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Introduction
For a sustainable and viable health condition of the
human population, certain factors must be ensured, such as
clean air, safe water, safe and sufficient supply of food, and
tolerable temperature.1 Worldwide, it has been shown that
climate and its variability can affect the prevalence and
incidence of diseases and other human health consequences.
This is based on research findings that climate can alter the
transmission of diseases, agricultural productivity, and
quality and quantity of food, water, and air, all of which,
ultimately affecting human health.2
Overall, climate change has caused devastating effects
on survival, health, and safety of human societies. In 2000,
5.5 million disability adjusted life years (DALYs) were
recorded due to climate change.3 Illnesses and disabilities
arise from many factors such as skin cancer, dengue, asthma,
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and malaria which are projected to increase due to climate
change. Certain parasitic and microbiological infections such
as schistosomiasis, fascioliasis, alveolar echinococcosis,
Leishmaniasis, Lyme borreliosis, tick-borne encephalitis, and
hantavirus infections have been on the rise with climate
change.3,4 Other health consequences include thermal stress,
aeroallergens, and malnutrition.1,5-6
Air pollution is another problem that has been
associated with climate change.7-10 Several of the air
pollutants and greenhouse gases interact physically and
chemically in the ambient air and atmosphere causing
adverse environmental impacts manifesting in climate
change in the long run.11 These greenhouse gases and air
pollutants are substantially attributed to human activities.
As a corollary, Oreskes et al., noted that human activities
cause the significant increase in global temperature.12
This study was done as a review to further understand
and elucidate the implications of climate change to human
health. It aims to present the linkages of climate change to
increased concentrations of air pollutants and emergence
and re-emergence of infectious diseases, consequently,
affecting human health. The objective of the study is to
present how climate change affects human health. Specific
objectives are as follows:
a. To identify the human-generated causes of climate
change;
b. To study the different pathways how climate change
affects human health; and
c. To discuss the climate-related health impacts.
Mainstreaming of climate change in the Philippines has
not yet been established despite the high vulnerability to
climate hazards and risks, including natural disasters in the
country.13 (Figure 1).
The study discusses the direct and indirect health
impacts of climate change. Environmental pollutants are also
discussed by sector. This study intends to present available
Philippine data on climate change in the Philippines as well
as health impacts based on local sources. The data presented
in this study could be part and parcel of the management of
health effects of climate change in the Philippines. With
regards infectious diseases, particularly the transmission
patterns and climate-sensitivity of the vectors/hosts of
diseases are suggested for future studies.
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dioxide contributes the largest at 77%, followed by methane
(14%) and then nitrous oxide (8%).
Greenhouse Gas Emission: Philippine Setting
In the Philippines, the sector with the highest percent
change of greenhouse gas emissions from 1990 to 2000 is
the energy sector accounting for 91%, followed by
industrial processes at 88%. The transportation sector alone
(under energy sector) accounted for the highest percentage
change of greenhouse gas emission from 1990 to 2000 at
279% (Table 1).
The projected trending of carbon dioxide emission
intensity in the Philippines is shown in Figure 3. The CO2
emissions per GDP and per capita show an increasing trend
of increase over the years. However, it can be observed that
carbon dioxide emissions per gross domestic product (GDP)
show a gradual downward slope. The other two important
greenhouse gases, methane and nitrous oxides, show
increasing pattern of emission intensity.
Figure 1. Combined Risk to Climate Disaster. Source: Manila
Observatory and DENR (http://www.observatory.ph/vm/
findings.html).

Greenhouse Gas Accumulation

Methods
The study is a review of climate change and its effect on
human health. Data were gathered from national and
international sources. Extensive and exhaustive reviews on
literature, articles, and other data were done.
Figure 2 shows a simplified procedure in assessing the
potential health impacts of climate change. Climate change is
mainly caused by greenhouse gas accumulation affecting the
environmental systems vis-a-vis the human health loop.

