I. INTRODUCTION

Rapid economic development in Indonesia has created
severe air pollution problems, particularly in its big cities.
Jakarta id known as the most polluted mega-city after
Mexico and Bangkok. Its major source of air pollution was
emissions from transportation (Haryanto and Franklin,
2011). Diseases related to vehicular emissions and air
pollution include acute respiratory infection, bronchial
asthma, bronchitis, and eye and skin irritations was reported
at 63 % of total visits to health care centres (Haryanto,
2009). It is believed that the lack of evidences from
epidemiological studies, particularly the effects of air
pollution to children’s health, may affects to the lack of
awareness of decision makers to develop appropriate
strategy to protect Jakarta population from the exposure of

air pollution. The objective of this study is to determine the
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effect of air pollution to respiratory diseases among

elementary school children in Jakarta.

II. MATERIALS AND

METHOD

A prospective cohort design was implemented. The study
population was the 3rd and 4th grade children who attend
schools in both high polluted area and low polluted area in
Jakarta. High polluted area and low polluted area are selected
based on the results of the Air Quality Monitoring 2000-2001
conducted by the Environmental Management Center —
Ministry of Environment. High polluted area is indicated by
its parameters of SO2 level of > 20 ppb, NO2 level of > 15 ppb,
and NOx level of > 40 ppb on July-December 2001. The

subdistricts are: Palmerah, Kalideres, Sawah Besar, Cilincing,
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and Tanjung Priok. Low polluted area is indicated by its
parameters of SO2 level < 10 ppb, NO2 level of < 10 ppb, and
NOx level of < 20 ppb on July-December 2001. The
subdistricts are: Jagakarsa, Pasar Rebo, and Cipayung.

Assuming the respiratory illnesses among children is 35%
in high polluted area with Confidence interval of 95% and
power = 90%, and hypothesis children will have respiratory
diseases in low polluted area is about half of those with
respiratory illnesses in high polluted area, then the minimum
cohort design sample size obtained is 131 children for each
group (Lwanga and Lemeshow, 1998). By using cluster
sampling method, we obtained 12 elementary schools in high
polluted area and 13 elementary schools in low polluted area.
Seven children of 3rd grader and another 7 children of 4th
grader was randomly selected as subject at every single
selected school. Therefore, 168 children from high polluted
area and 182 children from low polluted area involved the
study. A list of respiratory symptoms sheet was given to the
class schoolteacher for collecting the daily data of the three
months observation.

Consent forms were distributed to the children’s parents
through school principals at the selected schools prior to the
study. Data for respiratory disease effects were collected daily
by each classroom’s teacher by using a set of respiratory
disease symptoms form sheet within a total of 9o days of
observation. Statistics analysis of life-table survival analysis,
Kaplan-Meier, and log-rank test were performed by STATA
software.

ITI. RESULT
Of the total 350 participants at baseline, 280 participants
(80%) completed the study in 9o days involving 163 children
(58.2%) schooling in low polluted area and 117 children
(41.8%) in high polluted area. The characteristic
demographics of school children were mostly comparable
between groups, which is no statistical different for sex, age,
school’s grade, duration time to school, and location of home
(Table 1). The transportation modes used to school and level
of parents’ education found significantly difference between
the groups (p-value<0.05). In general, the baseline

characteristic demographic distribution of participants in

this study was quite similar.
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Incidence rates of sore throat and phlegm found higher in
high polluted area than low polluted area, 9.2% and 9.1%
compared to 7.4% and 8.1% respectively (Table 2). Contrary,
incidence rates of cough and nasal found lower in high
polluted area than low polluted area, 4.9% and 8.7%
compared to 11% and 12.2% respectively. These results
reflected inconsistency of air pollution impacts to children’s
respiratory symptoms. In addition, the association between
air pollution and respiratory symptoms are found mostly
statistically no-different (p-values > 0.05). Cough is the only
disease symptom that having significant different with higher
incidence rate in low polluted area than high polluted area.

The incidence rate (IR) of sore throat found higher on
children in high polluted area than low polluted area (9.2 and
7.4 respectively) but statistically no different. This result is
also similar with the phlegm (9.1 and 8.1 respectively). In
contrast, IR of cough and nasal are higher among children in
low polluted area than high polluted area. The IR for cough
found statistically different with p-value <0.05, whilst IR for
nasal found no different among children in high and low
polluted areas.

