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Inequalities in premature mortality in Britain: observational

study from 1921 to 2007

Bethan Thomas, research fellow,” Danny Dorling, professor of human geography,' George Davey Smith,

professor of clinical epidemiology?

ABSTRACT

Objective To report on the extent of inequality in
premature mortality as measured between geographical
areas in Britain.

Design Observational study of routinely collected
mortality data and public records. Population subdivided
by age, sex, and geographical area (parliamentary
constituencies from 1991 t02007, pre-1974 local
authorities over a longer time span).

Setting Great Britain.

Participants Entire population aged under 75 from 1990
to 2007, and entire population aged under 65 in the
periods 1921-39, 1950-3, 1959-63, 1969-73, and 1981-
2007.

Main outcome measure Relative index of inequality (RII)
and ratios of inequality in age-sex standardised mortality
ratios under ages 75 and 65. The relative index of
inequality is the relative rate of mortality for the
hypothetically worst-off compared with the hypothetically
best-off person in the population, assuming a linear
association between socioeconomic position and risk of
mortality. The ratio of inequality is the ratio of the
standardised mortality ratio of the most deprived 10% to
the least deprived 10%.

Results When measured by the relative index of
inequality, geographical inequalities in age-sex
standardised rates of mortality below age 75 have
increased every two years from 1990-1 to 2006-7 without
exception. Overthis period the relative index of inequality
increased from 1.61 (95% confidence interval 1.52 to
1.69) in 1990-1 to 2.14 (2.02 to 2.27) in 2006-7. Simple
ratios indicated a brief period around 2001 when a small
reduction in inequality was recorded, but this was quickly
reversed and inequalities up to the age of 75 have now
reached the highest levels reported since at least 1990.
Similarly, inequalities in mortality ratios under the age of
65 improved slightly in the early years of this century but
the latest figures surpass the most extreme previously
reported. Comparison of crudely age-sex standardised
rates for those below age 65 from historical records
showed that geographical inequalities in mortality are
higher in the most recent decade than in any similar time
period forwhich records are available since at least 1921.
Conclusions Inequalities in premature mortality between
areas of Britain continued to rise steadily during the first

decade of the 21st century. The last time in the long
economic record that inequalities were almost as high
was in the lead up to the economic crash of 1929 and the
economic depression of the 1930s. The economic crash
of 2008 might precede even greater inequalities in
mortality between areas in Britain.

INTRODUCTION

Inequalities in mortality in Britain have persisted over
many years. Recent government interventions have
aimed to reduce these inequalities but, the evidence
suggests, to little effect. The report of the independent
inquiry into inequalities in health (Acheson Report)!
reviewed the situation of health inequalities as they
then stood a decade ago and identified policy areas
that could enable the government to act to reduce
such health inequalities. Several interim progress
reports were published by the Department of Health,
with a major review published in May 2009.% In early
2010 the latest Marmot review was published.” It
begins with a misquotation from the poet Pablo Ner-
uda: “Rise up with me against the organisation of mis-
ery.” Although the review contains much useful new
evidence and a careful description of the current state
of knowledge, its recommendations perhaps fail to live
up to its epigram. A particular focus of the review is
reflected in its suggestion that: “If society wishes to
have a healthy population, working until 68 years, it
is essential to take action to both raise the general
level of health and flatten the social gradient.” Despite
government interventions, inequalities in health have
not diminished; indeed in some cases the gap might
have widened over the past 10 years, reflecting widen-
ing inequality in wealth and income over this period.
Evidence is currently difficult to interpret, however, as
targets have been changing, as have geographical areas
for which data are reported. We have therefore
extended our previous research on trends in socioeco-
nomic differentials in mortality in Britain,” recalcu-
lated standardised mortality ratios for the 1990s in
the light of revised population estimates, and carried
forward the series to 2007. We have also analysed the
longer historical trajectory of mortality inequalities
from the 1920s to the present day. The data we present
are analysed at the geographical level, with areas
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Table 1]Age and sex standardised mortality ratios (SMRs) and relative index of inequality* (RII) for age 0-74 according to tenth of poverty, 1990-2007

