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Abstract: This research aimed to investigate the control measures used by public transport commuters
and their health (physical and psychological) effects due to exposure to air pollution during their
daily commute and during haze days. From June to October 2016, 800 public transport commuters
in urban cities in the heart of Selangor, Malaysia were interviewed. Of these, 25.4% reported
sometimes/often wearing surgical masks during their daily commute, while 92.1% reported such use
during haze days. The total control measure score against air pollutants during the daily commute
was low; on a control measure scale of 0–18, the median rating during the daily commute was 8
(interquartile range (IQR) 6–10). During haze days, control measures improved slightly (median 14,
IQR 12–16). Evidence of adverse health effects was present. During the daily commute under normal
conditions, the three highest adverse health experiences were fatigue and weakness (35.5%), coughing
(23.6%), and dizziness (18.2%). During haze days, the three highest adverse health experiences were
headache (85%), coughing (84.8%), and breathing difficulties (84.5%). On a possible total adverse
health (physical and psychological) experience scale of 0–22, the median rating during the daily
commute was 1 (IQR 0–3). The median rating during haze days was intensified (median 11, IQR 9–13).
Public transportation commuters should be encouraged to enhance various control measures against
particulate air pollutants during their daily commute, particularly during haze days, to minimize the
adverse health risks associated with air pollutants.
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1. Introduction

In urban areas, commuting by public transportation can bring convenience, cost-savings,
and less stress for commuters, compared to those who drive to work. Use of public transport
may also prevent roadway congestion, result in shorter commute times, and increase productivity.
However, public transport commuters are particularly affected by high concentrations of air pollutants,
both originated from vehicular traffic or those caused by other urban, industrial or environmental
factors, during their transit. Road vehicle emissions are one of the most important sources of human
exposure to air pollution. Air pollution concentrations on roads are relatively high and commuters face
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unavoidable outdoor exposure during commuting from home to metropolitan rail transit stations and
waiting for public transportation. Emissions from road traffic result in a complex mixture of harmful
air pollutants, which are known to have adverse effects on health [1]. In particular, studies have
shown that exposure to air pollution in traffic is related to short-term cardiovascular and respiratory
health effects [2–6]. Much evidence has also been found showing the prevalence of respiratory disease
symptoms in individuals who live close to high-traffic roads [7,8].

In recent years, atmospheric haze in Southeast Asia (mainly due to pollution from forest and
peat fires in Indonesia) has become a main concern in Malaysia. In urban areas, haze worsens the
existing burden of traffic-related air pollution. The health impact of such haze has been shown to
produce a 30% increase in outpatient attendance during haze-related conditions [9]. An increase in
PM10 (particulate matter 10 micrometers or less in diameter) levels from 50 µg/m3 to 150 µg/m3

is significantly associated with increases of 12% for upper respiratory tract illness, 19% for asthma,
and 26% for rhinitis [9]. Air pollution in general, whether from traffic-related, industrial, or haze-caused
pollutants, is considered a major threat to human health at the population level because of its link
to increased mortality [10]. While effective policies to reduce air pollution at the source are clearly
more effective, various reports support the effectiveness of personal actions to reduce exposure and
health risks. Using highly efficient face masks evidently reduces personal exposure to air pollution
and improves a range of cardiovascular health measures in patients with coronary heart disease [11].
Masks labeled as N95 filter at least 95% of airborne aerosol with a mass median aerodynamic particle
diameter of about 0.3 µm. The use of N95 masks has been recommended during haze days [12].

In addition to outdoor care, preventive medications or supplements have also been suggested [13].
Patients with chronic airway diseases are encouraged to take medications that can increase their
immunologic function. Multivitamin use is also encouraged to protect against the impact of air
pollution, as is the use of supplements such as vitamin C, which is an antioxidant that can reduce
the oxidative stress reaction and build the immune system against air pollutant-related health
problems [13]. Drinking additional water has been recommended to reduce throat irritation and
to help the kidneys flush out any absorbed toxins [12]. Fruits and vegetables high in antioxidants are
also highly recommended to neutralize free radical damage caused by air contamination.

