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SUMMARY

The recent decline in cardiovascular disease mortality in Western countries has been linked with
changes in life style and treatment. This study considers periods of decline before effective
medical interventions or knowledge about risk factors. Trends in annual age-standardized death
rates from cerebrovascular disease, heart disease and circulatory disease, and all cardiovascular
disease are reviewed for three phases, 1881–1916, 1920–1939, and 1940–2000. There was a
consistent decline in the cerebrovascular disease death rate between 1891 and 2000, apart from
brief increases after the two world wars. The heart disease and circulatory disease death rate was
declining between 1891 and 1910 before cigarette smoking became prevalent. The early peak in
cardiovascular mortality in 1891 coincided with an influenza pandemic and a peak in the death
rate from bronchitis, pneumonia and influenza. There is also correspondence between short-term
fluctuations in the death rates from these respiratory diseases and cardiovascular disease. This
evidence of ecological association is consistent with the findings of many studies that seasonal
influenza can trigger acute myocardial infarction and episodes of respiratory infection are
followed by increased risk of cardiovascular events. Vaccination studies could provide more
definitive evidence of the role in cardiovascular disease and mortality of influenza, other viruses,
and common bacterial agents of respiratory infection.
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INTRODUCTION

Trends in cardiovascular disease (CVD) mortality var-
ied considerably in industrialized countries in the se-
cond half of the 20th century. A consistent fall in
male and female CVD death rates from the 1950s
was reported for the UK, the United States,
Canada, France, and Switzerland [1]. A decline was
reported for most Western countries by the 1970s
[2], and most had declining coronary heart disease
(CHD) death rates by the 1980s or 1990s [3]. The

lack of decline in death rates in much of Eastern
Europe and the Former Soviet Union was attributed
to continuingly high prevalence of lifestyle-related
risk factors [4, 5]. Countries undergoing economic
transition, and developing countries with more limited
resources for prevention and treatment, were consid-
ered to be at an earlier stage of a ‘heart disease
epidemic’ [6]. A vast body of research since the
1950s has identified major cardiovascular risk factors,
including tobacco smoking, high blood pressure, high
blood cholesterol, harmful diet, obesity, physical
inactivity, low socioeconomic status, and low job
control [7, 8]. International, geographical, and socio-
economic differences in the timing of heart disease
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mortality decline have suggested a process of diffusion
of prevention and treatment measures [9, 10].
However, these do not explain some aspects of long-
term trends in cardiovascular mortality, including
considerable decline in cerebrovascular disease mor-
tality in England and Wales and the United States
long before effective medical interventions became
available in the 1950s [11, 12].

There was a decline in cerebrovascular disease
death rates for most Western countries in the second
half of the 20th century. This was widely attributed
to declining prevalence of the main risk factor, hyper-
tension [12–14], although some studies suggest that
anti-hypertension treatment explains a relatively
small proportion of the decline [15]. The decline in
cerebrovascular mortality in the United States con-
tributed to a 60% reduction in the total CVD death
rate between 1950 and 1996, which occurred despite
an increase in the CHD death rate until 1963 [14].
Major risk factors for CHD, apart from hypertension,
appear to be less significant for cerebrovascular dis-
ease [16], and the downturn in mortality in the
United States coincided with public health warnings
about risk factors [17]. Following prevention pro-
grammes focusing on cigarette smoking, diet, and
physical exercise, there were beneficial changes in life-
style, particularly in higher socioeconomic groups
[18]. The decline in the CHD death rate between
1963 and 1982 coincided with a decline in prevalence
of cigarette smoking, lower serum cholesterol levels,
and beneficial changes in diet [19]. More than half
the decline between 1968 and 1976 was associated
with reductions in lifestyle-related risks, particularly
reduced prevalence of cigarette smoking and lower
serum cholesterol levels [20], while 40% was linked
with medical interventions. About 70% of the decline
in CHD mortality in the United States between 1980
and 1990 was in CHD patients [21]; 47% of the decline
between 1980 and 2000 was attributed to treatment
and 44% to changes in risk factors, particularly reduc-
tions in total cholesterol, systolic blood pressure, cig-
arette smoking, and physical inactivity [22]. A study
of the decline in the ischaemic heart disease (IHD)
death rate in England and Wales between 1981 and
2000 concluded that 42% was attributable to treat-
ment for heart disease, and 58% to reductions in
blood pressure, cholesterol levels, and cigarette smok-
ing in particular [23]. Studies in several Western coun-
tries reported similar contributions to the decline
associated with reductions in lifestyle-related risks
(40–60%) and treatment (35–50%) [24–27].

