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Background Cardiovascular disease (CVD) mortality has more than halved in
England since the 1980s, but there are few data on small-area
trends. We estimated CVD mortality by ward in 5-year intervals
between 1982 and 2006, and examined trends in relation to starting
mortality, region and community deprivation.

Methods We analysed CVD death rates using a Bayesian spatial technique for
all 7932 English electoral wards in consecutive 5-year intervals be-
tween 1982 and 2006, separately for men and women aged 30–64
years and 565 years.

Results Age-standardized CVD mortality declined in the majority of
wards, but increased in 186 wards for women aged 565 years.
The decline was larger where starting mortality had been higher.
When grouped by deprivation quintile, absolute inequality between
most- and least-deprived wards narrowed over time in those aged
30–64 years, but increased in older adults; relative inequalities wor-
sened in all four age–sex groups. Wards with high CVD mortality in
2002–06 fell into two groups: those in and around large metropol-
itan cities in northern England that started with high mortality in
1982–86 and could not ‘catch up’, despite impressive declines, and
those that started with average or low mortality in the 1980s but
‘fell behind’ because of small mortality reductions.

Conclusions Improving population health and reducing health inequalities
should be treated as related policy and measurement goals.
Ongoing analysis of mortality by small area is essential to monitor
local effects on health and health inequalities of the public health
and healthcare systems.

Keywords Cardiovascular diseases, epidemiology, population health, small-area
analysis, Bayesian spatial analysis, health inequality

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by-nc/3.0/), which

permits non-commercial reuse, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact

journals.permissions@oup.com

Published by Oxford University Press on behalf of the International Epidemiological Association

� The Author 2012; all rights reserved. Advance Access publication 4 November 2012

International Journal of Epidemiology 2012;41:1737–1749

doi:10.1093/ije/dys151

1737



Introduction
Mortality from cardiovascular disease (CVD) has more
than halved since the 1980s in England; CVD, none-
theless, remains the leading cause of death. CVD mor-
tality differentials are an important determinant of
inequalities in all-cause mortality between regions
and by individual and community socio-economic
status (SES).1–4 The impressive national decline in
CVD mortality inevitably raises the question of
whether the advantageous trends have benefited all
communities equally and of how trends may vary by
initial CVD mortality, region and community SES.

Previous research has documented inequalities in
CVD mortality by SES and by larger administrative
units such as region or district.1–6 Regional studies
however mask variations in mortality levels and
trends among local communities. This limits our abil-
ity to prioritize, plan for and evaluate public health
and healthcare interventions that are implemented
and managed locally. Evidence-based planning and
evaluation with a local focus is particularly important
for CVD because the coverage and effectiveness of
preventive interventions and treatments may vary lo-
cally, based on factors like number and training of
general practitioners, access to cardiac interventionists
and specialist stroke services and emergency response
times.7–9 To overcome this gap, we estimated electoral
ward-level CVD mortality between 1982 and 2006. We
also used these estimates to examine how past trends
have affected CVD mortality inequalities. The methods
and empirical findings also demonstrate how routine
mortality data can be used for informing local CVD
trends and CVD mortality inequalities.

Methods
We analysed trends in age-standardized CVD mortal-
ity, separately for men and women aged 30–64 years
and 565 years for all 7932 English Standard Table
Wards in five consecutive periods: 1982–86, 1987–91,
1992–96, 1997–2001 and 2002–06. We also examined
differences in CVD mortality across wards and differ-
entials among wards grouped by deprivation quintile.

Analysis units
English electoral wards are administrative units with
an average population of 3420 persons. To deal with
changing administrative boundaries over time, in
2003 the Office for National Statistics (ONS) pro-
duced a set of ‘Standard Table wards’ (ST wards)
based on wards used for the 2001 census tables.10

Wards with <1000 residents or 400 households were
merged into receiving wards to ensure confidentiality
of the data released in the Census Standard Tables.
We used ST wards as our units of analysis over time
(referred to simply as ‘ward’ hereafter).