1990-1 1992-3 1994-5 1996-7 1998-9 2000-1 2002-3 2004-5 2006-7

Poverty tenth:

1 (poorest) 129 132 135 137 138 139 138 138 140

2 116 18 118 120 121 119 121 121 123

3 113 11s 114 115115 116 117 117 117

4 105 107 106 108 109 109 107 108 108

5 103 102 102 101 103 103 103 103 104

6 % 9 95 94 95 95 9 95 97

7 91 90 90 90 89 90 90 90 90

8 86 86 85 85 84 84 85 86 84

9 &5 8 8 & s 8 & 8 719

10 &0 79 79 718 77 76 76 76 75
Ratio of worst to best (95% Cl) 1.61 1.67 1.71 176 1.79 1.83 1.82 1.82 1.88

(1.61t01.62) (1.66101.67) (1.70t01.72) (1.75t01.77) (1.79t01.80) (1.82t01.83) (1.81t01.83) (1.81t01.82) (1.871t01.89)

RII (95% CI) 1.61 1.67 1.71 1.81 1.86 1.86 1.90 1.91 214

(1.52t01.69) (1.59t01.76) (1.62t01.80) (1.72t01.91) (1.76t01.96) (1.76t01.96) (1.80t02.01) (1.80t02.01)  (2.02t02.27)

*RIl is relative rate of mortality for hypothetically worst-off compared with hypothetically best-off person in population, assuming linear association between socioeconomic position and
mortality risk. Ratio of inequality is ratio of SMR of most deprived 10% to least deprived 10%.
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sorted by various indicators to present a broad per-
spective on trends in mortality differentials.

METHODS

Digital mortality data were supplied with full post-
codes for England and Wales by the Office for
National Statistics and with postcode sector for Scot-
land from the General Register Office for Scotland.
The postcode information is of the deceased’s usual
place of residence. We discarded the few records with
no postcode (generally of deaths of visitors to Britain)
and a few records with no code for cause of death
(according to the international classification of dis-
eases). The postcode was used to assign each death to
the parliamentary constituency (as constituted in the
2001 general election) in which the deceased lived.
Parliamentary constituencies are fairly uniform in
population size; part of their rationale involves an
attempt to maximise their homogeneity. The data on
deaths were provided for single years and were
grouped into two year aggregations.

At the time of the publication of results from the
1991 census it was generally agreed that the population
had been substantially undercounted; this was cor-
rected by researchers at the time, and we used the
revised population figures in our previous work.’
After the 2001 census, it became apparent that these
corrections were themselves incorrect, and further cor-
rections were made.® These revised “estimating with
confidence” population figures for the 1991 census
were aggregated from 1991 census wards to parliamen-
tary constituencies and interpolated between 1991 and
2000. The mid-year population estimates released by
the Office for National Statistics for census area statis-
tics wards for England and Wales and by the General
Register Office for Scotland for Datazones for Scotland
were used for the years after 2000; the small area geo-
graphical data were aggregated to parliamentary con-
stituencies. As the 2001 census and subsequent mid-
year population estimates locate students studying

away from home at their term-time addresses, we
needed to relocate students studying away from
home to their home constituencies.’

Poverty was indexed by the 2000 Breadline Britain
Index.® This index measures relative poverty based on
a lack of the perceived necessities of life and is widely
accepted as a good measure of relative poverty. To
avoid circularity we confirmed that the inclusion of
any health measures in the index had no material effect
on our results (analysis not shown). Parliamentary con-
stituencies were ranked according to this poverty mea-
sure and divided into tenths of the population on the
basis of this ranking. The tenth below the first decile
has the highest poverty and the tenth above the last
decile the lowest. We used the same ranking tenths
for each of the time periods as the 1991 and 2000
Breadline Britain Indices were closely correlated (ana-
lysis notincluded). We calculated standardised mortal-
ity ratios under age 75 for men and women for these
tenths by using their overall age specific mortality rates
for Britain for the relevant time periods. A standar-
dised mortality ratio of 100 means that there is no dif-
ference between the observed and the expected
number of deaths in an area, the expectation being
based on population size and age/sex structure. A
ratio over 100 means that mortality is higher—for
example, a ratio of 120 means that mortality is 20%
higher than that of the general population.

