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ARTICLE INFO ABSTRACT

Keywords: Background: Observed increases in the frequency and intensity of heatwave events, together with the projected

Heatwave acceleration of these events worldwide, has led to a rapid expansion in research on the health impacts of extreme

Extreme heat heat.

xorg}g;}’ Objective: To examine how research on heatwaves and their health-related impact is distributed globally.
orbidity

Methods: A systematic review was undertaken. Four online databases were searched for articles examining links
between specific historical heatwave events and their impact on mortality or morbidity. The locations of these
events were mapped at a global scale, and compared to other known characteristics that influence heat-related
illness and death.

Results: When examining the location of heatwave and health impact research worldwide, studies were con-
centrated on mid-latitude, high-income countries of low- to medium-population density. Regions projected to
experience the most extreme heatwaves in the future were not represented. Furthermore, the majority of studies
examined mortality as a key indicator of population-wide impact, rather than the more sensitive indicator of
morbidity.

Conclusion: While global heatwave and health impact research is prolific in some regions, the global population
most at risk of death and illness from extreme heat is under-represented. Heatwave and health impact research is

Population health

needed in regions where this impact is expected to be most severe.

1. Introduction

Climate change has been described as ‘the biggest global health
threat of the 21st Century’, putting the ‘lives and wellbeing of billions of
people at increased risk’ (Costello et al., 2009, p. 1693). Furthermore,
the projected effects of climate change have been described as re-
presenting ‘an unacceptably high and potentially catastrophic risk to
human health’ (Watts et al., 2015). The World Health Organization
(WHO) recognises the overall health impacts of a changing climate as
overwhelmingly negative, with regions exhibiting the poorest health
infrastructure being the least able to adapt, prepare and respond to the
variety of increased health risks likely in a changing climate (World
Health Organization, 2017).

As a result of human-induced changes in climate, global mean sur-
face air temperature shows a rising trend over the last 100 years
(Intergovernmental Panel on Climate Change, 2013). This has led to a

* Corresponding author.

worldwide increase in frequency, intensity and duration of extreme
heat events or heatwaves (Perkins et al., 2012) (noting these terms are
used interchangeably in this paper). The Intergovernmental Panel on
Climate Change 5th Assessment Report indicates an increase in fre-
quency, length and intensity of heatwaves will be ‘very likely over most
land areas’ well into the future (Intergovernmental Panel on Climate
Change, 2013, p. 135).

It is widely accepted that increased exposure to heat has a detri-
mental effect on human health, resulting in increased mortality (death)
and morbidity (illness) across a variety of geographical locations
(Anderson and Bell, 2011; Haines et al., 2006; Loughnan et al., 2010;
Martiello and Giacchi, 2010; Zeng et al., 2016). This effect has been
demonstrated by a number of extreme heat events worldwide, including
in Chicago, USA in 1995 (Whitman et al., 1997), the European-wide
heatwave in 2003 (Kosatsky, 2005) and in South-East Australia in 2009
(Nitschke et al., 2011). Furthermore, a relationship between increasing
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temperature and increasing mortality and morbidity has been found
across several global locations (Michelozzi et al., 2009; Stafoggia et al.,
2006; Sugg et al., 2016; Sung et al., 2013), demonstrating that heat
illness and death can occur irrespective of absolute temperature and
outside a designated extreme event.

While all sectors of the population are at risk of illness and death
when exposed to increased heat, and especially extreme heat, particular
sub-groups are more vulnerable than others. However, relationships
between temperature and health impacts are neither uniform nor pre-
dictable, influenced by a number of complex and interacting factors
including biological, environmental, medical, social and geographical
factors (Klinenberg, 2002; Uejio et al., 2011; Yihan et al., 2013).

While the elderly appear more likely than other age groups to ex-
perience illness and death as a result of extreme heat events—as de-
monstrated in a number of locations around the world including
Europe, Australia and China (Bai et al., 2014; Cerutti et al., 2006;
Fouillet et al., 2006; Johnson et al., 2005; Schaffer et al., 2012)—a
small number of studies show no direct relationship between heat-re-
lated deaths or illness and age (Bustinza et al., 2013; Dalip et al., 2015),
suggesting social factors may be of influence at a local level. Heat-re-
lated mortality also appears to be associated with a range of pre-ex-
isting chronic health conditions, including cardiovascular, cere-
brovascular, respiratory, endocrine, genitourinary, nervous system
conditions and mental health disorders (Fouillet et al., 2006; Haines
et al., 2006), and at different rates in different global locations (Astrom
et al., 2015; Yin and Wang, 2017). Other identified sub-groups with
increased vulnerability to heat-related illness include those working
outdoors or in non-cooled environments (Hanna et al., 2011; Yin and
Wang, 2017) and those using particular medications (Beggs, 2000).
Furthermore, populations living in regions already experiencing hot
weather may experience temperatures rated as non-survivable for hu-
mans in the future (Im et al., 2017; Pal and Eltahir, 2016), making their
existing vulnerabilities more urgent to address.

