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ABSTRAK

Pencemaran udara menyebabkan lebih daripada 7 juta kematian setiap tahun yang
merangsang penyakit kardiovaskular (CVD), penyakit respiratori (RD) dan kencing
manis (DM). Objektif kajian adalah untuk mengunjurkan Bebanan Penyakit Tidak
Berjangkit (BoD NCD) yang diatributkan kepada pencemaran udara di Kelantan dan
Kedah di bawah senario SSP5-8.5. Kajian ini melibatkan data harian i) kematian dan
kemasukan hospital (HA) penyakit CVD, RD, DM (2005-2021), ii) data pencemaran
udara (PMio, PM2 5, SO2, NO», CO, O3) dan data meteorologi (suhu, kelembapan relatif)
(2005-2021), ii1) data pencemaran udara daripada WRF-CMAQ (validasi : 2014) dan
unjuran (SSP5-8.5) untuk kedua-dua lokasi. Analisis deskriptif bertujuan mengenal
pasti tren temporal, manakala korelasi Spearman bertujuan menentukan perkaitan
antara pencemaran udara dan NCD. DLNM digunakan untuk menentukan anggaran
perkaitan pendedahan-respons kumulatif jangka pendek, diikuti dengan analisis
sensitiviti untuk menilai keteguhan model. Pengiraan BoD dijalankan untuk YLL, YLD
dan DALY mengikut jenis penyakit bagi data garis dasar dan unjuran. Unjuran BoD
menunjukkan anggaran bebanan yang-dikaitkan-dengan kesan kumulatif jangka pendek
terhadap pendedahan kepada pencemaran udara. Perbezaan antara bebanan NCD pada
tahun unjuran dan tahun-garis-dasar-telah-dikira.-Antara-tahun 2005 hingga 2021,
kematian dan HA penyakit CVD, RD dan DM, menunjukkan peningkatan di Kelantan
dan Kedah. Kematian CVD meningkat secara mendadak- selepas 2018 di Kelantan
(131.5) dan Kedah (154.1). Kematian RD menlngkat secara mendatar pada tahun 2013
(79.6) di Kelantan dan menghampiri loydviedah (2018). Kematian DM pulak
meningkat secara beransur di Kelantan (15. 67 2021) dan 18.1 di Kedah (2020).
Kemasukan ke hospital (HA) bagl penyakit CVD meningkat secara konsisten, RD
mencapai tahap tertinggi pada/20 P9(1652 8) di Kelantan dan 1667.7 (Kedah). Bagi DM
HA menunjukkan pelbagal tahap, tinggi di permulaan tahun di Kelantan dan tahap
tertinggi di Kedah pada tahun 2009 (46.2). DALY yang paling tinggi adalah CVD,
diikuti oleh DM dan Rf) yang disumbangkan oleh YLL. Kesemua bahan pencemar
berada di/’bawah/paras ambang, walaupun PMio dan PM:s kadangkala meningkat
melebihi paras yang ditetapkan oleh WHO. Pencemaran udara menunjukkan perkaitan
_ negatif yang signifikan dengan NCD di Kelantan dan Kedah (p<0.05). Paras suhu di
Kedah menunjukkan perkaitan yang positif dengan kematian RD (r=0.047, p<0.05).
“"PM2 s menunjukkan perkaitan pendedahan-respons kumulatif yang konsisten dengan
semua NCD di kedua-dua negeri, dan dipilih untuk mengunjurkan risiko bebanan
penyakit. Dalam senario pemanasan global SSP5-8.5, PM»s yang dikaitkan dengan
kematian CVD di Kelantan meningkat sebanyak 368.71 (95% CI: -129 hingga 854
kematian) pada tahun unjuran. PMys yang atribut dengan kematian RD menurun
sehingga 122 (95% CI: -307 hingga 451 kematian). Sebaliknya, PM> s yang atribut
kepada HA RD meningkat sebanyak 9,200 (95% CI: 4,351-13,786). PM2 s yang atribut
kepada HA DM di Kelantan meningkat secara sederhana dengan kenaikan sebanyak 15
(95% CI: -134 hingga 124). Di Kedah, pada garis dasar, PM2 s yang atribut kepada NCD
menunjukkan tiada anggaran, menyebabkkan tiada perbexaan antara garis dasar-
unjuran, Kesimpulannya, di bawah pemanasan global senario SSP5.85, pencemaran
udara terutamanya PM> 5, menyebabkan bebanan penyakit NCD di Kelantan dan Kedah.
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ABSTRACT