Studies of trends in death rates from heart disease,
stroke, or total CVD have generally not considered
pathogenic mechanisms through which intermediate
lifestyle-related risks contribute to cardiovascular dis-
orders and fatal events. A growing body of evidence of
association between CVD and infection suggests that
certain common pathogens might be more proximate
causes of the underlying disorders and potentially
fatal cardiovascular events, within a multi-causal
aetiology. In the early 20th century specific viruses
were linked with different forms of heart disease, in-
cluding endocarditis, pericarditis, and myocarditis
[28]. Laboratory studies in the 1960s found that
influenza and other viruses caused agglutination of
blood platelets [29–31], which suggested a potential
role in embolism and thrombosis, coronary artery dis-
ease, and cumulatively in atherosclerosis [32, 33].
Reviews of further studies up to the 1990s, found
that the evidence generally indicated that infections
may have a role in atherosclerosis [34, 35], and
Chlamydia pneumoniae in particular is associated
with both atherosclerosis and CHD [36–38].
Evidence from different types of study indicates
that influenza is associated with CVD and may ‘trig-
ger’ acute myocardial infarction [39–41], while
Helicobacter pylori and bacterial respiratory infections
are associated with stroke [42, 43].

Given the possible involvement of respiratory infec-
tions in different cardiovascular disorders, events, and
mortality, insufficient attention has been given to
changes in the ‘infectious disease environment’ as a
possible influence on secular trends in mortality
from heart disease and stroke, and the current pre-
dominance of chronic diseases may be better under-
stood in the historical context of epidemiological
transition [44]. Clearly, long-term trends in cardiovas-
cular mortality need to be viewed with caution given
the many changes in certification practice affecting
sub-categories [16, 45]. Relatively few studies have fo-
cused on total CVD, or a combined group of heart
and circulatory diseases (CD), which can overcome
some of these problems [46]. In this paper we examine
trends in death rates from cerebrovascular disease,
heart disease and CD, total CVD, and respiratory
diseases in England and Wales over the period
1881–2000.

METHODS

The longest series of data on CVD deaths by age is
that available from the Annual Reports of the
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Registrar General for England and Wales, and later
government publications [47, 48]. Numbers of annual
deaths in 5-year age groups were obtained from
reports for 1881–1900 and a CD-ROM for 1900–
2000 provided by the Office for National Statistics
(ONS) [48]. Using population estimates based on cen-
sus data, age-specific death rates were calculated for
cerebrovascular disease, heart disease and CD, and a
group of respiratory diseases (bronchitis, pneumonia,
and influenza). These rates were applied (direct
method) to the European Standard Population
(ESP) to produce annual age-standardized death
rates [49]. For comparability over time, and consist-
ency with trends reported for the 20th century in
other studies, the 1976 ESP was used for the whole
period 1881–2000. There were several changes in the
International Classification of Diseases (ICD) be-
tween 1900 and 2000, some of which were quite dis-
ruptive of continuity, even in the later decades [50].
Comparability ratios to allow for the effect on CVD
trends were generally not available for England and
Wales. Estimates for the United States indicate little
effect on trends in stroke mortality over the period
1940–2000, or on other CVD mortality apart from
an increase when ICD-6 was introduced in 1949 (indi-
cated by a gap in the trend in Fig. 3) [51]. Unadjusted
trends are reviewed for three periods, 1881–1916,
1920–1939, and 1940–2000, within which the number
of classification changes was limited and the propor-
tion of deaths in the main categories was reasonably
consistent. The categories included were consistent
with those used by the ONS for examining national
trends in mortality from stroke and diseases of the cir-
culatory system in the 20th century [52]. For disease
classification codes used see Table 1.

