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ABSTRACT

Introduction: Ambient air pollution, specifically nitrogen dioxide (NO,), is linked to adverse health outcomes, in-
cluding increased risk of cardiorespiratory diseases. However, limited research has investigated the temporal rela-
tionship between short-term NO, exposure and cardiorespiratory hospital admissions in Peninsular Malaysia. Mate-
rials and methods: This time-series study examines the impact of NO, on hospital admissions across eight districts
from 2011 to 2019. We used daily hospital admissions data from the Ministry of Health and NO, concentrations
from the Department of Environment. Quasi-Poisson regression models estimated the associations between NO,
exposure and admissions, accounting for potential confounders like temperature, humidity, day of the week, and
public holidays. Results: The findings revealed a significant positive association between short-term NO, exposure
and cardiorespiratory admissions, particularly at lags of 0 and 1 days. For cardiovascular diseases, each 10 pg/m?
increase in NO, was associated with a 1.07% to 9.17% increase in admissions at lag 0. For respiratory diseases, a
10 pg/m? increase corresponded to a 0.60% to 12.64% increase in admissions at lag 0. The impact was more pro-
nounced for cardiovascular than respiratory admissions. Conclusion: This study provides compelling evidence of
the influence of short-term NO, exposure on cardiorespiratory hospital admissions in Peninsular Malaysia. These
findings highlight the importance of addressing air pollution and implementing interventions to reduce the burden of
diseases associated with NO, exposure.
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INTRODUCTION

The global landscape of health underwent a
transformative shift in 2011 when non-communicable
diseases (NCDs) were recognised as significant threats
during the United Nations summit.(1) This shift gained
momentum with the alarming findings of the 2019
Global Burden of Disease (GBD) Study, which reported
422 million prevalent cases of cardiovascular disease
(CVD) worldwide, with ischaemic heart disease (IHD) at
the forefront of cardiovascular morbidity and mortality.
(2) Simultaneously, respiratory diseases have emerged as
a significant global health concern, ranking among the
top 20 causes of disability-adjusted life years (DALYs)
according to the 2020 GBD Report.(3) Across various
countries, the Asia-Pacific Burden of Respiratory Diseases

study highlights the economic burden associated with
respiratory illnesses, considering healthcare resource
utilisation, medication costs, and substantial economic
losses due to productivity.(4)

In Malaysia, cardiovascular and respiratory diseases
stand out as primary contributors to mortality and years
of life lost (YLL).(5) The impact on DALYs surpasses
global mean values, emphasising the pronounced
disease burden in Malaysia, evident in elevated death
and disability rates associated with IHD and RTls. The
burden extends to the healthcare system, with diseases
of the respiratory system emerging as the second leading
cause of hospitalisations in 2019, both in Ministry
of Health (MOH) and private hospitals.(6) From an
economic perspective, the healthcare system incurs
significant costs related to cardiovascular and respiratory
diseases.

Air pollution has become a pressing global health
concern, with approximately 6.7 million deaths
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attributed to its adverse effects in 2019.(7) In Malaysia,
ambientair pollution's impact is reflected in DALYs, with
an estimated rate of approximately 1,122 per 100,000
population in 2016.(8) Mortality rates associated with
ambient air pollution in Malaysia are notably higher,
influenced by specific health outcomes such as IHD,
COPD, lung cancer, stroke, and acute lower RTls.(9)

Southeast Asia, particularly Malaysia, has faced
heightened attention due to the global impact of air
pollution, with transboundary haze posing a significant
public health challenge. Despite historical oversights,
the GBD survey has brought to light the profound health
effects of air pollution in the region, affecting physical
health and mental well-being.(10)

Specific pollutants like particulate matters, ozone,
nitrogen dioxide (NO,), sulphur dioxide, and carbon
monoxide pose distinct health risks. NO, is a globally
recognised urban pollutant primarily emanating
from fuel combustion, encompassing transportation,
electricity generation, and industrial and residential
activities. Notably, NO, is linked to airway changes and
respiratory function abnormalities.(11)

Research studies in Kuala Lumpur emphasise the
significant impact of trace gases on hospitalisations due
to cardiovascular and respiratory diseases, highlighting

the acute effects of exposure.(12) Furthermore,
meteorological parameters, including non-optimal
temperatures and  humidity levels, significantly

contribute to the global burden of cardiovascular
and respiratory diseases, with ambient temperature
strongly correlating with air pollution, influencing
health outcomes and triggering acute cardiorespiratory
diseases. Nevertheless, research on air pollution and its
implications for morbidity in Malaysia and Southeast
Asia has predominantly focused on individual cities,
thus hindering the attainment of a comprehensive
understanding of the broader impact of air pollution on
population health.