In Malaysia, there is relatively scarce evidence on epidemiological studies on the health effects
from traffic-related air pollution. A recent study on urban ambient air quality and health effects in
Kuala Lumpur, the capital of Malaysia, revealed a moderate level of air quality [14]. Illnesses related
to air pollution were significantly associated with ambient air quality and also proportionate with
the duration of time spent in areas with air pollution [14]. Further, in recent years, Malaysia also has
been greatly impacted by the frequent occurrence of atmospheric haze in Southeast Asia. Haze has
now become a regular environmental condition. Consequently, travelling by public transport exposes
commuters to greater levels of air pollutants, both from traffic-related and haze-caused conditions.
The extent to which exposure to air pollutants during daily commuting by public transport may have
contributed to adverse health among commuters in Malaysia has never been investigated. Further,
no studies have been conducted specifically among Malaysian commuters on control measures taken
to reduce impact of air pollution. Therefore, the aims of this study were to investigate the control
measures used by commuters and their health effects due to exposure to air pollution during their
daily commute via public transport. Control measures and adverse health effects during haze days
were also investigated.

2. Materials and Methods

2.1. Study Participants and Settings

Data collection was carried out from June to October 2016. Face-to-face interviews were carried
out by interviewers during weekdays and normal office hours. A convenience sampling method was
used, whereby random commuters were approached at all the Light Rail Transit train stations along
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the Kelana Jaya and Ampang lines in the state of Selangor, Malaysia. Before the start of the interview,
the interviewers gave a standardized introduction, informed consent was obtained from the study
participants, and participants were assured of the confidentiality of their information. The study was
approved by the University of Malaya Medical Ethics Committee (MECID NO: 201698-4239).

2.2. Study Questionnaire

An interviewer-assisted questionnaire was developed by a panel of experts from the Department
of Social Preventive Medicine, Faculty of Medicine, University of Malaya. The survey questionnaire
was available in two languages: Bahasa Malaysia (Malaysian national language) and English.
The questions were carefully read aloud to participants by the interviewers. The questionnaire
consisted of three sections. In the first section, demographic data were collected. Additionally,
other questions were asked about health risks: duration spent commuting via public transport,
living near a highway, smoking status, and the presence of chronic diseases.

In the second section, a total of 12 questions probed participants’ control measures used to reduce
the effect of air pollution during their daily commute (six items) and during haze days (six items).
The response options included never, rarely, sometimes, and often, and scored as 0, 1, 2, and 3,
respectively. Thus, total possible scores ranged from 0 to 18, with a higher score implying a higher
level of control measures. The third section assessed participants’ self-reporting of adverse health
experiences (both physical health, 15 items, and psychological health, seven items) from exposure to
air pollution during their daily commute days and during haze days, with each requiring a “yes” or
“no” response. Each “yes” response was rated as 1 and each “no” response was rated as 0. Therefore,
the total possible score ranged from 0 to 22, with a higher score implying higher levels of adverse health.

2.3. Data Analyses

Data were statistically analyzed with SPSS statistics version 19.0 (SPSS Inc., Chicago, IL, USA).
Descriptive analysis was performed to determine the frequency distribution of demographics, control
measures, and adverse health experiences. The total scores of control measures and adverse health
experiences were subjected to normality tests to explore the score distributions. As both total scores
were not normally distributed, K-means clustering was performed to cluster the scores with similar
patterns into two clusters [15]. The Chi-square test was used to examine the association between each of
the independent variables and the clusters for both total scores of control measures and adverse health
experiences. Multivariate logistic analysis was subsequently carried out if there were two or more
significant associations (p < 0.05) in the univariate analysis. All significant variables in the univariate
analysis were entered into multivariate logistic regression analysis using a simultaneous forced entry
model (enter method). Odds ratios (OR), 95% confidence intervals (95% CI), and p-values were
calculated for each independent variable. The model fit was assessed using the Hosmer–Lemeshow
goodness of fit [16].

