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ABSTRACT

Objectives Previously improving life expectancy and all-
cause mortality in the UK has stalled since the early 2010s.
National analyses have demonstrated changes in mortality
rates for most age groups and causes of death, and with
deprived populations most affected. The aims here were to
establish whether similar changes have occurred across
different parts of the UK (countries, cities), and to examine
cause-specific trends in more detail.

Design Population-based trend analysis.
Participants/setting Whole populations of countries and
selected cities of the UK.

Primary and secondary outcome measures European
age-standardised mortality rates (calculated by cause of
death, country, city, year (1981-2017), age group, sex
and—for all countries and Scottish cities—deprivation
quintiles); changes in rates between 5-year periods;
summary measures of both relative (relative index

of inequality) and absolute (slope index of inequality)
inequalities.

Results Changes in mortality from around 2011/2013
were observed throughout the UK for all adult age

groups. For example, all-age female rates decreased

by approximately 4%—-6% during the 1980s and 1990s,
approximately 7%—-9% during the 2000s, but by <1%
between 2011/2013 and 2015/2017. Equivalent figures
for men were 4%—7%, 8%—12% and 1%-3%, respectively.
This later period saw increased mortality among the most
deprived populations, something observed in all countries
and cities analysed, and for most causes of death:
absolute and relative inequalities therefore increased.
Although similar trends were seen across all parts of the
UK, particular issues apply in Scotland, for example, higher
and increasing drug-related mortality (with the highest
rates observed in Dundee and Glasgow).

Conclusions The study presents further evidence of
changing mortality in the UK. The timing, geography and
socioeconomic gradients associated with the changes
appear to support suggestions that they may result, at
least in part, from UK Government ‘austerity’ measures
which have disproportionately affected the poorest.

INTRODUCTION

The recent (pre-COVID-19 pandemic) slow-
down in improvement in life expectancy and
mortality rates in the UK has been highlighted
by researchers' * and media®* alike. Similar

.2 Jon Minton,? Jane Parkinson @ ,

Strengths and limitations of this study

» We examine recent changes in mortality in the UK in
the context of much longer term trends: almost 40
years in most cases.

» Given the importance of urban health to national
outcomes, we include the largest cities in Scotland,
England (London excepted) and Northern Ireland.

» We analyse data for 10 major causes of death (not
just all causes combined), and by country-specific
and (for Scotland) city-specific deprivation levels.

» Limitations include the fact that interpretation of
trends at city level can be problematic, given the
fluctuation in rates.

changing trends have been observed in many
other high-income countries, although the
slowdown has been particularly marked in
the UK and the USA.” Other high-income
countries with higher life expectancy have
seen continued improvements.*”

Data from Scotland and England (92% of
the UK population) have shown that these
changing mortality patterns have been
observed for almost all age groups and for
most causes of death.®” Worryingly, increasing
mortality rates among the most socioeco-
nomically deprived populations have also
been observed; as a result, inequalities in all-
cause mortality have widened considerably
since around 2012. An emerging body of
UK' """ and international™ * work suggests
the recent stalling is likely to be associated
with the implementation from 2010 of UK
Government ‘austerity’ measures—cuts to
public services and social security—which
have particularly affected the most vulnerable
populations.

The principal aim of this project was to
establish whether similar changing mortality
trends (in terms of rates of improvement,
causes of death and socioeconomic inequal-
ities) have occurred ubiquitously across the
UK. This included examining cause-specific

BM)

Walsh D, et al. BMJ Open 2020;10:e038135. doi:10.1136/bmjopen-2020-038135 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-3390-5039
http://orcid.org/0000-0001-6341-3521
http://orcid.org/0000-0002-5697-1645
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-038135&domain=pdf&date_stamp=2020-10-05

trends in more detail, and focusing on selected individual
cities, given the importance of urban health to national