Air pollution silently claims over 7 million lives annually by triggering cardiovascular
(CVD), respiratory diseases (RD) and diabetes mellitus (DM). This study aims to
project BoD of NCDs attributable to air pollution in Kelantan and Kedah under SSP5-
8.5 scenario. This study involves daily data on mortality and hospital admissions (HA)
for CVD, RD, and DM (2005-2021); air pollution (PM9, PM2 5, SO2, NO», CO, O3) and
meteorological variables (temperature, relative humidity) (2005-2021); and WREF-
CMAQ air pollution output (validation: 2014) and projections (SSP5-8.5) for each state.
Descriptive analysis was performed to examine temporal trends, while Spearman
correlation assessed relationships between air pollution and health outcomes. The
distributed lag non-linear model (DLNM) was used to estimate short-term cumulative
exposure-response relationships, followed by sensitivity analyses to evaluate model
robustness. WRF-CMAQ outputs were validated against observed DOE monitoring
data, and health prediction models were validated using both observed and sinitlated
air pollution data for 2014. Future NCD outcomes were _projected using negative
binomial regression. The best-performing baseline health-models were integrated with
bias-corrected WRF-CMAQ air pollution projections to estimate attributable fractions
and the projected BoD, including years of life lost (¥LL); years lived with disability
(YLD), and disability-adjusted life years (DALYs). Differences between projected and
baseline PM> s-attributable BoD were subseqﬁe@ quantlﬁed Between 2005 and 2021,
mortality from CVD, RD, and DM, and from HA, increased in Kelantan and Kedah.
CVD mortality rose sharply after 2018 in Kelantan (131.5) and Kedah (154.1). RD
mortality steadily increas{edzi{2015T (79.6) in Kelantan and nearly 100 in Kedah (2018).
DM mortality gradually roseto15.6 in Kelantan (2021) and 18.1 in Kedah (2020). CVD
HA increased c/on/si/stenﬁly; RD HA peaked in 2019 (1652.8) in Kelantan and 1667.7
(Kedah), while DM HA 'varied over time, higher early on in Kelantan and peaking in
Kedah in 2009(46.2). DALY's were highest for CVD, then DM and RD, mostly driven
by YLL. All pollutants remained below thresholds, though PM;¢ and PMa s occasionally
exceeded WHO AQG limits. Air pollution showed a significant negative association
“with NCD outcomes in Kelantan and Kedah (p < 0.05). Temperature in Kedah showed
a positive association with RD mortality (r = 0.047, p < 0.05). Among all pollutants,
PM; 5 demonstrated the most consistent cumulative exposure—response relationships
across NCD in both states and was therefore selected for future BoD projection. Under
the global warming SSP5-8.5 scenario, PM> s-attributable CVD mortality in Kelantan
increased by 368.71 deaths (95% CI: —129 to 854 deaths). PM s-attributable RD
mortality decreased by 122.02 deaths (95% CI: =307 to 451 deaths). In contrast, PM> s-
attributable RD HA increased substantially with an absolute increase of 9,200.29
admissions (95% CI: 4,351-13,786). PM> s-attributable DM HA in Kelantan increased
modestly with an absolute increase of 14.89 admissions (95% CI: —134 to 124). In
Kedah, baseline PM;s-attributable NCD outcome estimates were unavailable,
precluding calculation of absolute baseline—projection differences. In conclusion, under
the SSP5-8.5 scenario, PM» s continues to impose a measurable and evolving burden of
NCDs in Kelantan and Kedah.