3. Results

A total of 800 respondents completed the survey (response rate approximately 45%). As shown
in Table 1, the majority of the respondents were aged 30 years and below (56.5%). By occupational
group, the majority of the respondents were professional or managerial (52.4%), followed by skilled or
non-skilled workers (40.6%). Most of the participants had an average monthly income of MYR5000
(81.4%). The ethnic and gender distribution of the study participants closely matched that of the
general Malaysian population. Slightly over half of the study respondents spent less than one hour
commuting by public transport daily (59.0%). A total of 36.5% reported living near a highway, 6.4% had
chronic diseases, and 38.6% were smokers.
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Table 1. Demographic characteristics and other exposure risks, n = 800.

Details Frequency, n (%)

(A) Socio-demographic data
Age group (years old)

30 and below 452 (56.5)
31–40 265 (33.1)
>40 83 (10.4)

Gender
Male 424 (53.0)

Female 376 (47.0)
Marital status

Single 414 (51.8)
Married 386 (48.3)

Ethnicity
Malay 388 (48.5)

Chinese 271 (33.9)
Indian 138 (17.3)
Others 3 (0.4)

Education
Secondary level and below 146 (18.2)

Tertiary level 654 (81.8)
Occupation

Professional/managerial 419 (52.4)
Skilled/non-skilled worker 314 (40.6)

Student 54 (6.8)
Housewife 2 (0.2)

Monthly income (MYR)
5000 and below 651 (81.4)

>5000 149 (18.6)

(B) Other exposure risks
Chronic diseases

Yes 51 (6.4)
No 749 (93.6)

Smoking status
Yes 309 (38.6)
No 491 (61.4)

Living near highway
Yes 292 (36.5)
No 508 (63.5)

Duration spent commuting by public transport (hours)
1 h and below 472 (59.0)

>1 h 328 (41.0)

Table 2 shows the proportion of control measures used by study participants during daily
commutes on both normal and haze days. During their daily commute, the majority reported
never/rarely using the control measures queried. Relatively higher proportions reported a frequency
of sometimes/often, rather than never/rarely, in regard to drinking more water and increasing their
consumption of fruits and vegetables. The majority (78.1%) reported sometimes/often drinking more
water, and 51.1% reported sometimes/often increasing their consumption of fresh fruits or vegetables.
In regard to using a surgical mask, only a small proportion (25.4%) reported a usage frequency of
sometimes/often during their daily commute. Overall, the proportions of control measures taken by
participants were higher during haze days than regular daily commute days. For control measures,
on a rating scale of 0–18, the median rating for the daily commute was 8 (interquartile range (IQR)
6–10). The median rating during haze days was slightly higher (median 14, IQR 12–16). Of all the
control measures, the use of a surgical mask recorded the highest increase during haze days.
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Table 2. Proportion of control measures during daily commuting compared with during haze days
(n = 800).

During Daily Commute During Haze Days

Never/Rarely
n (%)

Sometimes/Often
n (%)

Never/Rarely
n (%)

Sometimes/Often
n (%)

Use normal surgical mask 597 (74.6) 203 (25.4) 63 (7.9) 737 (92.1)

Use dust masks N95 during severe haze day 703 (87.9) 97 (12.1) 272 (34.0) 528 (66.0)

Drink more water 175 (21.9) 625 (78.1) 7 (0.9) 793 (99.1)

Increase the intake of fresh fruits or vegetables 327 (40.9) 473 (59.1) 65 (8.1) 735 (91.9)

Take food supplements
(vitamins, nutrients, herbal products) 481 (60.1) 319 (39.9) 254 (31.8) 546 (68.2)