Data sources
Data were from national databases, including the
census and mortality statistics, held by the Small
Area Health Statistics Unit. Population data by age
and sex were available for ST wards for 2001 and
all subsequent years.11 Data were available for
Enumeration Districts (ED) in census years 1981
and 1991. ED populations were proportionally divided
among all postcodes in each ED and aggregated to
ward level. For other years, population data were
available at district (Local Authority) level.12 We
used census data in 1981, 1991 and 2001 to estimate
the proportion of district population that fell into each
ward within a district, by sex and age group; the pro-
portion for inter-censal years was calculated using
linear interpolation. We then used the ratio of
ward-to-district population, by sex and age group, to
redistribute district population into wards.

CVD deaths (ICD-9 codes 390–459 in 1982–2000 and
ICD-10 codes I00–I99 in 2001–06) were extracted by age,
sex, year and postcode and aggregated to ST wards. We
used the Index of Multiple Deprivation (IMD) 2007 to
measure community SES in the most recent analysis
period. IMD is a measure of community SES, which in-
corporates 38 indicators of income, employment, health,
education, housing and services, living environment/
infrastructure and crime. We excluded the health
domain from our calculations and reweighted the
remaining domains because CVD mortality is itself a
health variable.13 Following previous analyses,14

scores for each IMD domain, which were available at
the Lower Super Output Area level, were transformed
to ward-level domain scores by population weighting.
For analysis of mortality in relation to deprivation, we
grouped wards by modified IMD quintile because IMD
is a non-linear measure of community SES.15,16 We used
the same quintile grouping throughout the analysis
period because we wanted to assess the change in
inequality in the same group of wards over time.

Statistical methods
We estimated ward-level CVD mortality for the afore-
mentioned 5-year analysis periods. All analyses were
done separately for men and women for each period,
and at ages 30–64 years and 565 years.

Simple CVD death rate estimates in small areas such
as wards may be unstable owing to small numbers of
deaths. To overcome this issue, we first pooled ward
CVD deaths and populations in each 5-year period. We
then used a Bayesian spatial model to estimate CVD
mortality by ward, sex and age group for each period.
The model, known as the Besag, York and Mollie
(BYM) model, is described in detail elsewhere.17,18 In
brief, the number of deaths in each ward–period–sex–
age group was specified using a Poisson model. The
Poisson model estimates mortality in each ward, rela-
tive to that expected if all wards had the same death
rate as the national rate. The estimated ratios can then
be converted into mortality rates through simple
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multiplication by the national death rate for the cor-
responding age group, sex and analysis period. This
process also age-standardizes mortality to the national
age structure for the corresponding age–sex group. In
the calculations of change in mortality over time, we
conducted all analyses relative to the national popula-
tion for the corresponding age group and sex during
the 25 years of analysis (when comparing men and
women in Table 1, we age-standardized to the com-
bined population for men and women for the corres-
ponding age group).

In the BYM model, the estimated mortality in each
ward is influenced by its own data, as well as by
those of its neighbours (defined as wards that share
a boundary), borrowing information to balance be-
tween (overly) unstable within-ward estimates and
(overly) simplified aggregate large-area estimates
that mask small-area variation. To achieve this bal-
ance, the estimation partitions the variance of mortal-
ity across wards into a spatial component (specified
using a Gaussian conditional autoregressive prior dis-
tribution) and a ward-specific component (specified

Table 1 Age-standardized CVD death rates (per 100 000) by sex, age group and ward deprivation quintile

1982–86 1987–91 1992–96 1997–2001 2002–06

Absolute
reduction

between 1982–86
and 2002–06

Percentage
reduction

between 1982–86
and 2002–06 (%)