outcomes.lb

METHODS
Mortality and population data
Numbers of deaths by year of registration, age, sex,
underlying cause, city and country for Scotland, England
& Wales and Northern Ireland were obtained from,
respectively, the National Records of Scotland (NRS), the
Office for National Statistics and the Northern Ireland
Statistics and Research Agency. Data were available for
the following years: 1974-2017 (Scotland); 1981-2017
(England & Wales); and 1997-2017 (Northern Ireland).
Data were obtained for all-cause deaths, and for
the following 10 major individual causes: respiratory
disease; ischaemic heart disease (IHD); cerebrovascular
disease; all malignant neoplasms; lung cancer (malignant
neoplasm of trachea, bronchus and lung); intentional
self-harm (including events of undetermined intent);
external causes; motor vehicle traffic accidents (MVTAs);
alcohol-related causes; and drugrelated poisonings.
Causes were defined by groups of International Classifica-
tion of Diseases 8th Revision (ICD-8), ICD-9 and ICD-10
codes: these are listed in the online supplemental table 1.
As stated in online supplemental table 1, the definition of
external causes overlaps with other causes of death, that
is, MVTAs, intentional self-harm, drug-related poison-
ings. ICD-9 codes were used for the years 1979-1999 in
Scotland, and for 1981-2000 in England & Wales and
Northern Ireland; ICD-10 codes were used for all later
years. ICD-8 codes were used for 1974-1978 (Scotland
only) but the data for those years are not presented here.
Matching population data by year, 5-year age group, sex,
city and country were obtained from the same national
statistical agencies.

Geography

Scotland, England & Wales (combined) and Northern
Ireland were the countries used in the main analyses.
For analysis by deprivation quintiles (discussed further
below), England alone, rather than England & Wales, was
used. With the exception of London, the largest cities in
each country were selected: Glasgow, Edinburgh, Dundee
and Aberdeen in Scotland; Liverpool, Manchester,
Birmingham, Leeds, Sheffield and Bristol in England;
and Belfast in Northern Ireland. London was excluded
as its size and ethnic diversity makes meaningful compar-
isons with other cities problematic.'” Scottish and English
cities were defined by current local authority boundaries.
Belfast was defined by its 1992 local government district
boundary.

Deprivation analyses employed the separate Scot-
tish, English and Northern Irish area-based indices of
deprivation: the Scottish Index of Multiple Deprivation
(SIMD),"® the (English) Index of Multiple Deprivation
(IMD)" and the Northern Ireland Multiple Deprivation

Measure (NIMDM),* respectively. In all three cases data
were available for the period 2001-2017. The SIMD has
been updated multiple times: thus, the 2004 version was
used for analyses covering the years 2001-2004, SIMD
2006 was used for 2005-2007, SIMD 2009 for 2008-2010,
SIMD 2012 for 2011-2013 and SIMD 2016 for 2014-2017.
Similarly, the (English) IMD 2004 was used for the years
2001-2005, IMD 2007 for 2006-2008, IMD 2010 for 2009—
2013, IMD 2015 for 2014-2016 and IMD 2019 for 2017.
For Northern Ireland, NIMDM 2010 was used for all years
of analyses. Although there are differences in the spatial
scale and the individual variables used in the construc-
tion of each nation’s deprivation measure, all three share
notable similarities in terms of their basic composition.
The principal ‘data domains’ of each are effectively the
same: income; employment; health; education, skills and
training; crime; access to services; housing. In the Scot-
tish index, housing is a separate category; in the English
and Northern Irish indices it is instead contained within
a ‘living environment’ domain. For all three measures
of deprivation, similar methodologies are employed to
calculate an overall index of relative deprivation, based
on geographical area rankings across all data domains.
Although the absolute values of the different indices
cannot be directly compared, the similarity of compo-
sition and methodology associated with each provides
helpful, and broadly comparable, overviews of inequality
within each setting.

Statistical analyses

European age-standardised mortality rates per 100000
population were calculated using the 2013 European
Standard Population.”’ Analyses were undertaken by sex,
age (all ages, 0-64 years (the latter to examine prema-
ture deaths) and four broad groups across the life course:
0-14, 15-44, 45-64 and 65+ years), year, cause of death,
city, country and deprivation quintile (see below). Three-
year rolling average rates were derived; to quantify the
rate of improvement over time, the percentage changes
in rates between 3-year averages at b-year intervals (ie,
between 1981/1983 and 1985/1987, 1986/1988 and
1990/1992... up to 2011/2013 and 2015/2017) were
calculated. Three-year averages were used to overcome
the issue of fluctuating rates (especially at city level).
For simplicity, we use the expression ‘fiveyear’ interval
to reflect the midpoints of the 3-year average (eg, 1982—
1986 in relation to 1981,/1983 to 1985/1987).

