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Abstract
This study aims to examine the relationship between daily temperature and mortality in the Klang Valley,
Malaysia over the period 2006 – 2015. A quasi-Poisson generalized linear model combined with a
distributed lag non-linear model (DLNM) was used to estimate the association between mean
temperature and mortality categories (natural, cardiovascular, and respiratory disease). Particulate matter
with aerodynamic diameter below than 10 micrometer (PM10) and surface ozone (O3) has been adjusted
as a potential confounding factor. Both cold and heat effects were associated with mortality categories.
The relative risks of natural mortality associated with an extreme cold temperature (1st percentile of
temperature, 25.2 °C) and an extreme hot temperature (99th percentile of temperature, 30.2 °C) relative to
the minimum mortality temperature (28.2 °C) were 1.17 (95% con�dence interval (CI): 0.97, 1.41) and 1.11
(95% CI: 0.93, 1.32) for lag 0-21, respectively. Heat effects were immediate whereas cold effects were
delayed and lasted longer. People with respiratory diseases, the elderly and women were the most
vulnerable groups when it came to the effects of extremely high temperatures. The extreme temperatures
did not dramatically change the temperature-mortality risk estimates made before and after adjustments
for air pollutant (PM10 and O3) levels.  

Introduction
Climate change is likely to have a signi�cant impact, both directly and indirectly, on human health
(Costello et al. 2009). The effects of climate change on human health have received more attention in
recent years as extreme temperatures have been found to be associated with temperature-related
mortality risk (Anderson and Bell 2009; Yu et al. 2012). Previous studies, undertaken in a large multi-
country study, showed that the percentage of total deaths was around 8% with cold accounting for more
deaths than heat (Gasparrini et al. 2015). Generally, exposure to extremely high temperatures (heat
effects) produces an immediate effect and an acute event, causing health problems and clinical
syndromes such as heat cramps, exhaustion, stroke, syncope and even death (Kovats and Hajat 2008;
Patz et al. 2014; Mallen et al. 2019). In contrast, low temperatures (cold effects) showed a more delayed
effect with an increase in the number of deaths several days after exposure (Rocklöv and Forsberg 2008;
Anderson and Bell 2009).

In many studies over the last two decades, temperature-mortality relationship curves have typically been
found in common shapes such as V-, U- or J-shaped exposure-response functions (Baccini et al. 2008;
Anderson and Bell 2009; Hajat and Kosatky 2010). The temperature with the lowest risk of mortality is
de�ned as the optimum temperature and is typically known as the minimum mortality temperature
(MMT) (El-zein et al. 2004). The temperature-mortality risk increases when the temperature becomes
lower or higher than the MMT threshold temperature (El-zein et al. 2004; Basu and Malig 2011; Egondi et
al. 2012). The MMT threshold varies among countries and regions with different climate conditions (Guo
et al. 2014; Honda et al. 2014) and is also affected by time of day (Todd and Valleron 2015). The
temperature-mortality relationship is also modi�ed by gender and age, and by speci�c causes of death,
which affect the relative risks (RR) (Medina-Ramón et al. 2006; Madrigano et al. 2013). Most of the
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studies adjusted seasonality and time trend in controlling for potential confounding factors. Seasonal
variations in temperature cause changes in the daily number of respiratory and cardiovascular diseases
(CVD) as well as in total and cause-speci�c mortality (Braga et al. 2002). For environmental hazard, there
are a few studies adjusted air pollutant parameters such as particulate matter (PM) and surface ozone
(O3). Some of the results showed that temperature effects were generally independent or less in�uenced
by air pollution (Yang et al. 2012; Guo et al. 2014) but others have indicated that air pollution could
aggravate the effect of temperature on health outcomes (Buckley et al. 2014; Li et al. 2015).