RESULTS

In the first phase of the historical trend in cardiovascu-
lar mortality shown in Figure 1 (1881–1916), the
age-standardized death rate for all CVD increased
up to 1891 and then declined until 1910. At this
early peak, the cause of some cardiovascular deaths
was specified: endocarditis (11·2%), syncope (3·2%),
pericarditis (0·8%), aneurism (0·9%), and ‘angina pec-
toris’ (0·9%). Most other deaths classified as diseases
of the circulatory system were recorded as undefined
heart disease and circulatory disorders (47·1%). The
CVD deaths attributed to a group of cerebrovascular
disorders (35·9%) were mainly in adults, and most of
those recorded as ‘apoplexy’ (21·6%) were probably

due to stroke. By the time of a peak in 1951, 24·7%
of CVD deaths were attributed to cerebrovascular dis-
eases, 67·7% to defined heart diseases, and 7·6% to
other circulatory disorders. CVD accounted for 48%
of all deaths compared to only 13% in 1881.

There was close similarity between the trend in
death rates from heart disease/CD and the group
of respiratory diseases, bronchitis, pneumonia and
influenza over the period 1881–1916, in terms of
short-term fluctuations and the major turning point
in 1891 (Fig. 1). Both cerebrovascular disease and
the larger group, heart disease/CD, contributed to
the phase of declining cardiovascular mortality be-
tween 1891 and 1910. The cerebrovascular disease
death rate declined by 30% in that period, a decline
that continued in the inter-war years (Fig. 2) along
with that for the respiratory diseases (not shown).
By contrast, the death rates from heart disease/CD
and all CVD increased between the wars, when short-
term fluctuations continued to correspond with those
for influenza mortality (Fig. 2).

Following lower cardiovascular mortality in the
1940s, there was a peak in the death rate in 1951
(Fig. 3). More specific certification indicated that
heart disease accounted for 90% of the heart disease/
CD category, which itself accounted for 74·3% of
the total cardiovascular mortality decline between
1951 and 2000, while cerebrovascular disease ac-
counted for 25·7%.

Cerebrovascular mortality declined fairly consist-
ently from the 1890s, apart from a brief increase
after each world war, and the overall trend was
much the same for males and females. By contrast,
there was a considerable increase in the death rate
from heart disease/CD in the 1920s and 1930s, and a
widening sex differential up to the 1970s (Figs 2
and 3). Even so, the long-term trend over the whole
period 1881–2000 was much the same for males and
females in terms of short-term fluctuations and
major turning points in the death rates, which indi-
cates exposure to a similar risk environment.

DISCUSSION

Interpretation of long-term trends in cardiovascular
mortality requires considerable caution in view of lim-
itations of the data. Quality and consistency have been
affected by changes in diagnostic skills and practice,
preference in assigning primary cause of death, and
choice of ICD categories to include in major groups.
Trends for relatively small disease categories are
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more prone to distortion due to transfer of certified
cause between them. However, there is evidence that
errors in diagnosis and classification tend to cancel
each other out for large groups such as CVD [53].
Studies have differed with regard to which sub-
categories to include, although a study of cerebrovas-
cular disease death rates between 1910 and 1996 found
that the small number of deaths involved made no vis-
ible difference to plotted trends [54]. The ICD codes
used for trends presented in that study were used
here for 1901–1916 and 1920–1939, while the codes
for 1940–2000 were those used by ONS for national
trends in stroke mortality [52]. The higher mortality
in 1940 was probably due in part to reclassification
of some sub-categories of cerebrovascular disease

when ICD-5 was introduced [54]. The codes used for
the heart disease/CD group were the categories used
by ONS for national trends for diseases of the circula-
tory system [52]. The focus here on the broad group,
heart disease and CD, minimizes problems for inter-
pretation of trends due to increasingly specific diagnosis
and reclassification, and also allows comparison of later
trends with those for 1881–1916 when a specific cause
of many heart disease and CD deaths was not recorded,
and IHD was not yet a category of disease [54].

