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ABSTRACT

Introduction. The Lancet Countdown used Global Burden of Disease (GBD) data to track mortality from diseases 
influenced by climate change. The Philippines is one of the most vulnerable nations to climate change.

Objective. This study aimed to provide summative data on climate change and health-environmental factors based 
on several large databases. It looked into the correlation of climate change to selected health variables and corre-
lated environmental factors to health chosen variables in the Philippines.

Methods. The database was assembled through a compilation of different secondary data. Climate change variables 
were acquired from the Global Burden of Disease (GBD 2017) Study on Health-related Sustainable Development 
Goals Indicators from 1990 to 2030. The data for the Philippines were obtained. These indicators include air pollution 
mortality, disaster mortality, household air pollution, malaria incidence, mean PM2.5, non-communicable disease 
mortality, neglected tropical diseases mortality, unimproved sanitation, and unsafe water. The resulting database was 
analyzed using exploratory data analysis techniques with descriptive statistics and line graphs to analyze trends over 
the years. Then Pearson correlation analysis was done to explore the linear relationship between health indicators, 
climate indicators, and environmental indicators.

Results. The study results showed that the trend in the Philippines for air pollution mortality, household air pollution, 
malaria incidence, and neglected tropical diseases mortality is in a downward direction. However, non-communicable 
disease mortality was constantly increasing from 41.99 in 1990 to 55.00 in 2016. Meanwhile, the mean temperature 
is significantly negatively correlated to household air pollution, malaria incidence, and neglected tropical diseases 
and significantly correlated with non-communicable diseases. Also, NOAA adjusted sea level is significantly 
positively correlated with air pollution mortality, malaria incidence, disaster mortality, and non-communicable 
diseases. It is negatively correlated with malaria incidence and neglected tropical diseases prevalence. Global mean 
CO2 is significantly negatively correlated with household air pollution, malaria incidence, and neglected tropical 
diseases prevalence.

On the other hand, it was significantly and positively correlated with air pollution mortality and non-communicable 
diseases mortality. Household air pollution health risk was significantly positively correlated to mean PM2.5 levels in 
the Philippines. Unimproved sanitation was positively correlated with household air pollution, malaria incidence, and 
neglected tropical disease prevalence.

Conclusion. As recordings of heat index increased, there was a correlation with NCD, Malaria, Disaster, and NTD 
infection mortality. With the evidence of the correlation of increasing temperature and pollution to health, the 
urgency to focus on addressing these problems was present in this study. Further research may help in policymaking 
to target drivers of pollution which affect extreme climate changes.
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INTRODUCTION

There has been a continuous increase in environmental 
temperature in the past several years. With each decade 
being warmer than the last, glaciers have been melting, rising 
sea levels and the weather have been more extreme.1 With 
the Global Burden of Disease (GBD) Study in 2017, over 
3,600 researchers conducted a comprehensive assessment 
of 359 diseases and injuries in 195 countries and territories 
from 1990 to 2017.2 This program assessed disability and 
mortality from major diseases well as their risk factors. The 
Lancet Countdown used GBD data to track mortality from 
diseases that are influenced by climate change.3 This report 
was the basis for selecting which variables in the GBD 
Study will be included in this study. These climate changes, 
mainly driven by the dramatic increase of greenhouse gas 
emissions from anthropogenic activities, can affect human 
health in several ways. These include an altered distribution of 
vector-borne diseases such as malaria and neglected tropical 
diseases such as dengue. The cardiopulmonary system and the 
gastrointestinal tract are also directly and indirectly affected 
variables correlated to climate change, such as carbon dioxide 
(CO2) levels and particulate matter (PM2.5) levels. It was 
also observed and projected that climate change affected 
and will continue to affect increases in diseases—mainly air 
pollution-related diseases and heat-related illnesses. 

This study provided summative data on climate change 
factors and health-environmental factors based on several large 
databases. This study also aimed to establish a relationship 
between global climate indicators and environmental factors 
in the Philippines against selected health factors. The null 
hypothesis assumed for the correlation analyses is no linear 
relationship between climate change and health factors.

METHODS

The goal of this analysis was to investigate how climate 
change affects selected health variables in the Philippines. To 
do this, first, a database was assembled through a compilation 
of different secondary data. This database comprised data 
obtained from the GBD Study 2017, US-NASA Goddard 
Institute of Space Institute Surface Temperature Analysis 
(NASA-GISTEMP), US Environmental Protection Agency 
(US-EPA), National Oceanic and Atmospheric Adminis-
tration - Earth System Research Laboratories (NOAA-
ESRL), The Intergovernmental Panel on Climate Change 
(IPCC), National Space Science and Technology Center – 
the University of Alabama in Huntsville (NSSTC-UAH), US 
data.gov, Commonwealth Scientific and Industrial Research 
Organisation (CSIRO), and University Corporation for 
Atmospheric Research (UCAR).4-13

In this study, climate change is defined as the alteration 
of the temperature, and typical weather pattern becomes less 
predictable and can impact human life. The environmental 
factor is defined as those physical, chemical, or biological 

variables or a group linked to climate change due to human 
activity. Health factors are the health impacts of climate 
change such as air-borne, water-borne, and land-borne 
diseases.

Climate Change Variables
The climate change variables are some critical indicators 

for climate change that are monitored across the globe. These 
variables show trends over time about how climate and 
environmental conditions are changing. In this study, the 
following variables are explored:

Mean Temperature Anomaly: This data came from 
the NASA-GISTEMP analysis. The values are the annual 
average of combined Land-Surface Air and Sea-Surface 
Water temperature anomalies, that is, the deviations from 
the corresponding 1951-1980 means.5

CSIRO adjusted Sea Level: This is the global average 
absolute sea-level change from 1880 to 2013 measured by 
the CSIRO.12

NOAA adjusted Sea Level: This is the global average 
absolute sea-level change from 1880-2014 measured by the 
NOAA.7

Note: Both the CSIRO and NOAA data refer to the 
height of the ocean surface, regardless of whether nearby land 
is rising or falling. Satellite data are based solely on measured 
sea level, while the long-term tide gauge data include a small 
correction factor (adjustment) because the size and shape of 
the oceans are changing slowly over time.

