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Abbreviations Used 
CI Confidence Interval 

CET Central England Temperature 

DOH Department of Health 

GCM  Global Change Model 

GDP Gross Domestic Product 

IPCC Inter-governmental Panel on Climate Change 

MI Myocardial Infarction 

MMT Minimum Mortality Temperature 

ONS Office of National Statistics 

PM Particulate matter 

RA Risk Assessment 

RCP Representative Concentration Pathways.  These represent four greenhouse 
gas trajectories used in the fifth IPCC report (AR5) 

SRES Special Report Emissions Scenarios.  Produced by the IPCC, these are 
baseline scenarios and include the A1 family (an integrated world)A1F1 
(emphasis on fossil fuels) A1B1 (balanced emphasis on all energy sources) 
A1T (emphasis on non -fossil energy sources).  A2 (more divided world, self-
reliant nations, increasing populations, regionally orientated economic 
development). B1 (rapid economic growth but towards a service and IT 
economy, population rises then declines past 2050introduction of clean and 
efficient technologies) B2 (world more divided but more ecologically aware) 

UHI Urban Heat Island 

UK United Kingdom 

UKCP09 UK Climate Projections – UKCP09 represent the 5th generation of climate 
projections for the UK and are presented for three different future scenarios, 
representing low, medium and high emissions. 

YLL Years of Life Lost 
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Key messages 
 

 

 There is a known association between increased temperature (heat) and heat waves and 
increased mortality in the UK. (High Confidence) 

 

 The association between increased temperatures and other health and wellbeing outcomes is 
not as consistent as for mortality, and only known to be present for selected outcomes (for 
example, emergency respiratory admissions). (High confidence) 

 

 Older persons (>75 years) are most vulnerable to the mortality effects of increased 
temperatures. This is important given future population projections predict increased elderly 
populations. (High confidence) 
 

 Mean temperatures in the UK are projected to increase between 2°C and 5°C by the end of the 
century using UKCP09 projections under a medium emissions scenario and heat waves are 
likely to become more frequent in the future. (High confidence) 

 

 Under recent projections, using UKCP09 projections and allowing for demographic changes, the 
number of heat related deaths is likely to increase (high confidence). It is estimated that this 
increase could be up to 540% by 2080 from the baseline figure of 1974 in the 2000s. (medium 
confidence) 
 

 Effects are currently and are likely to be greatest in London (high confidence) and increased in 
the Southern, Central and Eastern regions of England (medium confidence). 

 

 Current evidence on adaptation, with a particular focus on the UK and adaptation to heat is 
scarce. It is therefore difficult to identify effective adaptive measures. (High confidence) 
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Introduction and scope 
The effects of hot weather are likely to become increasingly more important in terms of health 

impacts and planning effective public health measures and adaptation.  It is unequivocal that our 

climate is warming and the consensus reported by the Intergovernmental Panel on climate Change 

(IPCC ) is that this is largely due to anthropogenic climate change (1).  In the UK, temperatures are 

projected to increase between 2°C and 5°C by the end of the century (2) and the frequency of 

extreme heat events or heat waves is also projected to increase.  

This review summarises the key evidence from studies which have used historical or modelled data 

within the UK to examine the current associations between general increased temperatures or other 

meteorological variables and distinct heat waves on health and wellbeing impacts. The impacts 

which are reviewed are those which are directly related to increased ambient heat exposure and 

those which have been assessed using epidemiological methods within a given population (i.e. this 

review does not contain evidence from laboratory or individual level physiological studies or indirect 

impacts of temperature changes such as changing patterns of infectious diseases). Populations 

who are vulnerable to these impacts are highlighted and future risk assessments using a variety of 

climate projections with different emissions assumptions are reported. The review summarises the 

approaches used to undertake these studies, the key results and gaps in knowledge. Where it has 

not been possible to find evidence from studies within the UK, it has been the exception to include 

studies from other countries or reviews. Where this is done, care should be taken in extrapolating 

results to the UK given that geographic location is likely to affect basic associations of heat and 

health outcomes (for example, the prevailing climate itself and behaviour may affect local 

vulnerability to weather related outcomes) and context may affect how successful interventions or 

adaptations are and their distribution in society in terms of equity.   

This has not been designed as a full systematic review. It is therefore outside the scope of this 

review to fully appraise all included studies and explore differences in methods or heterogeneity of 

results. An overall narrative summary of the evidence is given. 

Evidence of Current Health and wellbeing outcomes in relation to heat  
In this section the evidence for the association between increased ambient air temperature and heat 

waves and health and wellbeing outcomes is summarised. Results are given separately for studies 

which look at the association between a general increase in temperature – i.e. those deaths or 

health outcomes that occur throughout the summer and those which analyse a defined period of 

unusually high temperatures, i.e. a heat wave.  

Mortality & Morbidity 
It has been widely demonstrated both within the UK and many other countries that there is an 

association between all-cause mortality and both increasing temperatures and more extreme heat 

wave episodes(3). Deaths during the summer months and heat waves, however, are very rarely due 

to heat stroke or hyperthermia.  Instead, deaths and morbidity from many causes are likely to be 

affected or increased by heat.  Therefore, epidemiological studies usually analyse all-cause 

mortality or broad categories of disease.  

In this section, the main methods used to understand the relationship between heat and health 

outcomes are briefly described followed by results from UK studies (separated into those which look 
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at deaths occurring throughout summer months and those which examine heat wave effects).  

Vulnerability is described last. 