For the deprivation analyses, mortality rates by quintile
were calculated on the basis of both national quintiles
(based on levels of deprivation within individual coun-
tries) and—for Scottish cities only—city-specific quintiles
(based on levels of deprivation within each individual
city). City-specific quintiles are made publicly available
by Information Services Division of NHS Scotland (now
Public Health Scotland) for all versions of the SIMD used
in the analyses, and were downloaded from their website.
Equivalent data were not available for the English cities.
In all analyses, quintile 1 represented the most deprived
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fifth of the country’s/city’s small areas, and quintile 5 the
least deprived fifth. The aim was to compare quintile rates
within the same location (country or city), not between
different locations. Note that as the English IMD does not
include Wales, for comparison all-cause mortality rates by
year and sex for England alone (rather than England &
Wales combined) were also calculated. Analyses by depri-
vation were undertaken for all-cause deaths for all geog-
raphies, and for cause-specific mortality for all Scottish
areas.

To examine changes in both absolute and relative
inequalities in mortality (for the countries, Scottish cities
and the causes of death), the slope index of inequality
(SII) and the relative index of inequality (RII) respectively
were calculated, based on the above deprivation quintiles.
The SII calculates the gap in mortality rates across groups
(here, the five quintiles), taking into account each quin-
tile’s rate (not just those of the least and most deprived),
and each quintile’s population size. The RII expresses
this as a relative measure by dividing the SII by the rate
for the whole population.*

Analyses were undertaken using IBM SPSS Statistics
V.25.

Patient and public involvement
Patients were not involved in this study.

RESULTS

Figure 1 presents all-cause standardised mortality rates for
all ages by country and city for (A) males and (B) females
between 1981/1983 and 2015/2017. At the national level,
a change in the male death trend appears visible from
around 2011/2013 for both Scotland and England, with
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no or little improvement observed in the periods after
that; there is greater fluctuation in rates in Northern
Ireland. A change in rates appears more apparent, occur-
ring slightly earlier, for deaths among females including
those in Northern Ireland. At the city level, greater fluctu-
ation in rates is clearly evident, as would be expected given
the smaller population sizes and associated numbers of
deaths: nonetheless, the majority of cities appear to have
experienced a flattening, or worsening, of mortality rates
in the last three to four time points shown.

To quantify the changes shown above, figure 2 shows
the percentage change in rates between 5-year periods
for Scotland, England & Wales and Northern Ireland.
For women, mortality rates were decreasing by approx-
imately 4%-6% during the 1980s and 1990s, with a
faster improvement of approximately 7%-9% during
the 2000s, and a much slower decrease of <1% between
2011/2013 and 2015/2017. Among men, mortality rates
were decreasing slightly faster during the 1980s and
early 1990s (by 4%-7%), with a faster improvement of
approximately 8%-12% during the late 1990s and 2000s,
and again a much slower decrease between 2011/2013
and 2015/2017 of 1%-3%. Similar data for the cities are
shown in the online supplemental figure 1: these show
a very similar overall pattern to the country-level anal-
yses, although with greater fluctuation in the percentage
change figures in some cities such as Dundee. However,
it is also notable that—despite that fluctuation—in the
most recent 5-year period mortality rates actually wors-
ened among both males and females in Dundee and
Aberdeen, and among females in Manchester, while there
was virtually no improvement among males in Liverpool
and females in Birmingham (-0.3% for both).
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European age-standardised mortality rates (all ages, all causes) per 100000 population, 3-year rolling averages, by

UK country and city, 1981-2017, for (a) males and (b) females. EASR, European age-standardised mortality rate.
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Figure 2 All-cause deaths, all ages: percentage change in standardised mortality rates between 5-year periods for (a) males

and (b) females. n/a, not applicable.

Note that analyses based on more ‘standard’ 5-year
periods (1981-1985, 1986-1990 up to 2011-2015)
produced very similar results (data not shown).