Keywords: non-communicable disease, air pollution, climate change scenario
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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

Climate change has become one of the defining challenges of this century, with iﬁi/pacfs
that extend far beyond the environment into human health, security, and develobment.
A key aspect of climate change is global warming, whi/ch/'réfers"to jthle consistent
increase in Earth’s surface temperature primarily drivén by human activities like
burning fossil fuels, deforestation, and industri;:ti e/inissi/ons(Chen et al. 2020).

a

The Intergovernment)al /P/ap/e)r on Climate Change (IPCC) projected that, if
greenhouse gas emis{s/ions/ goﬁﬁnﬁe on their current trajectory, global warming is
expected to reach /1/.5/ °Clabove pre-industrial levels sometime between 2030 and 2052
(IPCC 20 1§)/T he'l .5 °C threshold is a critical marker for human health and well-being.

Excééding this level would lead to more frequent and intense heatwaves, droughts,
) /ﬂoods, and storms, which in turn would affect food production, water availability, and

disease patterns (Dosio et al. 2018).

At the same time, rising temperatures worsen air quality by intensifying
pollutant formation and prolonging the persistence of harmful compounds in the
atmosphere (Kalisa et al. 2018). Air pollution is currently accountable for 4.2 million
premature fatalities annually across the globe, primarily attributable to cardiovascular
and respiratory illnesses (World Health Organisation-WHO 2022). As warming

intensifies, this health burden is expected to rise.

Malaysia is particularly vulnerable to local urban and industrial emissions and

also exposed to transboundary haze episodes that worsen air quality (Ismail et al. 2017)



Kelantan and Kedah represent states that are vulnerable to the global warming impact.
Yet, little is known about how global warming at 1.5 °C will interact with air pollution
to shape the future burden of disease (BoD) of non-communicable diseases (NCD) in
these populations. This study aims to fill that gap by integrating health data with
advanced climate and air quality modelling to generate local evidence to inform policy

and adaptation strategies.
1.2 STUDY BACKGROUND
1.2.1 Global Warming and Climate Change

The terms “global warming™and “climate echange™ are frequently used interchangeably.
Global warming specifically-refers-to-the rise-in-Earth’s-average surface temperature,
while climate change encompasses a broader range of altérations in climate patterns,

including shifts in rainfall, rising sea levels, and more extreme weather (Stefkovics &

£ ~
Zenovitz 2023). PN,
@ -
e R
Natural processes such as volcanic eruptions, solar variability, and ocean
VvV

circulation have always]inﬂhenced climate, but since the mid-twentieth century, the
main contribufcio/r{/of global warming has been human activity (Stocker et al. 2013). The
bu/rnifng/ 6f/fossil fuels, along with industrialisation, urban growth, and deforestation,
< has greatly elevated greenhouse gases such as carbon dioxide, methane, and nitrous

“oxide in the atmosphere (Fakana 2020).

The Paris Agreement of 2015 was a milestone, as nations committed to keeping
global warming below 2°C and working towards limiting it to 1.5°C (United Nations
Framework Convention on Climate Change-UNFCCC 2015). The IPCC has since
demonstrated that exceeding this 1.5 °C threshold will elevate the risks to health and
wellbeing (IPCC 2018). Even small increments of warming are associated with a rise
in heat-related deaths, food insecurity, vector-borne diseases, and cardiorespiratory

illnesses (Campbell-Lendrum & Priiss-Ustiin 2018).



Importantly, global warming also alters atmospheric chemistry. Higher temperatures
accelerate the photochemical reactions that generate ground-level ozone, while stagnant
weather during heatwaves prevents the dispersion of particulate matter (Schulte et al.
2016).These interactions highlight the direct ways in which global warming undermines

human health.
1.2.2  Global Warming and Air Pollution Interplay

Air pollution and global warming are closely linked. Air pollutants such as black carbon
and methane contribute to global warming by trapping heat in the atmosphere (Kumar
2021). Additionally, global warming alters meteorological conditions, intensify‘in;g air
pollution episodes. The World Health Organization identifies six major éir/ pollﬁtants
that threaten human health-and ecosystems: particulate matter /(PMﬁ) and’PM3 s), ozone

(Os), carbon monoxide (CO), nitrogen dioxide (I\/IOQ)\/and sulfur dioxide (SO-)

(Hoffmann et al. 2021). n a\NY
A
Exposure to this air pollution has beén associated with stroke, ischemic heart
P Ty

disease, chronic obstructive-puliifonary disease (COPD), lung cancer, and diabetes
(Huang et al. 2019;/Piﬁici1ka‘et/al. 2015; Vos et al. 2020; Zhao et al. 2019). Across the
world, ambient'éif pollu]tion causes millions of early deaths each year (WHO 2022).
Global V’Va@iﬁg v/s//orsens these risks. During heatwaves, O3 concentrations rise, and fine
. paﬁicles accumulate, compounding respiratory and cardiovascular strain (Du et al.
<2021). In Malaysia, this interplay is evident during the annual haze season, when
biomass burning in neighboring countries interacts with local emissions to produce

severe air pollution episodes (Ismail et al. 2017a).