Socio-Economic and Cultural Modifiers

Presentation of Data Gathered

of the Risks to Human Health

Sources of Greenhouse Gases (by sector)
As for sources of greenhouse gases, the energy and
transportation sector accounts for the highest percentage of
worldwide emission of greenhouse gases at about 60%. This
is followed by land use change at 18.2%, and agriculture at
13.5%. Of the all the greenhouse gases emitted, carbon

Climate Change

Changes in the Environmental Systems
that Determine Human Health

Impacts upon Human Health

Figure 2. Schematic Diagram of Assessment of Health
Impacts of Climate Change. Adapted from: WHO, 2000. 14

Table 1. Greenhouse Gas Emissions by Sector in the Philippines
Sector
Energy
Electricity & Heat
Manufacturing & Construction
Transportation
Other fuel combustion
Fugitive emissions
Industrial processes
Land use Change and Forestry
Total

1990
Mt CO2
36
14.2
8.3
6.2
7.4
0
3.2
79.4
118.6

2000
%
30.4
11.9
7
5.2
6.2
0
2.7
66.9

Mt CO2
68.9
26.8
9.2
23.5
9.4
0
6
94.9
169.8

2004
%
40.6
15.8
5.4
13.9
5.5
0
3.5
55.9

Mt CO2
72.6
28.9
11.2
25.4
6.8
0.3
6.5
NA
79.1

Change 1990-2000
%
91.8
36.5
14.1
32.1
8.6
0.4
8.2
NA

91%
89%
11%
279%
27%
0%
88%
20%
43%

Source: Climate Analysis Indicators Tool (CAIT), 2010. 15
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Figure 3. Carbon dioxide and other Greenhouse Gases Emission Intensity in the Philippines.
Table 2. Diagrammatic Representation of Pathways Depicting How Climate Change Affects Human Health. Adapted from
Haines, et al, 2004.17
Natural and Human
Influences

Climate variability
and change

Regional and local weather
change
Extreme weather
precipitation temperature

Change in sea level

Change in intermediate
effects
None
Air pollution concentration
and distribution
Pollen production
Microbial contamination
and transmission
Crop yields
Coastal flooding;
Coastal aquifer salinity

Adverse health effects
Health related illnesses and deaths
Extreme weather-related health effects
Air pollution-related health effects
Allergic diseases
Infectious diseases (water-borne, food-borne,
vector-borne and rodent-borne disease)
Malnutrition
Storm-surge-related drowning ad injuries
Health problems of displaced populations

Table 3. Diagrammatic Representation of the Direct and Indirect Health Impacts of Climate Change. Adapted from Martens, 1998.19
Climate change

Direct
Indirect

Thermal stress
Ecological mediation
Vector-borne diseases
Marine-borne diseases
Food productivity
Air pollution
Weather disasters sea-level rise

Cardiovascular and respiratory morbidity and mortality
Malaria, Dengue, Schistosomiasis
Toxic algae and cholera
Malnutrition
Asthma and cardiorespiratory diseases
Deaths, injuries, damage to health infrastructure, increased risk of infectious diseases, conflicts

Health Impacts of Climate Change
Table 2 shows the epidemiologic framework in
understanding the impact of climate change to overall
human health, including both the immediate and secondary
impacts. Immediate effects of climate change include
extreme weather patterns and sea level rise. Secondary
effects include changes in air pollution concentration and
distribution causing pollution-related health effects,
decreased agricultural productivity that may result in
famine and malnutrition, pollen production that causes
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allergic syndromes, and microbial contamination and
transmission that cause infectious diseases.16
Table 3 shows a diagrammatic representation of the
direct and indirect health impacts of climate change as well
as the various types of diseases that could develop. For
instance, thermal stresses due to climate change could lead
to cardiovascular and respiratory diseases.18
Table 4 summarizes the climate-related health impacts.
The increased probability of climate change could result in
an increased rate and incidence of corollary health impacts,
whether direct or indirect, and short term or long term.
ACTA MEDICA PHILIPPINA 93
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Table 4. Climate-Related Health Impacts
Implications of Climate Change
↑ exposure to thermal extremes
↑ extreme weather events (intensity and
frequency)
↑ exposure to UV-B
↑ range and activity of existing and new
infective agents (i.e., as foodborne, waterborne,
vector-and rodent-borne agents)
Sea-level rise
Worsened air pollution (contaminants, pollens
and spores)