The association between temperature and mortality in different regions should be explored individually
because of adaptive population capabilities and weather patterns which vary in each region (Basu 2009;
Yu et al. 2012). The majority of the extensive literature describing the effects of temperature on mortality
is from developed countries or regions with temperate and cold climates, such as the United States and
Europe (Medina-Ramón and Schwartz 2007; Analitis et al. 2008; Anderson and Bell 2009; Hajat and
Kosatky 2010; Guo et al. 2011). Meanwhile, only a few studies have been undertaken in developing
countries, particularly in tropical and sub-tropical regions (McMichael et al. 2008; Xie et al. 2013).
Developing countries, however, are affected more by climate change and more prone to health threats as
they have more vulnerable populations and limited public health infrastructures (McMichael et al. 2008).
It is especially interesting to study associations between temperature and mortality in tropical and sub-
tropical cities because a previous study in Hue, Vietnam showed an unusual L pattern with a 0-21 lag
period (Dang et al. 2016). This unusual pattern contrasts with the usual U, V or J shapes associated with
temperate and cold climate regions (Baccini et al. 2008; Anderson and Bell 2009). In some instances, it
has been found that the temperature and mortality relationship in tropical and sub-tropical climates
results in an immediate increase in mortality for both high and low temperatures (Hashizume et al. 2009;
Guo et al. 2012).

In the Southeast Asian region, studies on associated temperature-mortality have been conducted in
Vietnam, Thailand and the Philippines (Guo et al. 2012; Xuan et al. 2014; Seposo et al. 2015; Dang et al.
2016). However, there has been no report of any study that investigates the relationship between
temperature and mortality in Malaysia. Since 2016, the effect of temperature on human health has
received more attention in Malaysia, however, after 200 cases relating to heatwave events were reported
(MOH Malaysia 2016). In this study, we examined the effects of temperature on all mortality categories
(natural, cardiovascular and respiratory) in the Klang Valley, Malaysia, during the period 2006 to 2015. We
used a quasi-Poisson regression in the Generalized Linear Model (GLM) to analyse the association
between temperature and mortality, combined with DLNM to investigate the delayed effect of temperature
on mortality. The association of temperature and mortality also has been adjusted with the concentration
of particulate matter with aerodynamic diameter below than 10 micrometer (PM10) and surface O3.

Materials And Methods
Study area
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The Klang Valley is located on the Malaysian Peninsula and consists of the states of Selangor, Putrajaya
and Kuala Lumpur (Fig. 1). It has a relatively high population density and had a population of around 8.1
million in 2016 (Department of Statistics Malaysia 2017). The Klang Valley has grown rapidly and
become the most urbanized and populated region in Malaysia (Jamal et al. 2004). The climate is hot and
humid throughout the year with a uniform temperature, high humidity and copious rainfall (Met Malaysia,
2009). The annual climate variability is closely tied to the Southwest (June-September) and the Northeast
Monsoons (November-March). The Southwest Monsoon typically features drier weather with less rainfall
compared to the Northeast Monsoon which brings more precipitation (Kwan et al. 2013). The average
annual temperature varies from 21°C to 32°C. In the last decade, the daily mean temperature increased by
0.07°C yr ¹ in Klang Valley (Yatim et al. 2019). The average total annual rainfall is around 250 cm a year
(Met Malaysia, 2009). The major ambient pollutants in this region are particulate matter (PM) and
surface O3, which are predominantly in�uenced by regional tropical factors as well as local pol lutant
emissions and dispersion characteristics (Latif et al. 2012).

Mortality, Meteorological and Air Pollutant Data

Daily mortality data from ten hospitals was collated by the Health Information Centre, Putrajaya (PIK)
from 2006 to 2015 (Fig. 1). Approval from the Medical Research Ethics Committee, Ministry of Health,
was obtained prior to the data collection. The mortality data was classi�ed into three cause-speci�c
categories; natural mortality (A00–R99), cardiovascular mortality (I00–I99) and respiratory mortality
(J00–J99) based on the 10th Revision of the International Classi�cation of Diseases (ICD10).