Men aged 30–64 years

Least deprived 214 164 127 96 72 142 66

Q2 242 193 146 111 85 157 65

Q3 265 209 165 127 102 163 62

Q4 297 244 194 156 125 172 58

Most deprived 357 309 261 216 180 177 50

Q5–Q1 difference 143 145 134 120 108 35

Q5/Q1 ratio 1.67 1.88 2.06 2.25 2.5

Women aged 30–64 years

Least deprived 69 54 42 34 26 43 62

Q2 80 64 51 41 31 49 61

Q3 90 72 59 48 37 53 59

Q4 109 89 74 60 47 62 57

Most deprived 140 123 105 90 71 69 49

Q5–Q1 difference 71 69 63 56 45 26

Q5/Q1 ratio 2.03 2.28 2.5 2.65 2.73

Men aged 565 years

Least deprived 3334 2927 2586 2104 1630 1704 51

Q2 3482 3085 2700 2208 1759 1723 49

Q3 3562 3160 2820 2317 1840 1722 48

Q4 3718 3294 2977 2468 1991 1727 46

Most deprived 3845 3497 3185 2752 2265 1580 41

Q5–Q1 difference 511 570 599 648 635 �124

Q5/Q1 ratio 1.15 1.19 1.23 1.31 1.39

Women aged 565 years

Least deprived 2848 2506 2242 1892 1582 1266 44

Q2 2958 2617 2321 1963 1675 1283 43

Q3 2959 2639 2369 2021 1727 1232 42

Q4 3114 2754 2469 2122 1809 1305 42

Most deprived 3163 2855 2585 2258 1985 1178 37

Q5–Q1 difference 315 349 343 366 403 �88

Q5/Q1 ratio 1.11 1.14 1.15 1.19 1.25
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using a Normal prior distribution). We also included
the ONS’ urban and rural classification19 and
Government Office Region as covariates in the
models, which improved model specification accord-
ing to the Deviance Information Criterion.20 Because
each deprivation quintile contains nearly 1600 wards,
death rates for quintiles are not affected by small
numbers of deaths and were estimated directly
using the numbers of deaths and population.

The model was fitted in open-source software R ver-
sion 2.13.0 using the package Integrated Nested
Laplace Approximation, which provides a computa-
tionally efficient approximation to Markov-Chain
Monte Carlo algorithm. We report the posterior
mean of CVD mortality by age group and sex for
each ward and the posterior probabilities that the
estimated CVD mortality is above the age- and
sex-specific national death rate.

Results
Between 2002 and 2006, CVD accounted for 38 and
37% of all deaths among men and women 530 years
of age, respectively. Nationally, age-standardized CVD
mortality was higher among men than women: 120 vs
45 per 100 000 in young and middle-age adults and
2234 vs 1590 per 100 000 among those aged 565
years. Men had higher mortality than women in
499% of wards for ages <65 years. In older ages,
women had higher CVD mortality than men in one
out of five wards. Below, we describe the geographical
patterns and inequalities in ward CVD mortality in
the most recent period, present the trends since the
1980s and discuss how and the inequalities have
changed as a result of these trends.

Ward-level CVD mortality and inequalities in
the 2000s
In 2002–06, there was a nearly 4-fold difference be-
tween the 1st and 99th percentiles of CVD mortality
at ages 30–64 years among English wards (Figure 1a
and b, right hand panels; Supplementary Tables S1
and S2, available as Supplementary data at IJE
online). CVD mortality was highest in northwestern
England, especially for wards in and around metro-
politan areas of Liverpool, Manchester, Nottingham,
Burnley and Blackpool; in parts of Yorkshire, Leeds
and Bradford; in and around Birmingham and in
deprived boroughs of London, including Newham,
Hackney, Haringey, Tower Hamlets and Waltham
Forest. There was also high CVD mortality along the
northeastern coastline and, for men, in patches along
the southern coastline, e.g. in Plymouth. Except in
London, CVD mortality in young and middle-age
adults was generally low in southern England, with
Surrey, East Dorset and Cotswolds having some of the
lowest death rates. Parts of Yorkshire and the Lake
District also formed a northern low-mortality band.