Agricultural Disruption

Potential Health Impacts
Direct
Indirect
↑ rates of heat- and cold- related deaths and illnesses
↑ incidence and transmission of infectious diseases
↑ frequency and severity of injuries, deaths, and
psychosocial disorders
↑ risks of skin cancer, burns, infectious diseases, eye
damage (cataracts), immunosuppression
↑ exposure to new and existing vector-borne
diseases; ↑ incidence of diarrheal and other
infectious diseases; emergence of new diseases
Psychosocial disruption
↑ incidence of respiratory diseases (i.e., asthma and
allergies) and cardiovascular diseases;
↑ exposure to environmental contaminants and
subsequent impacts to health development
Malnutrition

*Based on the study of Furgal, et al. 2002;20 ↑ = increased.
Adapted from Furgal, et al. 2006;21 Haines et, al. 2004;8 Woodward, et al. 1998.22

Table 5. Potential Health Impacts of Climate-Induced Extreme Weather Events
Event
Type
Above-average Rainfall
Heavy
Meteorological
Precipitation event
Flood
Hydrological

Description

Potential Health Impact

“extreme event”

Flood

Social

Property or crops damaged

Flood

Catastrophic
flood or
“disaster”

Flood leading to >10 killed, and/or 200
affected, and/or government call for
external assistance.

Increased mosquito abundance or decreased if breeding sites are
washed away
Changes in mosquito abundance; contamination of surface water
with human or animal waste
Changes in mosquito abundance; contamination of water with faecal
matter and rodent urine (leptospirosis)
Changes in mosquito abundance; contamination of water with faecal
matter and rat urine and increased risk of respiratory and diarrhoeal
disease; deaths (drowning); injuries; health effects associated with
population displacement; loss of food supply; psychosocial impacts.

Below-average Rainfall
Drought
Meteorological
Drought

Agricultural

Drought

Social

Drought

Food Shortage/
Famine/ Drought
disaster

River/ stream over tops its banks

Evaporation exceeds water absorption;
soil moisture decreases
Drier than normal conditions leading to
crop production
Reduction in food supply or income,
reduction in water supply and quality
Food shortage leading to deaths; >10
killed and/or 200 affected, or government
call for external assistance

Changes in vector abundance if, for example, vector breeds in dried
up river beds
Depends on socioeconomic factors, i.e., other sources of food are
available as well as the means to acquire them.
Food shortage, illness, malnutrition, (increases risk of infection);
Increased risk of disease associated with lack of water for hygiene
Deaths (starvation, infection); malnutrition and associated poor
health; stunting of physical and intellectual development of children;
health impacts associated with population displacement.

Adapted from: WHO, 2000;14 McMichael et. al., 2000. 23

Table 6. List of Climate- Sensitive Vector-borne Diseases
Major Diseases
Malaria
Dengue fever
Yellow fever
Filariasis
Leishmaniasis
Chagas diseases
African trypanosomiasis
Onchocerciasis
Schistosomiasis

Vector
Mosquito
Mosquito
Mosquito
Mosquito
Sandflies
Triatomines
Tsetse flies
Black flies
Snails (intermediate host)

Likelihood of Change with Climate Change
+++
++
+
+
++
+
+
+
++

Present Distribution
Tropics and subtropics
All tropical countries
Tropical South America and Africa
Tropics and Subtropics
Asia, southern Europe, Africa, Americas
Central and South America
Tropical Africa
Africa, Latin America
Tropics and subtropics