To fill this research gap, our study covers eight districts
in Peninsular Malaysia, focusing on understanding
how changes in air quality relate to cardiovascular and
respiratory hospital admissions in areas undergoing rapid
urbanisation and industrialisation. The goal is to offer
practical insights into the health impact of environmental
factors in these districts, providing useful information for
public health efforts and policymaking. This research
highlights the importance of balancing economic
development with public health and environmental
sustainability in  Peninsular  Malaysia's  diverse
landscape. The objective of this study is to examine
the association between short-term NO, exposure and
cardiorespiratory hospital admissions, thereby providing
evidence to support the implementation of more
stringent environmental regulations aimed at protecting
public health.

MATERIALS AND METHODS

Study setting

This research centres on Peninsular Malaysia, covering
about 40% of Malaysia's land area and bordered by
Thailand, Singapore, and Sumatra, with the Straits of
Malacca as a separator. Kuala Lumpur, the capital, and
Putrajaya, the administrative centre, are key locations
in the region. The selection of Peninsular Malaysia is
justified by factors like high population density and
rapid urbanisation. Projections indicate that 88.0%
of Malaysia's population will reside in urban areas by
2050, with Kuala Lumpur alone currently housing 1.31
million inhabitants.(13)

Peninsular Malaysia's tropical climate, influenced by its
equatorial proximity, is marked by high temperatures,
humidity, and regular rainfall. Two monsoon seasons,
from November to March and May to September, bring
distinctive weather patterns. Rainforests dominate the
area, but concerns arise from forest fires contributing to
haze and potential health impacts.(14)

Rapid urbanisation began in the 1970s, driven by the
New Economic Policy, resulting in planned satellite
towns evolving into cities. Coastal regions like Ipoh,
Georgetown, and Johor Bahru feature high population
density, traffic, air pollution, valuable land, and
thriving commercial zones, reflecting Malaysia's rapid
development.

Considering Malaysia's growth, the study focuses on
two urban or suburban districts from each region to
provide a representative sample mirroring the country's
developing status, marked by significant urbanisation
and growth, as illustrated in Figure 1.
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Figure 1: Study location

Data collection

Cardiorespiratory hospital admission data

In this study, daily hospital admission data for
cardiovascular and respiratory conditions were obtained
from the Health Informatics Centre (HIC) under the
Ministry of Health (MOH). Hospitalisation is defined as
a stay of at least one night, which followed the criteria
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established by Nhung et al. (2018).(15)

Extracted variables included patient details (birthdate,
sex, ethnicity), admission information (date and district),
and diagnoses based on ICD-10 codes for cardiovascular
(100 to 199) and respiratory (JOO to J99) diseases.

To ensure confidentiality, patient names and hospital
identities remained anonymous. Age was initially treated
as a continuous variable and later categorised into young
(0 to 14 years), working (15 to 64 years), and old age
(65 years and above) based on Department of Statistics
Malaysia (DOSM) classifications. Ethnicity was stratified
into four categories: Bumiputera, Chinese, Indian,
and others, following the demographic distribution in
Malaysia.(16)

Air quality and meteorological data

Daily ambient air pollution and meteorological data
spanning from 1% January 2011, to 31 December
2019, were obtained from the Malaysia Department of
Environment (DOE)'s Continuous Air Quality Monitoring
Station (CAQMS). Strategically located within a 20 km
radius of hospitals, the monitoring stations facilitated
the assessment of NO,'s impact on cardiorespiratory
hospital admissions, considering two meteorological
parameters: temperature and relative humidity. A three-
month data void for NO,, attributed to a concession
holder transition in 2017, was observed.