Daily meteorological data covering the same period for the maximum, mean, and minimum temperature
as well as relative humidity was obtained from the Malaysian Meteorological Department (MetMalaysia)
and the Department of Environment, Malaysia (DOE). The daily averages of the meteorological variables
were calculated using all available records from 14 monitoring stations (Fig. 1). In the instances where a
meteorological station had a missing value, observations from other stations were used to calculate the
average value for that day (Tong et al. 2012; Al-Taiar and Thalib 2014; Alahmad et al. 2019). For air
pollution parameters, daily air pollution data (PM10) (μg/m3) and surface O3 (ppb) were obtained from
DOE continuous air quality monitoring stations (Fig. 1). The daily concentrations of PM10 and surface O3

were averaged from the seven air quality monitoring stations within the Klang Valley. The detail
information on PM10 and O3 measurements can be obtained from Latif et al. (2014).

Statistical analysis

We used a quasi-Poisson regression in the Generalized Liner Model (GLM) combined with a distributed
lag non-linear model (DLNM) to examine the impact of temperature on mortality. The DLNM employed a
cross-basis function allowing us to predict the possible non-linear effects of temperature (temperature-
mortality dimension) and lag (lag-mortality dimension) concurrently (Gasparrini et al. 2010). In this study,
we �tted quasi-Poisson regression models adjusting them for potential confounders such as long-term
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and seasonal trends (Time), days of the week (DOW), relative humidity (RH) and air pollutants such as
PM10 and O3. The general model for this study is as follows:

where t is the day of observation; Yt is the number of daily deaths on day t; α refers to the intercept; β is
the vector of regression coe�cients for the cross-basis function where (Tt,l) is a matrix obtained by
applying the t temperatures, and l refers to the lag days; DOWt is a day of the week on day t represented
as categorical variables; ns represents the smoothing parameter set to the natural cubic spline; time was
used to control long-term trends and seasonality with i degrees of freedom (df) per year; RHt, PM10t and
O3t are the daily relative humidity, daily particulate matter and daily ozone on day t, respectively.
According to previous studies, three degrees of freedom (df) were used to smooth RH, PM10 and O3

(Stafoggia et al. 2008; Anderson and Bell 2009; Guo et al. 2012; Dang et al. 2016). It is crucial in the
modelling procedure to adjust important pollutants such as PM10 and O3 which are prevalent in the Klang
Valley. The challenge in this study with using the time series method is to obtain a good estimate of β for
temperature. It was therefore necessary to control those factors in the model that change daily and are
highly seasonal, such as the level of pollutants which always has a strong relationship with mortality.

Various parameters can be used in Equation 1 due to the �exible choice of the smoothing parameter in
DLNM functions for modelling the nonlinear temperature effect and the lagged effect, as well as the
choice of df for controlling seasonality and long-term trends and potential confounders. We used a
natural cubic spline - natural cubic spline DLNM - as a smoothing parameter that models both the
nonlinear temperature effect and the lagged effect. Akaike’s Information Criterion for quasi-Poisson (Q-
AIC) with the lowest value was used as a criterion to choose the df for temperature and lag (Peng et al.
2006; Gasparrini et al. 2010; Guo et al. 2011). For controlling seasonality and long-term trends, we used 8
df per year for time variable (i value) based on the lowest Q-AIC value (Supplementary S1). We found that
using 3 df for temperature and 4 df for lag with a maximum lag of up to 21 days in the cross-basis
function produced the best �tting model based on the Q-AIC values (Supplementary S2). Knots of the
mean temperatures were placed at equally spaced quantiles and the knots of the lag calculations were
set at equally spaced values on the log scale of the lags. We chose the mean temperature as the best
predictor of mortality compared to the maximum temperature and minimum temperature since the mean
temperature gave the lowest Q-AIC values based on our data (Supplementary S3). In addition, the mean
temperature represents exposure throughout the whole day and night and can be easily interpreted for
decision-making purposes (Yu et al. 2012). We plotted the overall effect of temperature on all mortality
categories over 21 lag days. We also plotted the relative risks against temperature at different lags (0-3, 0-
7 and 0-14 lag days) and calculated the cumulative risk to show the entire relationship between cold and
hot temperature on mortality. To examine the hot and cold effects on cause-speci�c mortality, we
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calculated the relative risk for all mortality categories associated with extreme cold (1st percentile of
temperature) and extreme heat (99th percentile of temperature) relative to the minimum mortality
temperature (MMT), respectively (Curriero et al.,2002). In order to check the robustness of our �ndings, we
performed sensitivity analysis by investigating the effect of extreme temperatures before and after
adjustments for air pollution levels at different lags (0-3, 0-7 and 0-14 lag days). All statistical analyses
were conducted using R statistical software (version 3.4.3) and the dlnm package version 2.3.4
(Gasparrini 2011). Spearman’s correlation coe�cients were used to summarize the similarities in daily
weather and air pollution conditions. The correlation results with p < 0.05 were considered statistically
signi�cant.