The method of age standardization of death rates
using the 1976 ESP is also consistent with other stud-
ies, and the age distribution was considered reason-
ably comparable with that of England and Wales
until the 1990s [54]. There are limitations in using

Table 1. Disease classification codes

Classification Cerebrovascular disease Heart and circulatory disease Respiratory disease

1881–1900 Apoplexy/hemiplegia, Circulatory diseases Bronchitis, pneumonia,
softening of the brain and influenza

1901–1910 (ICD-1) 84, 106, 107 63, 64, 99–105, 108–113 118, 36–39, 12
1911–1920 (ICD-2) 64–66 47, 77–85, 189a 89–90, 91–92, 10
1921–1930 (ICD-3) 74, 75a, 83, 91b(1) 51, 81, 87–96 [not 91b(1)], 205(1) 99, 100–101, 11
1931–1939 (ICD-4) 82, 97(1), 97(2) 56, 87a, 90–96, 97(3), 99–103, 200(1) 106, 107–109, 11
1940–1949 (ICD-5) 83 58, 87a, 90–97, 99–103, 200a(1)
1950–1957 (ICD-6) 330–334 400–454, 456–468, 782
1958–1967 (ICD-7) 330–334 400–454, 456–468, 782
1968–1978 (ICD-8) 430–438 390–429, 440–444·1, 444·4–458, 782
1979–2000 (ICD-9) 430–438 390–429, 440–459

ICD, International Classification of Diseases.
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Fig. 1. Annual age-standardized death rates from all cardiovascular disease, heart and circulatory disease (CD),
cerebrovascular disease, and respiratory disease (bronchitis, pneumonia, influenza) in England and Wales, 1881–1916.
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the same standard for earlier periods when the age
structure was very different, although the advantage
is more comparability of the level of standardized
death rates over time. The population of England
and Wales in 1901 would give age-standardized
death rates closer to the actual rates between 1881
and 1916, although when used there was no discern-
ible difference in the broad patterns of change (not
shown). The ESP has now been updated (2013) to
reflect increasing numbers of people at very old ages,

as the high death rates have a relatively strong influ-
ence on age-standardized rates [49]. The trend in
death rates from CVD reported here largely reflects
changes in death rates for ages 545 years [44]. The
secular trends also reflect the aggregate effect of
both cohort- and period-related influences. For ex-
ample, the secular trend in the death rate from respira-
tory disease (bronchitis, pneumonia, and influenza)
reflects experiences earlier in life as well as those closer
to the time of death, particularly episodes of infectious
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Fig. 2. Annual age-standardized death rates from all cardiovascular disease, heart and circulatory disease (CD),
cerebrovascular disease, and influenza in England and Wales, 1920–1939.
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disease [44, 55]. However, influences closer to the time
of death predominated within the separate time-
periods considered here, which is also the case for
heart disease and stroke as indicated by similar pat-
terns of change in death rates for different age groups
[54]. Despite changes in diagnostic skills, certification
practice, and classification affecting period death
rates, the broad patterns of change in age-
standardized death rates in the three periods, which
are distinctly different, are likely to reflect genuine
changes in mortality risk. The extent to which the
changes in cardiovascular and respiratory disease
mortality reflect changes in incidence cannot be
assessed due to lack of data, although short-term
fluctuations in influenza mortality are a reasonable in-
dicator of the epidemic cycle.

The importance of viewing recent trends in chronic
disease mortality in the historical context of a chan-
ging infectious disease environment has been empha-
sized elsewhere in a review of the epidemiological
transition in England [44]. With longer survival due
to the prevention of severe infectious diseases, the all-
cause death rate was declining, and heart disease and
stroke accounted for an increasing proportion of all
deaths between 1881 and 1950. The increase in the
total CVD death rate between 1920 and 1950 reflected
increasing heart disease mortality [54], although lower
mortality in the 1940s coincided with rationing, which
probably reduced risks associated with cigarettes, al-
cohol, sugar, and other food items. From the 1950s,
studies identified the major role of cigarette smoking
in the ‘heart disease epidemic’ [56], and in the widen-
ing sex differential in mortality [57, 58], and total car-
diovascular mortality started to decline. As both
cerebrovascular disease and heart disease/CD death
rates declined from 1951 (Fig. 3), transfer of certifica-
tion between sub-categories does not explain either
trend. The decline in the 1960s coincided with prevent-
ive interventions focused on reducing the prevalence
of cigarette smoking, beneficial changes in diet, and
lowering cholesterol levels. Studies in several countries
found that the decline in heart disease mortality was
associated with reductions in the prevalence of
lifestyle-related risk factors and new treatment
measures [18–27]. However, statistical models did
not account for all the decline, and the benefits of
treatment may have been exaggerated by assuming
that quantified effects found in randomized trials
were replicated in the wider population, and by not
taking into account duplication of effects because of
multiple life style changes and medical interventions