As much as possible commute using
alternative transportation

(e.g., friends car) to avoid exposure
450 (56.3) 350 (43.8) 316 (39.5) 484 (60.5)

K-means clustering segregated the total control measures scores into two clusters: normal
days (Cluster I) and haze days (Cluster II). For control measures during normal days, the total
control measures for Cluster I ranged 0–8, whereas those for Cluster II ranged 9–18. As shown in
Table 3, there were significant associations between total control measures of both clusters with regard
to demographic characteristics. A higher proportion of non-smoking participants than smoking
participants reported total control measures scoring 9–18 (Cluster II). For control measures during
haze days, a significantly higher proportion of married participants (83.9%) than never married (77.8%)
reported total control measures scoring 12–18 (Cluster II). There was a near significant difference
between the total control measures of both clusters regarding age: a higher proportion of participants
aged 31–40 (85.3%) and over 40 (81.9%) reported total control measures scoring 12–18 (p = 0.05).
There was also a near significant difference between total control measures of both clusters regarding
living near a highway. A lower proportion of participants who live near a highway (77.1%), compared
to those not living near a highway (82.9%), reported total control measures scoring 12–18 (Cluster II).

Figure 1 shows the proportion of adverse physical health experiences during normal commuting
days and haze days. During the daily commute, the three highest adverse health experiences
were fatigue and weakness (35.5%), coughing (23.6%), and dizziness (18.2%). During haze days,
the three highest adverse health experiences were headache (85%), coughing (84.8%), and breathing
difficulties (84.5%). Overall, the proportions of adverse physical health experiences were higher than
for psychological health experiences during both normal commuting days and haze days. Among all
psychological health experiences queried, stress was the experience that was reported highest during
both normal commuting days (13.0%) and haze days (50.6%) (Figure 2). Overall, the proportions of
both adverse physical and psychological health experiences were higher during haze days compared
with normal commuting days. For adverse health experiences, using a scale of 0–22 for both physical
and psychological health, the median rating during normal commuting days was 1 (IQR 0–3), and the
median rating during haze days was 11 (IQR 9–13).

Likewise, K-means clustering was performed to cluster the total adverse health experience scores
(total of both physical and psychological health) with similar patterns into two clusters for both normal
commuting days and haze days. For adverse health experiences during normal commuting days,
the total adverse health experiences in Cluster I ranged 0–4, whereas those for Cluster II ranged 5–22.
As shown in Table 4, there were no significant differences between total adverse health experiences
of both clusters with regard to demographic characteristics and other risks during daily commuting.
For adverse health experiences during haze days, a significantly higher proportion of participants aged
31–40 (50.2%) reported a total adverse health experience score of 12–22 (Cluster II), compared to those
aged 30 and below (45.1%) and those aged 40 and above (34.9%). In multivariate analysis, participants
aged 31–40 reported significantly higher likelihood of higher total adverse health experiences than those
aged 40 and above (OR = 1.852; 95% CI 1.107–3.099). There was also a significant association between
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the clusters of total control measure score and the clusters of total adverse health experiences during
haze days in the univariate analysis, and the association remains significant in the multivariate logistic
regression. Participants with higher total control measures (Cluster II) were more likely to report having
higher total adverse health experiences (score of 5–22) (OR = 1.907; 95% CI 1.315–2.765). Likewise,
there was also a near significant difference (p = 0.055) between total adverse health experiences
of both clusters and living near a highway. A higher proportion of participants who live near a
highway (50.3%), compared to those not living near a highway (43.1%), reported a total adverse health
experience score of 5–22 (Cluster II).

Table 3. Association between socio demographic, exposure risks and total control measure score during
daily commute and haze days (n = 800).