Results
A total of 69,542 deaths for natural mortality were recorded during the study period 2006 to 2015,
including 15,581 and 10,119 deaths from cardiovascular disease and respiratory disease, respectively.
Table 1 shows the descriptive statistics for daily mortality, weather, and air pollution conditions. On
average, the daily mortality count for natural death was 18.9; cardiovascular deaths, 4.3; and respiratory
deaths, 2.9. The daily mean, maximum and minimum temperatures and relative humidity were 27.7°C
(23.5-30.9°C), 32.1°C (24.7-36.5°C,) 24.7°C (21.5-27.8°C) and 78.2% (50.2-97.1%), respectively. The daily
mean concentrations of PM10 and O3 were 61.5 μg/m3 (range 23.2–426.8 μg/m3) and 40.2 ppb (range
7.2-101.1 ppb), respectively.

Fig. 2 shows the overall cumulative effects and three-dimensional plots of the daily mean temperature on
cause-speci�c mortality (natural, cardiovascular and respiratory) over 21 lag days. The relationship
between the daily mean temperature and all-cause mortality was non-linear with relative risks (RR) being
higher at both a very hot or cold temperature. From the graph, we identi�ed that the minimum mortality
temperature (MMT) during the study period was 28.2 °C which is close to the temperature at the 68th
percentile for all-cause mortality. The three-dimensional plots show that the effects of high temperatures
on cause-speci�c mortality peaked within 0-1 days whereas the effects of low temperatures (i.e., 1st
percentile) occurred at about 12-14 days and the excess risks persisted for more than one week. We did
not observe any apparent harvesting effects, such as a short-term forward shift in mortality rate
(mortality displacement) (Supplementary S4).

Based on the lag structures, we presented the cumulative effects of the mean temperature on all of the
causes of mortality categories at different lags: 0-3, 0-7, 0-14, 0-21 and 0-28 (Fig. 3). The shape of the
temperature and mortality category curves changed at different lag points. For lags 0-3, the results
showed that only high temperatures increased the risk of mortality for all mortality categories (J shape).
During lags 0-7 and 0-14, high temperatures continually increased the mortality risk and reached a peak
for risk at lag 0-14 before declining at lags 0-21 for all-cause mortality. Meanwhile, low temperatures
increased risk at lag 0-14 for all-cause mortality. There was an increase in the risk of death for low
temperatures at longer lags, reaching a peak at lag 0-28 for all-cause mortality. The overall cumulative
effects of the mean temperature on natural, cardiovascular and respiratory mortality were calculated at a
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lag of 0-3, 0-7, 0-14 0-21, and 0-28 days with the temperature effects varying with different lag periods
(Table 2). Compared with the MMT, the overall RRs associated with extremely low (1st percentile)
temperatures were found to be non-signi�cant for all tested lag periods, except for natural mortality.
Overall, the cold effects were the strongest during extreme cold for natural mortality with a risk of 1.26
(95%CI:1.00,1.60) at lag 0-28. In contrast, the effects of extremely high temperatures (99th percentile)
relative to the MMT were found to be signi�cant for cause-speci�c mortality. Respiratory mortality had
the highest risk of death related to extreme heat at lags 0-14, with RRs of 1.42 (95%CI:1.04,2.36)
compared with other mortality causes. Table 3 shows the relative risk of extremely high and low
temperatures on total mortality associated with temperature with variations for gender and age. We only
observed signi�cant effects of extremely high temperatures among the following two categories: women
and the elderly. In general, the effects of high temperatures are generally more pronounced than the low
temperatures for all-cause mortality. The results also showed that the effect of extreme heat and cold did
not change dramatically the relative risk effects before or after adjustments for PM10 and surface O3.
Table 4 shows that air pollution slightly increased the extreme heat-related risk with increasing risk from
1.31 to 1.33 and from 1.33 to 1.36 for CVD and respiratory mortality risk, respectively. Overall, we found
the increasing rate (<4%) when considering the impact of air pollution showing that air pollution did not
aggravate the extreme temperature-related mortality risk.

