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Cardiovascular disease is a leading cause of death worldwide1‐2 and is the single largest cause of excess
mortality in winter.3 Because increasing age is the major determinant of cardiovascular risk, any factor
that increases the risk of cardiovascular disease will have the greatest impact among older people.4
Seasonal patterns and in particular winter increases in mortality from cardiovascular disease have been
documented in research spanning at least seven decades, 5‐6 but the precise role of weather is difficult
to infer from studies of seasonal variation: different seasons might also reflect differing behaviours,
differing levels of infectious diseases, differing levels of activity, and other unmeasured confounders.
Recent advances in epidemiologic methods allow seasonal factors to be disentangled from the acute
effects of weather, and a body of research has built up focussing on the short‐term associations
between ambient outdoor temperature in particular, and health outcomes. A noteworthy study
conducted in 11 US cities demonstrated a U‐shaped relationship between temperature and all‐cause
mortality: mortality was observed to decrease as temperatures increased from the coldest days up to a
certain threshold temperature, above which mortality increased with temperature;7 similar patterns
have been observed in developing countries.8 As well as overall mortality, ambient outdoor temperature
has also been linked to mortality from specific causes, notably cardiovascular diseases (CVDs); again U‐
shaped relationships have been described,9 and studies have shown increases in CVD mortality
associated both with cold10 and hot11 outdoor temperatures. These effects may operate with some
delay, or “lag”: while heat is commonly associated with immediate (same day or next day) increases in
mortality, cold effects have been found to operate up to several weeks after the temperature
reduction.12
Cardiovascular disease of course covers a spectrum of conditions; what are the specific conditions
driving these temperature‐mortality associations? There has been recent interest in the effects of
temperature on myocardial infarction (MI). Our recent systematic review suggested compelling
evidence that temperature is related to the risk of MI, but was inconclusive on the size or indeed
direction of the effect. Among the 12 studies included that had data from the winter season, 8 found a
statistically significant increased risk of MI at colder temperatures. Similarly, 7 out of 13 relevant studies
found a statistically significant detrimental effect of heat. Effect estimates ranged from a 7% to a 40%
increase in MI rates on days with the most extreme temperatures.13 Of note, only a handful of studies
controlled for potentially important confounding variables such as air pollution and circulating influenza
levels which could be associated with both temperature and MI risk. A recent analysis using data from
England and Wales in which we attempted to address these methodological weaknesses suggested that
temperature reductions (but not temperature increases) were associated with increased MI risk: each
1°C drop in temperature was associated with a 2% increase in MI risk (equating to around 200 extra
heart attacks, based on UK rates) over the current and subsequent 28 days, with the highest risk
increase between 2 days and 2 weeks following exposure. 14

Might certain groups be more vulnerable to the effects of temperature? Interestingly, data from
England and Wales suggested that the increase in MI risk associated with lower temperatures was larger
among older individuals, but only up to a point: those aged 85+ years were less vulnerable than younger
age groups, a finding that might be explained by a tendency for the very elderly to live in residential or
care homes with good heating, and to spend less time outdoors.14 Evidence from mortality studies also
most commonly indicates larger temperature‐mortality associations among the elderly,10 though results
are not entirely consistent, with a few studies suggesting similar temperature effects across age groups7
and some data even suggesting stronger effects in younger individuals.15 A few other potential effect
modifiers have been considered in studies of temperature related mortality and morbidity. In the US, an
increased vulnerability to heat has been noted among individuals living in lower socioeconomic
conditions,7, 15 though this may be partly explained by a greater prevalence of air conditioning among
those with higher incomes: in Europe, where home air conditioning is less common, there is less
evidence of a socioeconomic gradient.16 Similarly, there was little evidence of a socioeconomic gradient
in vulnerability to cold effects among a cohort of elderly people in Britain,17 which may reflect relatively
good levels of heating in British social housing settings. Existing medical problems including diabetes and
chronic obstructive pulmonary disorder also appear to increase the likelihood of temperature‐
associated death.18 In addition to individual‐level effect modifiers, some studies have noted an effect of
latitude: in the US, individuals in cooler northern regions appeared to be more affected by high
temperatures, while those in the warmer south appeared to be more vulnerable to cold.7 A similar
phenomenon has been noted in Europe,10, 19 and it has been suggested that populations familiar with
local hot or cold extremes may have established adaptation measures, such as using appropriate
clothing, installing heating/air conditioning, and reducing outdoor activity, and that this may at least
partly explain the apparent latitude effect.20 The broad underlying hypothesis is that temperatures
people are not usually familiar with, and therefore have greater difficulty adapting to on biological and
behavioural levels, have a greater effect.
If the epidemiological findings suggesting associations between temperature and cardiovascular
morbidity and mortality are indeed the result of a causative link, some plausible mechanism is needed.
Experimental evidence suggests various possibilities: increases in arterial pressure and blood viscosity
have been observed during cold exposure experiments,21 as have an increased need for oxygen and
consequently an increase in the cardiac workload.22 Furthermore, red cell counts, plasma cholesterol
and fibrinogen concentrations, all of which may be thrombogenic, appear to be elevated on exposure to
cold.21, 23 Heat exposure has also been shown under controlled conditions to lead to increases in red
blood cell counts, platelet counts, and blood viscosity, as well as increases in heart rate.24 However there
is a lack of data regarding the effects of temperature on more recently available measures of
coagulation pathways.
There are public health motives for further clarifying the effects of temperature. Weather forecasting is
reasonably accurate up to a few days in advance. With a well understood relationship between weather
parameters and cardiovascular risk, those most vulnerable could be warned when the risk of
cardiovascular events was likely to increase and given advice to reduce their personal risk. The UK Met
Office recently set up a similar targeted warning system for chronic obstructive pulmonary disease
sufferers. Under this scheme patients are alerted by an automated telephone call when the risk of
disease exacerbation is likely to be elevated based on forecasts of low ambient temperature; they are
given advice on keeping warm, avoiding low temperatures, and watching for warning signs of their
condition worsening. It is claimed that a 20.5 to 48% reduction in hospital admissions has been achieved
among practices signing up to the scheme.25 On the other hand, in the case of cardiovascular disease,

temperature effects may be present even outside the most vulnerable groups,14 so a more widespread
health education message aimed at reducing the impact of temperature changes might be of value. For
example, the UK Department of Health currently has in place a heatwave plan, which aims to help
organisations prepare for a heatwave and ultimately to reduce adverse health impacts.26 Such
approaches should of course be subject to evaluation.
There is much room for further research. Though the effects of temperature on cardiovascular mortality
overall are relatively well established, there is limited and conflicting evidence concerning more specific
outcomes. There is also a need for more studies which take account of potential effect modifiers such as
air conditioning, home heating, and use of cold weather clothing. A few studies have presented
stratified or age‐restricted data, but it is not yet clear how age, and other individual‐level factors such as
previous disease, affects an individual’s vulnerability to weather‐related effects. This article has focussed
on the effects of temperature, reflecting the weight of much of the literature to date. There is relatively
little evidence concerning the role of other meteorological parameters such as air pressure and
humidity, and complex variables such as air mass type, which may more fully capture weather
characteristics than individual measures. Finally, though measuring and describing effects of
temperature and weather on cardiac outcomes is in itself of scientific interest, ultimately, it is hoped
that research in this area may lead to effective public health policies. Potential interventions, which
might be targeted at the most vulnerable or aimed at the whole population need to be identified and
trialled with the aim of mitigating any weather‐related increases in mortality or morbidity.
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