These two changes (revised population estimates
and an updated poverty measure) only minimally
influenced the standardised mortality ratios previously
published, and all summary statistics such as the rela-
tive index of inequality were calculated with the same
methods as in our previous work.” Confidence inter-
vals were estimated with standard methods.’

RESULTS

Premature death around the millennium

Table 1 shows the age and sex standardised mortality
ratios for premature death (death below the age of 75)
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Fig 1| Gini coefficient of equivalised inequality in income after
tax and before housing costs, 1961 to 2007-8. Data are for
Great Britain before 2002-3 and for UK subsequently. Source:
Institute for Fiscal Studies

for 1990-2007; an expanded version with all confi-
dence intervals is presented in table A on bmj.com.
Table B on bmj.com shows the population years at
risk and number of deaths by tenth of poverty. The
worst-off tenth saw a gradual increase in standardised
mortality ratio over the time period, while conversely
the best-off tenth saw a decrease. The ratio of the worst
to best tenths increased over the period, from 1.61
(95% confidence interval 1.61 to 1.62) in 1990-1 to
1.83 (1.82 to 1.83) by 2000-1, levelled off over the
next four years, then increased to its maximum of
1.88 (1.87 to 1.88) for 2006-7. The confidence intervals
for the standardised mortality ratios are tight because
each is based on an underlying population of millions
of people over two years. In contrast, the confidence
intervals for the relative index of inequality figures are
wider because they are based on 641 data points, each
point being a parliamentary constituency. Thisindex is
the relative rate of mortality for the hypothetically
worst-off compared with the hypothetically best-off
person in the population, assuming a linear association
between socioeconomic position and mortality risk. It
has consistently risen over the time period, from 1.61
(1.52 to 1.69) in 1990-1 to 2.14 (2.02 to 2.27) in 2006-7.

The increase in the ratio and the relative index of
inequality reflects the rising trend (and slight fall in
the early 2000s) in income inequality. Figure 1 presents
time series data on the Gini coefficient of equivalised
inequality in income after tax and before housing
costs. '* There is debate as to whether income inequal-
ity hasrecently increased. Barnard states that “the Gini
coefficient for disposable income was almost
unchanged between 2006/07 and 2007/08”,'" while
Brewer et al claim that, for the same period, “income
inequality has risen (on most measures) in each of the
last three years and is now at its highest level since our
comparable time series began in 1961.”"

Table C on bmj.com shows equivalent data to table
B on bmj.com but for people dying at ages 0-64; table
D on bmj.com shows the population years at risk and
number of deaths by tenth of poverty. The inequalities
are even starker, although the table shows that after
increasing inequality to 1998-9, when the relative
index of inequality stood at 2.38 (2.24 to 2.52), there

was some narrowing until 2004-5 with an index of 2.27
(2.13 t0 2.40). The index rose again for the most recent
period 2006-7 to 2.38 (2.24 to 2.52) to match the max-
imum previously recorded, both for inequality ratio (in
2002-3) and by relative index (1998-9). In short,
inequalities did fall a fraction in the earliest years of
the current century but have since risen back to their
previous maximum for people aged under 65 and
exceed the previous maximum for those aged up to
74. For those aged under 65, the confidence intervals
reported here are wider (the number of deaths
involved are lower) and overlap.

Table E on bmj.com shows deaths of those aged 0-64
as a proportion of deaths in the 0-74 age range. Thus in
the years 1990 and 1991, around 47% of people dying
aged under age 75 in Britain were aged under 65 in the
areas with the highest rates of poverty. By the end of the
period that proportion had risen to 52%, resulting from
a combination of faster falls in mortality from causes
more likely to affect older people and because those in
the unusually large birth cohort of 1946-7 were only in
their mid-40s at the start of the period but in their 60s
by the end. In general more of the dead are younger in
poorer areas.