Discussion
In this study, our results show that the relationship between temperature and mortality was non-linear
with high temperatures signi�cantly (p<0.05) increasing the risk of mortality in the Klang Valley. We
found that temperature-mortality relationships in this study were consistent with previous studies
undertaken in other Southeast Asian countries. The MMT (28.2 °C) in this study was, however, slightly
higher than the other Southeast Asian cities studied, such as Chiang Mai, Thailand and Hue, Vietnam
with MMTs between 26.0-27.0 °C (Seposo et al. 2015; Dang et al. 2016). This difference though is
consistent with the trend of MMT distributions globally, where the MMT tends to increase gradually from
high latitudes to low latitudes (Tobías et al. 2016; Yin et al. 2019). We also demonstrated that hot effects
appeared to be immediate or acute whereas cold effects were delayed by 12-14 days for both high and
low temperature effects lasting for several days. Furthermore, our results suggested that the relative risk
from high temperatures on mortality was far greater than that of low temperatures. The risk of extreme
cold and hot temperature-related mortality in Klang Valley tended barely change before and after
adjustments for PM10 and O3 concentrations. This may be due to the dominant of extreme temperature
compared to the average level of PM10 and O3. The concentration of air pollutants such as PM10 and
surface O3 usually effect the human health during high air pollution levels (Breitner et al. 2014; Li et al.
2015).

In our analyses, 21 lag days was determined as the maximum lag, since the use of short lags could not
completely capture the effects of both high and low temperatures. Previous studies found that cold
effects could be underestimated because the cold effect would usually last more than a week, while hot
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effects may be overestimated because potential mortality displacement (or harvesting) might occur
during longer lags (Guo et al. 2011; Zhang et al. 2016). As such, we explored the lag effects of
temperature on all mortality categories from 0 up to 21 days. We found that both high and low
temperatures were associated with increases in all-causes mortality. The cold effect only appears to have
had an effect after day 14. Previous studies also reported similarly delayed and longer cold effects on
mortality (Goodman et al. 2004; Anderson and Bell 2009; Dang et al. 2016). However, this study did not
observe any signi�cant positive associations between low temperatures and cause speci�c mortality
except during lag 0-21 and 0-28 (Table 2). The non-signi�cant associations between the cold effect and
mortality in our study might be due to the humid climatic pattern in the Malaysian region where people
may have a higher adaptability to low temperatures and therefore be less vulnerable to the effects of cold
(Guo et al. 2012). For high temperature effects, there was a signi�cant association between temperature
and cause speci�c mortality (forming a J shape) at lag 0-3.This J shape pattern was found to be similar
to research �ndings for other tropical and subtropical cities (McMichael et al. 2008; Wu et al. 2013; Dang
et al. 2016). Even though this study found that high temperatures resulted in immediate increases in
mortality, the highest peak effects from heat were found at lag 0-14 days. This �nding is unusual and
inconsistent with most of the studies from Asian cities that show an acute and very short lag effect from
high temperatures. According to Gasparrini et al. (2016), varying seasonal susceptibility to temperature,
or a change in acclimatization may be a possible explanation for this. However, further investigation is
needed to properly understand this �nding. Our results did not identify any mortality displacement in all-
cause mortality data for hot and cold effects. This result differs from the �ndings reported by Guo et al.
(2012) and Dang et al. (2016) which found mortality displacement for non-external and cardiopulmonary
mortality in Chiang Mai and cardiovascular and respiratory mortality in Hui, Vietnam, respectively. There
could be several reasons for this difference and one of them is likely to be due to a low number of daily
deaths in this study. It may also depend on several factors including the baseline health status of the
population (presence of chronic diseases), the population at risk (elderly people) and other local factors
(Hajat S, Armstrong BG, Gouveia N 2005; Basu and Malig 2011).

