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Abstract
Background: The substantial decline in cardiovascular-disease (CVD) mortality in highincome countries has underpinned their increasing longevity over the past half-century.
However, recent evidence suggests this long-term decline may have stagnated, and
even reversed in younger populations. We assess recent CVD-mortality trends in highincome populations and discuss the findings in relation to trends in risk factors.
Methods: We used vital statistics since 2000 for 23 high-income countries published in
the World Health Organization Mortality Database. Age-standardized CVD death rates by
sex for all ages, and at ages 35–74 years, were calculated and smoothed using LOWESS
regression. Findings were contrasted with the Global Burden of Disease (GBD) Study.
Results: The rate of decline in CVD mortality has slowed considerably in most countries
in recent years for both males and females, particularly at ages 35–74 years. Based on
the latest year of data, the decline in the CVD-mortality rate at ages 35–74 years was <2%
(about half the annual average since 2000) for at least one sex in more than half the countries. In North America (US males and females, Canada females), the CVD-mortality rate
even increased in the most recent year. The GBD Study estimates, after correcting for
misdiagnoses, suggest an even more alarming reversal, with CVD death rates rising in
seven countries for at least one sex in 2017. The rate of decline and initial level of CVD
mortality appear largely unrelated.
Conclusions: A significant slowdown in CVD-mortality decline is now apparent across
high-income countries with diverse epidemiological environments. High and increasing
obesity levels, limited potential future gains from further reducing already low smoking
prevalence, especially in English-speaking countries, and persistent inequalities in mortality
risk pose significant challenges for public policy to promote better cardiovascular health.
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Key Messages
• There has been a substantial slowdown in the rate of decline of cardiovascular-disease (CVD) mortality in many high-

income countries in recent years.
• This is most apparent at ages 35–74 years, where CVD-mortality rates have increased in the USA (males and females)

and Canada (females).
• High and increasing obesity, among other risk factors, jeopardize further CVD-mortality declines in many countries.

Cardiovascular diseases (CVDs) collectively are the leading
cause of death globally, and also the leading cause of premature deaths, as assessed by the Global Burden of Disease
(GBD) Study.1 In high-income countries, trends in life expectancy and premature mortality over the past 60 years
have been driven largely by adverse, or favourable, trends
in CVDs.2 Beginning in the 1970s, reducing mortality from
major vascular diseases such as ischaemic heart disease
(IHD) and stroke has been and continues to be a primary
focus of public-health efforts in these populations, but less
so in many lower- and middle-income countries, where
higher tobacco consumption among men, as well as poor
blood pressure, lipid and sugar control, and the progressive
adoption of Western diets and lifestyles, have led to significantly elevated CVD risks.1,3 Increasing recognition of the
likely substantial and global implications of widespread
population exposure to key CVD risk factors has led to the
inclusion of CVD-mortality outcome measures among the
Sustainable Development Goals, with the explicit target of
reducing premature CVD mortality by one-third by 2030.4
In high-income countries, the very substantial decline in
CVD mortality over the past half-century has been a major,
yet often unheralded, global public-health achievement.
Following a period of relatively slow declines and, in some
countries, increases in CVD mortality following World War
II, from the 1970s, CVD mortality in several high-income
countries began to decline, with levels typically falling by 40–
80%—far in excess of declines in cancer mortality.5–8 This
has been attributed variously to the success of public policy
and regulation to reduce exposure to a range of risk factors,
including high prevalence of tobacco smoking and excess alcohol consumption, high blood pressure and high cholesterol,
poor diet and insufficient exercise, as well as to improved
medical management through screening, emergency care and
treatment.9–15 These declines in vascular disease mortality
have been the primary reason for the impressive gains in life
expectancy in countries such as Australia, the USA and the
UK over the past 50 years.2
However, recent evidence from national vital-statistics
systems in these countries suggests that the long-term