1.2.3 Non-communicable Diseases (NCDs) and Burden of Disease (BOD)

Non-communicable diseases (NCDs) now surpass infectious diseases as the leading
global cause of death, representing nearly 70% of all deaths (WHO 2012). The 2019
Global Burden of Disease (GBD) study reports that NCDs result in 17 million
premature deaths each year among those under 70, mainly in low- and middle-income
countries (GBD 2019 Collaborators, 2020). By 2030, NCDs are projected to account
for 77% of the worldwide disease burden (Shu & Jin 2023).



In Malaysia, the rise of NCDs is a serious concern, with cardiovascular disease (CVD),
respiratory disease (RD), and diabetes mellitus (DM) already causing significant
premature mortality (Ministry of Health Malaysia (MOH) 2021). The BoD framework
offers a way to quantify these impacts. The most common measure, the Disability-
Adjusted Life Year (DALY), combines years of life lost (YLL) due to early death with
years lived with disability (YLD) (Murray 2022). Another measure, the Population
Attributable Fraction (PAF) was used to estimate the proportion of disease or death that
could be avoided if exposure to a risk factor, such as air pollution, were removed

(Mansournia & Altman 2018).

These indicators have been used worldwide to measure the health 'Bu/rdeh
attributable to air pollution. For example, studies in Asia and Europe have estimated
thousands of DALY s lost each year due to exposure to PM35 and Og (Alam et al. 2019;
Rovira et al. 2020).While such assessments are prevalem\e/lsewhere, there is a notable
gap in similar comprehensive evaluations in M/ala”j@ia,’particularly those that integrate

climate change scenarios to project future tfisles.

P e
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1.2.4 Modelling Approaches -ri} Air Pollution and Health

-
P

Understanding aﬁd proj e]cting the health impact of air pollution requires robust models.
Trad'rtidfiafapproaches include Land Use Regression (LUR) models, spatial-temporal
< fnodels, and machine learning tools such as Artificial Neural Networks (ANNs), all of
“which provide localised estimates of pollutant concentrations (Abdul Shakor et al.
2020). More specialised tools such as AIRQ+ and DIMAQ2 have also been developed

to estimate health outcomes attributable to air pollution (Forastiere et al. 2020; Vos

2020).

State-of-the-art methods now use coupled models that simulate interactions
between meteorology and air quality. The Weather Research and Forecasting (WRF)
model captures weather processes, while the Community Multiscale Air Quality
(CMAQ) model predicts pollutant concentrations and deposition (Im et al. 2010).
Together, WRF-CMAQ can simulate how climate and air quality interact, making it

particularly powerful for projecting health outcomes under future climate scenarios.



Internationally, WRF-CMAQ has been widely used, especially in China, to estimate
deaths attributable to PM> s and O3 under various emission scenarios (Liu et al. 2021;
Wang et al. 2021). Applications in Europe have shown that emission-reduction
strategies can generate significant health co-benefits. However, such modelling studies
are still limited in Malaysia, leaving a significant evidence gap in understanding future

air pollution—related health risks.
1.2.5 Future climate Scenarios: CMIP6 and SSP-RCP Frameworks

Projections of the impact of global warming rely on scenario frameworks. The Coupled
Model Intercomparison Project Phase 6 (CMIP6) is the latest international effo/rt/ that
brings together climate models fo project future changes. Compared to its p/redec/éssor
CMIPS, CMIP6 offers finer resolution-and integrates socioeco/nomié/pathways (Eyring
et al. 2016). These projections combine Representative/Cen/centration Pathways (RCPs),
which describe future greenhouse gas conce/ntrat/ions‘, with Shared Socioeconomic
Pathways (SSPs), which outline potential t(ajecfories of global development (Vicedo-
Cabrera et al. 2019). o -

Ve an
FI’Y
i r o’ S
. V.