Total Control Measure Score

During Daily Commute During Haze Days

Total
Cluster I

0–8
(n = 440)

Cluster II
9–18

(n = 360)
p-Value

Cluster I
0–11

(n = 154)

Cluster II
12–18

(n = 646)
p-Value

(A) SOCIO-DEMOGRAPHIC DATA
Age group (years old)

30 and below 452 (56.5) 244 (54.0) 208 (46.0) 100 (22.1) 352 (77.9)
31–40 265 (33.1) 147 (55.5) 118 (44.5) 0.684 39 (14.7) 226 (85.3) 0.050
>40 83 (10.4) 49 (59.0) 34 (41.0) 15 (18.1) 68 (81.9)

Gender
Male 424 (53.0) 233 (55.0) 191 (45.0) 1.000 82 (19.3) 342 (80.7) 1.000

Female 376(47.0) 207 (55.1) 169 (44.9) 72 (19.1) 304 (80.9)
Marital status

Single 414 (51.8) 235 (56.8) 179 (43.2) 0.320 92 (22.2) 322 (77.8) 0.031
Married 386 (48.3) 205 (53.1) 181 (46.9) 62 (16.1) 324 (83.9)

Ethnicity
Malay 388 (48.5) 212 (54.6) 176 (45.4) 81 (20.9) 307 (79.1)

Chinese 271 (33.9) 143 (52.8) 128 (47.2) 0.383 52 (19.2) 219 (80.8) 0.053
Indian 138 (17.3) 84 (60.9) 54 (39.1) 19 (13.8) 119 (86.2)
Others 3 (0.4) 1 (33.3) 2 (66.7) 2 (66.7) 1 (33.3)

Highest education level
Secondary level and below 146 (18.2) 88 (60.3) 58 (39.7) 0.168 28 (19.2) 118 (80.8) 1.000

Tertiary level 654 (81.8) 352 (53.8) 302 (46.2) 126 (19.3) 528 (80.7)
Occupation

Professional/managerial 419 (52.4) 224 (53.5) 195 (46.5) 87 (20.8) 332 (79.2)
Skilled/non-skilled worker 314 (40.6) 184 (56.6) 141 (43.4) 0.310 55 (16.9) 270 (83.1) 0.469

Student 54 (6.8) 32 (59.3) 22 (40.7) 12 (22.2) 42 (77.8)
Housewife 2 (0.2) 0 (100.0) 2 (100.0) 0 (0.0) 2 (100.0)

Monthly income (MYR)
5000 and below 651 (81.4) 359 (55.1) 292 (44.9) 125 (19.2) 526 (80.8)

>5000 149 (18.6) 81 (54.4) 68 (45.6) 0.927 29 (19.5) 120 (80.5) 0.909

(B) OTHER RISKS
Chronic diseases

Yes 51 (6.4) 25 (49.0) 26 (51.0) 0.386 10 (19.6) 41 (80.4) 1.000
No 749 (93.6) 415 (55.4) 334 (44.6) 144 (19.2) 605 (80.8)

Smoking status
Yes 309 (38.6) 184 (59.5) 125 (40.5) 0.041 56 (18.1) 253 (81.9) 0.581
No 491 (61.4) 256 (52.1) 235 (47.9) 98 (20.0) 393 (80.0)

Living near highway
Yes 292 (36.5) 159 (54.5) 133 (45.5) 0.825 67 (22.9) 225 (77.1) 0.050
No 508 (63.5) 281 (55.3) 227 (44.7) 87 (17.1) 421 (82.9)

Duration spent commuting
by public transport (hours)

1 h and below 472 (59.0) 258 (54.7) 214 (45.3) 0.829 98 (20.8) 374 (79.2) 0.203
>1 h 328 (41.0) 182 (55.5) 146 (44.5) 56 (17.1) 272 (82.9)
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Table 4. Factors associated to total physical and psychological health experience score during daily
commute and haze days (n = 800).