Social determinants contribute substantially to an increased risk of
heat-related mortality and morbidity. Those living in isolation, in low
socio-economic situations, those who are homeless or living in unsafe
communities, and those living in regions with low access to urban green
space are also more vulnerable to the effects of heat (Bambrick et al.,
2011; Klinenberg, 2002; Loughnan et al., 2013). The urban heat island
(UHI) effect—where temperatures increase in urban areas as a result of
man-made structures and activities—may also increase the risk of ill-
ness and death for vulnerable residents in major cities (Tomlinson et al.,
2011). The UHI effect has been shown to be associated with an in-
creasing impact of heatwaves on populations, in both Europe (Laaidi
et al., 2012; Ward et al., 2016) and China (Tan et al., 2010), and ap-
pears to be more likely in cities with a growing population, rather than
cities with a stable population (Yee Yong et al., 2017). This poses a
major risk to rapidly urbanising regions, especially for populations in
developing countries experiencing multiple vulnerabilities.

The nature of systematic reviews examining the impact of heat-
waves on mortality and morbidity varies considerably. Some reviews
examine the impact of heatwaves on mortality (for example, Xu et al.
(2016) and Hajat and Kosatky (2010)) or on morbidity (for example Li
et al. (2015)) exclusively. A number of reviews examine the breadth
and depth of heatwave and health research across specific populations
(for example, Astrom et al. (2011) and Benmarhnia et al. (2015)); for
specific medical conditions (for example, Bhaskaran et al. (2009),
Phung et al. (2016a, 2016b) and Turner et al. (2012)); and for specific
climates (for example, Burkart et al. (2014)).

A small number of studies examining extreme heat and human
health impact consider geographical factors in the methodology. For
example, Bao et al. (2016) examine cities in China across differing la-
titudes; Medina-Ramon and Schwartz (2007) examine how mortality
differs in response to temperature across multiple US cities with dif-
ferent climates; and Na et al. (2013) examine the relationship between
heat-related illness and temperature across cities in Korea differing in
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regionality and latitude. However, there are no studies examining
heatwave and health impact research at a global scale, and how re-
search concentration and spread differs when examined through a
vulnerability lens. This review seeks to address this gap.

The aim of this study is to describe heatwave and health impact
research at a global scale, using information gathered from previously
published studies on this topic. This study does not include research
characterising the broad relationship between air temperature and
population health outcomes.

The objectives of this study are: (1) to examine the distribution of
heatwave and health impact research globally, (2) to examine changes
in the regional origin of heatwave and health impact publications over
time, (3) to examine these publications in relation to different health
outcomes (the use of mortality and/or morbidity outcomes), and (4) to
determine if this body of research is meeting the needs of the global
population at risk of poor health outcomes due to extreme heat, as
defined by socio-economic status, population density, acclimatisation
capability and physical vulnerability to heatwaves.

2. Methods

Four online databases (PubMed, Scopus, Web of Science and
CINAHL) were searched for heatwave and health impact peer-reviewed
English language articles published to May 2017. No start date was used
in order to capture all historical publications. The following search
terms were used in examining keywords, titles and abstracts: (‘extreme
heat’ OR ‘heat wave*’ OR ‘heatwave*’) AND (‘mortality’ OR ‘morbidity’
OR ‘hospital*’ OR ‘ambulanc*’ OR ‘emergenc*’ OR ‘death’).

Articles were included which examined human mortality and/or
morbidity rates (including ambulance dispatches and/or hospital ad-
missions) with respect to specific heatwave events, and where the main
objective of the study was to determine if a change in these indicators
had occurred during the period of the heatwave. Studies examining
both cold waves and heatwaves were included. Both whole population
level studies and partial population level studies (e.g. the elderly) were
included. Furthermore, mortality and morbidity studies examining all-
cause and cause-specific cases (e.g. cardiovascular disease) were in-
cluded. Some studies examined the effectiveness of different meth-
odologies, for example, Kalkstein (1991), and while assessing the im-
pact of heatwaves on a population was not the intent of the study, the
aim of the study necessitated this. These types of studies were included
in this review.

