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Abstract
Heat-related morbidity and mortality are recognized as public health threat. However, little evi-
dence has been reported for cause-specific mortality from heat. The aims of this study is to explore 
trends in diseases of heat-related mortality in the northeast among selected specific-cause mortal-
ity, in the Northeast Thailand. We used a national database from the Strategy Planning Division, 
Ministry of Public Health for cause-specific mortality from heat in 4 groups including  malignant 
neoplasm, diseases of the circulatory system, diseases of the respiratory system,  diseases of the 
genitourinary system. Daily weather data provided by the Meteorological Department included 
temperature, humidity, precipitation, and wind speed for twenty provinces in the northeastern 
region of Thailand from 2006 to 2015. Joinpoint regression analysis and Poisson regression model 
was used for estimation the effect of heat on mortality. Results, the trend of annual specific-cause 
mortality increased with the Annual Percent Change (APC) of 7.74% of Malignant neoplasm, 9.80% 
for diseases of respiratory system, 12.03% for diseases of the circulatory system and 2.16% for dis-
eases of the genitourinary system. A one-degree Celsius increase with the daily mean temperature 
was significantly associated with a 16%  risk in all included mortalities used as an indicator for  
heat-related mortality (95% CI IRR= 1.11-1.21, p-value =<0.001), A one-degree Celsius increase 
in the daily maximum temperature was significantly associated with a 9% decreased risk in the 
same mortality (95% CI  IRR=0.88-0.96, p-value < 0.001). In conclusion, trend analysis showed 
that heat-related mortality increased significantly during the period. Increased in daily temperature 
were positively associated with mortality in the northeast of Thailand. This suggested that there 
is a need to initiate any public health prevention and climate change adaptation from heat as to 
reduce the adverse effects of heat extremes on health. 
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1. Introduction  

 The association between high temperature 
and mortality and morbidity is well established 
and being a public health concern in many 
part of the world (Basu, 2009; Heaviside et al., 
2016; Mo et al., 2014).Extreme temperature 
has adverse health impacts, including higher 
rates of all-cause mortality and cardiovascular,                      
respiratory, stroke, ischemic heart disease 
mortality and emergency  hospitalizations 
(Chen et al., 2017, Li et al., 2017). Furthermore, 
highest-ever temperature in India killed people 
more than 2,500 in the summer, 2015.The latest     
assessment report revealed that there would be 
more frequent hot weather over most land areas 
on daily and seasonal timescales as the mean 
of global temperature increased (IPCC,  2014).
Heat waves pose a great threat to human health 
and increase the morbidity and mortality from 
cardiovascular, cerebrovascular, respiratory, 
and heat-related illness (Basu, 2009; Tan et al., 
2007; Ye et al.,2012). Impact of climate change 
on excessive heat and extreme weather can 
cause the development of heatstroke can cause 
the development of heatstroke, heat exhaustion, 
heat cramps, heat syncope, heat edema and heat 
rush. Heat can cause severe dehydration, acute 
cerebrovascular accidents and contribute to 
thrombogenesis. It can further aggravate chron-
ic pulmonary conditions, cardiac conditions, 
kidney disorders, psychiatric illness, diseases 
of the genitourinary system and malignant           
neoplasm or lung (WHO, 2015). 
 The projections is estimated that                           
approximately 90,000 heat-related deaths 
worldwide in 2030 and more than 25,000 in 
2050 (Simon Hales, 2007). Thus, heat has been 
identified as a public health concern in many 
part of the world. Consequently, developing 
public health plans, it is to reduce the dele-
terious health impact from heat is urgent. To 
develop such plans, it is  necessary to have 
comprehensive and in-depth understanding 
of the adverse effects of extreme heat in a local 
text, because the health effects vary depending 
on the climate change and population. However, 
few studies have  estimated the impact of heat 
on causes of death in Thailand (Tawatsupa et 