+ likely; ++ very likely; +++ highly likely.
Adapted from Haines et al. 20048 WHO, 2000. 14
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Direct Health Impacts
Climate-Induced Extreme Weather Events
Climate-induced extreme weather events such as heavy
rainfall and various types of floods and droughts affect
health of populations by contributing to changes in
mosquito abundance as well as contamination of water
sources with faecal matter. Notwithstanding the fact that
catastrophic flood events can lead to deaths and injuries, and
respiratory and diarrhoeal diseases. Droughts also cause
food shortages and in turn, to widespread famine and
starvation of communities (Table 5).
Indirect Health Impacts
Table 6 presents the climate-sensitive vector-borne
diseases. It can be observed that malaria has the highest
likelihood of incidence with climate change. Malaria is
caused by a parasite that is transmitted by the bite of P.
falciparum mosquitoes. Other diseases that are
transmitted by mosquitoes are dengue fever, yellow

fever, and filariasis. Since mosquitoes are the vectors of
most of the climate-sensitive vector-borne diseases, it is
suggested that climate sensitivity of mosquitoes and the
transmission link of diseases brought about by this vector
can be studied.
Table 7 presents the list of communicable diseases that
have climate-epidemic relationship. Cholera and malaria
show the highest association of disease outbreak with
changes in climate. This was also reiterated in the study of
Xu, et al in 2014.24
Data on Climate-Related Diseases Incidences in the
Philippines
Figure 4 shows the link between dengue cases and
temperature change in the Philippines. Based on the graph,
it is observed that as temperature increases, the number of
cases of dengue also increases.
Figure 5 shows the link between malaria cases and
temperature change. Similarly, the number of cases of
malaria also increases with temperature increase.

Table 7. List of Communicable Diseases with Climate-Epidemic Relationship
Disease

Global Burden
(1000 DALYs)

Transmission

Distribution

Climate Epidemic Link

Influenza

94 603 (all respiratory
infections- only a
fraction due to
influenza)
61 966 (including
diarrhoeal diseases)

Air borne

Worldwide

Decreases in temperature (winter)
associated with epidemics. A range of
human-related factors is more significant.

Food and waterborne

Africa, Asia, Russian
Federation, South
America

Malaria

46 486

Bite of female
Anopheles
mosquitoes

Endemic in >100
tropics and subtropics
countries and some
temperature areas

Meningococcal
meningitis
Dengue

6 192 (all meningitis)

Air borne

Worldwide

616

Bite of female
Aedes mosquitoes

Africa, Europe, South
America, Southeast
Asia, Western Pacific

St. Louis
Encephalitis

NA

North and South
America

Rift Valley fever

Unquantified

Bite of female
Culex and Aedes
mosquitoes
Bite of female
culicine
mosquitoes

Ross River virus

Unquantified

Bite of female
culicine
mosquitoes

Australia and Pacific
islands

Murray Valley
fever

Unquantified

Bite of female
Culex mosquitoes

Australia

Increases in sea and air temperatures as
well as El Niño events associated with
epidemics. Sanitation and human
behaviour are also important.
Changes in temperatures and rainfall
associated with epidemics. Many other
locally relevant factors including vector
characteristics, immunity, population
movements, drug resistance,
environmental changes, etc.
Increases in temperature and decreases in
humidity associated with epidemics.
High temperature, humidity, and rainfall
associated with epidemics in some areas.
Non-climatic factors also have an
important impact.
High temperature and heavy rain
associated with epidemic. Reservoir
animal factors are also important.
Heavy rains associated with onset of
epidemic. Cold weather associated with
end of epidemic. Reservoir animal factors
are also important.
High temperature and heavy precipitation
associated with onset of epidemic. Host
immune factors and reservoir animals are
also important factors.
Heavy rains and below average
atmospheric pressure associated with
epidemics.

Cholera

Sub-Saharan Africa

Strength of
temporal climate
sensitivity
++

+++++

+++++

+++
+++

+++

+++

+++

+++

+ Climate link is very weak ++ Climate plays a moderate role +++ Climate plays a significant role ++++ Climate is an important factor +++++ Climate is the primary factor in
determining at least some epidemics, and the strength of the association between climate and disease outbreaks has been assessed on the basis of published quantitative (statistical)
rather than anecdotal evidence. Adapted from Kuhn et al, 2005 25
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Dengue Fever Cases Philippines, 1992-2005
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Figure 4. Relation of Dengue Cases and Temperature
Change in the Philippines. Adapted from Perez, 2009. 26

Malaria Cases in the Philippines: 1995-2005
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2,500
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2,466
1,883

1,500

1,483

Link between Climate Change, Environmental Pollutants,
and Incidence of Diseases
Climate change also has a significant impact on air
pollutants. Air-borne pollutants such as carbon dioxide,
carbon monoxide, methane, nitrogen oxide, and sulfur
dioxide contribute to the warming of global temperature. 29
Warmer temperatures increase the presence of secondary air
pollutants such as ozone and particulates in the atmosphere.
According to Martens et al.,19 air pollutants can aggravate
allergic and cardio-respiratory illnesses.2
Table 8 presents a study of the Department of Health
(DOH) on the impact of air pollution to the public health of
Metro Manila. The data show the effect of air pollutants to
human health such as respiratory and cardiovascular diseases.