As stated earlier, studies examining ambient temperature (i.e. the
influence of temperature gradients on health) were not included.
Studies which examined other impacts on health were extremely rare,
and included the impact of extreme heat on pre-term birth (Kent et al.,
2014) and years of life lost (Huang et al., 2012). These were not in-
cluded in this review. Studies evaluating interventions aimed at redu-
cing the public health impact of heatwaves were not included.

For each of these included articles, the location or locations of the
study were determined by examining the title, abstract or full text, and
then recorded in a spreadsheet. Where multiple locations were studied
in one article, all study locations were recorded. For two articles (Bobb
et al., 2014; Wang et al., 2016), study locations were not specified, and
therefore not included or recorded. For one article (Ma et al., 2015)
only a partial list of locations were supplied, and these locations were
included.

If the studied locations were regions (for example, counties, states
or provinces), the largest two cities in those regions were recorded.
Where research involved whole countries, the largest three cities in
those countries were recorded as representative of the country. This
approach enabled populations to be highlighted as the focus of the
research, rather than geographical regions which may be large or dis-
persed.

Data on global wealth was sourced from Shorrocks et al. (2016), and
data on global population density was sourced from the Center for
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Fig. 1. Flow diagram showing search strategy and results.

International Earth Science Information Network (2016).

The articles included in the systematic review were examined in
three ways. Firstly, the global distribution of study locations was
mapped and tabled, including a publication date. Secondly, articles
were scanned to assess which health outcome indicator was used.
Finally, research locations were examined in relation to the needs of
populations at risk of poor health outcomes from extreme heat events.

3. Results and discussion
3.1. Search criteria

Of 1752 papers initially retrieved, 188 were eligible for inclusion,
after removal of duplicates and review of content against the inclusion
criteria (see Fig. 1).

3.2. Global distribution of study locations

From the 188 articles included in the review, 854 locations were
identified where the health impact of heatwaves had been researched.
This reduced to 292 unique values. (For a full list of included articles
and their study locations, see supplementary data.) These locations
were then categorised into continents (see Table 1) and plotted on a
world map (see Fig. 2).

A concentration of research effort was evident in the mid-latitude
temperate zones of North America and southern Europe, followed by
eastern China and southern Australia. Very few studies were found
elsewhere, including tropical and high altitude zones. Almost no studies
covered South and Central America, central and south-east Asia, eastern
and far northern Europe, Africa and the Middle East.

Table 1
Study locations by continent.

Continent No. of study sites No. of unique locations
Africa 0 0
South America 1 1
Australia 34 5
Asia 91 53
Europe 144 64
North America 584 167
TOTAL 854 292
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Studies varied widely in style and methodological approach, making
broad comparisons between studies difficult and not included in the
scope or objectives of this review. Despite heterogeneity between study
locations and health outcome measured, studies found that heatwave
events had a significant impact on ambulance and hospital load in
varying geographical regions. For example, Turner et al. (2013) found a
18.8% increase in total ambulance calls during defined heatwave events
in Brisbane, Australia, while Phung et al. (2017) found a 2.5% increase
in all-cause admissions in Vietnam hospitals during heatwaves.
Ghumman and Horney (2016) showed that residents of Karachi, Paki-
stan were 17 times more likely to die of a heat-related illness during a
defined heatwave period when compared with a non-heatwave re-
ference period, while Isaksen et al. (2016) found a 10% increase in the
risk of death on a heatwave day versus a non-heatwave day, for all
causes and ages in the Seattle region, USA. Some studies identified
social risk factors impacted health outcomes during heatwave events.
For example, Madrigano et al. (2015) demonstrated that heat-related
deaths were more likely among poor black populations, especially those
living in areas with relatively less green space. Vanhems et al. (2003)
found those living in socially isolated conditions with limited access to
health care and health information were most likely to be affected.
Other studies highlighted the importance of this type of research in
influencing government policy and procedures in the management of
and response to heatwave events, for example, Wang et al. (2015) and
Bustinza et al. (2013).

While it is evident that heatwave research is lacking in several re-
gions across the world (for example, Africa and South America), this
may be attributable in some part to the lack of research funding in these
areas, a dearth of active researchers located within the study areas, and
issues with data availability. For example, a lack of resources and in-
frastructure needed for adequate and robust data collection methods,
enabling data of good quality to be available to researchers, may not be
paramount in locations where general health infrastructure is poor. To
address the paucity of research in areas of high heatwave and health
impact risk, emphasis must be placed on developing access to reliable
datasets.