The longer historical picture

In previous work, we described standardised mortality
ratios for deaths under age 65'* for the period 1950-92
for areas of Britain. These statistics used only five age
bands (age 0, 1-4, 5-14, 15-44, and 45-64) for men and
women and were for areas amalgamated from the pre-
1974 local authorities. As poverty data were not avail-
able for this extended time period, the areas were
ranked at each time period by standardised mortality
ratios before being grouped by each tenth of the popu-
lation. Thus these data reflect the maximum geogra-
phical inequalities in mortality at each time period.
We have now extended this time series back to 1921
and forward to 2007, aggregating the data for the
1920s, 1930s, 1980s, 1990s, and 2000s into approxi-
mate decades, and including all other data available
for portions of other decades. Table 2 shows the stan-
dardised mortality ratios, the ratio of worst (highest
ratios) to best (lowest ratios) tenths, and the relative
index of inequality. The time periods are not continu-
ous because of interruptions such as war or the govern-
ment not collecting the relevant data; nor are the time
periods always of equal duration.

From a ratio of 1.91 at the start of the time period
(1921-30), there was a downward trend until around
1960; after this, the ratio decreased to the early 1970s,
and since then the trend has been relentlessly upwards
with a maximum of 2.12 by the mid-2000s, a ratio
higher than at any other decade of the period. The rela-
tive index of inequality exhibits the same pattern.

Figure 2 shows the gap in life expectancy at birth for
1999-2008 between the local authority with the highest
life expectancy and the local authority with the lowest
life expectancy for males, females, and all people.'*
Although life expectancy has been increasing for all
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Table 2|Ratio of standardised mortality ratios (SMRs) (0-64) and relative index of inequality (RIl) according to tenth of SMR,

1921-2007*
1921-30 19319 1950-3 1959-63 1969-73 1981-9 1990-8  1999-2007
Tenth of standardised mortality ratio:
1 worst) 138.1 1355 131.0 135.5 131.2 137.1 148.8 148.9
2 1223 1198 1181 1230 1156 1197 1227 1232
3 1125 1119 1121 1165 1120 1140 1136 1154
4 1081 1063 1070 1107 1081 1083 1081 1089
5 103.7 1025 1025 104.5 103.0 1021 98.8 100.7
6 96.7 96.9 98.6 97.4 96.9 95.6 93.8 94.9
7 89.8 89.3 93.1 90.9 91.8 91.7 91.1 89.7
8 831 8.0 87 8.6 89 8.2 86 830
9 783 8.8 8.7 8.1 8.0 86 783 770
10 724 731 818 771 830 786 728 703
Ratio ofworsttobest 191 185 160 176 158 174 204 212
RI 2.50 2.35 1.96 2.25 1.92 217 2.64 2.79

*Data series is not continuous, with no data for 1940s and gaps in mid-'50s, mid-'60s, and from early '70s to early '80s; nor are time periods always
of equal duration. For 1980s, we used harmonic mean of decile SMRs for two periods of which it was composed (1981-5 and 1986-9). Confidence

intervals were unavailable for data for 1950s-1980s.

people over time, it has been increasing faster for the
better off and the gap is now at its widest since 1991.

DISCUSSION

In thislong time series (1921-2007) of records of deaths
occurring under age 65 and (for historical comparabil-
ity) age standardised by five broad age groups, we
found that inequality in mortality between geographi-
cal areas in Britain has been increasing. The continuing
rise in the standardised mortality ratio of those living in
the areas with the highest tenth of mortality from 1997
onwards suggests that official government policy to
reduce inequalities in health has not been successful,
at least for the important indicator of premature
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Fig 2| Difference in life expectancy at birth between the best
and worst off districts, 1999-2008

mortality. The rate at which inequalities in health
have continued to rise might seem to have slowed
slightly towards the most recent period, but it is impor-
tant to remember that there are still two years of the
2000s to be included in the series when the data are
made available, and some underlying factors such as
unemployment have been rising rapidly over the
course of those two years; furthermore, in absolute
numbers unemployment has increased fastest in the
poorest areas.'’

When considered by tenth of poverty, by the year
2007 for every 100 people under the age of 65 dying
in the best-off areas, 199 were dying in the poorest
tenth of areas. This is the highest relative inequality
recorded since at least 1921. When we looked at peo-
ple aged under 75, for every 100 people dying in the
best-off areas, 188 were dying in the poorest tenth of
areas. That is the highest ratio of inequality recorded
since at least 1990.