Mean CO2 Global: This dataset is a global average of 
measurements over marine surface sites. The values are the 
annual mean CO2 mole fraction determined from daily 
averages. The data is reported as dry air mole fraction, defined 
as the number of CO2 molecules divided by the number of 
all molecules in the air, including CO2 itself, after removing 
water vapor. The mole fraction is expressed as parts per 
million (ppm).8

Climate change variables were acquired from the GBD 
2017 Health-related Sustainable Development Goal (SDG) 
Indicators, 1990 to 2030.4 Their goal was to assign a Health-
related SDG Index score on each country using 41 individual 
indicators. While in the GBD, the indicators were “scaled 
values” from 0-100, which showed how far a country was 
from achieving its goal in that indicator; the values used in 
the study were the “unscaled values,” which were the actual 
estimates of the indicators.

Health Variables
Data for the Philippines was obtained for this study. 

The following indicators were included as they were perceived 
to be health problems associated with global climate change, 
as suggested by the Lancet Countdown on health and 
climate change 2018.14 The variables included here were: 

Air Pollution Mortality in the Philippines: Age-stan-
dardized death rate attributable to household air pollution 
or ambient air pollution per 100,000 population.
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Disaster Mortality in the Philippines: Death rate 
due to exposure to forces of nature per 100,000 population.

Household Air Pollution Health Risk in the 
Philippines: Health Risk-weighted prevalence of household 
air pollution, measured by the summary exposure value 
(SEV) for household air pollution, in percent (%). According 
to the GBD Study glossary, SEV is “A measure of a popu-
lation’s exposure to a risk factor that takes into account 
the extent of exposure by risk level and the severity of that 
risk’s contribution to disease burden.” Hence, it is a health 
variable.4

Malaria Incidence in the Philippines: Age-standar-
dized rate of malaria cases per 1000 population

Non-communicable Diseases Mortality (NCD) in 
the Philippines: Age-standardized death rate due to cardio-
vascular disease, cancer, diabetes, and chronic respiratory 
disease in 30 to 70, per 10,000 population.

Tropical Diseases Mortality in the Philippines: Age-
standardized prevalence of the sum of 15 neglected tropical 
diseases (NTDs), in percent (%).

The data set was obtained from the GBD Study 2017, 
and the sources indicated in the definition of terms. There 
was no transformation of data in this study. The data was 
collated into one database to correlate climate change, health, 
and environmental variables.

Environmental Variables
Environmental variables were also taken from the GBD 

2017 Health-related SDGs, 1990 to 2030.4 These variables 
were indicators in the GBD Study 2017 that measured 
environmental factors affecting the population's health. In 
particular, for this study, only data from the Philippines was 
obtained. The variables included were:

Mean PM2.5 in the Philippines: Population-weighted 
mean levels of fine particulate matter smaller than 2.5 
microns in diameter.

Unimproved Sanitation in the Philippines: Risk-
weighted prevalence of populations using unsafe or 
unimproved sanitation as measured by the SEV for unsafe 
sanitation, in percent (%).

Unsafe Water in the Philippines: Risk-weighted 
prevalence of populations using unsafe or unimproved 
water sources, as measured by the SEV for unsafe water, in 
percent (%).

The database created was for 1990 to 2017 since it was 
the interval for which most of the variables included were 
complete. Most of the variables were empty for earlier 
years, while most data were projections for later years. The 
information in this dataset was public domain but cannot be 
used for commercial purposes. The data were likewise lifted 
directly from the GBD Study 2017.

The resulting database was analyzed using exploratory 
data analysis techniques to analyze trends over the years. 
Time-series graphs were the preferred method of presenting 
the data to compare the variables from each other visually.

Pearson Correlation analysis was performed to explore 
the linear relationship between health, climate, and environ-
mental indicators. In particular, mean temperature anomaly, 
sea levels, carbon dioxide levels, particulate matter levels, 
the prevalence of unimproved sanitation, and prevalence of 
unsafe water were correlated against air pollution mortality, 
disaster mortality, household air pollution, health risk 
exposure value, malaria incidence, NCD mortality, and NTD 
mortality. This was performed to validate the relationships 
inferred visually in the graphs. (Figure 1)

The study was registered with the Research Grants 
Administration Office of the National Institutes of Health, 
University of the Philippines Manila.

RESULTS

The results of this study were presented into two cate-
gories – first, the health-related variables to climate change, 
and second, the health-related variables to environmental 
factors mediated by climate change.

Health-Related Variables to Climate Change
The distribution of some Health-related SDGs from 

the GBD Study 2017 is shown below (Figure 2).4 Since 
these are SDGs, and interventions were made to lower the 
prevalence drastically. This implies that without intervention, 
the trends could be increasing at a much higher rate. These 
were scaled as follows - air pollution mortality per 100,000 
population; disaster mortality per 100,000 population; 
household air pollution health risk exposure value prevalence 
percent (%); malaria incidence per 1,000 population; NCD 
mortality per 10,000 population; and percent (%) NTD 
prevalence. The six health variables were chosen explicitly 
among the 41 predictors included in the study since these 
are climate-related, as suggested by the Lancet Countdown 
on health and climate change.14 (Figure 1)

Air pollution mortality in the Philippines is defined as 
the age-standardized death rate attributable to household air 
pollution or ambient air pollution per 100,000 population. 

Figure 1. Conceptual framework of the relationship between 
climate change factors, environmental factors, and health.