decline in CVD and specifically heart-disease mortality
may be stagnating, with rates even rising in some populations, particularly at ages <75 years.11,16–18 Indeed, the advent of recent and prevalent hazards to population health,
most importantly the high and increasing levels of obesity
observed in some countries, have been identified, in the
USA at least, as a primary cause of the recent modest increments in life expectancy, with the potential to offset the
benefits of any further declines in smoking prevalence on
life expectancy.19,20 Indeed, some commentators have suggested that trends in obesity might well lead to an intergenerational decline in life expectancy in countries such as
the USA.21
Given this context, we provide a detailed assessment of recent CVD-mortality trends in 23 high-income populations
and identify countries that have experienced a substantial
slowdown in the rate of decline in, or increases in, CVD mortality in recent years. We discuss the findings in relation to
trends in risk factors, including obesity and smoking, and
inequalities in mortality risk, and conclude with some reflections of possible implications for longevity.

Data and methods
We assessed CVD-mortality trends since 2000 for 23 highincome countries (see Table 1) encompassing a broad epidemiological spectrum. Only Portugal (no age-specific
data available in the database for 2004–2006) and Iceland
(because its small population makes interpretation of
trends more difficult) were excluded.
The primary source of data for the analysis is the World
Health Organization (WHO) Mortality Database.22 This
Table 1. Countries included in the analysis
Australia
Austria
Belgium
Canada
Denmark
Finland

France
Germany
Greece
Ireland
Israel
Italy

Japan
Netherlands
New Zealand
Norway
Republic of Korea
Singapore

Spain
Sweden
Switzerland
United Kingdom
USA
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death as certified by medical practitioners in countries and
are not adjusted by redistribution algorithms, such as those
used by the GBD Study, to achieve greater comparability
of findings across countries. Further, restricting the analysis of deaths to ages 35–74 years should reduce the impact
of any potential diagnostic inaccuracies that are likely to
be more prevalent at older ages when multiple morbid conditions are often present at or around the time of death.28
We also used data from the GBD Study to assess
whether the trends observed at ages 35–74 years based on
data reported to WHO are also apparent after the adjustments for ‘garbage’ coding, primarily to assess the results
reported by countries for plausibility given the potential
for errors mentioned above.1 This involves reallocating
codes such as ill-defined causes, septicaemia, heart failure
and certain other ICD codes that cannot, or should not, be
certified as an underlying cause of death. These conditions
are of limited value, even potentially misleading, for guiding public-health priorities and have been redistributed to
other target causes based on various diagnostic algorithms,
including statistical methods.28 Common target causes for
the redistribution of such ‘garbage’ codes include several
major CVDs, due to their high proportion of deaths, and
because deaths certified to such causes as senility have frequently been identified, upon more intensive clinical review, to be actual cases of vascular disease mortality.28,29
As a result, CVD-mortality rates estimated in the GBD
Study are likely to be higher than what is reported by countries to the WHO, although there is no a priori reason to
expect that the trends will be markedly dissimilar. An advantage of the GBD Study is that it estimates CVD mortality for all countries up to and including 2017, compared
with the WHO Mortality Database for which the most recent data refer to either 2015 or 2016. GBD estimates for
years with no data in the WHO Mortality Database are essentially projections, although, given they are made for
only 1–2 years at most, they are unlikely to exaggerate recent trends. The GBD estimates were also smoothed using
LOWESS regression, to ensure consistency with the methods used for the WHO Mortality Database.