Epidemiological methods used 

The relationship between mortality (and morbidity) and temperature is usually assessed using time 

series regression models or case crossover designs. These studies allow the short term relationship 

between ambient temperature and health outcomes to be assessed, whilst adjusting for trends in 

the outcome which vary by season or longer time periods. Studies presented in this section have 

mostly controlled for a combination of potential time varying confounders such as humidity, air 

pollution (e.g. PM10 and ozone – though the precise role of pollutants in analysis is currently under 

debate  (4)).  The effect of heat on death occurs within a short time frame and results of most 

studies presented here have used a lag of between 0-2 days to analyse the relationship between 

exposure and outcome.  In general, outcomes measured throughout are usually assumed to have a 

log-linear relationship with temperature above a certain threshold value.  Results are generally 

presented as the increased risk of the outcome for every 1°C increase above that threshold1.  Case-

crossover studies have also been used, in which cases are temperature values on the days of each 

individual health event (e.g. death) and controls are temperatures values on proximate days. This 

design can be viewed as equivalent to a matched case control design.    The control period or days 

are selected from a time-period usually both before and after the event, and possibly matched by 

day-of-week.  As the study population is made up only of cases, they effectively act as their own 

controls for individual level confounders such as co-morbidities and age.  Both time series and case 

crossover designs need to allow for auto-correlation of data, and in case crossover studies the 

choice of control days may lead to bias2.  Studies have shown that case-crossover and time series 

studies yield similar results when investigating the effect of heat on health outcomes within a 

population (5, 6) 

The effect of heat waves or defined periods of high temperatures on health has been mostly 

examined using episode analyses, where the outcome counts over the given heat wave period of 

analysis are compared to an expected baseline from either the same time period in adjacent years 

or from modelled relationships.  There is no consensus around the definition of a heat wave, though 

most studies include a duration and severity component.   

 

Relationship Between Ambient Temperatures (occurring throughout summer 

months) and Health Outcomes  

Mortality  

Studies have analysed effects of temperature for England and Wales, or for certain cities (mostly 

London – see results by region below) within England (7-14). Studies reporting associations within 

Scotland and Ireland are scarce, although one study has estimated the effect of heat on mortality in 

the Republic of Ireland (see later) (7). All studies found an increasing risk of all-cause mortality with 

increasing temperature above a threshold value. The size of the effect varied in analyses between 

regions (see below) and also between studies, which may be partly driven by choice of the 

                                                            
1 Note a threshold may not be used or may not be necessary of only summer months are being assessed 
2 . More commonly now, the time-stratified approach is used for selecting control days in case-crossover studies, which 
minimises this bias(5). The time-stratified approach allows selection of a control day from before or after the event but 
within the same time stratum as the event occurs.  This is important as it controls for both longer term and seasonal 
time-varying factors 
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threshold (larger risk seen with higher thresholds).  Where the risk was modelled above the 93rd 

percentile of average yearly temperatures, the increase of all-cause mortality was around 2.1% for 

each 1°C increase in temperature (95% CI 1.6% to 2.6%) for England and Wales (9). 

Some of the studies (7-9) examined cause specific mortality.  This is most commonly broken down 

into cardiovascular, respiratory and other events.  In these analyses, the risk was greatest for 

respiratory mortality (although still increased for cardiovascular mortality). Gasparrini et al (9) 

examined a more detailed breakdown of deaths and also found the increase in relative risk was also 

higher for genito-urinary, neurological causes. 

Years of Life Lost (YLL) has been estimated in a multi-city European study (15), which included 

London and Dublin.  It explicitly took into account harvesting (mortality displacement) which 

describes the process by which some deaths which occur in an already frail population are brought 

forward by a few days or weeks.  This has not been consistently analysed in studies, but where it 

has not been taken into account it may lead to some over-estimation of the health burden of 

increased temperature.  For example,  Baccini et al (12), estimated that in London there were an 

average of 1914 YLL per year (credibility interval 1033,2841) not adjusted for harvesting, reduced to 

356 per year adjusted for short-term harvesting – an 81% reduction. For Dublin, there were an 

average of seven YLL per year unadjusted and one per year adjusted for harvesting (84% 

reduction). It should be noted that the harvesting evaluation could be sensitive to modelling 

choices3. The effect of harvesting has also been examined for London and it was concluded that the 

data supported a proportion of deaths occurring in those who were already vulnerable (16).  

Morbidity and Other Health and wellbeing Outcomes 

There have been a variety of different health and well-being outcomes used in UK studies 

examining their association with increased temperatures, including hospital admissions, incidence 

of myocardial infarction and ambulance call out times. The results from these studies have varied.  

The association between morbidity outcomes and increasing temperatures appears greater for 

some specific outcomes (such as emergency respiratory admissions) but for all cause hospital 

admissions, the demonstrated effect is in general less strong than for mortality. 

Where the relationship between increasing temperature and emergency hospital admissions has 

been characterised for Greater London, no clear evidence of an association was found when total 

admissions were used as the outcome(17) – the % increase per °C increase above the threshold 

temperature was -0.04% (95% CI: -0.22%,0.13%). However the same study did find that there was 

a significant increase for respiratory admissions (5.44% increase per °C above threshold, 95%CI 

1.92%, 9.09%) and for renal disease (1.3 % increase per °C increase in temperature (95% CI: 

0.27%, 2.35%)).  A study examining effects of temperature (above the 90th Centile) in 12 European 

cities, including London (18) agreed largely with these findings.  No significant increased risk was 

found with emergency admissions for cardiovascular or cerebrovascular causes in London for this 

study, but an increase was found in respiratory admissions (1.7% increase per °C for all ages, 95% 

CI 0.7%, 2.8%). It has been hypothesised that the contrast between mortality and hospital 

admissions may in part be due to heat causing a rapid deterioration in those who are vulnerable 

meaning they do not present to medical attention before death.  