Climate Change Factors
• Temperature Anomaly
• Sea Levels
• Carbon Dioxide Levels

Environmental Factors
• Particulate Matter
• Unimproved Sanitation
• Unsafe Water

Health Factors
• Air Pollution Mortality
• Disaster Mortality 
• Household Air Pollution Health Risk
• Malaria Incidence
• NCD Mortality
• NTD Mortality
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In the Philippines, the trend of air pollution mortality 
went downward from 105.745 in 1990 to 89.57 in 1999, then 
went on an upward trend again, peaking at 108.276 during 
2011. It has since been on a downward trend.

On the other hand, household air pollution health risk 
in the Philippines is defined as the risk-weighted prevalence 
of household air pollution, measured by the SEV for 
household air pollution, in percent (%).

The household air pollution prevalence in the Philip-
pines was on a slow downward trend from 35.83% in 1990 
to 28.51% in 2017; it was observed to be decreasing on an 
average of 0.83% every year. 

Disaster mortality in the Philippines is defined as the 
death rate due to exposure to forces of nature per 1,000,000 
population. Disaster mortality in the Philippines spikes 
randomly with the occurrence of natural disasters, in 
particular, super typhoons and earthquakes. The prominent 
peak during 2013 was due to typhoon Haiyan. The rise 
during 1995 was due to typhoon Angela (Rosing), which 
resulted in 882 fatalities. Lastly, the 1990 peak could be due 
to a 7.7 magnitude earthquake in Luzon.

Malaria incidence in the Philippines is defined as the 
age-standardized rate of malaria cases per 1000 population. 
Malaria incidence in the Philippines has decreased from 
11.95 in 1990 to only 0.138 in 2017. It is falling on an 
average of 14.89% every year.

NCD mortality in the Philippines is defined as the 
age-standardized death rate due to cardiovascular disease, 

cancer, diabetes, and chronic respiratory disease in 30 to 70, 
per 10,000 population. NCD mortality in the Philippines 
is constantly increasing from 41.99 in 1990 to 55.00 in 
2016; it is growing on an average of 0.96% every year.

NTD mortality in the Philippines is defined as the age-
standardized prevalence of the sum of 15 NTDs, in percent 
(%). NTD mortality in the Philippines has decreased from 
61.49 in 1990 to 27.99 in 2017, and it is slipping on an 
average of 2.6% every year. (Table 1)

Mean Temperature Anomalies
The GISTEMP temperature analysis showing the values 

is the annual average of combined Land-Surface Air and 
Sea-Surface Water temperature anomalies, the deviations 
from the corresponding 1951-1980 means.5 The mean 
temperature for 1951-80 was about 14°C. In comparison, the 
lowest point was observed during 1992, where the average 
temperature anomaly was 0.23°C higher than the 1951 to 
1980 means. This trend continuously increased until the latest 
data in 2016, where the temperature anomaly was at 0.99°C 
higher than the 1951 to 1980 means. (Figure 3)

Sea level (CSIRO)
The loss of ice means higher sea levels. The CSIRO 

measures the global average absolute sea-level change.12 The 
highest recorded sea-level change, according to CSIRO, was 
during 2012 with 9.326 inches increase in sea level. It had 
increased by more than 3 inches from 6.23 in 1990. (Figure 4)

Figure 2. Prevalence of climate-related health issues in the Philippines.
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Sea level (NOAA)
This is the global average absolute sea-level change 

from 1880-2014 measured by the NOAA.7 The highest 
recorded sea-level change, according to NOAA, was during 

2014 with 8.663 inches increase in sea level. It has increased 
by more than 2 inches from the 6.29 inches during 1993. 
The difference between the measurements was due to the 
correction factor used by CSIRO and NOAA. (Figure 5)

Table 1. Correlation of climate change factors with various health variables

Climate Change Factor Health Variables Pearson Correlation 
Coefficient p-value

Mean Temperature Anomaly Household Air Pollution Health Risk Exposure Value in PH (estimate) -0.519 <0.001
Malaria Incidence in PH (estimate) -0.678 <0.001
Non-communicable Diseases Mortality in PH (estimate) 0.817 <0.001
Neglected Tropical Diseases Prevalence in PH (estimate) -0.743 <0.001

NOAA Adjusted Sea Level Air Pollution Mortality in PH (estimate) 0.837 <0.001
Disaster Mortality in PH (estimate) 0.248 <0.001
Malaria Incidence in PH (estimate) -0.857 <0.001
Neglected Tropical Diseases Prevalence in PH (estimate) -0.809 <0.001

Mean CO2 Global Air Pollution Mortality in PH (estimate) 0.429 <0.001
Household Air Pollution Health Risk Exposure Value in PH (estimate) -0.527 <0.001
Malaria Incidence in PH (estimate) -0.793 <0.001
Non-communicable Diseases Mortality in PH (estimate) 0.945 <0.001
Neglected Tropical Diseases Prevalence in PH (estimate) -0.850 <0.001

Mean PM2.5 in PH (estimate) Household Air Pollution Health Risk Exposure Value in PH (estimate) 0.406 0.03
Unimproved Sanitation in PH 
(estimate)

Household Air Pollution Health Risk Exposure Value in PH (estimate) 0.515 <0.001
Malaria Incidence in PH (estimate) 0.828 <0.001
Neglected Tropical Diseases Prevalence in PH (estimate) 0.850 <0.001

Unsafe Water in PH (estimate) Household Air Pollution Health Risk Exposure Value in PH (estimate) 0.858 <0.001
Malaria Incidence in PH (estimate) 0.905 <0.001
Neglected Tropical Diseases Prevalence in PH (estimate) 0.688 <0.001

