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Abstract
Heat is an environmental and occupational hazard. The prevention
of deaths in the community caused by extreme high temperatures
(heat waves) is now an issue of public health concern. The risk of
heat-related mortality increases with natural aging, but persons with
particular social and/or physical vulnerability are also at risk. Im-
portant differences in vulnerability exist between populations, de-
pending on climate, culture, infrastructure (housing), and other fac-
tors. Public health measures include health promotion and heat wave
warning systems, but the effectiveness of acute measures in response
to heat waves has not yet been formally evaluated. Climate change
will increase the frequency and the intensity of heat waves, and a
range of measures, including improvements to housing, manage-
ment of chronic diseases, and institutional care of the elderly and
the vulnerable, will need to be developed to reduce health impacts.
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HHWS: heat health
warning system

NWS: national
weather services

INTRODUCTION

Heat is a natural hazard, and much is known
about the effects of high temperatures on the
human body. Episodes of extreme tempera-
ture can have significant impacts on health and
present a challenge for public health and civil
protection services. Further, one of the more
certain impacts of future anthropogenic cli-
mate change will be an increase in heat waves
in many populations, and such heat waves will
be more intense (35).

Human populations are acclimatized to
their local climates, in physiological, behav-
ioral, and cultural terms. There are clear and
absolute limits to the amount of heat exposure
an individual can tolerate. However, human
capacity to adapt to varied climates and en-
vironments is considerable. Most homes have
an indoor temperature of 63◦F to 87◦F, and
people do not comfortably live in tempera-
tures outside this range. The tolerance range
of an individual is usually much less than this
and will narrow with age or illness.

This article reviews the current epidemi-
ological information on the impacts of heat
waves and hot weather and the implications
for public health. This topic has become a
rapidly growing area of epidemiological re-
search. Since the 2003 heat wave, most coun-
tries in Western Europe have implemented
some public health measures for heat waves,
mostly in the form of heat health warning
systems (HHWS). The relatively rapid devel-
opment of these systems is a success of pub-
lic health. However, although more is known
about who is most vulnerable to heat waves,
there is very limited evidence on the most ef-
fective ways to prevent heat-related mortality,
particularly in community settings.

The Effects of Heat on the Body

Healthy adult persons have efficient heat reg-
ulatory mechanisms, which cope with in-
creases in temperature up to a particular
threshold. The body can increase radiant,
convective, and evaporative heat loss by va-
sodilatation and perspiration (43). Experi-

mental data have been used to describe a wide
range of thermal indices (more than 300) (79)
and for setting important occupational and
other standards to limit exposure to heat and
the associated health effects (77). The physio-
logical effects of heat are reviewed extensively
elsewhere, but there is a lack of evidence on
heat tolerance in women, in the elderly, and
in persons with chronic disease (see below).

High temperatures cause the clinical syn-
dromes of heat stroke, heat exhaustion, heat
syncope, and heat cramps (42). Severe heat
stroke occurs when the core body tempera-
ture exceeds 103◦F and leads to multiple or-
gan dysfunction. Heat stroke has a substantial
case-mortality ratio, and progression to death
can be very rapid (within hours). In survivors,
the permanent damage to organ systems (17)
can cause severe functional impairment (16)
and increase the risk of early mortality (97).

HEAT WAVES AND THEIR
IMPACTS ON HEALTH

This review focuses on the prevention of heat-
related impacts in community settings. The
heat wave in France in August 2003 caused
14,802 deaths in a 20-day period (33). A ma-
jor heat wave in Athens in 1987 was associ-
ated with more than 2000 deaths (39). Other
well-studied heat waves include several in the
U.S. Midwest region, particularly the 1995
Chicago event (46). What constitutes a heat
wave event is loosely defined, and national
weather services (NWS) have developed their
own definitions on a national or local basis.
In practice, the term heat wave is applied to
a wide range of meteorological conditions,
from moderate to severe. Heat waves, in terms
of a disaster or emergency, i.e., that involve
some aspect of the overwhelming of public
services, are rare. Unfortunately, best practice
guidelines had not been developed in Europe
or the United States until recently. Table 1
lists the heat wave events in Europe that have
been reported in the health literature. Major
heat wave events are also associated with other
health hazards such as air pollution episodes,
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Table 1 Heat wave events and attributed mortality in Europe (adapted from Reference 52)

Heat wave event Attributable mortality (% increase) Baseline measure
1976—London, UK 9.7% increase England and Wales and