                                                            
3 For example, the threshold and model choice for the exposure-response relationship (in the Baccini study described, 
the threshold used was fitted from data from the general population, whereas the threshold (minimum mortality 
temperature) may be lower for those at risk of harvesting.  The YLL are also based on standard life expectancy, which 
may not be applicable to those who are vulnerable to harvesting. That is to say, the study may have under-estimated 
the effect that harvesting had on results. 
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One study (19) specifically examined the effect of temperature on stroke incidence within west 

Scotland, comparing days which were hotter than previous days.  For each 1°C rise in temperature 

above the average temperature of the past 24 hours, there was an estimated 2.1% increase in 

ischaemic stroke admissions for (P=0.004). 

In two studies examining the effects of temperature throughout the summer months on myocardial 

infarction (MI) in England and Wales, one study (20) found no increased risk of MI admissions with 

increasing temperatures at a daily resolution. The second study using data from England and Wales 

to examine the hourly association between  MI hospital admissions and temperature (21) found a 

1.9% (95% CI: 0.5%,3.3%) increased risk of MI 1-6 hours after exposure (above a threshold of 

20°C) but that the excess risk at shortest lags was followed by reduced risk at 24 hours. It is 

hypothesised that the reduction in MIs at longer time intervals are due to short term displacement. A 

systematic review (which did not include any studies from the UK) found mixed results from studies 

characterising the risk of MI with increasing temperature(22).  

The association between ambient temperature and cardio-respiratory hospital admissions and 

ambient temperature has recently been systematically reviewed (23). In this review, four of the 21 

included papers included results from the UK.  The pooled estimate across the studies, for 

respiratory admissions per 1°C rise in temperature across all regions was 3.2% ( 95% posterior 

interval-3.0% to 2.1%) and for cardiovascular admissions was -0.5% (-3%, 2.1%). 

A recent study in Birmingham (24) showed that both increased temperatures and the heat wave of 

2003 were correlated with poorer ambulance category A response times, though further work is 

planned in this area to include better confounder control and to analyse the types of calls in more 

detail.  

There have been studies on birth outcomes and ambient temperature. For example, in one London 

based study, Lee et al (25) demonstrated that although the odds of preterm birth were affected by 

seasonality (increased odds within the winter months), but showed no association between 

premature birth and increased or decreased temperatures up to six days before birth.  This study 

had good control for time varying and confounding factors. Whilst no other UK based studies 

investigating the effect of ambient temperature on neonatal or maternal outcomes are known of, 

there are studies from different settings.  These have been reviewed elsewhere (26).  This review 

found papers used range of methods and study designs, exposure timings (e.g. whether the 

exposure temperature of interest was immediately before birth or during certain trimesters of 

pregnancy), outcomes of interest (e.g. pre-term birth, still birth, birth weight etc.) and that findings 

from studies were also varied.    

Other health outcomes, such as infectious or food borne diseases (e.g. salmonella) may be 

associated with increased temperatures but, as indirect impacts of heat, are not specifically 

reviewed here. 

Heat Waves 

Mortality and heat wave episodes – national level 

UK studies which have examined the effects of the HW on health outcomes have all found an 

excess mortality compared to baseline period. Where excess mortality has been analysed by cause 

of death in heat waves, respiratory deaths have been those with largest proportional increase (27). 
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The most severe HW was in 2003, for which the health effects were most greatly seen in continental 

Europe (28). In England between 4-13th August 2003 the Central English Temperature (CET) 

exceeded average values (from 1871-2000) by 8 °C and in South East England, the maximum 

temperature exceeded 32 °C for 3 and then 5 consecutive days. It has been estimated that the 2003 

heat wave led to 2091 excess deaths in England - a 17% increase (95% CI: 15%,19%) above the 

expected baseline of deaths in the same 10 day  period between 1998-2002 (29). 

During the 1995 heat wave (between 30th July-3rd August) there was an excess of between 691 -

768.2 excess deaths in England and Wales (between an 9.9% (95% CI: 6.4, 11.3%) to 11.2% 

excess)4 (30)). The 1976 heat wave was estimated to have caused a 10% excess mortality in 

England and an 8.9% excess for results from England and Wales combined.  

In 2011, a ‘nowcasting’ method to evaluate excess mortality in near time as part of a Heat-Health 

Watch system estimated 367 excess deaths in England and Wales in the over 65 years age group 

(31). 

Whilst none of the studies described here undertook a formal analysis of harvesting, estimates 

attributed less than 10% of the excess deaths in the 2003 heat wave in Paris to mortality 

displacement (32) and less than around 25% of excess deaths were attributed to harvesting for the 

1995 heat wave in Chicago (33).  

The estimated increased effect of hot days that are part of a heat wave, compared to days of 

equivalent temperatures which occur in isolation has also been examined. One model (Hajat et al., 

2006) examining the additional heat wave effect in European cities across the years 1976-2003 

found an increase in mortality of 5.5% on heat wave days compared to the model’s expected value 

for a given temperature.  

Other Health Outcomes 

Morbidity during heat waves has been characterised in UK studies by hospital admissions, 

ambulance call outs and in one study GP visits. 