Figure 3. Temperature anomalies vs. prevalence of diseases in the Philippines.
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Mean CO2 Global
This dataset is a global average of measurements over 

marine surface sites. The values are the annual mean CO2 
mole fraction determined from daily averages. The data 
is reported as dry air mole fraction, defined as the number 
of carbon dioxide molecules divided by the number of all 
molecules in the air, including CO2 itself, after removing 
water vapor. The mole fraction is expressed as ppm.8

In 2017, CO2 levels were measured at 405 ppm. It has 
increased on an average of 0.5% every year since its 1990 
reading at 353.98 ppm. Both CO2 estimates from Mauna 
Loa Observatory and marine surface sites seemed to nega-
tively correlate with air pollution mortality and household 
air pollution estimates in the Philippines. (Figure 6)

PM2.5 Levels
This is the population-weighted mean level of fine 

particulate matter smaller than 2.5 microns in diameter in 
the Philippines. The US-EPA has created standards for 
classifying air quality.15 Currently, the standard for “good” 
PM2.5 levels is from 0-12 μg/m3, “moderate” is between 
12.1μg/m3 to 35.4 μg/m3, “unhealthy for sensitive groups” is 
between 35.5 μg/m3 to 55.4 μg/m3, “unhealthy” is between 
55.5 μg/m3 to 150.4 μg/m3, “very unhealthy” is from 
150.5 μg/m3 to 250.4 μg/m3. Hazardous is when PM2.5 levels 
are 250.5 μg/m3 and above.16 PM2.5 levels in the Philippines 
was 22.116 μg/m3 in 1990, increasing to 23.592 μg/m3 in 
2010. Since then, PM2.5 levels have decreased, with PM2.5 

levels in 2017 measured at 18.07 μg/m3. This is still under 
the “moderate” category as per EPA standards. The decline in 
PM2.5 levels seems to follow the same trend for Air Pollution 
mortality in PH, which peaked in 2011 then followed a 
decreasing trend since then. (Figure 7)

Health-Related Variables to Environmental factors 
mediated by Climate Change

Unimproved sanitation prevalence
This is the risk-weighted prevalence of populations 

using unsafe or unimproved sanitation as measured by the 
SEV for unsafe sanitation, in percent (%). The trend was on 
a constant decrease, from 43.05% in 1990 to 11.81% in 2017. 
(Figure 8)

The SDG for this indicator is to be equal to or less 
than 1% by 2030. Malaria incidence and NTD prevalence 
seem to follow the same trend as Improved Sanitation.

Unsafe water prevalence
This is the risk-weighted prevalence of populations using 

unsafe or unimproved water sources, measured by the SEV 
for unsafe water, in percent (%). The trend generally decreased 
from 59.89% in 1990 to 51.89% in 2003, then increased to 
54.05 in 2010, then down to 49% in 2017. (Figure 9) This 
might be a factor in the trend of NTD prevalence, NCD 
mortality, and malaria incidence.

Figure 4. Sea Level (CSIRO) vs. prevalence of diseases in the Philippines.
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Figure 5. Sea Level (NOAA) vs. prevalence of diseases in the Philippines.
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Figure 6. Global CO2 levels vs. prevalence of diseases in the Philippines.
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Figure 7. PM2.5 levels vs. prevalence of diseases in the Philippines.
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Figure 8. Unimproved sanitation prevalence v.s prevalence of diseases in the Philippines.
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2010 17.341
2011 15.956
2012 14.715
2013 13.737
2014 13.149
2015 12.641
2016 12.165
2017 11.811
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Results of the study showed that household air 
pollution health risk exposure value prevalence significantly 
negatively correlated to mean temperature anomaly with 
a correlation coefficient of -0.519; significantly high and 
negatively correlated to malaria incidence; significantly high 
and positively correlated to NCD mortality; and highly 
negatively correlated with NTD mortality. (Table 2)

Meanwhile, NOAA adjusted sea level was significantly 
positively correlated with air pollution mortality and NCD. 
It is also negatively correlated with malaria incidence and 
NTD prevalence. (Table 2)

Air pollution mortality was also significantly positively 
correlated to the global CO2 with a correlation coefficient 
of 0.429. Household air pollution health risk exposure value 
prevalence was significantly negatively correlated to the CO2 
global levels with a correlation coefficient of -0.527. It was 
also significantly high and negatively correlated to malaria 
incidence, significantly high and positively correlated to 
NCD mortality, and negatively correlated to NTD mortality. 
(Table 2)

The study results showed that household air pollution 
health risk exposure value prevalence was significantly 
positively correlated to the mean PM2.5 levels with a 
correlation coefficient of 0.406. All other health variables 
were not significant. (Table 2)

Based on the data, household air pollution health risk 
exposure value prevalence was significantly and positively 
correlated to unimproved sanitation prevalence in the 

Philippines with a correlation coefficient of 0.515; significantly 
high and positively correlated to malaria incidence, and 
significantly high and positively correlated NTD mortality 
in the Philippines. (Table 2)

Lastly, household air pollution health risk exposure 
value prevalence was significantly positively correlated to 
unsafe water prevalence in the Philippines with a correlation 
coefficient of 0.858; significantly high and positively 
correlated to malaria incidence, and significantly high and 
positively correlated to NTD mortality. (Table 2)

DISCUSSION

The Philippines is one of the most vulnerable countries 
where one can observe and project the impacts of climate 
change.15 The country’s position in the Pacific leaves it 
in the path of multiple typhoons every year and climate 
change-induced temperature increases. Rainfall variability is 
considered most likely to have the most significant impact 
on coastal and low-lying urban areas. This also becomes 
a conducive environment for the breeding of vectors and 
transmission of diseases, malaria being one of them, thus 
vector-borne and heat-related diseases continue to increase 
in the country.15 NCD are also influenced by changes in 
climate and exposure to air pollution.