al., 2014; Guo et al., 2012) . Among completed 
studies to the authors’ knowledge, the results 
have shown a statistically significant association 
between temperature and mortality in Thai-
land (Tawatsupa, 2014) and that 20 percent of 
workers experienced occupational heat stress 
(Tawatsupa, 2013). Thailand is also projected 
to have a high  temperature in the future.Over 
thirty-two percentage of Thai population live in 
the northeast region in  twenty provinces (De-
partment of Provincial Administration, 2016). 
The Climate in the northeast is topical regions, 
with hot dry summers and rainy. During the 
summer, temperatures are consistently high, 
the maximum temperature in warmer months 
(April and May)is around 44 °C (Meteorologi-
cal department, 2016)  and its expected health 
effects in Thailand are now receiving  more  
attention as the Ministry of Public Health of 
Thailand is now drafting the national adaptation 
plan for the public health sector (2017 – 2030). 
However, there are few published studies on the 
association between heat and health impacts in 
overall Thailand (Tawatsupa et al., 2012; Guo 
et al., 2012). There is a study among  a large 
national cohort of adult workers and  found 
that occupational heat stress related to kidney 
disease and psychological   distress (Tawatsupa 
et al., 2014). Thus, heat-related morbidity and 
mortality are recognized as public health threats 
in Thailand; however, there is limited evidence 
in the Northeast of Thailand on cause-specific 
mortality and on the sub-national level for the 
region which Northeast Thailand is a tropical sa-
vannah, with distinct dry and rainy seasons and 
generally warm to hot temperature throughout. 
During the summer temperature is consistently 
highest when maximum daily temperatures 
can reach 44 °C and the average temperature 
have been highest in Thailand (Meteorological 
Department, 2016).
 Therefore, this study aims to explore 
trends in diseases of heat-related mortality in 
the northeast among selected specific-cause             
mortality in northeastern Thailand.  The results 
of this study can support development of a         
heat-health warning system in northeastern 
Thailand.
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2. Materials and Methods 

2.1 Site Description 
 The Northeast Thailand consists of 20 
provinces, including over 32 percent of               
Thailand’s population living in the region’s 
twenty provinces (Department of Provincial 
Administration 2016).The Climate in the North-
east is a tropical savannah, with distinct dry and 
rainy seasons and generally warm to hot tem-
peratures throughout.

 2.2 Study design 
 This research was conducted with 
cross-sectional  analytic study design.                             
Descriptive statistics and database management 
used STATA version 13.1 (Stata 2013).We used 
three national databases covering the time pe-
riod from 2006 to 2015 and included data 
weather conditions, mortality, and population. 
 
 2.2.1 Weather data
 We obtained daily weather data from the 
Meteorological Department, Ministry of Digital 
Economy and Society for a total of 19 stations 
in  20  prov inces  f rom 2006  to  2015                                         
(Meteorological Department 2016).Data                
included six variables for calculating monthly 
weather profiles of the northeast region: daily 
average, minimum, and maximum temperature 
(°C), daily average relative humidity (%), daily 
total precipitation (mm) and daily average wind 
speed (knot/h).
 
 2.2.2 Mortality data 
 Monthly mortality records from 2006 to 
2015 specific to the twenty provinces in the 
northeast region of Thailand were obtained from 
the Strategy Planning Division, Ministry of 
Public Health. The International Statistic           
Classification of Diseases and Related Problems 
10th version (ICD-10) was used to explore the 
cause of death. We included the following          
causes according to the ICD System: C349-Ma-
lignant neoplasm of unspecified part of               
bronchus or lung, I00-I99-Diseases of the         
circulatory system, J00-J99-Diseases of the  
respiratory system, and N00-N98-Diseases of 
the genitourinary system.  

 2.2.3 Population data 
 We used the national database from the 
Ministry of Interior, Department of Provincial 
Administration for mid-year population of 
twenty provinces in the Northeast from 2006 to 
2015 (Department of Provincial Administration  
2016).