2,273

1,772
1,624
1,501
1,378

1,789
1,589

Table 8. Air Pollution Impacts on Public Health of Metro
Manila30
Morbidity
10,000 excess cases of acute bronchitis

1,000
500
-

greatest contribution to global warming.28 Carbon dioxide
comes from combustion of fossil fuel and solid waste,
cement manufacturing and steel and iron production.
Methane comes from landfills, enteric fermentation, and coal
mining. Nitrous oxide comes primarily from agricultural soil
and mobile combustion. Examples of agricultural activities
are applications of nitrogenous fertilizers, enteric
fermentation, manure management, agricultural soil
management, and field burning.28

300 excess cases of asthma

175

Mortality
40-200 persons due to
cardiovascular causes
300-330 persons due to
respiratory causes

9 excess cases of chronic bronchitis

No. of Cases
Figure 5. Relation of Malaria Cases and Temperature
Change in the Philippines. Adapted from Perez, 2009.26
Discussion
At the advent of industrial revolution, increasing fossil
fuel use, deforestation, irrigated agriculture, animal
husbandry, among others have been associated with the
increase in the concentration of atmospheric greenhouse
gases (Haines, et al, 2000), resulting in an unprecedented
variability of climate.27 Indeed, the global climate
temperature is linked to human activities.8
The largest contributor to build up of greenhouse gases
comes from human-generated activities such as land use
planning, transportation systems and infrastructure,
building construction and operation. The greenhouse gases
that are produced from various agricultural and industrial
activities include carbon dioxide, methane, and nitrous
oxide. Of the three main gases, carbon dioxide has the
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Climate change can affect health in several pathways.
These pathways can be through 1) increased frequency and
intensity of heat waves; 2) increased floods and droughts; 3)
changes in the distribution of vector-borne diseases; and 4)
risks of disasters and malnutrition.17 There are several diseases
that can be impacted by climate change. These are insect and
rodent borne diseases (e.g., dengue, leptospirosis, and
malaria), water-borne diseases (e.g., schistosomiasis, cholera),
food-borne diseases (e.g., diarrhoeal diseases and typhoid),
respiratory diseases (e.g., asthma, bronchitis, and respiratory
allergies and infections), and heat-related illnesses (e.g.,
sunstroke, sunburn, heat stress or exhaustion, dehydration).13
The study of Ebi in 2008 showed the correlation of
various diseases with indicators of climate change. His study
was conducted in five provinces and one city in the
Philippines.31 The study showed that diarrhea and malaria
are most affected by climate change while diseases such as
tuberculosis, meningococcemia, tetanus, chicken pox,
influenza, bronchitis, pneumonia, nutritional deficiencies,
malignant neoplasms (cancer) and mumps had the higher
percent correlation with the climate change. In another study,
VOL. 50 NO. 2 2016
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pneumonia, whooping cough, hepatitis, diarrhea, dengue,
cholera and viral encephalitis have 30-50% correlation.31
The potential health impacts of climate change are
classified into two: the direct and indirect health impacts. The
direct impact includes thermal stresses and weather disasters
that result in immediate serious illnesses, injuries, and deaths.
Indirect health impacts occur via the link of change in the
transmission of infectious diseases, contamination and
scarcity of water supply, and food insecurity.8,22,32
Heat stroke is another problem that is associated with
increase in temperature. An individual who is exposed to
extreme and prolonged heat may experience heat stress, and
death may ensue. Heatstroke is the most common health
condition associated to heat.33
Change in the Transmission Patterns of Diseases
The indirect effects of climate change to human health
occur through ecological alterations which in turn, affects
food production, safety of sources of drinking water, and
transmission patterns of diseases.
For disease transmission, most vector-borne diseases are
weather sensitive. Climatic factors influence the ecology,
development, behaviour, and survival of vectors and hosts
thus affecting the transmission patterns of diseases.
Transmission rates and patterns and spread of vector-borne
and rodent-borne diseases generally increase with global
warming.3 Ecology, reproduction, parasite development,
behaviour, bite frequency, and survival of vectors of various
diseases also increase with rising temperature, consequently,
affecting disease infection. For instance, in a study in east
African highlands, it was found that there was ten-fold
increase in mosquito abundance with every unit increase in
temperature. In fact, Epstein 2005 noted that the resurgence
and redistribution of infections involving vectors, hosts, and
reservoirs –mosquitoes, ticks, and rodents- are good
indicators of climate change. The two most important vectorborne diseases in tropics and subtropics are malaria and
dengue fever.34-35 Malaria is the currently most widespread
and serious vector-borne disease in the world. On the other
hand, leptospirosis is the most widespread zoonotic disease
in the world. Increasing temperature affects range of
malarial transmissibility and outbreaks. Malaria cases were
also found to increase with increasing temperature in the
study in Kenya.3
The geographic distribution of insects is highly sensitive
to temperature changes.36 Usually after heavy rainfall, there
increase in epidemics/outbreaks of diseases.37 Outbreaks of
leptospirosis, for instance, occur after extreme flooding or
hurricane. Breeding sites of mosquitoes are created along
roadways and in dirty receptacles after heavy rains. 23
Drought increases the infectivity of mosquitoes since
warmer temperature speeds up the malarial parasite inside
the mosquitoes.38 (Table 9) Water-borne diseases are also on
the rise with increased sea surface temperature and sea level
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rise.8,39 In developing countries, heavy rainfall contributes to
the contamination of underground water sources and
surface water due to flooding, hence, coliform regrowth is
expected to increase in water distribution systems.40
Table 9. Climate Change Affecting Disease Transmission8
How Climate Change Affect Diseases Transmission
Shifting of the vector’s geographic range
Increasing reproductive and biting rates
Shortening the pathogen incubation period