15.4% Greater London
31-day moving average of daily mortality
in same year

1981–Portugal 1906 excess deaths (all cause, all ages)
in Portugal, 406 in Lisbon (month of
July)

Predicted values

1983—Rome, Italy 35% increase in deaths in July 83 in
65+ age group

Compared with deaths in same month in
previous year

1987—Athens, Greece estimated excess mortality >2000 Time trend regression adjusted
July 21–31
1991—Portugal 997 excess deaths Predicted values
July 12–21
1995—London, UK 11.2% (768) in England and Wales,

23% (184) Greater London
31-day moving average of daily mortality
in previous two years

July 30–August 3
1994—Netherlands 24.4% increase, 1057 (95% CI 913,

1201)
31-day moving average of previous 2 years

July 19–31
2003—Italy, 3134 (15%) in all Italian capitals Deaths in same period in 2002
June 1–August 15
2003—France 14802 (60%) Average of deaths for same period in years

2000 to 2002
August 1–20
2003—Portugal 1854 (40%) Deaths in same period in 1997–2001
August 1–31
2003—Spain 3166 (8%) Deaths in same period 1990–2002
August 1–31
2003—Switzerland, 975 deaths (6.9%) Predicted values from Poisson regression

model
June 1–August 31 (3 months)
2003—Netherlands

1400 deaths Number of degrees above 72◦F multiplied
by the estimated number of excess deaths
per degree (25–35 excess deaths)

June 1–August 23
2003—Baden-Wuerttemberg,

Germany

1410 deaths Calculations based on mortality of past
five years

August 1–24
2003—Belgium
August 4–13

1297 deaths for age group older than 65 Average of deaths for same period in years
1985–2002

2003—England and Wales 2091 (17%). Mortality in London
region: 616 deaths (42% excess)

Average of deaths for same period in years
1998 to 2002

wild fires, and water and electricity supply fail-
ures, which also have implications for public
health action.

The excess mortality attributed to a heat
wave event is the short-term increase in the
numbers of deaths (Figure 1), a peak in mor-

tality similar to that seen for very severe pol-
lution episodes. The estimated number of
deaths therefore depend on the definition of
the heat episode. Reviews have shown that
the total impact of a heat wave event will be
dependent on a number of factors including
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heat wave magnitude, timing in season, pop-
ulation experience of heat wave events, and
public health responses (47).

The majority of heat wave studies have
considered impacts on mortality because daily
deaths data are generally readily available in
high-income countries. Heat waves are also
associated with increases in emergency hos-
pital admissions (36, 51, 84). During the Au-
gust 2003 heat wave, an increase in admis-
sions was reported in Spain (10) and in France,
where many hospitals were overwhelmed (27,
54, 96). Heat-related increases in emergency
admissions are most apparent for particular
outcomes, including renal and respiratory dis-
ease, particularly in the elderly (51). Higher
temperatures are not associated with increases
in admissions for cardiovascular disease (51,
76), although some effect is apparent in the
United States (83). Health system factors,
such as admission thresholds, may explain
some of this difference. Studies so far have in-
dicated that increases in hospital admissions
during heat waves are not as severe as those
seen in mortality data. One reason for this
may be that people who die during heat waves
die suddenly or do not reach the attention of
the medical services. The latter hypothesis has
implications for health protection measures.

METHODS OF
CHARACTERIZING THE
TEMPERATURE-MORTALITY
RELATIONSHIP

Assessment of Heat Wave Effects

Heat waves have a greater impact on mor-
tality than shown in the reported number of
deaths or cases certified as classic heat illness.
Figure 1 illustrates the peak in all-cause mor-
tality associated with an acute heat episode.
Heat episode analyses are traditionally used
to investigate health—usually mortality—
during specific heat wave events (39, 48, 60,
95, 100). These describe mortality counts or
rates during a heat wave and are compared
with a baseline usually derived from the same

time period in surrounding years. The period
of interest should differ from the compari-
son period only with regard to a heat wave
occurrence, and so any general trends in the
baseline mortality series need to be avoided or
allowed for. An alternative is to create the ex-
pected values using a regression model with
explicit control for season and other time-
varying confounders (see below).