For the 2003 heat wave, excess hospital admissions were calculated per governmental region and 

overall(29).  In regions where there where excess admissions, the proportion was small compared 

to proportional increase in mortality during that period (e.g. in London there was a 42% increase in 

mortality compared to the baseline period, but 6% increase in admissions) and two  regions had a 

proportional decrease in admissions. The overall increase in hospital admissions was 1% (95% CI 

1%, 2%). 

 The contrast between mortality and hospital admissions during the 1995 heat wave was examined 

for greater London (17). It was estimated that mortality increased by 10.8% during the episode and 

hospital admissions increased by 2.6% but this was not statistically significant (95% CI -2.2%, 

7.6%). 

During the 1976 heat wave, a study in Birmingham (34)looked at outcomes of medical and surgical 

admissions, sick claims and GP consultations. There was no significant increase in sickness benefit 

claims but a modest increase was seen in GP consultations.  

                                                            
4 The estimates varied ( 9.9% (95% CI: 6.4,11.3%) to 11.2% excess) depending on baseline period used - moving average 
for 1995 or baseline of the 31 day moving average in the preceding 2 years respectively 
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Work Productivity and Heat 

To our knowledge, the impact of hot days or recent heat waves in the UK has not been assessed in 

terms of productivity or occupational health outcomes. However, there is evidence that occupational 

health outcomes and productivity are affected by heat elsewhere. Many studies are from low and 

middle income countries, where the type of occupational exposure and working conditions are likely 

to differ from the UK.  There are, however, some studies and reports from countries with similar 

socio-economic context.  For example, for the two years 2012-2013, a formal review by the 

Occupational Safety  and Health Administration (OSHA) in the United States found that there were 

20 occupational cases of heat illness or death attributed to heat exposure (35). All cases occurred 

on days where the measured heat index was between 29°C to 41°C.  Of these 20, 13 were heat-

related deaths. The occupations involved were mostly outdoors (e.g. roofing, landscaping, ship 

building) and involved heavy to moderate work, although seven cases arose from indoor settings 

with sources of heat exposure (e.g. as combustion engines or laundry machinery).  Of the 13 

deaths, nine occurred on the first three days of work or within three days returning after leave. 

Potential lessons for the UK include the importance of health and safety measures – none of the 

employers involved had complete heat illness plans- and potential the importance of acclimatisation 

to heat in at risk occupations  

Discussion 

Geographical/Regional differences In Mortality and Morbidity Estimates for 

increased temperature and heat waves 
Many studies with results from the UK have focused their analysis either on (Greater) London or 

have also presented results by regions of England and Wales. The increase in risk of mortality per 

°C change in temperature is greatest for London (9-11).  

The regions which appear to have the largest increase in risk (in addition to London) are the South 

East and the East of England and, in some studies, the West Midlands. The North East, North West 

and Yorkshire & Humberside generally have the lowest increased risk.  There is also some 

evidence for a difference in minimum mortality temperatures (MMT) between regions, with those 

where average temperatures are colder, displaying a lower MMT (but shallower RR slope).  The 

study conducted in the Republic of Ireland ((7) demonstrated a lower RR of 0.4% per °C increase in 

temperature (95% CI: 0.3%, 0.6%). 

In studies which have analysed results for (Greater) London only (i.e. with no UK baseline) the 

estimated % increase per °C is also generally higher compared to overall relative risk presented in 

other studies using similar methods.  

The geographical regions at greatest risk from general temperature rises are also those with the 

highest proportion of excess mortality calculated during heat waves.  During the 2003 heat wave, 

where the overall proportion increase in mortality was 17%, the largest increase in proportion of 

deaths was seen in London (42%), followed by Eastern England (27%) and the South East (23%).  

The areas with the lowest proportional increase were the North West (4%) and the North East 

(2%)(29). Evidence from the 1976, 1995 and 2011 heat waves also showed greater excess deaths 

occurring in London (and for 2011 where effects were analysed by region, they were greatest in the 

East of England and London).  
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The increased risk of both temperature related and heat wave mortality within the South and 

Eastern areas of England and within London is likely to be explained by a number of factors, 

including baseline average annual temperatures (the steepness of linear relationship slopes tends 

to increase with higher MMTs) and the Urban Heat Island (UHI) effect. The UHI effect  refers to the 

increased temperature within cities compared to surrounding rural areas (36), due to alterations in 

the energy balance as a result of surface properties (e.g. albedo etc.), land use and city design.  

The UHI is likely to become increasingly important as we see an increasing proportion of the 

population living in cities (Office of National Statistics projections). 

 Whilst the UHI can explain some increased vulnerability within cities, explaining further differences 

in vulnerability to heat (other than relation to background climate) is difficult due to the scarcity of 

standardised data between locations.  

Distribution of impacts by age, gender, socio-economic status 

Age 

A consistent finding across studies, of both increased ambient temperature and mortality and the 

effect of heat waves, is that older age groups are more at risk. This may be due to diminished ability 

to thermo- regulate, increasing medical co-morbidities or use of medications, and social factors 

which may limit behavioural adjustments to the increased temperatures.  In studies that have found 

an increased risk in respiratory hospital admissions, this was also greater in older age groups (18). 

One study also showed an increased risk per °C for hospital admissions in the 0-4 year age group 

but not for any other ages (17).  In studies outside the UK, there have been cases of mortality in 

children and infants in heat waves(37). 

Vulnerability in older age groups is increasingly important, as future projections show increasing 

proportions of our population in older age bands.  