The data in this study on climate change and health in 
the Philippines is a secondary analysis of variables already 
available in various large datasets mentioned earlier. This 

Figure 9. Unsafe water prevalence vs. prevalence of diseases in the Philippines.
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* Household Air Pollution = 
Household Air Pollution 
Health Risk Exposure 
Value in the Philippines

PH unsafe water (%)
1990 59.896
1991 59.058
1992 58.356
1993 57.683
1994 57.061
1995 56.352
1996 55.654
1997 55.020
1998 54.527
1999 54.058
2000 53.480
2001 52.790
2002 52.268
2003 51.890
2004 52.112
2005 52.470
2006 52.871
2007 53.223
2008 53.645
2009 54.006
2010 54.047
2011 53.546
2012 52.751
2013 51.976
2014 51.251
2015 50.551
2016 49.761
2017 49.009
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study provides a new analysis of the GBD Study data to ana-
lyze SDGs. Here, the data was used to show the relationship 
between climate change indicators, environmental factors, 
and health factors. Notably, it focused on the Philippines, a 
country that is one of the most vulnerable to climate change.

Climate change is defined as the change in the mean 
weather patterns in the long term that has come to define 
various local, regional and global climates, and this is 
brought about by both human and natural-induced global 
temperature warming.17 On the other hand, global warming 
heating of Earth’s climate system, in the long run, is brought 
about by natural and man-made causes.17 The natural causes 
of temperature changes are manifold- cyclical ocean patterns 
like El Niño, La Niña, Pacific Decadal Oscillation, volcanic 
activity, and changes in the Sun’s energy output.17

Global warming associated with climate change is 
continuously rising. The years 2011 to 2020 were the war-
mest decade ever recorded.18 Human activities that affect 
global temperature are expected to increase the global 
warming rate by 0.2°C per decade.18 Since the pre-industrial 
era, it has been observed that the global temperature 
increased by 1.2°C in 2020, as reported recently by the World 
Meteorological Organization (WMO).19 A 2°C increase in 

global temperature could adversely affect the environment 
and human health and well-being.

Climate change is characterized by increased global 
temperature and extreme weather events, melting glaciers and 
ice caps, rising sea levels, and increasing levels of greenhouse 
gases, amongst others.20 

This study looked into the effects of climate change and 
its subsequent influence on human health in the Philippines 
using secondary data on climate change and health variables.

Correlation of Mean Temperature Anomaly with 
Health Factors

The study results showed that household air pollution 
health risk exposure value prevalence was significantly 
negatively correlated to mean temperature anomaly with a 
correlation coefficient of -0.519. Indoor air quality (IAQ) 
is frequently measured through CO2.

21 This study in the 
Philippines showed a negative correlation (-0.519) between 
household air pollution health risk exposure value and mean 
temperature anomaly, similar to studies in Korea and Turkey. 
The study in Korea investigated the relationship of carbon 
dioxide in kitchens, living rooms, and bedrooms against 
temperature among apartments in Seoul.22 They found that 

Table 1. The trend of selected health variables that are climate-related

Year
Air pollution 
mortality per 

100,000 population

Disaster mortality
Per 100,000 
population

Household air 
pollution health 

risk exposure value 
prevalence percent (%)

Malaria incidence 
per 1000 

population

Non-communicable 
diseases mortality 

per 10,000 
population

Neglected tropical 
diseases mortality 
prevalence percent 

(%)
1990 106.745 5.258 35.832 11.959 41.9959 61.490
1991 102.386 0.304 34.787 10.078 41.5435 61.898
1992 101.950 0.117 34.175 8.346 43.3823 62.419
1993 96.956 0.985 33.242 6.809 43.2547 63.033
1994 94.598 0.529 32.478 5.517 44.1345 63.718
1995 94.034 2.131 31.684 4.514 44.9295 64.455
1996 92.082 0.114 31.080 3.675 45.2985 65.657
1997 91.054 0.067 30.482 2.887 46.4905 67.391
1998 89.947 0.203 30.112 2.227 46.9566 69.112
1999 89.572 0.196 29.834 1.766 47.0734 70.272
2000 90.638 0.457 29.574 1.580 48.1599 70.327
2001 92.809 0.390 29.620 1.562 49.4128 66.361
2002 94.410 0.094 29.750 1.552 50.3386 57.855
2003 95.320 0.236 30.112 1.545 50.6754 47.861
2004 97.387 0.262 30.462 1.535 51.7310 39.428
2005 100.343 0.026 30.867 1.518 52.9268 35.607
2006 101.812 1.927 31.256 1.427 53.5168 36.403
2007 102.816 0.090 31.558 1.236 53.5801 39.006
2008 105.368 0.348 31.805 1.000 54.2237 42.243
2009 107.435 1.211 32.105 0.777 54.7611 44.943
2010 108.147 0.043 32.176 0.622 54.5775 45.932
2011 108.276 0.686 32.236 0.521 54.5246 45.394
2012 107.844 0.457 31.343 0.424 54.7609 44.263
2013 105.772 6.477 30.947 0.335 54.8288 42.490
2014 103.569 0.065 30.532 0.259 54.7012 40.025
2015 102.253 0.094 29.876 0.198 55.6107 36.820
2016 98.000 0.085 29.157 0.156 55.0069 32.826
2017 95.203 0.067 28.514 0.138 54.3085 27.996
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during cooling seasons with an outdoor temperature of above 
32°C but less than 36°C, there was a negative correlation 
of CO2 and temperature.