Assessment of Heat Effects

Time-series regression. Regression mod-
els of time-series data are often used to quan-
tify the general heat-mortality relationship
observed throughout the summer (8, 14, 41,
101). The general principle of a time-series
regression approach involves assessment of
any short-term associations between regular
measurements of the health outcome and the
exposure (e.g., daily death counts and daily
temperature over a number of years). The
methods used are closely related to those de-
veloped for air pollution epidemiology (40,
81). Unlike air pollution, however, the effects
of temperature on mortality cannot be as-
sumed to follow a general linear form. In pop-
ulations with a temperate climate, a general
U- or V-shaped relationship exists between
daily mortality counts and temperature, with
deaths increasing as temperatures fall, but also
as temperatures rise above population-specific
threshold values (14).

Multiple lag times are associated with tem-
perature exposures, especially in relation to
cold weather, but heat effects may also be de-
layed by up to a few days. The effects of expo-
sure on multiple days, including any negative
risks arising from mortality displacement (see
below) may be modeled using a distributed
lag curve (7, 8, 30, 99). The use of cross-basis
functions has also recently been proposed to
allow for flexible modeling of changes in co-
efficients with changing lags (3). The key is-
sue with the time-series design is the opti-
mal control for confounding by season and
other causes of fluctuations in mortality over
time.
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Case-crossover study. If individual-level
mortality records are available, an increas-
ingly common alternative to time-series re-
gression is the case-crossover design, in which
the day of death of each individual is consid-
ered a case, and proximate days (e.g., +/−7
days) are controls (89). The analytic approach
is then akin to that for a matched case-control
study. This approach circumvents the need for
seasonal control but can be subject to other bi-
ases, especially in relation to the choice of con-
trols (58). The method is being increasingly
refined as knowledge accumulates about po-
tential biases, and investigators have recently
favored a time-stratified design in which con-
trol days are chosen from time strata a pri-
ori (4, 57). Such designs are a special case of
the general case-series approach (22). An im-
portant consideration in both time-series and
case-crossover studies is serial correlation, the
nonindependence of consecutive days.

Effect Modification

In addition to the approaches above, other
designs have also been used to assess effect
modification of the heat-mortality relation-
ship. The case-only approach has been used
to quantify the modification effect of several
risk factors but does not give an indication of
the overall effect (2, 82). Several case-control
studies have also been undertaken on heat
wave events in Chicago (85) and Paris (94).
These studies used live controls and there-
fore may also be estimating factors that deter-
mine the risk of death per se, rather than the
determinants of a heat-related death. Strati-
fying daily mortality series by subgroup can
also be used to investigate effect modification
(26, 31). However, the number of subgroups
that can be investigated using this method is
normally quite limited.

Mortality Displacement

A key consideration about the correct public
health interpretation of the heat effect esti-
mates is the extent to which heat deaths occur

AT: apparent
temperature

in already frail individuals whose death may be
hastened by the heat exposure by only a mat-
ter of days—so-called short-term mortality
displacement or early harvesting. Studies us-
ing heat episode analysis rarely consider post–
heat wave periods to assess whether excesses in
mortality during a heat wave are followed by
subsequent deficits in expected deaths, consis-
tent with a harvesting process. Recent studies
using penalized splines to model the mortality
pattern during the Paris (56) and Chicago (37)
heat waves suggested little evidence of har-
vesting during these very extreme heat wave
events. Assessment of a harvesting process
during a heat wave is complicated by the fact
that any negative risk following an initial hot
day may be masked by an increased risk from
further heat exposure from subsequent hot
days; these two opposing effects cannot be
separated. Time-series studies have demon-
strated some degree of mortality displacement
following general heat-related deaths (7, 30).

Other Issues

Also of importance is the correct parameter-
ization of the exposures measure. Mean tem-
perature is commonly used, with control for
confounding with humidity. Combined in-
dices of temperature and humidity, such as
apparent temperature (AT), are also used as a
construct that characterizes the physiological
experience better than just temperature alone
(90). However, in a recent assessment, AT was
not a better predictor of mortality than was
mean temperature in two of three European
cities (29).

Although some major studies of temper-
ature and mortality have not controlled for
the effects of air pollutants (7, 14), more re-
cent work has suggested that heat effects are
likely to persist even after control for air pollu-
tion, and weather risk assessments are best in-
formed by analyses that account for PM10 and
ozone in particular (73). Heat episode analyses
implicitly control for the air pollution con-
centrations because the baseline represents
the seasonal norm; however, there exists the
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possibility of synergistic effects of air pollu-
tion with heat, which may be more apparent
during extreme events (38).