The five main SS]P—RCP scenarios range from strong mitigation consistent with
the Paris Agﬂ;énﬁ/ent (SSP1-1.9 and SSP1-2.6) to fossil fuel-intensive, high-emission
futures JV(SS/P*S—S.S) (Rivera & Arnould 2020). Studies show that health burdens vary
< 'Vsigniﬁcantly across these scenarios. For example, deaths linked to PM2s exposure
“decline under SSP1-2.6 but rise sharply under SSP3-7.0, reflecting both emission levels

and demographic changes such as ageing populations (Xu et al. 2023).

Despite their global use, CMIP6 SSP-RCP scenarios have rarely been applied
in Malaysia to estimate future health risks. This study, therefore, fills a gap by
combining CMIP6 scenarios with WRF-CMAQ outputs and health data to project the
future burden of NCDs attributable to air pollution under a SSP5-8.5 climate change

scenario.



1.3 RESEARCH PROBLEM

While the health risks of air pollution have been widely studied globally, evidence in
Malaysia remains limited and is mainly concentrated in the Klang Valley (Abd Rahim
et al. 2024; Basit et al., 2018; Ibrahim et al. 2022; Wan Mahiyuddin et al. 2013).
Kelantan and Kedah, two northern states in Peninsular Malaysia, continue to experience
a substantial burden of non-communicable diseases (NCDs) while being exposed to
both local and transboundary air pollution. Despite these concerns, there is still a lack
of studies in Malaysia that project the future burden of disease (BoD) attributable to air

pollution under future climate scenario.

The combined effects of global warming; air-pollution, and NCDs have bécome
a major public health concern worldwide (Siiba et al. 2024). At @he 15 °C global
warming threshold, worsening air quality and chronic d/is\eas/é burden are expected to
intensify. However, evidence-based planning for ,clin/late—fesilient health strategies in
Malaysia remains limited due to the lack of i/ﬁﬁegfated studies that combine climate
projections, air quality modelling, and healtli burden assessment. Advanced modelling
systems such as Weather R@se@rgl;}tﬁzi Forecasting—Community Multiscale Air Quality
(WRF-CMAQ) and /clima‘te /projection frameworks such as CMIP6 Shared
Socioeconomic’ ?éthwa;ll—Representative Concentration Pathway (SSP—RCP) have
been ,Wideigai)pliéd in China, Europe, and the United States, but remain underutilised
- in-Southeast Asia. Therefore, this study addresses an important research gap by

“integrating future climate scenario (SSP5-8.5), air quality modelling, and local health

data in Malaysia.

The first research problem relates to the trend and comprehensiveness of the
BoD assessment in Malaysia. The Burden of Disease and Injury Study conducted by
the Ministry of Health (MOH) Malaysia was last published in 2020 (National Institute
of Health, 2020). The report presented the national burden of diseases in Malaysia
covering the period from 2015 to 2017. Diseases were categorized into three major
groups: Group I (communicable diseases, maternal, perinatal, and nutritional
conditions), Group II (non-communicable diseases), and Group III (injuries). The main

indicators used in the assessment were Disability-Adjusted Life Years (DALY), Years



of Life Lost (YLL), and Years Lived with Disability (YLD), which were mainly

reported according to gender and age groups.

However, several limitations remain. First, the available national report only
covered a three-year period, which is relatively short for providing insight into long-
term trends in BoD in Malaysia. Second, the findings were presented mainly at the
national level without detailed analyses by state or district, thereby limiting the
understanding of local disease patterns and regional disparities. Third, the reports
mainly focused on the overall burden of diseases without specifically examining the
contribution of environmental risk factors, such as air pollution, to NCD burden.
Existing Malaysian studies also primarily estimated DALY, YLL, and YLD separa{tely,
without integrating future climate and air-pollution projections into BoD'/a/ssessrﬁents

(Alam et al. 2019; Chan-et-al.- 2022; Huang et al- 2019b;KhaW’ etal. 2023).