Gender 

Where it has been examined, studies have mostly but not consistently shown that females are at 

higher risk of dying in a heat wave (34, 37, 38), especially within European studies. However, it is 

likely that many of these results for females are confounded by age: older age groups also contain 

more females.  By contrast, some studies of the Chicago heat waves, elderly men were found to be 

at higher risk (39, 40).  

Underlying co-morbidities and medications 

Certain co-morbidities have been associated with increased mortality and morbidity from heat 

exposure.  Studies outside the UK have also shown increased risks in those with cardiovascular, 

respiratory, renal disease and diabetes(41) (42).  One UK study demonstrated that the risk of 

mortality was associated with increased temperature in patients with neurological and psychiatric 

diagnoses, such as dementia and substance misuse (43) and in people prescribed antipsychotics, 

antidepressants and hypnotics. Although no baseline risk for the general population was available 

within the study for comparison, the overall RR per 1°C increase in temperature for this group of 

patients (4.9% (95% CI 2.0%,7.8%) is higher than given for the overall population in other studies 

using similar methodologies. Of the patients with neurological and psychiatric diagnoses, younger 

patients and those with diagnoses of substance misuse were most vulnerable. An increased risk of 

hospitalisation and mortality from use of prescribed medication and recreational substance use has 

been found elsewhere (44, 45). Plausible hypotheses for mechanisms underlying this increased risk 

have been given (46) , such as decreased thirst and decreased sweating.  
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Socio-Economic Status 

UK studies have not found a consistent relationship between socio-economic status (SES) (quintiles 

of deprivation analysed) and an increased vulnerability to heat or heat waves (38). However, for the 

analysis aggregated data (statistic ward level) was used, and thus potentially masking differences in 

outcome by deprivation at the level of the individual.  

Studies in other countries, most notably North America have found some linkage with SES (41) (47). 

Though this relationship may be partially explained or related to access to air conditioning, which is 

much more prevalent in the US compared to the UK. 

Other Factors Affecting Vulnerability 

Studies from heat wave episodes have shown a number of other factors may also contribute to 

vulnerability to the effect of heat. A systematic review and meta-analysis examined factors affecting 

vulnerability to mortality in heat waves or increased temperatures  (48).  The review analysed 4 

case control studies from the US and 2 from Europe (but none from the UK) and found that living 

alone, being unable to care for oneself, not leaving the house and pre-existing illnesses 

(cardiovascular, pulmonary and mental illnesses) were associated with increased odds of death. 

Factors which were protective included increased social contact, air conditioning (working air con in 

own residence or visiting places with air conditioning). Whilst this review did not contain results from 

the UK, place of residence (if a nursing home or residential home) has been associated with an 

increased risk of mortality in England (38, 49), though this may reflect that those living in sheltered 

accommodation are likely to be more frail.    

Identifying those at risk can allow improved targeted prevention policies. A few UK studies have 

sought to incorporate known vulnerabilities into spatial heat health risk assessments combining 

geographical information on the heat hazard, exposure and vulnerability of small area populations 

within cities. Examples include the development of a vulnerability index for London (50) and  a 

spatial heat health risk assessment for Birmingham (51)which included the UHI as a contributor to 

the hazard presented by heat waves, and vulnerability indicators such as age, co-morbidities, 

housing density and high rise dwellings. 

However, identification of vulnerable populations can be difficult to translate into the social and 

medical support required: whilst front line responders feel they know those individuals who are at 

increased risk at a given time, vulnerabilities such as co-morbidities and social isolation fluctuate 

rapidly and keeping a systematic record of these is difficult(52). Further, barriers to implementation 

of protective policies may result from the low priority given to heat risk by practitioners(52)and also 

by the vulnerable populations themselves, who may not feel health protection advice is relevant to 

them or that they are not at risk (53). It has been suggested  whilst some case control studies have 

identified living alone as a risk factor for heat related morbidity/mortality, the picture may be more 

complex, for example increased contact in social networks may perpetuate views amongst the 

elderly that they are not at risk(54).  

Size of Current Effects Attributable to climate/weather and anthropogenic 

Climate Change 
 

Some UK based studies have examined the attributable deaths due to heat exposure.  For 

example, Gasparrini et al (9)found that 1.03% of all summer deaths in England and Wales were 

attributable to temperature.  Armstrong et al(11) found a similar figure of 1% of summer deaths 
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being attributable to heat exposure. Baccini et al (12) also examined deaths attributable to heat 

exposure and found that for London, during the 1990s, 143 deaths per year (80% credibility interval 

99,185) were attributable to heat over summer periods.  

UK studies which have estimated the burden of health effects of heat  which are considered 

attributable to (anthropogenic or other) climate change that has already occurred, have not been 

located. 

The lack of studies in this area highlights a key gap in knowledge and area for further research.  

Future Health Impacts: a review of studies that have estimated future impacts 

of heat on health outcomes in the UK 
Studies which have examined future impacts have all presented an increasing proportion of deaths 

as a result of increasing temperatures throughout the 21st century. Impact studies for a wide range 

of countries have been review elsewhere (55) and this section only contains evidence from UK 

projections.  

Impact studies have been conducted by taking a quantified baseline relationship between 

temperature and health outcomes and applying future temperature projections to this relationship.  