21 Meanwhile, the study in Turkey 
investigated the relationship of CO2 and particulate matter 
to temperature and showed a negative correlation of indoor 
CO2 (-0.409), PM10 (-0.324), and PM5.0 (-0.261) to indoor 
temperature during spring.23 These relationships may be 
attributed to ventilation. During increased temperatures, 
ventilations were essential to allow air circulation. This also 
caused CO2 and other air pollutants to decrease.23 More 
so, Yun et al. also found an observed increasing correlation 
between CO2 and indoor humidity during cooling 
seasons when the air conditioner is functioning.22 Closed 
environments lead to poor ventilation, which increases the 
concentration of air pollutants. This could also be further 
aggravated by inadequately cleaned air conditioners which 
can harbor harmful organisms.24

Mean temperature anomaly was found in this study 
to be significantly highly negatively correlated to malaria 
incidence. In a study in Bangladesh, temperatures and malaria 
incidence were positively correlated.25 More so, the risk of 
malaria mortality was found to increase beyond 26.3°C in 
Asia.26 This was because the increase in temperature resulted 
in faster reproduction of mosquitoes and that the 90% 
survival rate of these species was attributed to temperatures 
of 16°C to 36°C.25,27 This study in the Philippines found 
that mean temperature anomaly was significantly highly 
negatively correlated to malaria incidence. This result may 
be attributed to precipitation and rainfall in which tempe-
ratures in the Philippines seem to decrease instead of the 
summer season, similar to a study in Kenya wherein rainfall 
and precipitation were negatively correlated to malaria 
incidence.27 In addition, the study in Bangladesh also showed 
that the rainy season recorded to have the highest malaria 
cases.25 Precipitation between 20 mm and 80 mm showed an 
increased risk of mortality for malaria in a study conducted 
by Sewe et al.28 Malaria is also a common disease during 
rainy seasons in the Philippines.29

In this study focusing on the Philippines, the mean 
temperature anomaly was significantly highly positively 
correlated to NCD mortality. Scovronick et al. (2018) 
showed that there was an association between temperature 
and all-cause mortality.30 In the case of NCD, studies in 
Kenya showed that high temperatures have a significant 
positive relationship with NCD mortality.31 Bunker et al. 
(2017) also studied years life lost (YLL) from NCDs and 
found that exposure to high temperatures (42.8°C) resulted 
in to increase in excess NCD-YLL of 7.39 for all ages.32 A 
study in Indonesia also showed that a high mean temperature 
above 29.5°C increases diabetes and cardiovascular diseases 
morbidity.33 These studies clearly showed that temperature 
affects NCD cases, in line with the current study results. 
For instance, increased temperature affects air quality by 
increasing concentrations of allergens, ozone, particulates, and 
dust, further aggravating respiratory diseases.34 Meanwhile, 

high temperatures could cause increased blood circulation 
and heart rate and decreased blood pressure which can lead to 
low cardiac outputs resulting in heat exhaustion, dehydration, 
and heatstroke.33

The study results found that mean temperature anomaly 
was significantly negatively correlated to NTD mortality in 
the Philippines. It showed that mean temperature anomaly 
was highly negatively correlated to NTD. Again, this may 
be attributed to precipitation, especially for vector-borne 
diseases such as dengue fever. A study in the Philippines 
showed that dengue fever and leptospirosis cases peaked 
during the wet season ( June to November), specifically in 
September.35 This may be attributed to the rainy season when 
water pockets for mosquito breeding grounds are created.27 
More so, flooding in some areas of the Philippines could 
further facilitate leptospirosis and other NTDs such as 
schistosomiasis, trachoma, soil-transmitted helminths, and 
guinea worm disease that is contracted through contaminated 
floodwaters.36 On the other hand, increasing dengue, 
chikungunya, leishmaniasis, and schistosomiasis cases in 
Europe and the USA were caused by warming temperatures 
and the changing precipitation patterns suitable for the 
survival of vectors.37

Correlation of rising sea levels with health factors
The study results showed that Air Pollution Mortality 

was significantly positively correlated to NOAA adjusted 
sea level with a correlation coefficient of 0.837. Climate 
change causes sea levels to rise by increased temperature, 
causing glaciers and ice sheets to melt, causing ocean volume 
to expand due to warming waters, or both.38 An increase in 
the temperature causes an increase of pollutants such as O3, 
NO2, particulates, and other allergens, which can aggravate 
or cause respiratory diseases.34,39 Hence, changing sea levels 
has an impact on air pollution mortality via increased 
temperature.

Since 1880, it has been reported that the global sea 
level has risen about 8 to 9 inches.38 Qin et al. found signi-
ficant associations between respiratory mortality at high 
temperatures in a study in China.40 In France, the relationship 
of heat-mortality was also explored by Pascal et al.41 It was 
found that ozone and PM10 mortality increased by 1.1% 
and 3% during summer, while in bouts of heatwaves, these 
risks can grow up to 14.1% for PM10 and 5.1% for ozone.41 
Pollution increases the risk for heat mortality.

The results for NOAA adjusted sea level, although not 
significant, have a “poor positive correlation” with disaster 
mortality. Warmer sea surface temperatures through the 
increased global temperature brought about by climate change 
could result in stronger storms and wind speeds through the 
intense evaporation process.42,43

The rise in global temperature also caused a rise in 
sea levels, which could potentially cause coastal storms, 
storm surges, and flooding.38,42,44,45 This can be damaging 
to human health and society. For instance, Super Typhoon 
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Haiyan (Yolanda)’s strength damaged properties and claimed 
at least 6,000 lives during its landfall in the Philippines, 
exacerbated by the rising sea levels and temperature.46,47 At 
sea surface temperatures of above 28°C, typhoons could 
form; however, at its time of formation, the bodies of water 
surrounding the Philippines were recorded to be 30°C which 
was higher by about ½ to 1°C than the average sea surface 
temperature from 1985-1993. More so, destructive storm 
surges of up to 5.2 meters from Typhoon Haiyan (Yolanda) 
were experienced in the Philippines, triggered by the global 
rise in sea levels.46

Correlation of Global CO2 Levels with Health 
Factors

Air pollution mortality is significantly positively 
correlated to Mean CO2 MLO with a correlation coefficient 
of 0.427. CO2 is a known human metabolite, as well as a 
part of the Earth’s atmosphere.48 The burning of fossil fuels 
and other related human activities has resulted in an average 
concentration of CO2 of about 400 ppm in an ambient 
environment.48 Air pollution has been attributed to 400,000 
premature deaths in Europe annually.