-

In addition, the BoD assessment in this study ;elied primarily on mortality and
hospital admission (HA) data due to their a;@ﬂ/ef[jiligy and accessibility from the MOH.
Although diagnosed or newly diflgno/sed cases may provide a more comprehensive
assessment of disease ogcurr/gn/c’é; s/uch data were not consistently available across
healthcare facilities. Many govgrnment hospitals and clinics in Malaysia still rely on
paper-basqd,er Hybrid m]edical record systems, making it logistically difficult and time-
consum‘iﬁgft/o /ext;act data on newly diagnosed cases. Compared with diagnosis records,

- hospital admission data are more systematically documented and digitally accessible.

Therefore, HA data were used as a proxy for morbidity and YLD estimation in
this study. Nevertheless, this may limit the comprehensiveness of the outcome
assessment, as mild or undiagnosed cases not requiring hospitalization may not have
been captured. Furthermore, limited funding allocation and the restricted timeframe of
the research also constrained the feasibility of collecting nationwide newly diagnosed

case data.

Another research problem relates to air quality modelling. Over time, air quality
modelling has evolved progressively from estimating pollutant concentrations to
integrating health-related outcomes such as mortality and NCD incidence. Previous

studies have demonstrated the effectiveness of linking air quality models with NCD



mortality and incidence assessments (Pinichka et al. 2017; Mazzeo et al. 2022; Wang

et al., 2022).

Among these models, WRF-CMAQ is considered state-of-the-art because it
integrates meteorological processes, atmospheric chemistry, and air pollutant transport
simultaneously, enabling more reliable simulation and projection of air pollution
exposure under future climate conditions. Despite these advancements, the application
of WRF-CMAQ in Malaysia and Southeast Asia remains limited, particularly in studies

linking air quality projections with future NCD burden assessment.

The third research problem concerns long-term projection of the- BoD
attributable to air pollution-under future climate scenarios.-General Circula‘Fi/on M(’)dels
(GCMs) are the primary tools used for climate projections, and the'@ﬁsemble of GCM
simulations is coordinated through the Coupled Model intercomparison Project
(CMIP). CMIP6 provides updated near-term and /long/g,term climate projections based
on Shared Socioeconomic Pathways (SSPs)” jr/ljhls; study, the SSP5—8.5 scenario was
selected to represent a high—fos/sil—fuei—emisﬁon pathway associated with substantial

warming and worsening air qualify}
< Ve

Globally;ﬁany ]studies have used climate modelling to project future health
impacts: /Pirgv/ioué/ studies in China and the United Kingdom estimated health burden
_under Representative Concentration Pathway (RCP) scenarios (Huang et al. 2019a).
/However, studies projecting the BoD of NCDs attributable to air pollution under SSP—

RCP scenarios remain limited (Ingole et al. 2022; Liu et al. 2025). Existing studies also
mainly focused on mortality outcomes, with limited emphasis on comprehensive BoD
indicators such as DALY, YLL, and YLD. Therefore, there remains a critical need for
localised long-term projections integrating climate scenarios, air quality modelling, and

BoD assessment to support climate-resilient public health planning in Malaysia.
14 RESEARCH QUESTION

1. What is the annual trend for the BoD (mortality, hospital admission and DALY)
of NCDs (CVD, RD and DM) in Kelantan and Kedah from 2005-2021?
ii. What is the trend of air pollution in Kelantan and Kedah from 2005-2021?



iii. What is the projection for the BoD of NCDs attributable to air pollution in
Kelantan and Kedah under SSP5-8.5 scenario?

14 RESEARCH JUSTIFICATION

Malaysia is not exempt from the impacts of global warming and deteriorating air
quality. Recent regional climate downscaling studies projected that the average surface
temperature in Malaysia could increase by 3°C to 5°C by the end of the 21 century
under different emission scenarios (Tangang et al. 2012). Changes in climate and
meteorological conditions are expected to influence ambient air quality, parti,eu1arly
through changes in temperature, preeipitation;—atmospheric circﬁl/étion, ~ and

transboundary pollution (Hong et al. 2019; Sahani et al. 2022). .

-

.