While out of the scope of this paper, heatwave and health impact
research may potentially constitute one case study of several high-
lighting research funding inequities between richer and poorer regions.

3.3. Publication date

The publication year of each article, along with the continent of
study location, was recorded and charted. For this analysis only, studies
from 2017 were eliminated to allow for complete years of analysis,
leaving 177 publications (see Fig. 3).

The number of published studies per year demonstrates an overall
increase from around 2002. Although relatively consistent from 2002 to
2011, there was a marked increase from 2012. The total number of
studies published in the five years between 2012 and 2016 was 84,
compared to 93 studies published in the previous 48 years combined.

Examining research publications by both date and region of origin
uncovers two noteworthy points. Firstly, the marked increase in pub-
lications in 2005-2006 (when compared to previous years) was ac-
counted for by studies examining the severe European heatwave in
2003. Similarly, the severe heatwave in south-east Australia in 2009
preceded a number of Australian studies published in 2010, accounting
for a publication spike in this year. While small in number, these two
examples may suggest that specific severe heatwave events increase the
number of published studies in subsequent years. Examination of this
trend in the future would be worthwhile, especially as the frequency
and severity of heatwave events worldwide continues to rise
(Intergovernmental Panel on Climate Change, 2013).

Secondly, prior to 2002 studies concentrating on locations in North
America (primarily the United States) were almost three times more
common than those covering locations in Europe, and over ten times
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Fig. 2. Locations of heatwave and health impact research, 1964-2017.

more common than those covering locations in Asia. In the period
2002-2011, the balance shifted to a greater proportion of studies lo-
cated in Europe, now three times more likely than studies located in
North America. Australian studies were first represented in this period
also. Studies in Asia (primarily in China) became prominent after 2010,
and by 2016 represented almost 40% of the worldwide studies for that
year. The rapidly changing nature of heatwave and health impact re-
search region of origin indicates that investigator capacity is growing
and changing in response to a growing identified risk in more vulner-
able regions. Taken together with the rise in research output after a
specific heatwave event, these trends may suggest that researchers are
strongly responsive to the demands and interests of policy-makers and
society in this particular field.

3.4. Evaluated health outcomes

Included articles represented both mortality and morbidity studies
(hospital admissions and ambulance/emergency medical services
(EMS) call outs), including those with a mix of these outcomes. Of the
188 articles, mortality studies were most highly represented at 61%
(n = 114), followed by hospital admission studies at 21% (n = 40),
mixed studies at 13% (n = 24), and ambulance/EMS call out studies at
5% (n = 10) (see Fig. 4).

Mortality was assessed as the main outcome measure more than all
other types combined. This may potentially be a practicality of the
studies in question, as mortality data are usually available for large-
scale population level studies. However, as an early sign of heatwave
impact on a population, mortality is a blunt measure of population-

Heatwave and health impact publications by continent, 1964-2016
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Fig. 3. Number of published heatwave and health impact research articles per year, by continent (1964-2016).
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Heatwave and health impact publications by health outcome type
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Fig. 4. Heatwave and health impact publications by health outcome type.
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Fig. 5. Global average wealth per adult 2016, adapted from Shorrocks et al. (2016), with locations of heatwaves and health impact research.

wide heat impact (Chan et al., 2001), with morbidity a more subtle
measure (Bi et al., 2011). A focus on mortality rather than morbidity as
an indicator of heatwave impact tends to overshadow impacts that are
less extreme than death, yet also significant to the narrative that ex-
plains extreme heat and health-related impact on a population. For
example, research on how extreme heat impacts productivity or output
for outdoor workers remains relatively unexplored, but has the poten-
tial to impact the economy (Hanna et al., 2011). These more nuanced
but important measures of extreme heat impact remain a critical part of
research, discussion and public policy concerning heatwaves.

The global distribution of research by health outcome type was
generally consistent with the overall distribution, with no one region
displaying a predominance of any particular health outcome study type.

214

3.5. Vulnerable populations

The distribution of heatwave and health impact research leads to a
comparison with other types of global distribution mapping ap-
proaches, such as wealth distribution and population density.
Comparisons can also be made across the spread of latitudes re-
presented by heatwaves and health impact research.

By examining global wealth distribution alongside global heatwave
and health impact research distribution, an understanding of how social
constructs may influence research delivery is gained. Low-income re-
gions, or regions experiencing high poverty, are less likely to have
comprehensive data collection systems, inhibiting detection and eva-
luation of extreme events, and less capacity to adapt and respond to
these threats when they do occur (Olsson et al., 2014). Poorer countries
are less likely to have active researchers located within the country, and
have less access to research funds. Furthermore, extreme climatic
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events, including heatwaves, tend to exacerbate existing poverty due to
impacts on water resources, agriculture and livelihood (Olsson et al.,
2014).