2.3  Statistical analysis 
 2.3.1 Descriptive statistics
 Descriptive statistics, including total and 
percentage, were computed for cause of death, 
a categorical variable, from the mortality data-
base. Descriptive statistics, including mean, 
standard deviation, median, minimum, and 
maximum, were computer for the weather 
variables, continuous variables.
 
 2.3.2 Regression Trend Analysis
 The Joinpoint Regression Analysis                
program version 4.5.0.0 (Joinpoin Program, 
Version 4.5.0.0, 2017) was used to examine 
trends in mortality rates. The Joinpoint program 
selects the best fitting piecewise continuous 
log-linear model. For the study period, we       
utilized trend analysis for selected mortality, 
estimated and displayed graphically the annual 
percent change (APC) with 95%confidence 
interval at significance level of 0.5. 
 
 2.3.3Analysis of Association between Mor-
tality and Weather Conditions
 We used Poisson regression model to 
analyze the association between weather            
condition and mortality rate in the northeast 
region during 2006 to 2015 (10 years) on a 
monthly time scale. We also tested assumption 
of Poisson regression with overdispersed and 
zero inflated. Six weather factors were included 
as variables: monthly averages of the daily mean, 
minimum, and maximum temperatures; daily 
mean humidity; daily total precipitation; and 
daily mean wind speed, resulting in the               
computation of incident rate ratio (IRR), 95% 
confidence interval (95% CI), and P-value.
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3.  Results 

3.1  Descriptive Statistics.
 The total number of deaths attributed to a 
specific-cause of death were totaled for the 10-
year period (Table 1).The most commonly cited 
cause of death was diseases of the    circulatory, 
genitourinary, malignant neoplasm and                  
respiratory system, accounting for 51.4%, 22.9%, 
16.9% and 8.8% respectively of the 141,938 
deaths included within this analysis.
 Annual summary statistics were comput-
ed for the six included weather factors—four of 
which are reported in Table 2. The mean           
temperature in 2006 to 2010 was around 27 °C, 
while the mean temperature was around 30 °C 
in 2011 to 2015. The maximum temperature of 
42.2 °C occurred in 2015. Precipitation was also 
higher in 2013 to 2015 as compared to previous 
years. The mean relative humidity was around 
72 %  as well as wind speed approximately  10 
knot/hr.

3.2 Trend Regression Analysis 
 Trends analysis demonstrated that              
mortality rates in the selected indicator causes 
of death are increasing rapidly ( Figure 1).        
Annual Percent Change (APC) for diseases of 
the circulatory system was 12.03%; for diseases 
of the respiratory system was 9.80%; for                 
malignant neoplasm was 7.74% and for diseas-
es of the genitourinary system was 2.16% (al-
pha= 0.5 level). Figure 2 Trends analysis illus-

trated that averaged of climate variables from 
2006 to 2015 were significantly associated with 
overall mortality rate for four causes of deaths 
(per 100,000 population). Annual Percent 
Change (APC) of weather variables for                   
temperature was 11.69%, for humidity was 
11.72%, for precipitation was 11.95% and for 
wind speed was 11.70% (alpha=0.5 level). 

3.3  Association between Mortality and Weather 
Factors 
 Association between mortality rate and 
weather factors were similar among the selected 
causes of death (Figure 3). Higher mean daily 
temperature and wind speed increased risk of 
death at a significant level in all four causes of 
death when using the adjusted IRR. On the 
other hand, increased daily minimum and 
maximum temperatures decreased risk of death 
in nearly all causes of death when using the 
adjusted IRR (minimum temperature was not 
significant in diseases of the genitourinary   
system). 
 Relative humidity and precipitation        
generally did not show significant associations, 
except for in diseases of the respiratory system.
 Thus, considering the overall mortality 
among the four heat-related causes of death, a 
one-degree Celsius increase in the daily mean 
temperature was associated with a 16% increase 
in mortality (95% CI: 1.11 to 1.21,   p-value = 
0.004).