Temperature projections are obtained using regional climate change projections.  This requires a 

combination of climate change scenarios (or RCPs), Global Change Models (GCMs) and 

downscaling (dynamically or statistically) models to a local level. Whilst this will give projections of 

the baseline relationship, demographic and other non-climate changes should also be considered, 

for example increase in population size and distribution between ages, urbanisation, change in 

baseline mortality rates and whether populations are likely to adapt to climatic changes over time 

(current evidence suggests this – see earlier).  Given the complexities in the models, uncertainty is 

introduced at many levels including uncertainty in future emissions, the parameters and processes 

included in climate change models, downscaling, the baseline exposure response scenarios, and 

uncertainties in demographic projections (56) .  Sensitivity analysis is usually carried out to address 

some of these, although cannot tell us which are the best projections to use.  Some studies (57) 

have suggested that future health impact projections are most sensitive to the choice of climate 

projections rather than uncertainties in the baseline exposure-response relationship or demographic 

projections.  

The most recent projections from future impacts of climate change on health  estimate an increase 

in heat related mortality from a baseline of 1974 deaths per year in the 2000s, to 3,281 deaths per 

year(66% increase) in the 2020s, 7,040 deaths per year (increase 257% )in the 2050s and 12,538 

deaths (535% increase) in the 2080s. These projected deaths are attributable both to increased 

temperature but also the increased projected population size (note, table 1 below gives estimates 

per 100,000 instead).This study (10) was based on the recent Health Protection Agency (HPA) 

report of the health effects of climate change (58) and is described in more detail. 

The study used results from a time series analysis of historic weather and mortality data in England 

and Wales from 1993-2006 for the baseline estimates of the relationship between mortality and 

heat. The 93rd centile was used for the heat threshold and a linear-threshold model was assumed. 

Additional mortality due to extreme temperatures occurring during a heat-wave was also modelled.  

The risk assessment used projected daily mean temperatures for the periods 2000-2009 (to model 

baseline), 2020-29, 2050-59 and 2080-89.  Ten available variants of the  Met Office Hadley Centre 

Regional Climate Model (HadRM3-PPE-UK)  were used to dynamically downscale GCM results for  
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historical emissions and SRES A1B as the medium emissions scenario as part of the UKCP09 

climate projections (giving projections to a horizontal resolution of 25Km).  For the risk assessment, 

nine regional climate model variants were used (range of climate sensitivity of 2.6-4.9°C).  

Key non-climate determinants considered were demographic changes – population data based on 

the ONS projections for the UK were used for population projections and future mortality trends 

were used. No assumptions about adaptation were included. 

The baseline co-efficient from the time series was used to project annual mortality under different 

climate change models and population projections was used5. The estimates using the mean, 

minimum and maximum from nine model realisations were extracted for each region. The results for 

the mean estimates of heat related deaths are given below for each region per 100 000 population.  

The regions most at risk are the East and South of England, the West Midlands and London. The 

additional heat-wave effect was significant only for London where it was estimated to add an extra 

58%, 64%, 70% and 78% to heat-related mortality in the 2000s, 2020s, 2050s and 2080s. 

Table 1. Projected Heat Related All-age Annual Mortality by region of the UK (Hajat et al2014(10) ) 

Region of UK 2000s 
 mean heat related 
deaths per 100 000 
population per year 

2020s 
mean heat related 
deaths per 100 000 
population per year 

2050s 
mean heat related deaths 
per 100 000 population 
per year 

2080s 
mean heat related 
deaths per 100 000 
population per year 

NE 1.2 2.1 3.9 6.7 
NW 1.3 2.0 3.7 6.2 
Yorks & Humber 1.4 2.3 4.4 7.6 
East Midlands 4.4 6.5 11.5 18.4 
West Midlands 4.2 6.1 11.1 17.2 
East England 3.9 5.6 9.9 15.5 
London

6
 4.4 6.1 11.3 17.5 

SE 6.3 8.6 15.3 22.9 
SW 3.5 5.1 9.6 15.3 
Wales 2.4 3.5 6.5 10.6 
Scotland 0.7 1.3 2.4 4.4 
N. Ireland 0.9 1.6 2.9 4.9 
Total UK 3.3 4.8 8.8 14.0 

 

Whilst this study and the related HPA report represent the most recent projections for the UK and by 

region, there have been other studies covering the UK (or part of it). A previous Department of 

Health report (59) used baseline mortality from 1976-1996 and in-patient hospital days (as a 

measure of morbidity) from 1995 and 1996 for England and Wales respectively for a risk 

assessment using low, medium low, medium high and high emissions scenarios (other specifics of 

Climate Change model not stated).  Assumptions about future demographics and adaptation were 

not included.  Heat related mortality was projected to increase by 253% under a medium-high 

emissions scenario for the 2050s.  The projections for heat related mortality per 100 000 were 1.4 

for the baseline and for the medium-high emissions scenario 3.2, 4.9 and 6.3 for the 2020s, 2050s 

and 2080s respectively. In absolute figures, this was an increase in 798 heat related deaths per 

year for the UK in the 1990s, to 2793 heat-related deaths in the 2050s and 3519 heat related deaths 

                                                            
5 Where data for a region were not available for the baseline assessment (Scotland and Ireland) data from the NE and 
NW of England were used. 
6 This table does not include the increase in estimates that are projected if the additional heat-wave effect for London is 
taken into account 
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in the 2080s under a medium-high emissions scenario.  For total UK in-patient hospital days, the 

baseline of 81 000 per year was expected in to increase to 285 000 per year by 2050 under a 

medium emissions scenario.  

There have also been some studies that have projected heat-related mortality for European or 

Global cities and included London in these estimates (12, 56, 60). 