Results
Figure 1 shows trends in smoothed CVD age-standardized
death rates for all ages, measured by the average annual
percentage change before, and since, 2010 (for all available
years of data from 2000 onwards). To place these trends in
perspective, the annual percentage change for the most recent available year of data is also shown. In the most recent
year, CVD death rates for females appear to have increased
slightly in the USA, were steady in Italy and declined only
marginally (by <2%) in Belgium, the Netherlands and
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information was assembled from annual reports submitted
to WHO by country statistical or health authorities of the
number of deaths according to sex, age and cause. More
recent data for New Zealand (2015) and Canada (2016)
were not available in the WHO Mortality Database and
were obtained from each country’s national statistics
office.23,24 All country-years analysed were based on
International Classification of Diseases Version 10 (ICD10) codes, except the following, which used ICD Version 9
(ICD-9): Greece 2000–2013, Ireland 2000–2006,
Singapore 2000–2011, Italy 2000–2002 and Austria 2000–
2001. CVD mortality includes all deaths coded to ICD-9
codes B25–B30 and ICD-10 codes I00–I99 and is directly
comparable between ICD-9 and ICD-10; further, given
this broad cause grouping, it is highly unlikely that there
would be significant misclassification of CVD deaths between the two ICD versions. We also compared trends
across all countries for IHD (ICD-9: B27; ICD-10: I20–
I25), cerebrovascular diseases (ICD-9: B29; ICD-10: I60–
I69) and all other cardiovascular diseases. Population data
to calculate rates were taken from the GBD Study.25
Our principal measures of CVD mortality were sexspecific age-standardized death rates per 100 000 population, standardized according to the GBD age standard and
calculated for all available years of data from 2000.5 We
report on trends at all ages and, to identify the extent to
which the deceleration in the rate of mortality decline is
present among young and middle-aged adults, also at ages
35–74 years. To account for any stochastic variation in annual CVD mortality, the rates are smoothed over time using LOWESS regression using Stata 13.0.26,27 Trends are
also assessed over two distinct time periods—before and
since 2010—to identify period differences in the rate of
change of CVD mortality. We also compare the average
annual percentage change in CVD mortality since 2010
with the level of CVD mortality in that year to assess
whether subsequent patterns of mortality change might
have been related to the initial level.
The WHO Mortality Database is not adjusted for any
potential diagnostic errors, or differences in diagnostic
practices and training across countries, and so potentially
underestimates CVD mortality to the extent that such
practices may lead to misdiagnoses of CVD deaths to other
causes. In particular, previous studies have identified the
widespread use of ICD ‘garbage’ codes for what are likely
to be true cases of IHD, stroke and other CVDs as the underlying cause of death.1,28,29 Whereas such diagnostic
errors may seriously impede comparative mortality analyses across countries, they are much less likely to affect temporal changes within a country over the relatively short
period of this analysis. The strength of using the WHO
Mortality Database is that the data reflect the causes of
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Figure 2. Cardiovascular-disease age-standardized death rates (35–74 years), annual % change (average to 2010, average since 2010, latest year),
LOWESS-smoothed, males and females, WHO Mortality Database.

New Zealand. For men, they were unchanged in the USA
and declined only marginally (by <2%) in Australia,
Germany, Israel, Italy and Spain. The average annual rate
of decline of CVD mortality in the USA since 2010 has
been about 1% for both males and females, compared
with about 3.5% over the previous decade. Average annual
declines in CVD mortality between 2000 and 2010 were at
least 3% in every country (and only slightly less so in
Japan), averaging 4.1% for males and 3.9% for females,
compared with 3.2% (males and females) since 2010
(Supplementary Table A.1, available as Supplementary
data at IJE online). The largest average annual declines in