[20, 23, 25]. Use of aspirin, thrombolysis, drugs for re-
ducing hypertension and harmful cholesterol, and cor-
onary artery bypass surgery have contributed to
longer survival for many of those with cardiovascular
disorders in recent decades, although a study of IHD
mortality in England and Wales concluded that treat-
ment is unlikely to account for a large proportion of
the decline in the 1970s and 1980s [54]. A possible
contribution of declining prevalence of infections
associated with CVD has not been taken into account
in epidemiological studies of the recent phase of mor-
tality decline, which for the whole group of heart dis-
ease and CD began in 1951 (Fig. 3).

The concomitant decline in death rates from cere-
brovascular disease and heart disease/CD between
1891 and 1910 also indicates that transfer of recording
between these groups does not explain either trend.
The decline in CVD mortality is not explained by
transfer of recording to respiratory disease, although
some transfer to categories of disease with increasing
death rates, such as diabetes mellitus, is possible
[44]. The decline occurred despite the likely transfer
of recording from the ‘old age’ and ‘ill-defined’ cat-
egories as certification became more specific, and
this probably contributed to the increasing CVD
death rate up to 1891. The decline thereafter is unlike-
ly to be due to deliberate preventive measures or treat-
ment, and that for cerebrovascular disease continued
for decades before anti-hypertension treatment was
introduced in the 1950s. The early phase predated re-
frigeration which reduced the need to use salt for food
preservation, a suggested cause of hypertension [12].
The downturn in total cardiovascular mortality coin-
cided with that for respiratory disease and measles,
contrasting with the earlier onset of decline for
many acute infectious diseases and tuberculosis under-
lying the decline in the overall death rate [44]. Studies
in England and developing countries have found that
incidence and severity of various types of respiratory
infection and measles, which was often complicated
with secondary respiratory infections, are higher in
crowded households with a large number of children
[59–63]. From the 1890s, new housing, reduced over-
crowding, and families having fewer children, prob-
ably contributed to a decline in severity of these
infections, thereby reducing respiratory disease death
rates for adults and children, who are often the source
of infections introduced into the household [64–67].
High numbers of deaths in older adults recorded as
bronchitis or pneumonia contributed to the peak in re-
spiratory disease mortality in the influenza pandemic
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of 1890–1891 [44]. This followed about 40 years of
relatively low recording of influenza deaths. The
lower respiratory disease death rate after 1891 could
reflect the above socio-demographic factors and the
level of immunity to strains of influenza virus preva-
lent in the population. The increase in the death rate
between 1910 and 1915 probably reflects other
influences on mortality risk as well as the cycle of sea-
sonal influenza.

The correspondence of short-term variation in heart
disease/CD mortality with ‘spikes’ in influenza deaths
(Figs 1 and 2), and the similarity between trends in
total CVD and respiratory disease death rates between
1881 and 1916, is consistent with other ecological evi-
dence of association. Excess mortality from respira-
tory disease and heart disease associated with
seasonal influenza has been reported for the United
States [68, 69], as well as England and Wales [40,
70, 71]. Although some short-term variation may
reflect weather conditions [72, 73], many other types
of study have found association between heart disease
and seasonal influenza or other respiratory infections
[35, 36, 38–41]. Many observational studies have pro-
vided evidence that generally supports the hypothesis
that seasonal influenza can ‘trigger’ acute myocardial
infarction and fatal heart attack [41]. A review of the
biological basis for a causal mechanism suggested that
in addition to a pro-coagulant effect, infection
increases inflammation of the arterial walls, which
could destabilize and rupture atherosclerotic plaques
leading to embolism and thrombosis [74].