Decreased Food Production
Climate change has implications on food production as
well (8) due to variations in temperature and moisture.
These two environmental parameters are significant factors
in germination, growth, and photosynthesis of crops. If
these parameters are altered, agricultural productivity may
be affected. Plant diseases, predator-pest relationships, and
water supply are also the other factors that may be
triggered by climate change, which in turn, affect crop
production.8,19 Famine, as noted by Kovats et al. occurs
when there is climate stress on agriculture. 27 Table 10 shows
how climate change affects food production. Poor health
and lack of hygiene due to limited water and food supply
can further result in water-borne and diarrheal diseases.
Table 10. Climate Change Affecting Food Production
Ways on How Climate Change Could Affect Food Production
Geographical shifts and yield changes in agriculture
Reduction in the quantity of water available for irrigation
Loss of land through rising sea level
Loss of land through rising sea level and the associated salinization
Effects on fisheries productivity through rising sea level and changes in
water temperatures, currents, freshwater flows and nutrient circulation.

Conclusion
Climate science is a wide-ranging discipline of study
and research. Merely looking at the health impacts of climate
change requires interdisciplinary integration of both the
environmental and health sciences.
This review has discussed the impact of climate change
on human health. First, climate change which is a result of
increased concentrations greenhouse gases in interaction
chemically and physically with air-borne pollutants can
cause various cardio-respiratory diseases. Second, direct
health impacts of climate change attributed to climateinduced natural disasters cause increased rates of mortality
and morbidity. Lastly, indirect health impacts of climate
change due to ecological alterations (i.e., change in
transmission patterns of vectors of infectious diseases,
change in agricultural productivity, and contamination of
water sources) can lead to malnutrition and increased
incidences of certain diseases. As the worldwide global
climate continuously changes, the Philippines will be
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continually affected with climate variability, and human
health toll likewise increases.
___________
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