Despite the relatively small numbers of deaths per
ward in young and middle-age adults, there was
high confidence that the estimated high and low mor-
tality rates deviated from the national average, e.g.
with posterior probabilities 40.80 or <0.20 (Supple-
mentary Figure S2a and b, available as Supplemen-
tary data at IJE online).21

For ages 65 and above, the 1st–99th percentiles
of ward-level CVD mortality had an almost 2-fold
difference (Figure 1c and d, right-hand panels;
Supplementary Tables S3 and S4, available as
Supplementary data at IJE online). High- and
low-mortality wards were spatially more heteroge-
neous in older ages than in ages <65 years, especially
for women. CVD mortality was high in some of the
same northern wards as for those aged <65 years; it
was also high in additional areas in the northeast and
northwest (both sexes) and in the West Midlands,
near the Welsh border and in some rural wards
(women only). Low-CVD-mortality wards were
widely dispersed throughout the country for older
adults, especially for women. Southern and southwes-
tern wards had low mortality at these ages as they did
for <65 years. In contrast to younger adults, London
wards did not feature prominently as high-risk areas
in older ages; rather, some London wards were among
those with the lowest older-adult CVD mortality in
the country.

Trends in ward-level CVD mortality and
inequalities
Nationally, CVD mortality declined by about two-
thirds for men and women aged 30–64 years between
1982 and 2006 and by over one-half for those aged
565 years. There were larger absolute (but not relative)
reductions among men, leading to a convergence of
male and female CVD mortality. CVD mortality declined
in the vast majority of wards during these 25 years,
though it increased in 186 wards for older women and
in a handful of wards for other age–sex groups.

For ages 30–64 years, the reduction in CVD mortality
varied substantially across wards, declining 4.5 times
more in the 1% best-performing wards (i.e. those
with the largest improvement) than in the
worst-performing 1% for men, and seven times more
for women (Figure 2a and b). Importantly, CVD
mortality declined more in wards with higher starting
death rates in 1982–86, such as those in the northeast
and northwest, Yorkshire and the West Midlands
(Figure 2a and b). The smallest declines were in some
London wards that had relatively low or average mor-
tality in the 1980s. These wards fell behind over these
two and a half decades, and by 2002–06 had some of the
highest CVD mortality in the country (Figure 1a and b
right-hand panels). CVD mortality decline was also
relatively small in some wards in southern and
eastern England, although these areas had such low
mortality in the mid-1980s that they maintained their
low-mortality positions. As a result of these trends,
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(continued)

Figure 1 Posterior mean of CVD mortality in 1982–86 and 2002–06 from the Bayesian spatial model, by ward in (a) men
aged 30–64 years; (b) women aged 30–64 years; (c) men aged 565 years; and (d) women aged 565 years. See
Supplementary Tables S1–S4 for numerical information by ward. See Supplementary Figure S1 for a map of England that
identifies specific regions. See Supplementary Figure S2 for posterior probabilities corresponding to this figure. Each shade
in the legend corresponds to a decile of wards in the analysis and includes 793 or 794 wards
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the standard deviation of CVD mortality across wards
declined from 63 deaths per 100 000 in 1982–86 to 37
in 2002–06 for men and from 31 to 15 for women aged
30–64 years. Despite shrinking absolute inequality
across wards, wards largely retained their relative
positions; correlations between CVD mortality in

1982–86 and 2002–06 were 0.65 for men and 0.71 for
women.

In those aged 565 years, CVD mortality declined
nearly five times more in the best-performing 1% of
wards than in the worst-performing 1% for men;
there was a 10-fold variation for women (Figure 2c

Figure 1 Continued
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and d). CVD mortality decline at older ages was also
strongly linked to mortality in the early 1980s, with
the correlation between mortality in 1982–86 and its
decline 0.84 for men and 0.91 for women.
High-mortality-large-decline wards were located in
northern England and in small pockets of the south
and southeast for men, but were dispersed through-
out the country for women. Wards with the lowest

CVD mortality in older adults in 2002–06 were those
which started off with average or lower-than-average
mortality in the early 1980s and sustained average
(rather than spectacular) declines; these wards were
located in southern England and in affluent parts of
London like Westminster, Kensington and Chelsea
and Kingston-upon-Thames. The standard deviation
of ward-level CVD mortality declined from 508 to