DETERMINANTS OF
HEAT-RELATED MORTALITY
AND MORBIDITY

Public health interventions are often targeted
at high-risk groups, and it is therefore impor-
tant to identify those most vulnerable to dy-
ing in a heat wave. Published epidemiological
studies are available for three main categories
of exposure related to hot weather:

� individual heat wave events;
� days with temperatures above a speci-

fied heat threshold, as described in time-
series regression studies; and

� classic heat stroke related to hot weather
(note that a significant proportion of
heat stroke is not related to heat wave
days).

Risk factors can also be categorized as in-
trinsic (age, disability) and extrinsic (housing,
behaviors); the latter vary according to loca-
tion and adaptations to the local climate. The
risk factors can operate at many stages along
the causal chain from high ambient temper-
ature to death (Figure 2). Effective health
protection measures have important effects

on the risk of heat-related mortality at the
population level and may modify the risks by
age group (15). However, there is little pub-
lished information as yet on the effectiveness
of such measures, although it is clear that the
mortality response can change dramatically
from one heat wave to the next (see below)
(65).

Climate itself is an important determi-
nant of population sensitivity to temperature
because it influences the level of acclima-
tization in individuals. The threshold tem-
peratures for heat-related mortality effects
are related to the local summer temperature.
That is, the temperature above which mor-
tality increases with increasing temperature
is higher in warmer climates compared with
cooler climates. The slope of the temperature-
mortality response, however, is rather het-
erogeneous and in general not predicted by
latitude, as shown by comparisons of cities
within the United States (14), Europe (66),
and around the world (62).

Age and Aging

Vulnerability to heat in old age occurs be-
cause of changes in the thermoregulatory sys-
tem (23, 28, 93). Epidemiological studies of
heat-related mortality show a larger effect in

Heat Heat stress
Heat illness

(clinical signs) Heat death

Factors 
affecting
exposure

Factors 
affecting
access to 
treatment

Factors 
affecting

sensitivity to 
a given heat 

exposure

Figure 2
Points along the causal chain from heat exposure to heat death.
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the elderly; the risk increases with increasing
age above ∼50 years old.

Children and babies also have limited abil-
ity to thermoregulate. Children are also more
at risk of dehydration than are adults. Child
deaths from heat stroke occurred in France
during the heat waves in 2003 (78) and 2006
(21). However, time-series and episode analy-
ses indicate no excess in mortality in children
due to heat waves [except the 1981 and 1991
heat waves in Portugal (25, 74)].

Heat mortality risk varies by both age and
sex. The majority of European studies have
shown that women are more at risk, in both
relative and absolute terms, of dying in a heat
wave. There maybe some physiological rea-
sons for an increased risk in elderly women
(9, 32), but social factors are also important.
In Paris, the heat risk increased for unmarried
men, but not unmarried women (11). In the
United States, elderly men are more at risk
in heat waves than are women, and this was
particularly apparent in the Chicago events
(85, 100). This vulnerability may be due to
the level of social isolation among elderly men
(46). Evidence for the importance of social
contact as protective for heat wave mortality
is based on case control studies conducted in
the United States (68, 85). Men are also more
at risk of heatstroke mortality because they
are more likely to be active in hot weather
(13).

Clinical or Pathophysiological
Factors

In addition to the natural patterns of aging
(or senescence) on homeostatic mechanisms,
several medical conditions increase vulnera-
bility to heat stress. Epidemiological studies
indicate that people with depression, cardio-
vascular and cerebrovascular conditions (89),
and diabetes (82) need to take extra care in
hot weather. The literature on pathophysiol-
ogy of heat is incomplete. Many deaths that
are attributed to heat are not caused by heat
stroke nor are they even in persons that ex-
hibit the clinical signs of heat stress. There

are likely several mechanisms by which a per-
son may die during a heat wave because the
environmental temperatures place extra strain
on the cardiovascular system. The person be-
comes dehydrated, displaying increased blood
viscosity and other physiological changes. In
theory, any illness that compromises ther-
moregulation will increase the risk of heat-
related death. If the exposure to heat is severe
enough, even healthy people will succumb to
heat stroke. Illnesses also compromise mobil-
ity, awareness, and behavior. Therefore, some
conditions, such as dementia and Parkinson’s
disease, are also important risk factors for
heat mortality. In addition, a range of com-
mon medications interfere with thermoregu-
lation (anticholinergics interfere with sweat-
ing, diuretics can cause dehydration, etc.)
(17, 19, 44).