Total Physical and Psychological Health Experience Score

During Daily Commute Days During Haze Days

Cluster I
0–4

(n = 684)

Cluster II
5–22

(n = 116)
p-Value

Cluster I
0–11

(n = 434)

Cluster II
12–22

(n = 366)
p-Value

Multiple Logistic
Regression for
12–22 vs. 0–11 ¥

(A) SOCIO-DEMOGRAPHIC DATA
Age group (years old)

30 and below 452 (56.5) 387 (85.6) 65 (14.4) 248 (54.9) 204 (45.1) 1.580 (0.967–2.583)
31–40 265(33.1) 230 (86.8) 35 (13.2) 0.389 132 (49.8) 133 (50.2) 0.048 1.852 (1.107–3.099) *
>40 83(10.4) 67 (80.7) 16 (19.3) 54 (65.1) 29 (34.9) Reference

Gender
Male 424 (53.0) 370 (87.3) 54 (12.7) 0.159 288 (53.8) 196 (46.2) 0.777

Female 376(47.0) 314 (83.5) 62 (16.5) 206 (54.8) 170 (45.2)
Marital status

Single 414 (51.8) 356 (86.0) 58 (14.0) 0.689 234 (56.5) 180 (43.5) 0.201
Married 386 (48.3) 328 (85.0) 58 (15.0) 200 (51.8) 186 (48.2)

Ethnicity
Malay 388 (48.5) 332 (85.6) 56 (14.4) 206 (53.1) 182 (46.9)

Chinese 271 (33.9) 235 (86.7) 36 (13.3) 0.636 151 (55.7) 120 (44.3) 0.798
Indian 138 (17.3) 115 (83.3) 23 (16.7) 76 (55.1) 62 (44.9)
Others 3 (0.4) 2 (66.7) 1 (33.3) 1 (33.3) 2 (66.7)

Highest education level
Secondary level and below 146 (18.2) 124 (84.9) 22 (15.1) 0.796 78 (53.4) 68 (46.6) 0.854

Tertiary level 654 (81.8) 560 (85.6) 94 (14.4) 356 (54.4) 298 (45.6)
Occupation

Professional and
managerial 419 (52.4) 358 (85.4) 61 (14.6) 216 (51.6) 203 (48.4)

Skilled/non-skilled worker 314 (40.6) 278 (85.5) 47 (14.5) 0.951 186 (57.2) 139 (42.8) 0.249
Student 54 (6.8) 46 (85.2) 8 (14.8) 30 (55.6) 24 (44.4)

Housewife 2 (0.2) 2 (100.0) 0 (0.0) 2 (100.0) 0 (0.0)
Monthly income (MYR)

5000 and below 651 (81.4) 559 (85.9) 36 (14.1) 143 (56.1) 112 (43.9)
>5000 149 (18.6) 125 (83.9) 56 (14.1) 0.826 205 (51.8) 191 (48.2) 0.359

(B) OTHER RISKS
Chronic diseases

Yes 51 (6.4) 40 (78.4) 92 (14.1) 0.521 348 (53.5) 303 (46.5) 0.363
No 749 (93.6) 644 (86.0) 24 (16.1) 86 (57.7) 63 (42.3)

Smoking status
Yes 309 (38.6) 266 (86.1) 43 (13.9) 0.758 164 (53.1) 145 (46.9) 0.610
No 491 (61.4) 418 (85.1) 73 (14.9) 270 (55.0) 221 (45.0)

Living near highway
Yes 292 (36.5) 255 (87.3) 37 (12.7) 0.297 145 (49.7) 147 (50.3) 0.055
No 508 (63.5) 429 (84.4) 79 (15.6) 289 (56.9) 219 (43.1)

Duration spent
commuting by public

transport (hours)
1 h and below 472 (59.0) 412 (87.3) 60 (12.7) 0.102 252 (53.4) 220 (46.6) 0.565

>1 h 328 (41.0) 272 (82.9) 56 (17.1) 182 (55.5) 146 (44.5)