Several studies have suggested that infections have a
cumulative role in atherosclerosis [32–35], now widely
regarded as an immune-related, inflammatory process
contributing to coronary artery disease, stroke, ab-
dominal aortic aneurysm and peripheral vascular dis-
ease [35, 37, 75]. Several pathogens have been
investigated, including cytomegalovirus and H. pylori,
as well as causal agents in respiratory infection.
Comprehensive reviews of many types of investigation
have found strong evidence of association between
atherosclerosis and H. pylori [76] or C. pneumoniae
[35–37, 77], one of the commonest pathogens causing
community-acquired pneumonia worldwide, which
probably infects most people at least once [36]. A
large prospective population study found a strong as-
sociation between C. pneumoniae and newly devel-
oped carotid atherosclerosis, after controlling for
common risk factors [78]. Although C. pneumoniae
has not been established as a causal agent in athero-
sclerosis [35, 36], the case for a role in CVD is

strengthened by its association with current heart dis-
ease [38] and acute myocardial infarction [79], as well
as future thickening of carotid arteries [78].

There is little indication of changes in the preva-
lence of atherosclerosis that might have affected long-
term trends in CVD mortality, although changes in
thrombotic tendency could have been influential [54].
The association between cerebrovascular disease and
H. pylori [42], and between recent respiratory
infections and stroke [43, 80], could reflect a pro-
thrombotic effect. The association between heart dis-
ease and infection with C. pneumoniae appears to be
independent of established risk factors and socio-
economic status [38, 79]. Although doubts have been
raised about a causal role in the development of
heart disease [81, 82], particularly as no association
was found between C. pneumoniae and future IHD
in a prospective study [83], much of the evidence
from epidemiological studies, clinical investigations,
and patho-physiological observations points to acute
infections having a role in cardiovascular disorders.
A recent review of evidence found that large, well-
designed studies have consistently reported a two- to
three-fold increase in the risk for acute coronary syn-
dromes within 1–2 weeks of respiratory infection. It
concluded that acute infections, especially respiratory
infections, have a role in triggering strokes and acute
coronary events within a causal complex of interacting
lifestyle-related factors [84]. A growing body of evi-
dence indicates that infections, and immune responses
to them, may have a causal role in the pathogenic pro-
cesses underlying cardiovascular disorders, heart
attacks and stroke. Mixed viral and bacterial infec-
tions could contribute to heart disease [28], and mul-
tiple pathogens to atherothrombosis [79], while some
evidence suggests that the role of infection in CVD
might be generic [80].

There is some evidence of reduced risk of poten-
tially fatal cardiovascular events for those with cardio-
vascular disorders given influenza vaccination [35, 41,
74, 85], and evidence of the role of specific pathogens
in CVD could come from further research on the ef-
fect of child and adult vaccinations on cardiovascular
mortality. As young children and those attending
school are frequently the source of respiratory infec-
tions affecting adults [66, 67], data from programmes
of child vaccination against influenza, such as that in
Japan which reduced seasonal variation in cardio-
vascular and respiratory disease mortality [86, 87],
could provide further evidence of the impact on
CVD in adults [88]. Further vaccination studies in
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low-income countries could provide more definitive
evidence of the role in CVD of influenza, pneumonia,
C. pneumoniae, and other respiratory pathogens
[41, 74, 85, 89, 90]. More than three-quarters of all
CVD deaths in the world now occur in countries
with average annual per capita income below US
$9000 (2001) [91]. Established lifestyle-related risk fac-
tors such as cigarette smoking, harmful diet, and lack
of exercise, are likely to explain much of the increasing
burden of cardiovascular morbidity and mortality in
low-income countries. The majority of people will
not have access to expensive treatment in the foresee-
able future, and low-cost prevention strategies are
required to promote changes in health-related beha-
viours that have reduced cardiovascular mortality in
industrialized countries.

This study provides evidence of a decline in cerebro-
vascular and other cardiovascular mortality in
England and Wales between 1891 and 1910, long be-
fore preventive and treatment measures. This coin-
cided with the beginning of the decline in the death
rate from the group of respiratory diseases, bronchitis,
pneumonia and influenza. Correspondence between
short-term fluctuations in the death rates is further in-
dication of ecological association, which is consistent
with evidence from other types of study that seasonal
influenza can trigger acute myocardial infarction and
episodes of respiratory infection are followed by
increased risk of cardiovascular events. Further re-
search is needed to ascertain whether vaccination
against infectious diseases, particularly respiratory
infections, can contribute to prevention of cardiovas-
cular disorders, heart attack and stroke in individuals,
and at the population level.
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