The survival time for all of the symptoms, except cough, are
longer for those school children in low polluted area (7-8 days
for sore throat, 4-5 days for phlegm, and 5-6 days for nasal)
compared to those from high polluted area (3-4 days for sore
throat, 3-4 days for phlegm, and 2-3 days for nasal). These
indicate that the risk for having sore throat, phlegm, and
nasal in low polluted area is higher than in high polluted area.
For cough, the survival times of having symptom is higher in
high polluted area (8-9 days) than low polluted area (3-4
days).

The data revealed the Hazard Ratios (HR) of sore throat is
higher for children in high polluted area, meanwhile for
cough, phlegm and nasal found the opposite results, higher
among children in low polluted areas. The risk for having sore
throat was 1.3 times higher among children in high polluted
area than those in low polluted area.

The Kaplan Meier's estimation curve and calculation
obtained a probability of life expectancy of a 3-day sore throat
at high polluted area and 7 days in low polluted area in the
50th percentile or median life expectancy of a sore throat
among children in Jakarta. For cough, an incidence rate of 4.9

and the median survival time of cough more than 5 times a
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day, there was an estimated interval of 8 to 9 days in high
polluted area, while in low polluted area obtained the

incidence rate (11.0) and median survival time obtained an

interval estimate of 3 to 4 days.

Table 1. Characteristic demographic distribution of school

children by exposure groups

Characteristics Exposure Group (%)
of participants Low pollutedarea  High polluted area p*
(N=163) (N=117)
Sex
Male 534
Femile 466 87 047
513
Age
8 year old 173
9 year old 460 1_8"0 013
10 year old 267 44
: 345
Transport to school
Walk 595
Bike 31 675 0.002
Motorbike 160 171
Car/public transport 214 g?
School’s grade
3% orader 479
45 grader 521 30 039
N 470
Duration to schoal
< 5 minute 166
515 mimte 669 134 028
16-30 minte 104 51
>30 minste 61 137
-
Home location
Main road 153
Cluster housing 148 127 012
. ~ 7 6
Kampong/Stum area 69.9 -
64.7
Parent’s education
Tunior high 129 .
Senior high 123 i f'i 0.001
Diploma/Bachelors 466 w82
Masters and higher 282 4;i

* Pearson Chi-square
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Table 2. Incidence Rates (IR) and Survival Analysis of

Respiratory Diseases
Number of Incidence Survival
Group incidence Rate Time Hazard P - value
(days) Ratio
Sore
froat 122 9.2 34 13 021
poll?ned 1 74 7-8 L0
Low
polluted
Cough
Io-Illli}?ed 101 4.9 8—-9 0.4 0.001
pLow 129 11.0 3-4 1.0
polluted
Phlegm
Ioil‘li‘ed 98 9.1 3-4 09 0.70
pLOW 139 8.1 4-5 10
polluted
Nasal
Ic?llli}:ed 56 8.7 2-3 0.6 0.13
o 123 122 5-6 1.0
polluted
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Figure 1. Graph of the Survival Time Difference of Sore
throat and Cough. Low polluted area and High polluted area
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Figure 2. Graph of the Survival Time Difference of Phlegm
and Nasal. Low polluted area and High polluted area.

The probability of life expectancy of 2 days phlegm in the
high polluted area and 4 days in the low polluted area in the
5oth percentile can be interpreted that half children in high
polluted areas will survive having phlegm for 2 days from the
beginning until the end of observation. Whereas half of the
children in low polluted area will survive no experience
phlegm for 4 days. It shows that children in low polluted area
last longer to not experience phlegm compared to those in
high polluted areas. Log-rank test result obtained p-value
0.53, meaning comparison of estimation result of life
expectancy curve to not having a phlegm between exposures
area showed insignificant result.