(C) CONTROL MEASURES
DURING DAILY COMMUTE DAYS

Total control measure score
Cluster I (0–8) 440 (55.0) 371 (84.3) 69 (15.7) 0.314

Cluster II (9–18) 360 (45.0) 313 (86.9) 47 (13.1)
DURING HAZE DAYS

Total control measure score
Cluster I (0–11) 103 (66.9) 51 (33.1) 0.000 Reference

Cluster II (12–18) 331 (51.2) 315 (48.8) 1.907 (1.315–2.765) **

* p < 0.05, ** p < 0.01; ¥ Model; Hosmer-Lemeshow test, ÷2 (2) = 0.922, p = 0.163; Cox and Snell R2 = 0.022, Nagelkerke
R2 = 0.030

4. Discussion

Previous studies have found that the ambient air quality in the city of Kuala Lumpur, which
is located close to the sites of our survey, is moderate, and there is evidence of illnesses related to
air pollution associated with the duration of time spent in polluted areas [17]. Despite exposure to
vehicular emissions during their daily commute, the vast majority of our study participants reported
never/rarely practicing control measures to alleviate the adverse impact of air pollution during their
daily commute. In particular, the use of respiratory protection was very low. Relatively higher
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proportions reported practicing health care measures such as drinking more water and increasing
their consumption of fruits and vegetables rather than using respiratory protection. It has been highly
recommended that public transport commuters use respiratory protection to reduce the health risks of
exposure to particulate air pollution [18].

On a positive note, the employment of all control measures increased during haze days compared
to normal commuting days. Higher increases were reported for the use of surgical masks, implying
that, during haze days, using respiratory protection is most preferred by commuters. However, surgical
masks have been reported as ineffective, as they will not prevent particles of 10 microns and less from
entering the lungs. It is recommended that users employ appropriate masks, such as the N95 mask,
which can filter out 95% of particulates larger than 0.3 microns [13]. This study found that during
haze days, the use of N95 dust masks was not favored by our study participants. Although further
investigation is warranted to explore the reason for the non-popularity of using N95 masks during
haze days, this finding suggests that public transport commuters should be encouraged to use better
filtering respirators such as N95 masks.

Smoking status was found to be significantly associated with total control measures against
pollution during the normal daily commute. This finding suggests that cigarette smokers should
be encouraged to enhance their control measures during the daily commute, as they are exposed
to harmful chemicals from cigarette smoke in addition to air pollutants. In regard to total control
measures during haze days, married participants were more likely to report higher usage of total
control measures. This finding was in agreement with previous studies on health and mortality
by marital status, which have consistently identified that unmarried individuals generally report
less healthy behaviors and have a higher mortality risk than their married counterparts [19–21].
Younger age has been inversely associated with better health-related behavior [22,23]. Likewise, in this
study, there was a nearly significant association between total control measures during haze days and
age. This finding suggests the importance of encouraging younger commuters to also engage in control
measures against exposure to air pollutants. They should be encouraged to start taking preventive
measures at a young age, as there is longstanding evidence that has shown long-term exposure
to air pollution to be associated with increased risk of cardiovascular, respiratory, and lung-cancer
mortality [24–28]. Further, a lower proportion of participants who live near a highway, compared
to those not living near a highway, reported high usage of total control measures, although a near
significant association was found. This suggests the need to inform the public that there is substantial
evidence of the link between exposure of near-highway residents to pollutants and adverse health
outcomes [29]; thus, commuters living near a highway have prolonged exposure and should reduce
exposure to air pollutants as much as possible during their commute.

The symptoms reported in this study during daily commuting, such as feelings of fatigue,
dizziness, and respiratory effects, is in agreement with findings of other studies on health effects
related to air quality and commuters’ exposure to air pollution in traffic [30,31]. Further, the increased
proportion of adverse physical and psychological health experiences during haze days, compared
to normal commuting days, implies that the occurrence of haze added to the adverse health effects
on commuters.