Some evidence in previous studies demonstrated that the magnitude of temperature effects varied
greatly depending on climate, geography and population (McMichael et al. 2008; Basu 2009; Guo et al.
2011; Gasparrini et al. 2015; Zhang et al. 2016). Generally, the magnitude of high and low temperatures
on mortality risk in this study was comparable with other studies conducted in countries within the same
region. For instance, we found an increasing risk of 33% and 42% from the hot effect when comparing the
99th percentile of temperature (30.2°C) to the MMT (28.2 °C) in cardiovascular and respiratory mortality,
respectively. An analysis in Manila, Philippines, indicated a similar pattern where the hot effect was
associated with a 37% and 52% increase for the 99th percentile of temperature (32.8°C) to the MMT
(30.0°C) over lag 0–13 days (Dang et al. 2016). In comparison with other studies in Southeast Asian
cities (Guo et al. 2012; Seposo et al. 2015), we have examined both hot and cold effects using the mean
temperature for cause-speci�c mortality. Our �ndings indicate that the mortality risk in the Klang Valley
has slightly lower effects from high and low temperatures. This could be attributed to better infrastructure
development and public healthcare services.
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For cause-speci�c mortality analysis, we identi�ed stronger associations between high temperatures and
respiratory mortality than for natural and cardiovascular mortality. This �nding is consistent with other
studies that reported that exposure to high temperature episodes can exaggerate the lung function of
patients with chronic respiratory diseases and can lead to death (Guo et al. 2012; Seposo et al. 2015).
Despite the low mortality rate for respiratory disease in this study, our �ndings may be of great
signi�cance from a public health point of view. In the sub-group analyses, our results showed that the
elderly are vulnerable for a short period of time (with signi�cant risk at lag 0-3). Previous research found
that the elderly were at a higher risk of mortality with high temperatures (Yu et al. 2012; Thorsson et al.
2014; Li et al. 2019; Kolvir et al. 2020). The elderly are known to be less able to adapt physiologically or to
respond to changes in environmental temperatures (Guo et al. 2014; Liu et al. 2020). Regarding gender-
speci�city, our study found that women were more susceptible to high temperatures than cold
temperatures compared to men, which is similar to the results obtained from previous studies (Seposo et
al. 2015; Liu et al. 2020). However, there are some studies which have reported that men either are at
greater risk or have the same risk level as women (Ban et al. 2017; Zhai et al. 2021). These varying results
on gender-speci�city may be attributed to socioeconomic factors and geographical context (Hajat S,
Armstrong BG, Gouveia N 2005; Ban et al. 2017) 

Conclusions
This study examined the effects of temperature on cause speci�c mortality (natural, cardiovascular and
respiratory diseases) in the Klang Valley, Malaysia. The main �ndings of the study are that both high
(hot) and low (cold) temperatures were associated with all mortality categories at a minimum mortality
temperature (MMT) of 28.2 °C. The effects of low temperatures were delayed (12-14 days), while high
temperature effects appeared acute with both high and low temperature effects lasting for several days.
Furthermore, extremely high temperatures were shown to have greater risks than extremely low ones.
People with respiratory diseases, women, and the elderly were the most vulnerable to extreme
temperatures with heat-related mortality risks increasing by 52%, 23% and 15%, respectively. Adjustment
of the model with major air pollutants in a tropical environment, PM10 and surface O3 from this study did
not in�uence the mortality risk rate due to extreme temperature.