To create daily 24-hour time series for NO,, temperature,
and relative humidity, hourly concentrations were
averaged. Across the 3,281-day study duration, 9%
of total observations were categorised as 'missing,'
distributed as follows: NO, (5%), relative humidity
(16%), and temperature (<0.1%). Addressing these
gaps, the Multivariate Imputation by Chained Equations
(MICE) algorithm, implemented through R Studio's MICE
package, was employed. This choice was informed by
the algorithm's proven success in various air pollution
epidemiological  studies, demonstrating superior
performance compared to alternative imputation
methods.(17)

Statistical analysis

Quantitative data were descriptively analysed, presenting
hospital admissions with frequency, percentages,
median, and interquartile ranges, while air quality levels
and meteorological parameters utilised means and
standard deviations. Time series plots were generated
to identify trends in air pollutants and meteorological
parameters over the study duration.

A quasi-Poisson generalised linear model (GLM)
with a distributed lag non-linear model (DLNM)
explored the association between air pollution levels
and cardiorespiratory hospital admissions based on

Bhaskaran et al.'s adjustments.(18)

To mitigate long-term seasonality and confounding,
the model included a natural spline function of time
with 6 degrees of freedom (df annually. Time-varying
covariates incorporated temperature and humidity
effects controlled by a spline with 3 df. The model
addressed potential confounders by considering day-of-
the-week (DOW) and public holidays.

Time-lagged versions of exposure variables accounted
for possible lagged effects of air pollution on health,
allowing exploration of relationships between previous
exposure days and current-day health consequences. All
pollutants were encapsulated using cross-basis matrices
within a core DLNM, simultaneously assessing effects
across exposure and lag dimensions. The core model
can be articulated as:

log(E (YY) = a + cb(xt) + ns (6/years)+ ns(Temp,df + 3) +
ns(RH,df + 3) + DOW + Holiday

In this equation, (E(Y?)) represents the cardiovascular or
respiratory hospitalisations on day £ a is the intercept; cb
denotes the cross-basis function; (x?) represents the daily
average concentration of each air pollutant; ns indicates
the natural spline function; df represents the degree of
freedom; Temp denotes the average daily temperature;
RH represents the daily relative humidity. The day of the
week is represented by DOW, while Holiday is a binary
variable that accounts for the effect of national and state
public holidays.

Model evaluation considered present-day effects and
past seven-day exposures. The optimal model, chosen
based on the smallest Akaike Information Criterion (AIC)
value, presented outcomes in terms of relative risks
(RR) and associated 95% confidence intervals (Cl) for
daily cardiorespiratory hospital admissions per 10 pg/m?
increment in NO,. Analyses utilised R software (version
4.2.2) with the 'dlnm' and 'splines' packages.

Ethical Clearance

This research received approval from the Medical
Research and Ethics Committee of the Malaysia Ministry
of Health (NMRR-21-593-58554 (IIR)).

RESULTS

Descriptive analysis

In Table I, we present the baseline characteristics of
our study population, comprising 939,327 subjects.
Among the study population, a total of 1,025,567
hospital admissions were observed. Notably, 45.91%
(n=470,827) of these hospital admissions were attributed
to cardiovascular disease, whereas the remaining
54.09% (n=554,740) were linked to respiratory disease.

Mal ] Med Health Sci 21(2): 100-108, Mar 2025 102



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Subjects hospitalised for cardiovascular disease had
a mean age of 57.5 (SD=15.4), significantly higher
than those hospitalised for respiratory disease (34.9,

Table I: Baseline characteristics of study population

SD=29.5). A statistically significant age distribution
difference was observed between the two groups.

Overall, n (%) Cardiovascular Respiratory Effect size
Total count 939327 (100.00) 423038 (45.00) 516289 (55.0)
Age, years 45.75 (26.04) 57.6 (15.5) 34.5(29.6) 0.9772
Age, years 0.477°
Young (0-14) 188281 (21.73) 6651 (1.58) 181630 (40.85)
Working (15-64) 433424 (50.03) 270695 (64.18) 162729 (36.60)
Old (=65) 244639 (28.24) 144415 (34.24) 100224 (22.54)
Sex 0.068”
Male 554418 (59.03) 265317 (62.72) 289101 (56.00)
Female 384813 (40.97) 157682 (37.28) 227131 (44.00)
Ethnicity 0.165
Bumiputera 615886 (65.78) 242091 (57.42) 373795 (72.63)
Chinese 152336 (16.27) 90646 (21.50) 61690 (11.99)
Indian 136842 (14.61) 73534 (17.44) 63308 (12.30)
Others 31250 (3.34) 15372 (3.65) 15878 (3.09)
Note:
*Cohen’s d

b Cramir’s V
Continuous variables are expressed in mean (standard deviation)
Categorical variables are expressed in n (%)

The majority (64.35%) of subjects hospitalised for
cardiovascular disease belonged to the working age
group, whereas the majority (40.13%) of respiratory
disease hospitalisations occurred in the young age
group. Male individuals constituted a significantly
higher proportion in cardiovascular disease hospital
admissions (62.95% versus 37.05%), while no notable
sex-based difference was observed for respiratory
disease hospital admissions. The ethnic distribution
indicated that Bumiputera accounted for the largest
proportion (65.62%), followed by Chinese (16.28%),
Indians (14.62%), and other ethnicities (3.49%), with
statistically significant differences between the groups.