Characteristics Number Percent (%)

Specific-cause  of  deaths
Malignant neoplasm of unspecified part 
of bronchus or lung

24,038 16.9

Diseases of the circulatory system 72,909 51.4
Diseases of the respiratory system 12,550 8.8
Diseases of the genitourinary system 32,441 22.9
Over all selected-deaths  141,938 100

Table 1 Number and percentage deaths, according to specific-cause of deaths, from 2006 to 2015
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Figure 1  Trend Regression Analysis of four causes of death in Northeast, Thailand 2006 to 2015: malig-
nant neoplasms, diseases of respiratory system, diseases of circulatory system and diseases of genitouri-

nary system

Figure 2. Trend Regression Analysis of Weather variables with heat-related mortality in Northeast, Thai-
land from 2006 to 2015 



89

T. Rachutorn et al./ EnvironmentAsia 12(1) (2019) 83-92

Figure 3.  Forest plots and incidence rate ratio of  weather variables separated by caused 
of  heat-related deaths 
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4. Discussion 

 In the northeast of Thailand, high               
temperature are associated with heat-related 
mortality during 2006 to 2015 overall of 141,938 
deaths over twenty provinces have increasing  
trend year by year (Chen et al., 2017;  Klein et 
al., 2014). Increasing mortality rates in diseases, 
such as malignant neoplasm of unspecified part 
of bronchus or lung, diseases of the circulatory 
system, diseases of the respiratory system, and 
diseases of the genitourinary system, are consis-
tent with other findings (Basu 2009; Tan et al., 
2007;  Tawatsupa et al., 2014; Dear et al., 2014). 
In addition, this is the first study of diseases 
with heat-related mortality trends in Thailand 
utilizing Joinpiont regression analysis. Increased 
heat-related mortality is not only health out-
come related to high temperature; heat is also 
reported to lead to increased hospitalization 
and illness (Astrom et al., 2013; Lin et al., 2009). 
For example, the association between synoptic 
weather types and cardiovascular and respira-
tory hospital admissions was investigated from 
April to September 2004–2008 in Cyprus (Tsan-
gari et al., 2015b). Climate change is likely to 
exacerbate health impacts in Thailand, through 
of weather variables, in addition increased tem-
perature associated high mortality (Heaviside et 
al., 2016). Furthermore, we found increases of 
annual climate parameters  are associated with  
mortality rate per 100,000 population showed 
by the Annual Percent Change (APC). 
 We should be concerned especially 
with vulnerable groups, including the elderly,             
pregnant, children, and outdoor workers in 
northeastern Thailand.  However, this study is 
specific to heat-related mortality. In the future, 
heat-related illness should also be studied, using 
primary data collection or qualitative studies 
with risk groups or vulnerable groups, such as 
farmers, outdoor workers, industrial workers, 
and the military.  In addition, the public health 
sector must prepare preventive plans. A heat-
health warning system is of utmost importance 
for dealing with the problem from climate 
change effectively.
 

5. Conclusion

 This study identified the impact of climate 
change on heat-related mortality from 2006 to 
2015 in the Northeast of Thailand. We found 
that higher daily mean temperatures were sig-
nificantly associated with increased mortality 
rate in selected causes of death commonly asso-
ciated with heat-related deaths. We also found 
that higher daily maximum temperatures were 
significantly associated with decreased risk of 
mortality in the heat-related causes of death. As 
well, trend regression analysis clearly showed 
the heat-related mortality (i.e., the mortality 
rates of these causes) has been increasing sig-
nificantly for the 10-year period. These results 
found important information about heat-related 
mortality in northeastern Thailand. Additional 
research is needed to optimize the heat-health 
warning systems and heat response plans, in 
order to protect the public’s health. 

6. Limitation 

 This study have limited data analysis 
that does not use mortality daily. In the future 
should be studies weather variables with daily                     
mortality because can explain detail informa-
tion the associated daily mortality. However, in 
this study is annual and monthly mortality data 
were only to indicate the trend of deaths.
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