Living in Institutions

The heat wave in 2003 caused a severe impact
on elderly persons in hospital and in residen-
tial homes. The mortality rate doubled in the
75+ age group for persons living in retirement
homes in France (24). In 2003, such institu-
tions in France, Italy, and the United King-
dom were generally without air conditioning.
A study in the United Kingdom also found a
much higher heat risk in nursing home pa-
tients and care home patients, with lowest
risk in persons living at home (31). The res-
idents of institutions therefore represent an
important high-risk group for heat wave in-
terventions. In France, the government has
since recommended that homes for the el-
derly have at least one cool room (63). In
the southern United States, there appears to
be little heat-related mortality in care homes,
except when an air conditioning system fail-
ure occurs (92). The risk of heat-related mor-
tality is determined by level of disability (or
frailty) in the nursing home setting (5); how-
ever, a study in France suggested that as med-
ical care during the heat wave was directed
toward the most vulnerable patients, the less-
frail patients made the largest contribution to
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the excess mortality estimated during the heat
wave (34).

Housing Characteristics
and Air Conditioning

People spend the most of their time indoors.
There is relatively little evidence that certain
types of housing (and thermal behavior) in-
crease vulnerability. Brick houses (with a high
thermal mass), top floor apartments with no
through ventilation, and closed windows are
associated with an increased risk of mortality
during a heat wave (67, 94).

U.S. studies indicate that air condition-
ing is an important protective factor for heat-
related mortality (85). In Europe, there is lit-
tle domestic air conditioning, although this
is expected to change in the coming decades.
Lack of air conditioning may explain the risk
of heat stroke in poor urban elderly persons
in some U.S. inner cities because the role of
high energy costs and the loss of income sup-
port was an issue during the Chicago heat
wave (46). Power failures are common dur-
ing heat waves because of sudden increases
in electricity demand (20). Some investigators
suggest that widespread use of air condition-
ing may reduce physiological acclimatization
and can therefore make people more suscep-
tible to heat waves, but the evidence is unclear
(72).

Socioeconomic Factors

Deprivation, particularly in the inner city,
is an important determinant of heat wave
and heat stroke mortality risk in the United
States, but the evidence is less clear for Euro-
pean populations. The heat wave in Pheonix
in 2006 was responsible for 13 heat stroke
deaths, of which 11 were homeless people.
Most studies of the 2003 heat wave in Eu-
rope report little or no effect of deprivation on
mortality risk (6, 31, 89), although one study
in Italy reported a higher risk in low-income
groups (64). Individuals on low incomes are
more likely to have a chronic disease or other

medical risk factors, such as obesity or men-
tal illness, and less adequate types of housing,
which will all modify the risk of heat-related
mortality.

Urban Heat Islands

Urban heat islands are a factor in many cities
and refer to the difference in temperatures
measured inside and outside the city (70, 71).
Heat islands have been particularly important
in some heat wave events (53, 98). Heat is-
lands are dynamic in time and space and are
therefore hard to quantify either spatially or
temporally for individual heat wave events.
Although much is known about the factors
of the built environment that increase temper-
atures, when estimating health effects within
a city, confounding by housing type and so-
cioeconomic factors becomes very important.
Several studies show that mortality is more
sensitive to heat in urban areas compared with
rural and suburban areas. One reason for this
could be that urban heat islands magnify night
time temperatures. The importance of heat is-
lands may vary, as cities in southern Europe
are more adapted to heat than are those in
northern Europe (31, 87). A study in Spain
found that excess mortality during the August
2003 heat wave was comparable in rural vil-
lages and in the provincial capital (61).

IMPLICATIONS FOR
PUBLIC HEALTH

Many public health lessons were learned fol-
lowing the August 2003 heat wave in western
Europe (86). The key problems identified by
the French government included the lack of
an intervention plan for heat waves and the
lack of coordination between the social ser-
vices and health agencies. In addition, very
few care homes (“maison de retrait”) had air
conditioning or other space cooling, and these
buildings simply became too hot. However,
the heat wave itself was so severe that it could
not have been anticipated (59, 86). It is very
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likely that anthropogenic climate change has
doubled the likelihood of such events (91).