Movingto Table Il, we present data on hospital admission
counts, air quality, and meteorological parameters in
various regions of Malaysia. The hospital admission
counts are represented as the median (IQR) per day
for each region and overall. The overall daily median
counts for cardiovascular and respiratory diseases were
15 and 19, respectively. Notably, Johor Bahru exhibited
the highest counts for both cardiovascular (26) and
respiratory diseases (31), while Kuantan had the lowest
counts for both cardiovascular (9) and respiratory
diseases (15).

Table 1I: Summary statistics of cardiovascular and respiratory hospitalisations, air quality, and meteorological parameters

Characteristic Overall Timur Laut  Kinta Klang lS’er“em- .IMe(:‘I;:ﬁ :;:H::L gﬁ:laru Kuantan Effect size®
Hospitalisation counts
Cardiovascular 15 (10) 15 (8) 17 09) 18 (8) 15 (8) 15 (7) 26 (12) 12(7) 9(6) 0.294
Respiratory 19 (12) 11(6) 18 (7) 23 (9) 23 (11) 21 (8) 31 (14 15(9) 15(6) 0.313
Air quality parameter
NO, (ug/m) (1566 (208 (347 (309 (769 (43m  a712) Gen 06y O3
Meteorological parameters
Temp (°C) 27.56 28.06 27.45 28.13 27.76 27.68 26.98 27.38 27.09 0.152
(1.17) (1.03) (1.09) (1.15) (1.05) (1.03) (1.04) (1.18)  (1.20)
RH (%) 82.89 81.27 82.30 81.83 81.87 81.99 85.71 81.92 84.96 0.194
(4.52) (3.78) (4.09) (4.08) (4.12) (3.97) (4.49) (4.40)  (4.54)
Note:

Hospitalisation counts are expressed in median (IQR), Continuous variables are expressed in mean (standard deviation)

2Cramir’s V, »Maximum 8-hours moving average
NO, = nitrogen dioxide, Temp = temperature, RH = relative humidity

For air quality parameters, the highest NO, concentration
(ug/m?) was observed in Klang (70.18), and the lowest
was in Kota Bharu (28.36). Meteorological parameters,
including temperature (°C) and relative humidity (%),
varied across regions. The highest temperature was
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observed in Kinta (28.13), and the lowest was in Johor
Bahru (26.98), while the highest relative humidity was in
Johor Bahru (85.71), and the lowest was in Timur Laut
(81.27).
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Cramér's V test revealed statistically significant
associations (p < 0.001) between hospital admission
counts, air quality parameters, and meteorological
parameters in different districts of Malaysia.

Figure 2 illustrates the hospital admission trend for
cardiovascular and respiratory diseases over time. The
cardiovascular hospital admission trend displayed
heterogeneity across districts, with Johor Bahru showing
a slight increasing trend. In contrast, the respiratory
hospital admission trend exhibited marked variation,
potentially attributed to seasonal fluctuations affecting
respiratory illnesses.
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Figure 2: Daily (a) cardiovascular and (b) respiratory hospitalisation
trend, 2011-2019

The daily trend of NO, levels showed marked seasonal
patterns, with the highest concentrations during the
dry season (Figure 3). Haze episodes from forest and
peatland fires contributed to elevated particulate matter
levels, often exceeding WHO-AQG. The daily trend of
temperature displayed a distinct seasonal pattern, with a
gradual increase over the 9-year study period, consistent
with global climate change projections. Daily relative
humidity remained stable, showing no significant trend
throughout the study period.
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Figure 3: Daily levels of (a) NO2, (b) temperature (°C), (c) relative
humidity (%)