Figure 2 Change in ward CVD mortality between 1982–86 and 2002–06 from the Bayesian spatial model, in (a) men
aged 30–64 years; (b) women aged 30–64 years; (c) men aged 565 years; and (d) women aged 565 years. Each shade
in the legend corresponds to a decile of wards in the analysis and includes 793 or 794 wards
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311 deaths per 100 000 in older men and 785 to 380
in older women. The relative positions of wards chan-
ged more for older adults than those aged <65 years;
correlations between ward-level CVD mortality in
1982–86 and 2002–06 were 0.45 for men and 0.28
for women.

CVD mortality in relation to ward
deprivation
CVD mortality in the mid 2000s was strongly asso-
ciated with community deprivation among young
and middle-age adults seen in both the correlation
between modified IMD and mortality (Supplementary
Figure S3, available as Supplementary data at IJE
online) and in the effect of adjustment on the geo-
graphical patterns of CVD mortality (Figure 3). Spe-
cifically, after adjusting for Region and urbanicity,
additional adjustment for deprivation led to a 480%
reduction in spatial variation of CVD mortality in
those aged <65 years (Figure 3a and b). The associ-
ation of ward CVD mortality with deprivation was less
marked at older ages, with the spatial variation
declining by 58% in men and 42% in women after
adjustment for deprivation. Correlation coefficients
between modified IMD and CVD morality were 0.56
for men and 0.32 for women aged 565 years (Sup-
plementary Figure S3, available as Supplementary
data at IJE online). Further, mortality varied more
within each deprivation quintile than the difference
between the most- and least-deprived quintiles
(Figure 4).

CVD mortality declined between the 1980s and 2000s
in all deprivation quintiles. For groups <65 years of age,
the absolute difference between CVD mortality in the
most- and least-deprived wards decreased by 24%
(men) and 37% (women) (Table 1). On the other
hand, relative inequalities between the most- and
least-deprived quintiles increased from 1.7 to 2.5 for
men and from 2.0 to 2.7 for women because there
were smaller ‘relative’ reductions in mortality in the
most-deprived wards than the least-deprived ones.
In older adults, both relative and absolute deprivation-
based inequalities increased steadily over time.
This occurred because mortality decline in the most-
deprived quintile was smaller than in the least-deprived
quintile.

Discussion
We found that the downward CVD mortality trends in
England in recent decades benefited nearly all com-
munities, except for a small number of wards where
CVD mortality actually increased, especially among
older women. The largest absolute reductions in
CVD mortality since the early 1980s occurred in
wards that started with the highest mortality. As a
result of these trends, the overall distribution of
CVD mortality across wards narrowed over time in
all four age–sex groups. Mirroring this narrowing,

absolute inequality between the most- and least-
deprived wards (quintiles) declined for young and
middle-age adults; at older ages, absolute inequality
across deprivation quintiles increased. An important
aim of the public health and healthcare system is to
achieve an absolute mortality reduction and relieve
the CVD burden, especially in deprived and
high-burden communities.22,23 In England, this aim
has been partially met through reductions in absolute
inequalities across wards in young and middle-age
adults, but older adults in deprived wards have been
left behind. Furthermore, relative inequalities wor-
sened in all four age–sex groups, more so in young
and middle ages, pointing to persistent environmen-
tal, social and health system injustice.24