Baccinni et al (12) projected results for 15 different cities for the 2030s.  The baseline used data 

modelled in a previous project from 1990-2001 which estimated the number of heat-attributable 

deaths in this period. Temperature rises under three different emissions scenarios (B1, A1B and A2) 

were then taken from the IPCC SRES report for best estimate of temperature change for 2090-99 

and values for the 2030s under scenarios calculated assuming a constant rate of temperature 

change.  Attributable deaths (to heat exposure) per year for London in the observed series was 142 

per year, and projections for the 2030s under different scenarios were 183 per year for B1 (low 

emission, 206 per year for A1B (middle emission scenario) and 220 per year for A2 (high 

emissions).  No assumptions or projections regarding demographic changes or adaptation were 

included. 

 Gosling et al used a baseline from 1976-2003  for their risk assessment for 6 European cities 

projecting heat related mortality per 100 000  between 2070-2099 (56) . The GCM used was the UK 

HadGM3 and emissions scenarios were A2 and B2. There was no downscaling of the models and 

no assumptions about demographic changes.  Assumptions were included regarding adaptation – 

an assumption that the population would not adapt, adapt to 2°C or to 4°C. Cases were constructed 

taking into account increases in mean temperature alone, or increases in mean temperature and 

variability.  Projected mortality was greater when both the increase in variability and mean 

temperature were included, compared with mean temperature increase alone. With the assumptions 

about acclimatisation, the projected mortality for London roughly halved for each 2°C adaptation 

assumed. 

The study by Martens et al examined ‘net’ effects of changes in thermal stress under climate 

change scenarios, and therefore is not included given the effects of increased temperature 

specifically were not modelled (60). One UK based study (61) described how a health risk 

assessment would be carried out for the 2030s, but no results were given in the study for this time 

period. 

To our knowledge, there have not been any recent UK focused studies which have predicted the 

effect of heat on outcomes other than mortality.  There have been recent studies which have 

projected future respiratory admissions under different climate change scenarios in the US(62) and 

for four regions of Europe (Northern, Southern, Western and Eastern Europe)  using estimates for 

27 countries (63).  The study projecting admissions within Europe included estimates for London 

and projected the proportion of future respiratory hospital admissions attributable to heat.  Four 

climate and two emissions scenarios were used to project future climate changes.  The respiratory 

admissions used as the baseline were those from the PHEWE project (64) 7.  The baseline of the 

proportion of respiratory hospital admissions attributable to heat for Northern Europe (which 

included contributions from London) was projected to increase from 0.13% (0.10%, 0.15%) to 

0.27% (0.19%, 0.32%) in the period 2021-2050.  

                                                            
7 In the PHEWE project, apparent temperature as the exposure of interest for 12 European cities (including London) and 
mortality and hospital admissions (respiratory, cardiovascular and cerebrovascular) in the 1990s were used as 
outcomes. 
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Potential for impacts to be avoided by adaptation measures 
Adaptation has often been used to refer to planned and unplanned structural and policy level 

actions which may reduce a population’s vulnerability to heat. The extent to which adaptation can 

be achieved will depend upon the local context, vulnerabilities and adaptive capacity (65). 

Acclimatisation more commonly refers to increased short term physiological tolerance to heat.  

Whilst there is evidence that populations residing in areas with a warmer climate have increased 

thresholds for heat sensitivity  (66-68) and also some evidence that sensitivity to increased 

temperatures has decreased over time (69)  (12), the specific adaptive measures which have been 

taken to achieve this are difficult to distinguish from demographic or socio-economic background 

factors which may decrease sensitivity to heat. Further, the evidence of efficacy for given planned 

and implemented policies or interventions, in terms  of systematic reviews or evaluations using 

robust methods, is scarce(70) . This is true at a global level across all high and middle income 

countries - the UK is no exception. Therefore, the strategies presented in this section are based on 

evidence at systematic review level where possible, but otherwise a combination of studies and 

case reports (69), and expert opinion is used.  

Potential adaptive strategies range from interventions and actions at an individual and housing 

level, health systems and infrastructure level through to national policy and plans. It is outside the 

scope of this review to present evidence on physiological acclimatisation.  Whilst this section 

focuses on adaptive strategies, it is important to consider whether any of these could be 

‘maladaptive’ (to avoid providing a short term benefit but increase energy demands which currently 

would be met using carbon energy sources e.g. air conditioning). Un-anticipated effects of adaptive 

strategies should also be considered, for example, strategies which decrease sensitivity to heat 

should not have the unintended consequence of increasing vulnerability to cold.  Further, it would 

be most desirable if strategies both reduced health effects of heat and cold (for example through 

improved building design), had other health co-benefits (for example urban greening reducing the 

urban heat island effect but also giving the opportunity for increased exercise and potentially 

reducing non-communicable disease) or could contribute to climate change mitigation (for example 

increased building insulation against heat and cold reducing energy demands). However, evidence 

covering these points is scarce.  

 Attention should also focus on ensuring the adaptation needs of the most vulnerable populations 

are met.  This requires knowledge of who the vulnerable populations are, recognition that these may 

change over time and interventions or planned strategies that are effective in these vulnerable 

groups.  Evaluations of interventions and systematic reviews of adaptation options also need to 

assess effectiveness in vulnerable subgroups.  Although there are increasing numbers of equity 

focused systematic reviews, and indeed criteria quality such as the equity extension of the PRISMA 

guidelines (71) to assess these, none have been identified in this area to date.  This is unsurprising, 

given the generally low levels of evidence for adaptive measures. There are , however, 

organisations such as the Joseph Rowntree foundation that have highlighted the need for socially 

just adaptation (72). 