Diabetes, lung diseases, and cancer could be caused by 
long-term exposure to air pollutants.49 Air pollution was 
also attributed to higher death rates among COVID-19 
patients.49 More so, exposures to CO2 at concentrations 
greater than 5% can cause hypercapnia and respiratory 
acidosis. At concentrations >10%, this can cause convulsions, 
coma, and death.50 It was also found that as a person ages, 
tolerance against CO2 also decreases (p < 0.0001).50

In this study in the Philippines, mean CO2 MLO levels 
were positively correlated to air pollution mortality. The 
study results showed that household air pollution health 
risk exposure value prevalence was significantly negatively 
correlated to mean CO2 global levels with a correlation 
coefficient of -0.527.

IAQ is frequently measured through CO2.21 The 
negative correlation of CO2 and household air pollution 
health risk exposure value prevalence may be confounded by 
temperature and ventilation, as seen in the study of Yun et 
al. (2020) and Argunhan and Aci (2018).22,23

The study results showed that global carbon dioxide 
measurements negatively correlated to malaria incidence and 
NTD in the Philippines. The negative correlation between 
global carbon dioxide levels and malaria incidence may be 
confounded by temperature. It was established that the 
increase in temperature also increased malaria mortality 
and incidence.25,26 Increased temperatures during summer 
or daytime resulted in lower CO2 concentrations in the air 
as plants respire.51 On the other hand, a study in India and 
Oman showed that CO2 concentration decreased during 
rainy seasons as it also allowed vegetation growth that took up 
CO2.

52,53 This may be the reason for the negative correlation 
of CO2, malaria incidence, and NTD in the Philippines as 
malaria, dengue fever, and leptospirosis are common diseases 

during the rainy season.29 In addition, schistosomiasis was 
also found to be influenced by rainfalls and flooding by 
which the latter can “facilitate human-parasite contact”.54,55

This study in the Philippines showed that the global 
CO2 level was highly positively correlated to NCD mortality 
in the Philippines. Air pollution has been linked to 
cardiovascular and respiratory mortality.56,57 CO2 specifically 
was associated with increased risk for chronic inflammation, 
bone demineralization and kidney calcification, respiratory 
acidosis, obesity and weight gain, and oxidative stress at CO2 
concentrations of <5,000 ppm.58 At >10% concentrations, 
CO2 can cause death.50

Correlation of PM2.5 with health factors
The study results found that household air pollution 

health risk exposure value prevalence was significantly 
positively correlated to mean PM2.5 levels in Philippines with 
a correlation coefficient of 0.406.

Particulate matter (PM) diameters of 2.5 and smaller 
are considered “fine particles” emitted from forest fires or 
created from gases emitted by power plants, industries, 
and vehicles.59 These particles can be found in smokes and 
hazes.59 A study in Poland showed that the concentration of 
outdoor PM2.5 influenced indoor concentrations, which was 
consistent with the results of this study in the Philippines. 
Indoor concentrations of PM2.5 may be affected by natural 
ventilation.60-62 A study in California showed that natural 
ventilation increased indoor levels of PM2.5 by 400 to 
500%; therefore, it may be beneficial to close windows 
and use air purifiers to reduce the concentrations of PM2.5 
in households.61,62

The use of solid fuels also influences the concentration 
of PM2.5 in households, similar to the study of Ranathunga 
et al. among Sri Lankan households wherein it was found 
that increased PM2.5 concentrations were evident among 
families that use biomass compared to LPG and electricity 
as their cooking source (mean 1.09 mg/m3 vs. 0.30 mg/m3).63

Correlation of Unimproved Sanitation with Health 
Factors

Six out of ten (4.4 billion) people worldwide lack safe 
sanitation facilities.64 On the other hand, 3 out of 10 (2.1 
billion) people still lack access to safe drinking water.64

In the Philippines, approximately 5 million people 
do not have access to safe drinking water, while the other 
9 million lacks access to unimproved sanitation.65 Access to 
safe drinking water and basic sanitation facilities is still a 
privilege among the wealthiest. People in urban households 
are more likely to access safe water and sanitation facilities 
than rural areas.64,66 The rapid pace of urbanization and the 
failure to keep up with the coverage levels on basic sanitation 
and safe drinking water services are to blame for the lack 
of access to these necessities.65,67 In addition, the lack of 
education regarding the environment, poor practices, and 
inconsistent waste management services are factors for poor 
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environmental sanitation.68 Climate change also impacts 
peoples’ sanitation and access to water through temperature 
extremes that cause flooding and droughts, which poses a 
threat for water pollution through chemical, biological, and 
radiological contamination. These can affect human health 
by further exacerbating disease spreading and disrupting 
sanitation systems.69

Furthermore, the study results showed that household 
air pollution health risk exposure value prevalence was signi-
ficantly and positively correlated to unimproved sanitation 
prevalence in Philippines, with a correlation coefficient of 
0.515. According to the latest 2011 Household Energy 
Consumption conducted by the Philippine Statistics 
Authority, the most commonly used fuel type of cooking of 
Filipino households are fuelwood (54.0%), LPG (40.5%), 
Charcoal (35.3%), and Biomass (20.1%) while kerosene is 
used by 2.1% of the households surveyed.70