At the same time, NCDs continue to impose a ﬁublié health burden in Malaysia.
The National Health and Morbidity Surv/eyﬁ()f%(lﬁstitute of Public Health-IPH 2024)
reported that 2.5% of Malaysian adulfs are Tiving with four major NCD risk factors,
namely diabetes, hyperter)si()/r? /hléh cholesterol, and obesity, which contribute
significantly to carglioVas/cul‘ar{iiseases and stroke. Existing national datasets mainly
focus on specific Jsector]s separately, such as health surveillance, climate projections,
and air pbi@tfbn ;nonitoring, while integrated analyses combining climate, air quality,

. and health burden data remain limited in Malaysia.

Several local studies have demonstrated the adverse health effects of air
pollution exposure in Malaysia. However, these studies were mostly conducted in the
Klang Valley and focused primarily on short-term associations between air pollution
and mortality or hospital admissions (Ibrahim et al. 2022; Tajudin et al. 2019; Wan
Mahiyuddin et al. 2013). For example, Wan Mahiyuddin et al. (2013) reported
significant associations between PMio, SO2, CO, NO2, and O3 with respiratory mortality
in the Klang Valley. Tajudin et al. (2019) showed that exposure to SO2, NO2, and O3
contributed to cardiovascular and respiratory hospital admissions, while Ibrahim et al.
(2022) identified significant associations between PM»s and SO, exposure with

respiratory hospital admissions among children in Sarawak. These findings indicate that
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air pollution poses an important health risk in Malaysia; however, the available studies
remain geographically limited, predominantly focused on urban areas such as Kuala

Lumpur and Klang Valley, and mainly rely on historical short-term air quality data.

Furthermore, previous Malaysian studies mainly assessed mortality counts,
morbidity, or isolated burden of disease (BoD) indicators without comprehensive long-
term projections. For instance, Kwan et al. (2017) evaluated the reduction of PM> s
exposure in Kuala Lumpur and estimated its benefits in preventing premature deaths
and Disability-Adjusted Life Years (DALYs), but the study did not include future
climate projections or NCD-specific modelling. Similarly, Kwan et al. (2023) projected
DALYs for respiratory diseases, cardiovascular diseases, and lung cancer under low-
carbon mobility scenarios; yet the study-lacked integration with climat/q:air quality
modelling frameworks and future SSP-RCP-climate scenarios. :

-

In addition, there remains a substantial g{eogralghical and methodological gap in
the Malaysian literature. Existing studies are’ 96‘f1/‘cer/1trated mainly in the Klang Valley,
whereas limited evidence is avai}able/ for northern Peninsular Malaysia, particularly
Kelantan and Kedah, desgite{f;egéﬁta/tes being exposed to both local and transboundary
air pollution sources- (Ismail et/al., 2017b). Sulphur dioxide (SO.), nitrogen dioxide
(NO»), and ,,020'1/1e (03) Ihave been identified as major pollutants contributing to air
quality d/etefri(;rati//()n in the northern region driven by emissions from transportation and
‘ inciustrial activities. However, no previous study has comprehensively projected the

“future burden of disease attributable to air pollution in these regions under climate

change scenarios.

Another important research gap concerns the application of advanced air quality
modelling approaches in Malaysia. Air quality modelling in Malaysia has evolved
progressively from pollutant concentration estimation to prediction-based approaches
that incorporate meteorological influences (Ku Yusof et al. 2020). Various modelling
techniques such as inverse distance weighted (IDW), geostatistical methods, and
ordinary least squares-based geographic information systems (OLS-based GIS) have
been utilised to estimate pollutant distributions (Jumaah et al. 2019). More recently,

studies have highlighted the importance of meteorological variables such as
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temperature, humidity, wind speed, and wind direction in influencing air pollution

concentrations (Abdullah et al. 2020; Ng & Awang 2018).

Despite these developments, the application of coupled climate-air quality
models such as Weather Research and Forecasting—Community Multiscale Air Quality
(WRF-CMAQ), which is considered state-of-the-art in air quality modelling, remains
limited in Malaysia compared to countries such as China, Europe, and the United States
(Birago Adomako et al. n.d.; Briant et al. 2017; Hur et al. 2021; Im et al. 2010; Tan et
al., 2017).