Behavioural Measures 

To our knowledge there are no studies which have fully quantitatively evaluated the impact of 

behavioural measures and adaptation to heat.  Some case control studies have demonstrated that 

regular showers can offer some protection against heat related mortality (48).  Other behavioural 

measures such as use of cool clothing, increasing intake of non-alcoholic fluids, and restricting 

strenuous activity to cooler parts of the day, are also advised.  
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Interventions at an individual or place of residence level 

Air conditioning   

There is evidence, mostly from Northern America where it is more prevalent, that air conditioning 

can offer protection against the impacts of heat on health (42, 73).  There is also evidence that 

seeking a public space with air conditioning can be protective (48) and indeed this is a measure 

included in many heat wave plans.  However, there are potential disadvantages to promoting this as 

an adaptive strategy.  For example there may be equity issues in terms of both the prevalence and 

availability of air conditioning units and also in being able to afford to use the intervention, although 

access to shared air-conditioned space may remove some of these concerns. Extensive use of air 

conditioning could increase energy demands and itself contribute to climate change although air 

conditioning powered from renewable sources (e.g. solar powered) may not pose the same issues.  

There are also examples of power grid outages during extreme weather events such as heat waves, 

which would limit the protection that air conditioning could offer.  Further evidence is required in 

order to be able to effectively weight the benefits of air conditioning against its environmental, 

energy and health costs.  Passive cooling measures may reduce the need for air conditioning. 

Electric Fans 

A recent systematic review (74) sought to establish the role of electric fans in reducing health 

impacts of heat waves.  Inclusion criteria by study design required studies to be randomised 

controlled trials (RCTs) or other experimental designs, such as interrupted time series or controlled 

before-after studies.  No such studies were identified and therefore it was concluded that there were 

not enough high quality studies to assess the evidence.  Where case control studies were found, 

results for the protective effect of fans were inconclusive with some studies showing a protective 

effect and others the opposite. 

Community, Services and Design level Adaptations 

Many interventions have been postulated that may improve adaptation at an urban design level, for 

example increased use of green spaces, improved insulation of housing against heat and cold, 

improved surface properties of buildings (e.g. increasing albedo) etc.  Some of these, such as 

increased green spaces have improved benefits to health outside adapting to climate change. 

Unintended consequences of interventions should also be considered (e.g. indoor air quality 

concerns in more air tight houses etc.).  Further, health services will also need to adapt to ensure 

comfortable and reliable care (e.g. indoor temperatures, power supply in heat waves, ability to cope 

with potential increased demands in hotter temperatures) in warmer temperatures.  These 

measures will require multi-sectorial working and planning. Health and wellbeing boards that bring 

together Health, Local Authority and monitoring services may be well placed to undertake this inter-

disciplinary strategic planning.  

Policy Level Interventions 

A recent systematic review has examined the effectiveness of heat warning systems (HWS) (75). 

These action plans, based on meteorological and demographic information usually include early 

alerts and public health measures for protection and are tailored to local contexts. The review found 

that there were no studies using robust enough designs to be able to quantitatively evaluate the 

effectiveness of HWS for health protection (in terms of morbidity and mortality outcomes). Many 

countries, including England, have heat wave plans.  Further evidence to evaluate both the 

individual recommendations within the plans and the effectiveness of the plans overall would be 

useful for improvements to these. 
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Conclusions and Knowledge Gaps 
This review has illustrated the key findings of UK studies illustrating the association between 

increased temperatures and heat waves and mortality.  The results for other health outcomes are 

less clear. Vulnerable populations to heat effects include the elderly, those with certain co-

morbidities, those living in London and the South East or East of England. Future projections all 

predict an increase in heat related deaths throughout this century, the magnitude of which depends 

on assumptions used within models.  

However, key gaps in our knowledge remain and would merit further investigation. For example, 

with regards to what is known about the underlying epidemiological relationship between heat and 

health outcomes, uncertainties remain.  These include knowledge gaps around the relationship 

between more extreme temperatures and health outcomes (there is a non-linear relationship 

between exposure and outcome at higher temperatures, but scarcity of data at extremes makes this 

difficult to model), the best way to characterise a heat wave, the need for better understanding of 

certain vulnerabilities to heat (for example, the effect of UHIs, socio-economic status, which 

medications increase risk, further characteristics or local level factors which increase or decrease 

risk within the UK). Evidence on attributable deaths or health outcomes to past and projected future 

climate change would also be welcome. 

Considering future impacts, the use of RCPs rather than the emissions scenarios could be 

examined for future health impact assessments.  Further work on impact by certain groups such as 

by age, SES in addition to location would be useful.  There are also many gaps in our knowledge 

about adaptation.  For example, what works now and what may work in the future? How can past 

specific adaptive measures be identified and evaluated?  And how might adaptive strategies 

translate from one setting to another?  And how much will estimates in risk differ, depending on 

whether adaptation is factored into our calculations? 

In terms of research for policies regarding adaptation and protection, further work to examine the 

use of current or improved early warning systems for heat and evaluations of current interventions 

to prevent mortality and morbidity from heat would be useful. There are also gaps in our knowledge 

around adaptive measures that might be of co-benefit to other health outcomes or to mitigation of 

climate change and how we can best work with other sectors to promote integrated research and 

policy development in this area.  The design and use of suitable indicators for adaptation and 

ensuring equity components are reflected in these, is important in order to evaluate progress.  

Addressing these knowledge gaps will be paramount to ensure that evidence can inform policy for 

appropriate actions and use of resources to minimise future health impacts of heat, and to improve 

health under a changing climate.  
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