 These �ndings may provide strong evidence to aid local government in the development of a speci�c
policy designed to tackle and reduce temperature-related mortality risk when encountering climate
change events, particularly those relating to extremely high temperatures or heatwaves. However, this
study also had some limitations. By using a selection of meteorological and health data, individual
location pro�les were masked. The estimated effects of weather on sub-group mortality (gender and age)
may also have been confounded by the socio-demographic characteristics of each population. Further
investigation on the in�uence of these factors will allow us to better re�ne the temperature-mortality
relationship in Malaysia.
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Variables Mean SD Min Max

Natural mortality

Age

Children (0-14)

Adults (15-60)

Elderly (>60)

Gender

Men

Women

18.9

1.6

8.8

8.7

11.3

7.7

7.6

1.4

4.0

3.9

4.8

3.5

1.0

0.0

0.0

0.0

0.0

0.0

45.0

9.0

25.0

26.0

31.0

25.0

Cardiovascular mortality

Age

Children (0-14)

Adults (15-60)

Elderly (>60)

Gender

Men

Women

4.3

0.0

1.8

2.4

2.6

1.7

2.6

0.3

1.5

1.8

1.9

1.4

0.0

0.0

0.0

0.0

0.0

0.0

17.0

3.0

9.0

12.0

13.0

9.0

Respiratory mortality

Age

Children (0-14)

Adults (15-60)

Elderly (>60)

Gender

Men

Women

2.9

0.1

1.0

1.7

1.6

1.1

2.1

3.2

1.1

0.9

0.9

1.0

0.0

0.0

0.0

0.0

0.0

0.0

14.0

2.0

8.0

9.0

9.0

7.0

Max. temperature (°C) 32.1 1.5 24.7 36.5

Min. temperature (°C) 24.7 0.9 21.5 27.8

Mean temperature (°C) 27.7 1.1 23.5 30.9

Relative humidity (%) 78.2 6.1 50.2 97.1

Ozone (ppb) 40.2 12.9 7.2 101.1
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PM10 (μg/m3) 61.5 29.2 23.2 426.8

Table 2 The cumulative effects of extreme cold temperature (25.2 °C) and extreme hot temperature (30.2
°C) relative to minimum mortality temperature (28.2 °C) along the lag days. Bold represents statistically
signi�cant data at p<0.05.

  Lag Natural Cardiovascular Respiratory

Cold 0-3 0.88(0.82,0.95) 0.94(0.81,1.09) 0.85(0.70,1.03)

0-7 0.93(0.85,1.03) 0.89(0.73,1.08) 0.99(0.75,1.29)

0-14 1.03(0.90,1.19) 1.02(0.78,1.33) 1.16(0.70,1.91)

0-21 1.17(0.97,1.41) 1.08(0.79,1.48) 1.48(0.77,2.64)

0-28 1.26(1.00,1.60) 1.12(0.77,1.63) 1.89(0.91,3.94)

Hot 0-3 1.09(1.02,1.17) 1.22(1.07,1.39) 1.34(1.13,1.59)

0-7 1.11(1.01,1.22) 1.29(1.11,1.51) 1.34(1.06,1.68)

0-14 1.12(0.98,1.27) 1.33(1.17,1.82) 1.42(1.04,2.36)

0-21 1.11(0.93,1.32) 1.33(1.16,1.80) 1.36(0.84,2.32)

0-28 1.00(0.80,1.26) 1.30(1.08,1.79) 1.23(0.64,2.36)