Our study has strengths and limitations. Our
Bayesian model used spatial relationships and covari-
ates to make stable small-area estimates and track
trends and inequalities––thus overcoming the limita-
tions of regional analysis, which mask small-area
variation, and those of crude small-area estimates
that are unstable owing to measurement error. We
also reported the uncertainty of our estimates,
which helps identify wards with truly high or low
mortality. Our analysis was done by sex, not only
for premature mortality but also for mortality at
older ages where most CVD deaths occur. This
allowed us to identify important similarities and dif-
ferences in mortality levels and trends across sex and
age groups in relation to both geography and depriv-
ation, and to document the substantial variation
within each deprivation level. We used a consistent
classification of ward-deprivation quintile over time,
which allowed tracking a consistent group of wards;
this may however underestimate historical inequal-
ities if some wards have switched quintiles and if
changes in deprivation quintile are associated with
change in health outcomes.25 The alternative of
using period-specific deprivation quintiles would not
have been affected by this issue, but the wards in
each quintile would have differed between periods,
restricting comparability. There is, nonetheless, high
correlation between current and historical measures
of deprivation in England; for example, at the district
level, correlations between modified IMD 2007 score
and Carstairs deprivation score in 1981, 1991 and
2001 are 0.92, 0.94 and 0.95, respectively. Finally, if
health is associated with absolute level of deprivation,
vs with relative ranking of wards, then a time series
of comparable deprivation measures might be used to
investigate trends.26

England changed from using ICD9 to using ICD10 to
classify cause of death in 2001; this may affect our
estimated trends. Bridge-coding studies demonstrate
that the change has had only a small effect on the
number of CVD deaths, amounting to a 3–4% in-
crease.27 The direction of this change means that
the reductions in CVD mortality, and possibly of the
inequalities, may be larger than estimated by us.
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Figure 3 Posterior standardized mortality ratio of CVD mortality 2002–2006 from the Bayesian spatial model without
adjustment (left-hand panels), adjusted for urbanicity and Government Office Region (middle panels), and with additional
adjustment for modified IMD quintile (right-hand panels) for (a) men aged 30–64 years; (b) women aged 30–64 years;
(c) men aged 565 years; and (d) women aged 565 years. Each tone in the legend corresponds to a decile of wards in the
unadjusted panels
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Because censuses are done every 10 years, district and
ward populations in inter-censal years need to be esti-
mated indirectly, and are hence measured with error.
The different approaches to estimating small-area
population, and their corresponding advantages and
disadvantages, are subjects of ongoing research.28 In
crude estimates of ward death rate, population meas-
urement error would tend to lead to larger variance
than expected had population been measured directly
every year.29,30 The Bayesian spatial model may help
remove some of this error, and the extreme outliers,
by ‘borrowing strength’ across wards.31 In addition to
the error associated with distributing the district
population across wards, the annual district

population figures, estimated by the ONS based on
births, deaths and age- and sex-specific in- and
out-migration are subject to error especially because
migration is not precisely known. Finally, population-
level estimates like ours that use death registration by
place of residence cannot determine whether the
observed change in mortality over time is due to
changes in the health of individuals vs due to changes
in population composition as a result of migration.32–

34 Previous longitudinal and simulation studies have
found that internal migration may have a role in
small-area trends and inequalities but does not ex-
plain the extent of inequalities, indicating the import-
ance of local social, public health and health system

Figure 4 Cardiovascular (CVD) mortality by ward arranged by quintiles of ward deprivation. Each dot represents the
posterior mean of CVD mortality for one ward. The darkest shade shows the most-deprived quintile and the lightest the
least-deprived quintile
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factors.35–38 In addition to internal migration, first-
generation migrants from South Asia to the UK, but
not those from elsewhere, may have higher CVD mor-
tality than those born in the UK.39 Even if a role for
migration is established in poor trends and outcomes
in some areas, out-migration of healthy groups or
in-migration of those with worse health status
deserves policy response.40