Association between NO2 and cardiovascular hospital
admissions

Quasi-Poisson regression was used to estimate RRs and
95% Cls at various lag times in relation to cardiovascular
hospital admissions (Figure 4a). Across various districts,
the most prominent findings emphasise the immediate
impact of NO, concentration on cardiovascular hospital
admissions at lag 0. Notably, in Timur Laut, a substantial
increase in cardiovascular hospital admissions was
observed for every 10 pg/m? rise in NO,, with an RR of
1.0671 (95% Cl = 1.0214-1.1150). In Kinta, there was a
significantelevation in cardiovascular hospital admission
risk at lag O (RR = 1.0834, 95% CI = 1.0469-1.1212),
diminishing at later lags. In Klang, an elevated RR at lag
0 indicated a higher risk of same-day cardiovascular
hospital admissions, with fluctuating significance levels
in subsequent lags.

For Seremban, an elevated RR at lag O persisted,
indicating an increased risk of cardiovascular hospital
admissions. Melaka Tengah exhibited no significant
changes in RR across lags, suggesting a stable risk pattern
over time. Johor Bahru displayed an elevated RR at lag 0O,
indicating an increased risk, and this elevation persisted
at lag 2. Kota Bharu showed no significant changes in
RR across lags, suggesting a consistent risk pattern. In
Kuantan, the RR was significantly elevated at lag 0 and
lag 5, indicating an increased risk of cardiovascular
hospital admissions associated with NO, exposure.

Association between NO2 and respiratory hospital
admissions

The influence of NO, concentration on respiratory
hospital admissions varied across districts, with acute
effects observed when there was a significant RR at lag
0 (Figure 4b). In Timur Laut, an acute and substantial
effect was evident at lag 0, with a 10 pg/m’ increase
in NO, associated with a 12.64% rise in respiratory
hospital admissions (RR = 1.1264, 95% Cl = 1.0757-
1.1794). Subsequent lags showed fluctuating estimates
around the null value, suggesting a diminishing effect
over time.
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Figure 4: Single lag effects of (a) cardiovascular and (b) respiratory
hospital admissions associated with 10 pg/m? increase in NO,
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Similarly, Kinta demonstrated an acute impact at lag
0, indicating a heightened risk of respiratory hospital
admissions, with an RR of 1.0401 (95% CI = 1.0086-
1.0726), emphasising an immediate effect.

In Klang, while an elevated RR was observed at lag
0, subsequent lags exhibited varying patterns of
significance. Notably, at lag 7, a significant increase in
risk was noted, suggesting potential prolonged effects.

For Seremban, an increased risk at lag O persisted,
indicating a lasting impact, with an RR of 1.0487 (95%
Cl =1.0198-1.0785). Melaka Tengah displayed a stable
risk pattern over time, with no significant changes in RR
across lags.

Johor Bahru exhibited sustained elevated risks at lag
0 and lag 2, indicating a more prolonged association,
particularly at lag O with an RR of 1.0343 (95% CI =
1.0075-1.0619). Kota Bharu and Kuantan showed
consistent risk patterns over time, with no substantial
changes in RR across lags.

DISCUSSION

This study, spanning January 2011 to December
2019, investigated the associations between NO, and
cardiorespiratory hospital admissions in eight selected
districts in Peninsular Malaysia. The analysis revealed
nuanced vulnerabilities within these regions. The
urban and suburban characteristics, coupled with rising
population density and industrial activities, resulting in
heightened pollution levels, underscore the significance
of our investigation.

Johor Bahru stood out among all districts with the
highest number of hospitalisations for cardiovascular
and respiratory conditions. This notable occurrence can
be attributed to the presence of two tertiary government
hospitals within the district. One of these hospitals is a
state facility renowned for its specialised cardiology and
respiratory services, while the other serves as a major
specialist hospital. Additionally, it is noteworthy that the
state hospital serves as a regional centre for cardiology
services, catering to the southern region of the country.
Consequently, complicated cases from neighbouring
districts and states are frequently referred to this hospital
for specialised care. It is worth highlighting that despite
having a comparatively higher population density
compared to the other seven districts, the district of
Klang did not demonstrate an expectedly high number
of hospitalisations for cardiovascular and respiratory
conditions. The median values for total hospitalisations
in Klang were 18 for cardiovascular cases and 23 for
respiratory cases, suggesting lower rates considering its
population density. One plausible explanation for this
phenomenon is the ample availability of MOH, private,
and non-MOH hospitals within the Klang Valley area.
Consequently, even if a patient resides in Klang, they

have the flexibility to select their preferred healthcare
facility for admission.