IV. DISCUSSION
Lorem The incidence rates of sore throat and phlegm are
higher in high polluted areas than in low polluted areas. High
IR of sore throat in high polluted areas was confirmed with a
study among 6465 adults of UK, France, Poland, and
Malaysia which found airborne pollution associated with 28%
of throat discomfort in the last 12 months (Addey and
Shephard, 2012). In Hong Kong, children’s sore throat

decreased when sulphur levels on fuel were reduced (Peter et
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al., 1996). In Shanghai, exposure to vehicle emissions was
linked with throat pain and chronic pharyngitis bus
drivers/conductors/taxi drivers (Zhou et al., 2001). Air
pollutants indoor and outdoor, temperature and humidity,
and hazardous or occupational irritants may also contribute
to the incidence of sore throat as well as smoking, shouting,
tracheal intubation, or concomitant illness (Renner et al.,
2012).

Incidence rate of children phlegm in this study found higher
in high polluted area with no statistically different to the low
polluted areas. It is similar with the finding of the NIEHS
Sister Study 2003-2009 in USA involving 39,844 individuals
where phlegm adjusted Odds Ratio = 1.07 associated with
NO2 exposure (Hooper et al., 2018). Other studies of the
association between air pollutants and cough and phlegm
include: a study conducted in 16 countries of Europe in 2000,
involving 18277 adults, found the prevalence of cough or
production of phlegm in the morning or during the day or
night in the winter was 33% (Janson et al., 2001); in Italy, a
study in 9 areas with 18000 participants, prevalence of cough
and phlegm on most days for as much as 3 months per year
and for at least 2 successive years was 11.9% (Cerveri et al.,
2003); the study of association between daily changes in air
pollution and in the respiratory health of children 7 to 12 year
of age in winter of 1994 in Kuopio, Finland found positive
association among children with cough symptoms (Timonen
and Pekkanen, 1997); in Yorkshire United Kingdom, 4003
adults found experienced bouts or spasms of coughing in the
previous 2 months with the prevalence of 12% (Ford et al.,
2006); cough lasting for > 8 weeks among 1087 participants
in Guangzhou China reported a prevalence of 10.9% (Lai et
al., 2013); in 81 counties USA study with 5743 participants

>

reported prevalence of cough on most days for 3
consecutive months per year was 9.3% (Coultas et al., 2001);
another study in USA involving 2397 participants in Seattle
found prevalence of daily cough as often as 3 months out of
the year was 7.2% (Carter et al., 2006); and a study in Zaria,
Nigeria, revealed an average respiratory illness phlegm
incidence rate of 607 per 100,000 cases (Aliyu and Bota
2018).

For the nasal or runny nose, this study found that IR of

children in high and low polluted areas about 9 and 12

respectively. The results are similar with studies conducted in
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other countries. A cohort study among children living near
major roads reported increased odds of runny nose (nasal)
during the first year of life (Morgenstern et al., 2007) and
increased odds of sensitization during the first 8 years of life
(Morgenstern et al., 2008) (Bernstein, 2012). A Taiwan study
among 32,143 school children found persistent exposure to
NOX, CO, and SOz2 affected the prevalence of allergic rhinitis
(Hwang et al., 2006).

All of the statistical analyses provide evidences that the risk
for having respiratory diseases among school children was no
difference (except for cough) in low and high polluted areas.
This may be happened because the air pollution exposures in
both areas are quiet similar or getting worse in low polluted
area. There is a big possibility that the air monitoring results
in the year 2000-2001 has already changed in the year of the

study in 2004.

VII. REFERENCES

V. CONCLUSION
Air pollutants affected the risk of having sore throat, cough,
phlegm, and nasal to elementary school children both in high
and low polluted areas in Jakarta. The probability of having
those four respiratory symptoms is in the range of 2 to 9 days
per episode. The results suggest improvement of air quality
monitoring qualitatively and quantitatively, better quality for
gasoline, reduce traffic congestion, and promote better public
transports and green energy.

VI. ACKNOWLEDGEMENTS
Authors thank to all of the school children participants, the
parents, the teachers, and the school’s principles for the very
well cooperation. A big appreciation is given to all research
assistants at Center for Health Research — University of
Indonesia for the works on study preparation and data
collection. Thanks to JICA and EMC Ministry of Environment
for the support.

Addey D and Shephard A 2012, Incidence, causes, severity
and treatment of throat discomfort: a four-region online
questionnaire survey. BMC Ear, Nose and Throat Disorders,
12:9;1-10.