Ritchie and Roser attributed the increasing air pollution 
mortality in low- to middle-income countries to indoor air 
pollution brought about by the use of solid fuels in cooking.71 
Burning of solid fuel results in the emission of harmful 
components such as carbon monoxide (CO), particulates, 
polycyclic aromatic hydrocarbons, benzene, formaldehyde, 
and dioxin.72 True enough, a study in Sri Lanka showed 
that households that utilized biomass fuels as their primary 
cooking source showed higher concentrations of carbon 
monoxide (mean 2.77 ppm vs. 1.44 ppm) and PM2.5 (mean 
1.09 mg/m3 vs. 0.30 mg/m3) as compared to households 
that used LPG or electricity as their cooking sources.63

Improper waste management also contributes to the 
burden of air pollution. Waste burning could also release air 
pollutants such as nitrogen oxides and sulfur dioxide, among 
others.73 Aside from the undesirable odor caused by open 
dumping, the decomposition of organic wastes contributes to 
the generation of greenhouse gases such as methane, carbon 
dioxide, and non-methane organic compounds.74,75 These 
could enter households and compromise the IAQ.

In addition, the study found that unimproved sanitation 
was significantly highly positively correlated to malaria 
incidence. The mortality of malaria was highly associated 
with environmental factors – temperature, rainfall, humidity, 
and sanitation.76

While most of the ecological factors affecting the 
prevalence of malaria are natural factors, sanitation is human-
induced. Some of which are overgrown bushes, littered 
wastes, potholes, empty water sachets, and receptacles that 
could provide breeding grounds for mosquitoes.77 A study 
in Cameroon showed that malaria prevalence was higher 
in bushy areas and areas with stagnant water.78 These areas 
were also associated with malaria infection.77 In developing 
countries, an unsanitary environment was strongly 
associated with malaria, which is consistent with the result 
of this study.79

The study results have also shown that unimproved 
sanitation was significantly positively correlated to NTD 

mortality in the Philippines. Sanitation also plays a crucial 
role in NTD morbidity and mortality; for instance, environ-
mental factors such as overgrown bushes and tires with 
stagnant waters could provide breeding grounds for vectors 
carrying vector-borne NTDs such as dengue chikungunya 
and zika virus.77,80 In addition, improper waste disposal, 
such as the practice of open dumping, could facilitate and 
harbor flies, rodents, and mosquitoes’ infestations.79

Hygiene practices are also factors for NTDs such as 
schistosomiasis, trachoma, and soil-transmitted helminths 
contracted through infected human wastes.81 In the Philip-
pines, open defecation is still practiced by approximately 
6 million Filipinos. In addition, 20 million people in the 
Philippines still lack the privilege of basic sanitation faci-
lities. These are more common in poor households.64 This 
shows the importance of proper sanitation facilities and 
personal hygiene.

Correlation of unsafe water with health factors
The study results showed that household air pollution 

health risk exposure value prevalence was significantly 
positively correlated to hazardous water prevalence in the 
Philippines, with a correlation coefficient of 0.858. The 
results may be confounded by improper waste disposal, 
especially because open dumping releases greenhouse gases 
such as methane and carbon dioxide.75 In addition, the 
decomposition process of this waste could contaminate the 
surrounding soil and bodies of water which could further 
degrade the quality of drinking waters.74 Another result 
found was that unsafe water prevalence is significantly highly 
positively correlated to malaria incidence. As discussed 
above, mosquitoes breed in unsanitary areas, especially in the 
regions that provide stagnant waters for the vectors to breed; 
specifically, the Anopheles genus that causes malaria breeds 
in dirty waters, subsequently affecting the morbidity and 
mortality of malaria cases.78,82 A study by Yang et al. showed 
that malaria risks increase with unprotected water (aOR 1.17, 
95% CI 1.07–1.27, P = 0.001) and no sanitation facilities 
(OR 1.35, 95% CI 1.24–1.47, P < 0.001) among children 
under five years of age which is consistent with the results 
of this study in the Philippines.83

Lastly, the study results showed that unsafe water 
prevalence is significantly high and positively correlated to 
NTD mortality in the Philippines. As mentioned above, 
vectors breed in stagnant waters, influencing the prevalence 
risk for NTDs such as dengue fever, chikungunya, and zika 
virus.78 Other NTDs such as schistosomiasis, trachoma, 
and soil-transmitted helminths can be contracted through 
infected human wastes.81 Unsanitary practices such as open 
defecation could contaminate soils and bodies water, and 
flooding could further facilitate the transmission of these 
diseases.84 This practice also compromises the quality of 
drinking waters, making it unsafe and could be a transmission 
platform for water-borne diseases such as cholera, diarrhea, 
dysentery, and NTDs such as guinea worm disease.84,85 The 
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provision of safe water and sanitation could lessen the risk 
of NTD risks by 80% and prevent 9.1% of disease burden 
and 6.3% deaths globally.85 This is consistent with the results 
of this study.

CONCLUSION

This study summarizes data on how climate changes 
affect human health, environment, and diseases, thus, 
showing areas that need further research and exploration. As 
recordings of heat index increase and changes in other climate 
variables, there is a correlation with NCD, malaria, disaster, 
and NTD infection mortality. Unimproved sanitation and 
unsafe water prevalence were correlated with household air 
pollution and malaria, NCD, and NTD mortality.

With the evidence of the impact of climate change 
on health conditions, the urgency to focus on addressing 
these problems is present in this study. There is also a need 
to conduct further studies on the direct effects of climate 
change on health, especially with NCDs and NTDs, as these 
are currently the leading causes of mortality in the country. 
Further research may help in policymaking to target drivers 
of pollution which affect extreme climate changes.

The raw data were lifted directly from the sources and 
analyzed as is without further transformation. The strengths 
and weaknesses of the data are dependent on the database. 
Since these are established data from reputable scientific 
sources such as the World Health Organization and Lancet 
Countdown, the database is accurate.
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