Many countries now have heat wave plans
that dictate a range of public health interven-
tions. Health education about prevention and
identification of the first signs of heat stress is
the most important public health strategy, but
such campaigns must be repeated at the begin-
ning of every summer. HHWSs use meteoro-
logical forecasts to reduce the impact of heat
waves on human health (49). The challenge
lies in determining at which point the weather
conditions become sufficiently hazardous to
human health in a given population to warrant
intervention (47, 50, 69, 88). Warnings issued
to the general public during a heat wave re-
inforce the general heat-avoidance messages.
The active components of HHWSs, such as
identifying and contacting high-risk individ-
uals, vary from city to city. Intervention plans
should be best suited for local needs through
coordination between the local health agen-
cies, social services, voluntary agencies, and
the NWS.

The heat wave in 2006 in western Europe
was associated with much less impact on mor-
tality than that in 2003 (21). It is not straight-
forward to compare directly the impacts of
heat waves in terms of numbers of deaths, ei-
ther in different cities or in the same city over
time (15, 50). Fewer heat-related deaths oc-
curred in Chicago during the 1999 heat wave
compared with the earlier 1995 event. Al-
though some of this reduction in mortality was
attributed to the successful implementation of
prevention measures, such as the opening of
cooling centers (75), as well as an increase in
air conditioning use, there would also have
been a significant increase in the general level
of awareness of heat waves impacts and public
health messages.

Another important issue that has been
identified is lack of health surveillance for
heat wave mortality. In 2003, surveillance of
general mortality on a daily basis was not
available, and systems could not detect an in-
crease in deaths in the elderly from nonspe-
cific causes (1). Some countries consequently

Table 2 Recent trends, assessment of human influence on the trend, and projections for extreme weather events for
which there is an observed late-twentieth-century trend [Fourth Assessment Report of the Intergovernmental Panel on
Climate Change (35)]

Phenomenon and direction of trend

Likelihood that trend
occurred in late

twentieth century
(typically post-1960)

Likelihood of a
human contribution
to observed trend

Likelihood of future
trends based on
projections for

twenty-first century
Warmer and fewer cold days and nights
over most land areas

Very likely Likely Virtually certain

Warmer and more frequent hot days and
nights over most land areas

Very likely Likely (nights) Virtually certain

Warm spells/heat waves. Frequency
increases over most land areas

Likely More likely than not Very likely

Heavy precipitation events. Frequency
(or proportion of total rainfall from
heavy falls) increases over most areas

Likely More likely than not Very likely

Area affected by droughts increases Likely in many regions
since 1970s

More likely than not Likely

Intense tropical cyclone activity increases Likely in some regions
since 1970

More likely than not Likely

Increased incidence of extreme high sea
level (excludes tsunamis)

Likely More likely than not Likely
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now use other indicators that are available on
a 24-hour basis, such as a telephone advice line
in the United Kingdom, to support decision
making for heat wave alerts (55).

CONCLUSION

Heat health protection strategies require fur-
ther research to identify those that are truly
effective in reducing mortality due to heat
waves. The limited epidemiological evidence
suggests that targeting high-risk groups may
not be the most effective strategy but that sus-
tainable improvements in the health of the
vulnerable elderly are required.

Global climate change is likely to be ac-
companied by an increase in the frequency
and intensity of heat waves (Table 2). In the
long term, as the climate changes, populations
are likely to become less sensitive to temper-
ature extremes owing to improvements in the
underlying health of the population (12, 18).
Conversely, populations are aging, and the
number of elderly people susceptible to tem-
perature extremes will increase. There is also a
trend toward more energy-intensive buildings
that need to be artificially cooled (80). Thus
we must also build houses and cities that are
cooler as well as more sustainable and energy
efficient.

SUMMARY POINTS

1. A range of epidemiological study designs are used to quantify the effect of temperature
on mortality and explore effect modification, including time-series regression; episode
analyses; and case-control, case-only, and case-crossover methods.

2. Mortality due to heat waves is most pronounced among the elderly, but other groups
are also at risk, including adults with chronic disease and children. The epidemiologi-
cal evidence base needs to be reviewed regularly to determine the advice on targeting
certain groups with prevention strategies.

3. A range of measures, including health advice and weather-based alerts, are used to
prevent heat wave deaths, but there is no clear evidence about the most effective
measures in community settings, particularly in targeting the very vulnerable.

4. Climate change will increase the frequency and the intensity of heat waves, and a range
of measures—including improvements to housing, management of chronic diseases,
and institutional care of the elderly and the vulnerable—will need to be developed to
reduce future impacts of heat.
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Figure 1

Daily mortality in Greater London, 2003, by age group.
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