The most informative guide to trends in geographi-
cal inequalities in premature mortality remains the
relative index of inequality. This compares mortality
rates between the poorest and least poor consistently
defined groups of parliamentary constituencies in the
country, and mortality rates for every constituency
contribute to the index, not just the extreme tenths.
The relative index of inequality rose quickly by six
points from 1990-1 to 1992-3, and then more slowly
to stand at 1.86 (1.76 to 1.96) by 1998-9, which held
steady until 2000-1 before rising again to 1.91 (1.80 to
2.01) by 2004-5 and then to 2.14 (2.02 to 2.27) by 2006-
7. This was the most marked increase recorded over
the entire 1990-2007 period. That rise coincided with
arise in child poverty, which had been falling, and offi-
cial recognition that inequality in income and wealth
had also risen'>—all before the current economic
downturn became fully apparent.

The last rapid fall in inequalities in mortality
between areas took 21 years, a world war, and intro-
duction of a welfare state and a national health service
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Inequalities in mortality reflect inequalities in wealth and rise concurrently
People living in poorer areas have lower life expectancy than people living in less poor areas,
and the gap in Britain is wide compared with that in other countries

WHAT THIS STUDY ADDS

The study brings previous research up to date and confirms that inequalities in mortality,
when considered by wealth, are still increasing

Although life expectancy for all people is increasing, the gap between the best and worst
districts is continuing to increase

Inequality in mortality is now greater than at any time since comparable records began

BMJ | ONLINE FIRST | bmj.com

(between 1929 and 1950-3). Recent research on the
immediate aftermath of the 1929-33 crash and depres-
sion suggests that in the short term inequalities in mor-
tality between areas rose after the last large economic
crash.' The longer term picture suggests that it was
only prolonged and enthusiastic state intervention
that reduced inequalities in mortality over this period
and kept them low for a long time thereafter. These
were interventions of the kind that kept the Gini coeffi-
cient low until 1978. Similarly, it could be argued that
prolonged state disengagement in promoting equality
in outcome over the period 1978-2007 allowed
inequalities in health between areas of Britain to rise
to their current maximum levels.

Strengths and limitations

Although this study was large, population based, and
covered alonger time period than other reports, it had
several limitations. By considering data aggregated by
area we ran the risk of partly invoking the ecological
fallacy but avoided the risk run by many studies in
health inequalities of invoking the atomistic fallacy."”
We did not examine the issue of migration, which will
have a bearing on the results shown here. Selective out
migration might lead to areas of decreasing relative
size and high mortality,'® but this is an issue for further
study. Recent evidence from New Zealand suggests the
differential patterns of migration by health status con-
tribute substantially to geographical widening gaps,
but such findings are context-specific and might not
apply to Britain. ' We considered only all cause mor-
tality and did not examine the issue of changes in the
underlying causes of death. We did this partly because
of a paucity of data on cause of death by age, sex, and
area for most of the time we considered.

Conclusions and policy implications

Social inequalities in mortality rates are influenced by
complex and long term processes. They reflect the out-
come of socially patterned exposures in early life and
the cumulative effect of experiences in adult life.*
Recent changes in social and fiscal policy and their
consequences cannot be expected to eradicate such
inequalities. They can, however, be judged with
respect to predicted effect on social inequality in the
short and long term, and from varying perspectives

surprisingly little has been done to alter the fundamen-
tal structures of social inequality in the UK over the
past decade.?' ** Furthermore, over the next decade a
combination of knock-on effects of the current down-
turn and relaxation of existent controls over tendencies
for economic inequalities to rise will probably acceler-
ate, rather than attenuate, the observed increases in
inequalities in mortality. In this light the comprehen-
sive but diffuse approaches in official responses to
health inequalities’*® are inadequate. By treating the
undoubted multidimensional contributors to health
inequalities as though they act at the same level and
by failing to prioritise the need to reduce the funda-
mental drivers of social inequality, the government’s
commitments to reduce inequalities in mortality have
been largely ineffective, as predicted when the first
such document, the Acheson report, was released.*

This paper is dedicated to the memory of Jerry Morris, a lifelong advocate
of serious efforts to reduce inequalities in health.
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