In this study, although reports of psychological health impacts were relatively lower compared
to physical health effects for commuting during both normal and haze days, adverse psychological
health should not be ignored. Psychological and emotional responses to air pollution can also be of
significant importance because air pollution impacts lifespan and quality of life. The World Health
Organization declares that health is “a state of complete physical, mental and social well-being and
not merely the absence of disease or infirmity” [32]. It has been documented that the psychological
effects of air pollution can lead to psychiatric symptoms, including anxiety disorders and changes in
mood, cognition, and behavior, as well as to a reduction in psychological well-being [33–35]. Therefore,
it is suggested that public transport commuters should learn to recognize the negative impact of air
pollution on psychological health and seek appropriate and necessary treatment.
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In this study, the finding that older participants reported lower total health adverse experiences
during haze days is unclear. Nonetheless, the fact that participants aged 31–40 were found to have
a higher likelihood of total adverse health experiences during haze days than those younger than
30 could be due to longer duration of exposure to particulate air pollutants. As the exposure to air
pollutants has been associated with longer time spent in the polluted area [14], this may imply that
commuters aged 31–40 who may have been exposed for a longer duration than those who are younger
and more vulnerable adverse health effects particularly during haze days where air pollutions heighten.
As such, commuters who have been using public transport for a longer duration should be encouraged
to take measures to reduce exposure to air pollutants. Further, the association between living near a
highway and adverse health experiences, which almost reached statistical significance, may imply that
multiple exposures to air pollution both at home and during the daily commute increase a person’s risk
for health problems. Thus, it is recommended that using air purifiers at home [36] or using houseplants
as a way to purify the air in the home [37], in addition to proper respiratory protection, are steps that
should be taken by those who live near highways in order to minimize exposure to air pollution and
increase their health protection. Of note, this study did not find significant association between chronic
illness and physical or psychological health experience. This perhaps due to small number of sample in
this study reported having chronic conditions. Many studies have reported that effects of traffic-related
pollution are more severe on people who are suffering from chronic obstructive pulmonary disease
(COPD). A recent study reported that COPD-affected individuals received greater doses of UltraFine
Particles (UFP) than healthy individual due to their higher respiratory rate [38]. Therefore avoiding
exposure to air pollutants is important for individuals with COPD.

Since this was a cross-sectional study, we were unable to infer causality between control measures
and adverse health experiences. The significant positive association between higher control measures
and higher adverse health experiences during haze days could because participants who experienced
higher adverse health effects were more aware or troubled by their adverse health experiences and
thus carried out higher control measures in order to reduce the adverse health that they experienced.
Further experimental studies that can empirically test causal relationships between control measures
and adverse health experiences are warranted. It is suggested that commuters should also practice
control measures regardless of whether or not they experience adverse health effects. Educational and
motivational messages should be placed in public transport vehicles and terminals to encourage
commuters to increase awareness about the hazards and to encourage the use of control measures
against particulate air pollutants during their commute.

5. Conclusions

The findings from this study imply that there is a dire need to encourage commuters using public
transportation in urban cities in Malaysia to use respiratory as well as other control measures to
minimize exposure to particulate air pollutants during their daily commute, particularly during haze
days. Evidence-based findings of the health hazards of air pollutants on commuters should be made
known. Educational and motivational messages should be placed in public transport vehicles and
terminals to encourage commuters to increase awareness about the hazards and to encourage the
use of control measures against particulate air pollutants during their commute. The study findings
provide important insights of urban planning solution for improving air quality as well as enhancing
the sustainability of cities for growing urban populations.

6. Limitation

This study also has some limitations that warrant discussion. First, the results underscore the
potential limitations of self-report responses. Social desirability bias can be an issue with self-reported
data. Self-reporting can also cause recall bias. The second limitation concerns the convenience sampling
used in this study, in that the sample may not be representative of all public transport commuters in
all urban cities in Malaysia.
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