CVD mortality over the decade to 2010 were observed in
Ireland (5.4% males, 5.0% females), the UK (5.2% males,
5.0% females), Denmark males (4.9%), Norway males
(4.9%) and Singapore females (5.2%). With relatively few
exceptions, there is a clear gradient in the pace of change
in CVD mortality over the past 18 years or so, being fastest
before 2010, less rapid since then and slowest for the most
recent year for which data are available.
This pattern of slowing CVD-mortality declines is even
more evident at ages 35–74 years. Figure 2 reveals more
countries with increases, or at most small declines, for the
most recent year; USA (males and females) and Canada
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Figure 1. Cardiovascular-disease age-standardized death rates (all ages), annual % change (average to 2010, average since 2010, latest year),
LOWESS-smoothed, males and females, WHO Mortality Database.
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Figure 3, which shows trends for those countries where the
deceleration in the rates of decline has been most acute or
where rates may even have begun to increase. Three points
in particular emerge from the figure; first, the deceleration
in the rate of decline of CVD mortality is a generalized
phenomenon, occurring in countries with such diverse
CVD epidemiological environments as Australia,
Denmark, Germany, Italy, Spain, the USA and the UK; second, by and large, the trend is apparent, and similar, for
both males and females; and, third, the momentum of
change is remarkably strong and consistent, suggesting
that it is highly likely that all of these countries will see
increases in CVD-mortality rates within the next year or
two, as has already been the case in the USA since 2014,
and for Canadian women. The USA was also the first
country where the rate of decline in CVD mortality fell below 2% per annum (2011).
Moreover, the rate of decline in CVD mortality at ages
35–74 years since 2010 does not appear to be related to the
initial level of CVD mortality in 2010 (Figure 4). Both relatively slow and relatively quick CVD-mortality declines
have occurred in countries across a wide range of initial
mortality levels, including countries where rates were already comparatively low.
For almost all countries where the decline in the agestandardized CVD death rate at ages 35–74 years in the

Figure 3. Annual % change in cardiovascular-disease age-standardized death rates (35–74 years), LOWESS-smoothed, selected countries, 2000–2017,
males and females, WHO Mortality Database.
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(females) recorded increases in CVD mortality according
to their most recent year of data. In several other countries,
the rate of decline for both sexes has slowed to <2%—
Germany, Italy, Spain and the UK—and for at least one
sex in others (males: Australia, Canada, France and
Greece; females: Austria, Denmark and New Zealand). In
general, mortality declines over the decade to 2010 were
greater at ages 35–74 years than for all ages, being largest
in Korea, where the annual rate of mortality decline was as
high as 8.4 and 6.3%, for females and males, respectively,
or falling by 58 and 48%, respectively, over the decade to
2010 (Supplementary Table A.2, available as
Supplementary data at IJE online). Much lower rates of
CVD-mortality decline between 2000 and 2010 were observed in Japan and the USA, despite the fact that the level
of CVD mortality in the USA for the latest year was still
roughly double that of Japan. Closer examination of the
data revealed there were no discernible trends by age
within the broad 35–74 years age category. Analysis for
more specific causes shows that the decline in other cardiovascular-disease mortality at ages 35–74 years has been
slower than for IHD and cerebrovascular diseases
(Supplementary Table A.3, available as Supplementary
data at IJE online).
The dramatic reversal in the long-term decline in cardiovascular-disease mortality in recent years is clear from
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most recent year was >2%, based on the WHO Mortality
Database, the GBD estimates (also LOWESS-smoothed)
suggest a less optimistic trend, namely that the rate in 2017
was declining by <2%. Further details can be found in
Supplementary Figure A.1, available as Supplementary
data at IJE online. The only countries where the rate of decline in 2017 based on the GBD estimates was >2% were
Korea and Singapore (males and females), Ireland, Italy,
Sweden and Switzerland (males) and Israel (females).
Indeed, the GBD estimates suggest that CVD mortality increased from 2016 to 2017 for seven countries, including
Australia, Germany, the USA and the UK (males and
females), Greece and New Zealand (males) and the
Netherlands (females).