Table 3  The cumulative relative risks of extreme cold temperature (25.2 °C), and extreme hot
temperature(30.2 °C) effects relative to minimum mortality temperature (28.2 °C) along the lag days for
natural mortality strati�ed by age and gender groups. Bold represents statistically signi�cant data at
p<0.05.
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  0-3 0-7 0-14 0-21

Cold effect        

Men 0.92(0.84,1.01) 0.98(0.86,1.11) 1.06(0.88,1.27) 1.04(0.82,1.33)

Women 0.83(0.74,0.94) 0.87(0.73,1.03) 0.98(0.77,1.25) 1.35(0.96,1.84)

Child 0.84(0.65,1.08) 0.95(0.68,1.34) 1.08(0.66,1.75) 1.07(0.56,2.02)

Adult 0.86(0.77,0.96) 0.90(0.78,1.05) 0.95(0.76,1.17) 1.11(0.83,1.47)

Old 0.88(0.79,0.98) 0.91(0.78,1.05) 1.07(0.87,1.33) 1.22(0.92,1.61)

Hot effect        

Men 1.03(0.94,1.13) 1.04(0.92,1.18) 1.11(0.93,1.32) 1.07(0.85,1.35)

Women 1.21(1.08,1.34) 1.23(1.07,1.42) 1.18(0.96,1.44) 1.14(0.87,1.50)

Child 0.97(0.76,1.23) 0.91(0.67,1.24) 1.08(0.69,1.67) 1.57(0.87,2.84)

Adult 1.02(0.95,1.10) 1.08(0.98,1.19) 1.08(0.94,1.24) 1.01(0.84,1.23)

Old 1.15(1.03,1.27) 1.12(0.98,1.29) 1.17(0.96,1.41) 1.13(0.87,1.47)

Table 4 Relative risk of extreme cold and extreme hot temperatures on all cause mortality compared with
the minimum mortality temperature, without and with adjustment for air pollution levels. Bold represents
statistically signi�cant data at p<0.05.

  Natural Cardiovascular Respiratory

Cold effect      

without air pollution 1.15(0.95,1.38) 1.09(0.79,1.49) 1.46(0.83,2.69)

with surface O3 1.16(0.96,1.39) 1.09(0.79,1.47) 1.46(0.82,2.67)

with PM10 1.17(0.97,1.41) 1.08(0.79,1.47) 1.47(0.78,2.55)

with surface O3 and PM10 1.17(0.97,1.41) 1.08(0.79,1.48) 1.48(0.77,2.64)

Hot effect      

without air pollution 1.08(0.90,1.29) 1.31(1.14,1.79) 1.33(0.81,2.20)

with surface O3 1.08(0.91,1.90) 1.32(1.16,1.80) 1.33(0.80,2.18)

with PM10 1.10(0.92,1.31) 1.32(1.15,1.80) 1.35(0.85,2.34)

with surface O3 and PM10 1.10(0.93,1.32) 1.33(1.16,1.80) 1.36(0.84,2.32)
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Figures

Figure 1

(a) Peninsular Malaysia map (b) Klang Valley map for study area. Cross represent meteorological and air
pollutant station from DOE. Circle represent meteorological station from MMD and square represent
hospital location. Note: The designations employed and the presentation of the material on this map do
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not imply the expression of any opinion whatsoever on the part of Research Square concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.

Figure 2

The estimated overall effect (left) and three dimensional plot (right) of the relative risk of the mean
temperature (°C) over lags 0 21 days on cause speci�c mortality (natural, cardiovascular, and respiratory)
by using a natural cubic spline - natural cubic spline DLNM with 3 degrees of freedom for a natural cubic
spline for temperature and 4 degrees of freedom for lag. The black lines are the mean relative risks while
the grey regions are 95% con�dence intervals.
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Figure 3

Relative risks of mean temperature (°C) on cause speci�c mortality over lag 0-3, 0-7, 0-14, 0-21 and 0-28.
The reference value was minimum mortality temperature. The black lines are the cumulative relative risks
while the grey regions are 95% con�dence intervals.
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