The absence of evident seasonality in cardiovascular
hospital admissions in Malaysia is ascribed to the
country's tropical climate, characterised by minimal
temperature fluctuations throughout the year. Contrarily,
a meta-analysis identified elevated risk estimates for
cardiovascular disease outcomes in individuals residing
in tropical climates compared to other climate types.(19)
This observation may be elucidated by the heightened
frequency of extreme heat and reduced interannual
variability inherent in tropical regions as opposed to
other climatic zones. The seasonal fluctuations observed
for respiratory hospital admissions can be attributed to
viral respiratory tract infections. Notably, respiratory
syncytial virus (RSV) affects young children worldwide
and has been reported to show strong correlations with
the lowest number of rainfall and the number of rainy
days, particularly at the end of both monsoon seasons
in Malaysia (July to August and October to December).
(20) Conversely, a recently published Malaysian
study reported that other respiratory pathogens such
as influenza, enterovirus/rhinovirus, and adenovirus
demonstrated no seasonality.(21)

The concentrations of NO, in all districts consistently
exceeded the recommended threshold set by the
WHO-AQG (World Health Organisation’s Air Quality
Guidelines). Klang and Johor Bahru, with their higher
population density and industrial activities, exhibited
higher concentrations of NO, throughout the study period
compared to the other districts. Importantly, it should be
highlighted that prior to the WHO-AQG 2021, the WHO
did not define a specific level for the 24-hour averaging
time of NO, concentrations in its 2005 guideline. Rather,
the 2005 guideline solely recommended a ceiling level
for NO, concentration with an annual averaging time,
which has also been revised from 40 pg/m?*to 10 pg/m?
in the updated guidelines. The implementation of more
stringent limits is a direct response to the substantial
body of recent evidence that has emerged, revealing
the significant detrimental effects of NO, pollution on
human health at much lower concentration levels than
previously thought. A systematic review, which served
as a fundamental reference for the development of the
2021 WHO-AQG, reported a robust body of evidence
indicating that daily exposure to NO, is associated with
an elevated risk of respiratory diseases.(22)

A notable observation in the context of cardiovascular
hospital admissions from this study is the statistically
significant increase in RRs on the same day as the rise in
NO, levels across all districts, except for Melaka Tengah.
This finding aligns with outcomes from prior research,
which consistently reported significant associations
between cardiovascular hospital admissions and NO,
concentrations at lag 0.(23,24)
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Likewise, respiratory admissions exhibited associations
with NO, levels, albeit with a diminished effect size,
particularly at lag 0, except for Melaka Tengah where
the RRs remained proximal to the null value across all
lag days (0 to 7 lag days). This finding aligns with existing
literature demonstrating positive associations between
respiratory morbidity and NO, levels, particularly
notable at earlier time lags, as highlighted in the recently
published systematic review and meta-analysis by de
Bont et al.(25)

Inthe pastdecade, the scrutiny of mechanisms underlying
air pollution's impact on cardiovascular disease
has increased markedly. Common initial pathways
include oxidative stress and inflammation, autonomic
nervous imbalance, and direct particle translocation.
(25) These pathways may trigger secondary processes
such as endothelial dysfunction, thrombotic events,
activation of the hypothalamic-pituitary-adrenal axis,
and epigenomic changes. Despite their distinctiveness,
these pathways are interconnected, converging at points
to heighten the risk of cardiovascular disease outcomes.
Various pathways may contribute to arrhythmogenesis,
elevated blood pressure, atherosclerosis, or increased
arterial stiffness, culminating in diverse cardiovascular
events—cardiac arrest, ischemic heart disease, heart
failure, stroke, and ultimately, mortality. In the context
of respiratory disease, NO, within the lung initiates
reactive oxygen species (ROS) formation, inducing
cellular injury.(26) This, in turn, prompts a cytokine
response, culminating in oxidative stress (OS) and
inflammation. OS activates the generation of both
ROS and reactive nitrogen species (RNS), leading to
peroxynitrite formation. The ensuing peroxynitrite can
induce apoptosis or necrosis, causing damage to the
airways and lungs.