ADB. 2000, Technical Assistance for Action Plans for
Reducing Vehicle Emissions. Manila.

Bernstein DI 2012, Diesel exhaust exposure, wheezing and
sneezing. Allergy Asthma Immunol Res, 4:178-83.

Carter ER, Debley JS, Redding GR 2006, Chronic productive
cough in school children: prevalence and associations with
asthma and environmental tobacco smoke exposure. Cough,
2:11.

Cerveri I, Accordini S, Corsico A, et al. 2003, Chronic cough
and phlegm in young adults. Eur Respir J, 22:413—417

Chen RC, Lai KF, Liu CL, et al. 2006, An epidemiologic study
of cough in young college students in Guangzhou. China. J
Epidemiol, 27:123—-126.

Coultas DB, Mapel D, Gagnon R, et al. 2001, The health
impact of undiagnosed airfl ow obstruction in a national
sample of United States adults. Am J Respir Crit Care Med,

164:372-377.

28

Ford AC, Forman D, Moayyedi P, et al. 2006, Cough in the
community: a cross sectional survey and the relationship to
gastrointestinal symptoms. Thorax, 61:975—-979.

Kauffmann F and Varraso R 2011, The epidemiology of cough.
Pulmonary Pharmacology and Therapeutics, Elsevier, 24
(3), pp-289-94.

Haryanto B 2009, Climate Change and Public Health in
Indonesia: Impacts and Adaptation. Austral Policy Forum
100, 09-05S. pp. 1-12. Nautilus Institute Australia - Royal
Melbourne Institute of Technology University.

Haryanto B & Franklin P 2011, Air Pollution: A Tale of Two
Countries. Reviews on Environmental Health, 26(1):53-59.

Hooper LG, Young MT, Keller JP, et al. 2018, Ambient Air
Pollution and Chronic Bronchitis in a Cohort of U.S.
Women. Environmental Health Perspectives. 126(2)
027005, pp.1-9. https://doi.org/10.1289/EHP2199.

Hwang BF, Jaakkola JJ, Lee YL, et al. 2006, Relation between
air pollution and allergic rhinitis in Taiwanese
schoolchildren. Respir Res, 7:23.

Janson C, Chinn S, Jarvis D, et al. 2001, Determinants of
cough in young adults participating in the European

Community Respiratory Health Survey. Eur Respir J,



ASM Science Journal, Volume 13, Special Issue 5, 2020 for APRU2018

18:647—-654.

Lai K, Pan J, Chen R, et al. 2013, Epidemiology of cough in
relation to China. Cough, 9:18;1-7.

Lwanga, SK & Lemeshow, S 1998, Sample size determination
in health studies: A practical manual. World Health
Organization, Geneva.

Morgenstern V, Zutavern A, Cyrys J, et al. 2007, Respiratory
health and individual estimated exposure to traffic-related
air pollutants in a cohort of young children. Occup Environ
Med, 64:8-16.

Morgenstern V, Zutavern A, Cyrys J, et al. 2008, Atopic
diseases, allergic sensitization, and exposure to traffic-
related air pollution in children. Am J Respir Crit Care Med,
177:1331-7.

Peters J, Hedley AJ, Wong CM, et al. 1996, Effects of an
ambient air pollution intervention and environmental
tobacco smoke on children’s respiratory health in Hong
Kong. Int J Epidemiol., 25(4):821—-828.

Renner B, Mueller CA, Shephard A 2012, Environmental and
non-infectious factors in the aetiology of pharyngitis (sore
throat). Inflamm. Res., 61:1041-1052.

Timonen KL and Pekkanen J. 1997, Air pollution and
respiratory health among children with asthmatic or cough
symptoms. Am J Respir Crit Care Med, 156:546—552.

Yahaya A. Aliyu and Joel O. Bota 2018, An Exposure
Appraisal of Outdoor Air Pollution on the Respiratory Well-
being of a Developing City Population. Journal of
Epidemiology and Global Health Vol. 8(1-2); December
(2018), pp. 91—100.

Zhou W, Yuan D, Ye S, et al. 2001, Health effects of
occupational exposures to vehicle emissions in Shanghai.

Int J Occup Environ Health, 7(1):23—-30.

29