To our knowledge, our study is the first analysis of
trends over time in CVD mortality at small-area level
in England, and at both older and younger ages.
Previous ward-level analyses in the 1980s and
1990s1,3,4 were restricted to <65 years of age at one
point in time with results aggregated by region or
deprivation quintile. They found that associations
with deprivation accounted for450% of the variability
among wards for mortality of those <65 years of age,
consistent with our findings at those ages. These pre-
vious studies did not analyse trends and (owing to
aggregation) did not provide small-area estimates. A
further study found declines in absolute inequalities
in age-standardized CVD mortality, aggregated by de-
privation quintile, but did not conduct ward- or
age-specific analyses,41 and thus the increasing abso-
lute inequality at older ages noted here went unre-
ported. Other reports have focused on inequalities in
all-cause or coronary heart disease mortality at the
region, district or parliamentary constituency level,
for ages <65–75 years.6,42–44 These studies found
increasing relative inequalities among geographical
areas43,44 and among places classified according to
SES,6,42 as we did for CVD mortality, but did not
examine absolute inequality or mortality at older
ages where the main burden of CVD mortality lies.
Trends in all-cause mortality by region have also
been analysed, demonstrating a northern disadvan-
tage,44 but the analyses did not extend to small-area
level. As a result, within-region variations and local
patterns of low and high mortality, which are particu-
larly important in older ages, went undetected. Few of
the previous analyses had examined trends in both
absolute and relative inequalities.

Little is known on how small-area mortality levels
and differentials track over time, and how ward
mortality distributions and inequalities may be mod-
ified by good or poor public health measures and by
local health system performance, a particularly
important metric for evaluating decentralized and
local programmes and policies. Our results demon-
strate that the currently worst-off wards fell into
two groups: those primarily around large metropolitan
cities in northern England that started with dispro-
portionately high mortality and simply could not
‘catch up’, despite impressive mortality declines, and
a second group that started with average or relatively
low mortality but performed poorly on mortality
reduction and ‘fell behind’. These included some
deprived wards of London and wards along the north-
eastern coast.

The decline in CVD mortality in high-income coun-
tries has been attributed to a combination of changes
in risk factors at the population level, better primary
prevention and better treatment.45,46 In parallel,
explanations for health inequalities implicate psycho-
social factors, community physical environment,
health behaviours and healthcare access and qual-
ity.47–50 Clearly, the roles of these factors are not in-
dependent, as deprivation, stress and poor working
and living environments may themselves be causes of
hazardous health behaviours or lower-quality health-
care. This also means that further improvements in
CVD mortality, especially in the high-mortality
wards, should rely on social and economic measures,
as well as dietary, lifestyle and healthcare interven-
tions; either of these actions alone may be insufficient
in terms of reduction in inequality and may not be
possible to implement in isolation.24,51

Measuring local outcomes as a component of health
and health equity is especially important in today’s
England and Europe for a number of reasons. First,
the economic downturn, rising unemployment and
the austerity measures may have disproportionately
large effects in deprived areas such as northern
England where economic recovery has historically
been delayed and fragile after each recession. This
could slow down or diminish health gains in these
areas, especially among young and middle-aged
adults. Second, England’s health system, like those
of some other industrialized countries, is heading to-
wards further fragmentation with multiple private
sector contractors to both commission and provide
health services and devolution of public health
responsibilities to local governments.52–54 These new
arrangements are likely to be accompanied by tighter
budgets and harsher consequences for health pro-
viders who seemingly ‘overspend’, compared with ar-
rangements under which healthcare spending by
individual general practitioners (GPs) was cushioned
by a larger pool, such as the Primary Care Trust in
England.54,55 In such a public health and health
system environment, rigorous comparative analysis
of small-area health interventions and outcomes, in
relation to historical trends, will be essential to
ensure that all of England’s communities receive
proven interventions and are not left behind.
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KEY MESSAGES

� CVD mortality declined in the vast majority of wards between 1982–86 and 2002–06, but increased in
186 wards for women aged 565 years.

� CVD mortality decline was larger in wards where starting mortality had been higher, leading to a
narrowing of the distribution of CVD mortality across wards in all age–sex groups.

� Absolute inequality between most- and least-deprived quintiles of wards narrowed over time for
those aged <65 years, but increased in older adults. Relative inequalities became larger in all age
and sex groups.

� Wards with high CVD mortality in 2002–06 fell into two groups: those primarily around large metro-
politan cities in northern England that started with disproportionately high mortality in 1982–86 and
could not ‘catch up’, despite impressive declines, and those that started with average or low mortality
in the 1980s but ‘fell behind’ owing to small reductions.
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