The observed low NO, levels, depicted in Figure 3a,
and the subsequently subdued RRs associated with
both cardiovascular and respiratory hospital admissions
in Melaka Tengah, may be explicable by the district's
relatively sparse population density, where tourism
serves as the principal economic driver, as opposed to
industrial activities. Moreover, Melaka state, particularly
the Melaka Tengah district housing the heritage centre,
is actively engaged in the implementation of renewable
energy initiatives, notably solar power, aimed at ensuring
a pristine environment for forthcoming generations.
These comprehensive initiatives, coupled with ongoing
and planned endeavours, constitute integral elements of
the Melaka Green City Action Plan.(27)

Enhanced environmental regulatory measures are
imperative for the specified region. Persistent breaches
of the WHO-AQG for NO, levels were noted in all eight
districts. Notably, even marginal deviations above these
established standards were associated with an increased
risk of hospital admissions related to cardiovascular
and respiratory conditions. Our findings add to the

expanding body of research underscoring the hazards
associated with ambient air pollution resulting from
rapid urbanisation and industrialisation. In light of
these findings, a comprehensive, integrated approach
is advocated, necessitating collaboration among
stakeholders from the health and environmental sectors.
It is recommended that existing legislation be more
rigorously enforced, and antiquated policies, such as the
Environmental Quality Act 1974, be updated to align
with contemporary health and sustainability objectives.
Such measures are essential to ensure improved
community health outcomes.

Future studies should focus on long-term impacts of
NO, exposure, particularly on vulnerable groups such
as children and the elderly. Research should investigate
the combined effects of multiple pollutants and utilise
advanced modelling techniques for more accurate
exposure assessments. Additionally, evaluating the
effectiveness of intervention strategies, such as green
infrastructure and traffic management, and conducting
region-specific studies considering local pollution
sources and socio-economic factors are crucial for
tailored public health interventions.

The strengths of this study are multifaceted, contributing
to the robustness and relevance of the findings. The
temporal analysis spanning nearly a decade provides
a substantial dataset for in-depth examination of trends
and patterns. The inclusion of eight different districts
across Peninsular Malaysia ensures broad geographic
coverage, enhancing the generalisability of the findings.
Detailed exposure assessments are achieved through
strategically placed air quality monitoring stations near
hospitals, improving accuracy. Advanced statistical
methods, including quasi-Poisson regression models
and distributed lag non-linear models, allow for nuanced
understanding of the effects of NO, on health outcomes.
Integration of meteorological data as covariates helps
isolate the specific impact of NO,, and the focus on
vulnerable populations in varied urban and suburban
settings provides targeted insights for public health
interventions.

This study is subject to several limitations that warrant
consideration, and their potential implications must
be acknowledged. The principal limitation lies in the
reliance on data exclusively from Ministry of Health
(MOH) hospitals, thereby potentially vyielding an
incomplete portrayal of cardiovascular and respiratory
cases, as instances from private and non-MOH facilities
were not incorporated. This exclusionary approach may
result in an underestimation of the genuine impact of
air pollution on cardiorespiratory hospital admissions.
Additionally, the combination of elective and emergency
cases in the analysis introduces potential noise, possibly
obscuring the true association between air pollution and
cardiovascular admissions.

The omission of a comprehensive account for
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socioeconomic status, a pivotal determinant, may
introduce bias into the observed relationships,
given its influence on both pollutant exposure and
individual susceptibility. Furthermore, the incomplete
consideration of individual health determinants, such as
pre-existing conditions and smoking habits, may lead to
an underestimation of the actual magnitude of pollution's
effects, as these factors can amplify individual responses
to polluted environments.

The potential for information bias arises from the
utilisation of fixed monitoring stations, which could
result in the misclassification of exposure levels. This
misclassification has the potential to attenuate the
observed associations or generate spurious findings.
Finally, this study exclusively incorporated outcomes
from single-pollutant models. The potential synergistic
effects of NO, within multiple pollutant models were
not taken into account.

CONCLUSION

In this time-series analysis, a discernible association
emerged between same-day exposure to NO, and
the daily incidence of hospital admissions related to
cardiovascular and respiratory diseases in populations
residing in both urban and suburban districts within
Peninsular Malaysia. These findings augment the current
body of evidence, reinforcing the basis for formulating
environmental regulations aimed at optimising
public health protection. In regions undergoing rapid
urbanisation and industrialisation, further studies
specifically addressing the nexus between ambient air
pollution and cardiorespiratory diseases are warranted.
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