While still impacted by heatwaves as a result of geography and
meteorological conditions, high-income countries tend to have access to
resources and strategies to reduce this impact. These may include (but
not be limited to) the implementation of alert and warning systems
(Lowe et al., 2011), access to community-wide prevention strategies,
for example, the provision of public cool spaces (Eisenman et al., 2016),
and adequate medical care for those experiencing heat-related illness.

In mapping wealth distribution alongside the location of heatwave
and health impact research across the globe, it can be seen that this
research tends to be concentrated in high- to very high-income coun-
tries. With the exception of China, relatively few or no studies examine
the impact of heatwaves in middle- to low-income regions (see Fig. 5).
This effect is consistent with expected social influences on research, and
is not isolated to extreme heat research. A similar distribution is noted
by Schmitt et al. (2016) in a review of the economic evaluations of
health impacts in other weather-related extreme events.

China’s research response to extreme heat events is notable as the
only low- to middle-income country with a major research effort on
heatwaves. Given the high number of people affected, overall climate
change impacts in China are recognised as the greatest in absolute
population terms, with significant social and health impacts as a result
of melting glaciers, rising sea levels and an increase in natural disasters
(Lai, 2009). China’s top-down approach to policy-making in the climate
change sector (known as ‘authoritarian environmentalism’) has resulted
in public mandates associated with energy efficiency and transport,
with research to develop and direct these policy mandates considered
key to the process (Gilley, 2012).

Mapping population density alongside global heatwave and health
impact research distribution allows further insight into how social in-
fluences shape research outcomes. While there is some concentration of
heatwave and health impact research in areas of medium to high po-
pulation density (for example, United States, southern Europe and
eastern China), there is a paucity of research covering other highly
population-dense regions. These include Central America, central
Africa, eastern Europe, the Middle East, India, Bangladesh, Pakistan
and south-east Asia, especially Indonesia (see Fig. 6).

Heatwaves have been shown to have an increased mortality effect
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on communities with higher relative population densities (Medina-
Ramon and Schwartz, 2007). Furthermore, the population density of
urban areas is closely linked to the UHI effect (Elsayed, 2012), where
increased urban infrastructure and development create significantly
warmer ground temperatures than experienced in less developed areas.

While strength of association between global wealth, population
density and research distribution is out of scope for this study, this area
is worthy of further research to extend these initial findings.

Heatwave and health impact research was concentrated in regions
in the mid-latitudes (approximately between 25° and 55° either side of
the equator), with a lack of research apparent in the tropics (within 25°
either side of the equator) and at higher latitudes (over 55° either side
of the equator) (see Fig. 7). The bulk of high-income countries are si-
tuated in the mid-latitudes, with locations in the European and North
American continents representing approximately 80% of all heatwave
and health-related research (see Table 1).

Tropical climates are notably under-represented in heatwave and
health impact research. The small number of studies located in tropical
regions evaluated in this review found links between heatwaves and all-
cause hospitalisation in Vietnam (10°-23°N) (Phung et al., 2017),
heatwaves and all-cause mortality in Ahmedabad, India (23°N) (Azhar
et al.,, 2014) and Guangzhou, China (23°N) (Yang et al., 2013) and
heatwaves and mortality from non-infectious diseases in Vadu, India
(18°N) (Ingole et al., 2015). The few studies that covered tropical re-
gions, while examining specific causes, specific populations or high
ambient temperatures, found elevated rates of cardiovascular hospital
admissions during high temperatures in Vietnam (10°-23°N) (Phung
et al., 2016a); elevated mortality for stroke and cardiovascular disease
during high temperatures in Puerto Rico (18°N) (Mendez-Lazaro et al.,
2016); and higher mortality rates during the hottest season in Burkina
Faso (10°-15°N) (Kynast-Wolf et al., 2010). The combined results of
these studies tend to suggest that tropical regions are prone to extreme
heat health-related impacts, but better characterising of the risks is
needed.

While regions at higher latitudes tend to have relatively cooler
maximum summer temperatures and experience heatwaves less often
when compared to regions in mid and lower latitudes, a number of
studies indicate that populations at higher latitudes still experience
significant heat-related health risks. Multi-city or nationwide studies
demonstrated this effect in the United States (Curriero et al., 2002),

sr-!i-

k!
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Fig. 6. Global population density 2016, adapted from the Center for International Earth Science Information Network (