Globally, advanced modelling frameworks that integrate climate projections, éi/r
quality simulations, and health-burden assessments-have increasingly bgén used to
estimate future health impacts under climate change scenarios. Nevertheless, studies
integrating CMIP6 climate projections, SSP-RCP scpgrari;)s, coupled air quality
modelling, and burden of disease estimation remain /searce, particularly in Southeast
Asia. In Malaysia, no study has compreﬁ;r/ﬁjve/ly integrated downscaled climate
projections, WRF-CMAQ air—qu'illify /modelﬁng, and BoD assessment to project the
future NCD burden attribptablie?é}lir/ pollution under SSP5-8.5 scenarios, particularly
for Kelantan and Kedah. X

e —

, The Burden of Disease and Injury Study conducted by the Ministry of Health
. (MOH) Malaysia also highlights important gaps in the current evidence. The latest
~national BoD report, published in 2020, covered only the period from 2015 to 2017 and
focused on broad national-level estimates of DALY, Years of Life Lost (YLL), and
Years Lived with Disability (YLD) by gender and age groups (National Institute of
Health (NIH) 2020).

Although NCDs consistently contributed the highest number of DALY in
Malaysia, the report was limited by its short observation period, the absence of state-
and district-level analyses, and the lack of environmental risk factor assessments or
future projections related to air pollution exposure. Consequently, there remains
insufficient evidence to understand long-term trends and future climate-related health

risks at the local level.
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In summary, four major knowledge gaps remain in the Malaysian literature.
First, existing studies have largely focused on short-term associations between air
pollution and health outcomes, with limited translation into burden of disease metrics
such as YLL, YLD, and DALY. Second, evidence from Kelantan and Kedah remains
scarce despite the increasing burden of NCDs and exposure to regional air pollution.
Third, previous Malaysian studies have not integrated climate projections, air quality
modelling, and health burden assessment within a unified analytical framework. Fourth,
few studies have projected future burden of disease attributable to air pollution under
CMIP6 SSP5-8.5 climate scenarios at the state level. Addressing these gaps is essential
for improving understanding of future climate-related health risks and supporting

evidence-based environmental and public health policy in Malaysia.

-

1.5 OBJECTIVE

1.5.1 General Objective Y

G
To determine the BoD of NCD/s\at‘tr/il/)utablé/to air pollution in Kelantan and Kedah
under a 1.5°C global warr/n'm@éé]}S- 8.5).

P I
1.5.2  Specific Objectives

-

-~

Al To determine the annual trend for the BoD (mortality, HA and DALY) of NCDs
(CVD, RD and DM) in Kelantan and Kedah from 2005-2021.
i1. To determine the trend of air pollution in Kelantan and Kedah from 2005-2021
1il. To develop a health prediction model for BoD of NCDs in relationship with air
pollution and meteorological variables in Kelantan and Kedah under SSP5-8.5
scenario
e to determine the correlation between air pollution and meteorological
variables in Kelantan and Kedah from 2005 to 2021.
e to determine the correlation of NCD mortality with air pollution in Kelantan
and Kedah from 2005-2021
e to determine the correlation of NCD HA with air pollution in Kelantan and

Kedah from 2005-2021
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v. To project the BoD of NCDs attributable to air pollution in Kelantan and Kedah

under SSP5-8.5 scenario
1.6 HYPOTHESIS

There is a significant association between air pollution and meteorological variables in

Kelantan and Kedah from 2005-2021.

There is a significant association between NCD mortality and air pollution in Kelantan

and Kedah from 2005-2021.

-

-~ o

There is a significant asseciation-between NCD-hospital admigsioné and air pollution in

Kelantan and Kedah from 2005-2021. P
1.7  CONCLUSION £

Air pollution is one of the bigg@s/f:challenges of our time. It doesn’t just drive climate
change, but it als/,o/ puts olur h\eaﬂh at risk, leading to more illness and premature deaths
for people e@ryvyhere. Adverse health impacts of air pollution have been reported in
many- sfuﬂl/cs ﬁsing various measures, including DALYSs. Future air pollution levels and
- related BoD can be influenced by several factors, including air pollutant emissions (both
“natural and anthropogenic), climate variability and demographic changes. Projection

models will help estimate risk and impact across scenarios. This will assist

policymakers in structuring a comprehensive mitigation plan.
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