Discussion
For many high-income countries, the vital statistics
reported annually to the WHO indicate that CVD-mortality declines in recent years have either slowed dramatically
or, in some cases, have reversed. These trends are particularly apparent at ages <75 years. The GBD estimates,
which adjust, using standardized methods, for poor-quality
cause-of-death data and in addition provide estimates that
are at least 1–2 years more recent than the WHO Mortality
Database, suggest an even more dramatic reversal. They estimate that, for most high-income countries, CVD-mortality rates have either increased or are now declining by
<2% per year. This remarkable development follows
declines in CVD mortality of around 40% in some countries over the previous decade from 2000 to 2010, and
longer-term declines roughly twice that level over the past
50 years in many more, contributing significantly to the
large increases in longevity observed since 1970. Although
the pace of decline observed over much of the past halfcentury may not necessarily have been sustainable, the
speed and extent of the reversal of this long-term trend
across a number of countries with quite different

epidemiological environments should raise concerns about
whether the long-term decline in CVD mortality in highincome countries is coming to an end. The change in CVD
mortality in recent years also appears to be largely unrelated to the level of mortality attained in countries, suggesting that a feasible floor in CVD-mortality levels is not
yet apparent, supported by the fact that these reversals
have occurred in countries that have not attained the low
levels of mortality achieved by Japan.
Examination of trends in risk factors such as tobacco
smoking, obesity, high cholesterol, high blood pressure
and diabetes, as well as access to health care, can provide
insight into causes of recent CVD-mortality change.
Previous analysis of CVD-mortality trends has found they
are primarily influenced by period rather than cohort factors.8 A possible explanation for recent mortality trends is
that, in many countries, tobacco-smoking prevalence had
already fallen to such a low level that additional (absolute)
declines could only be comparatively minor and hence
would have had a smaller impact on CVD mortality. In
Australia, Canada, New Zealand, the USA and the UK,
where CVD mortality is either increasing or decreasing
only slowly, smoking prevalence measured by the summary exposure value (SEV) (a measure of risk-factor exposure adjusted for severity) is among the lowest among
high-income countries.30 However, of these countries, the
USA, the UK and Canada have actually all experienced
faster-than-average absolute falls in smoking since 2000
and, because this period is sufficiently long to account for
the potential lag effect of smoking on CVD mortality, their
recent mortality declines could be expected to be larger
than what has occurred. Although already low smoking
prevalence is possibly a factor underlying the slowdown in
recent CVD-mortality declines in some countries, evidence
suggests it is not a universal explanation.
Among other explanations are rising levels of obesity
and poor dietary habits. Obesity levels for both males and
females in these countries with low smoking prevalence are
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Figure 4. Cardiovascular-disease age-standardized death rate (35–74 years) in 2010 (per 100 000) vs average annual % decline since 2010, LOWESSsmoothed, males and females, WHO Mortality Database.
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2015.18,39,40 Also of concern are increasing income
inequalities, evident in the USA and Australia, which have
been found to increase country-level CVD-mortality risk,
controlling for socio-economic factors.41,42 Although reducing inequalities in risk factors, secondary prevention
and treatment should be a policy priority, the political, fiscal and structural changes in policy required to do so are
unlikely to be affected quickly enough to counter any impact that these inequalities are likely to have on CVD-mortality rates in the short term.
Our analysis, using routine vital-statistics data, suggests
a more conservative reversal of the long-term decline in
CVD mortality than do the adjusted trends from the GBD,
but confirms its general pattern, timing and direction.
Further insight into the variation of CVD-mortality decline
within countries can be gained by analysis of individual
cause-of-death data, linked with various socio-economic
and geographic covariates. The implication for policy is
that the effect of the successful public-health interventions
applied over the past 50 years is diminishing and that CVD
mortality has reached such low levels that further gains
will be very difficult to achieve without much more targeted and strategic public-health measures, or in the absence of significant advances in medical management and
health-care delivery. Given that CVDs remain a leading
cause of death in high-income countries, the slowdown or
reversal in their decline will likely have an important impact on the ability of countries to meet Sustainable
Development Goal 3.4 and, more generally, on future longevity.43 A resumption of CVD-mortality declines will require concerted and strategic efforts to reduce population
exposure to risk factors even further, particularly obesity,
as well as improvements in population access to highquality treatment and care.
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Supplementary data are available at IJE online.
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