Analyses of trends and changes in rates for ages 0-64
years (rather than all ages) are presented in online
supplemental figure 2 for the countries of interest. While
the results are broadly similar to those seen for all ages,
the data suggest there has been a slight increase (rather
than slowdown) in mortality rates for Scotland in the
most recent period. Across the cities, a more notable
change was observed in Dundee for males in this age
group: a 26% increase in mortality between 2011/2013
and 2015/2017 (online supplemental figure 3). Notwith-
standing the greater fluctuation in changes in rates in this
age group at city level, it is also of note that there was
an increase in female mortality rates in the last period in
each English city.

Trends in all-cause rates for 45—-64 years were similar
to those described above for 0-64 years, and rates for
65+ years were broadly similar to those observed for all

ages. For the 15-44 age group, rates were notably higher
in Scotland than England & Wales, and the mortality
gap had become wider in the most recent period. These
data are all shown in online supplemental figure 4(i).
Although the principal focus of these analyses is adult
mortality, online supplemental figure 4 (ii) shows country-
level rates over time for ages 0—14 years. It is notable that
child mortality rates in Scotland have been consistently
lower than in England & Wales since the late 1990s for
females and early to mid-2000s for males, a reversal of the
position at the beginning of the period. Rates are highest
in Northern Ireland, although they are also subject to
greater fluctuation over time.

Figure 3 again shows male all-cause mortality rates for
all ages but additionally presents the rates for the least
and most deprived deprivation quintiles within Scotland,
England, Northern Ireland and an illustrative selec-
tion of three Scottish cities. Increased mortality rates
are observed in the most recent period for the most
deprived fifth of the population in each country/city
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Figure 3 European age-standardised mortality rates (males, all ages, all causes) per 100000 population, 3-year rolling
averages by selected country, city and country/city-specific deprivation quintiles. EASR, European age-standardised mortality
rate.

shown (although there is again more fluctuation in rates ~ deprived quintiles in the most recent years of analysis
at the city level). Similar trends were observed for female = can be seen for the majority of causes, in particular
mortality rates, as shown in online supplemental figure respiratory disease, external causes, drug-related poison-
5. Summary measures of inequalities (SIIs, RIls) confirm ings and alcohol-related causes. Different trends are

widening absolute and relative inequalities across depriva- ~ observed for suicide (where the gap has narrowed) and
tion quintiles since 2011/2013 in all countries and cities MVTAs (where numbers of deaths are relatively small
analysed (online supplemental table 2a,b). For example, and there is considerable fluctuation in rates across

for all-cause deaths among men in England, the absolute quintiles of deprivation). Generally, the same patterns,
gap across quintiles (as measured by the SII) increased in terms of a widening gap between the most and least
from 738.8 in 2010/2012 to 784.6 in 2015/2017, despite deprived deprivation quintiles for the majority of causes
having decreased between 2001/2003 and 2010/2012; of death, are observed for male deaths (online supple-
relative inequalities increased over the whole period. mental figure 6). The main difference between the

Mortality rates over time by deprivation quintile are male and female trends relates to cancer mortality, in
explored in more detail for Scotland in figure 4, which particular lung cancer, with a widening deprivation gap
presents data for females for all 10 causes of death  observed for females but not males. The general pattern
analysed. A widening gap between the most and least  of widening inequalities for the majority of causes is

Respiratory disease Ischaemic heart disease Cerebrovascular disease All malignant neoplasms Lung cancer

N o S —— -
I X \ §:: o —

External causes Drug-related poisonings Alcohol-related causes Suicide (including undetermined intent) Motor vehicle traffic accidents

Scotland

Figure 4 European age-standardised mortality rates (females, all ages) per 100000 population, 3-year rolling averages for 10
causes of death, Scotland and most and least deprived deprivation quintiles. EASR, European age-standardised mortality rate.

Scotland Quintile 1 (most deprived)

Scotland Quintile 5 (least deprived)
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Figure 5 European age-standardised mortality rates (males, all ages) per 100000 population, 3-year rolling averages, for
all-cause deaths, ischaemic heart disease, alcohol-related causes and drug-related poisonings, UK countries and cities, 1981-

2017. EASR, European age-standardised mortality rate.

confirmed by analysis of SIIs and RlIIs (online supple-
mental table 3a,b).

Aside from evidence of a slowdown in mortality improve-
ment and widening deprivation gaps (already shown in
figures 1 and 3), the analyses of city-level mortality rates
highlight a number of other issues. Foremost among
them is that Glasgow stands out in terms of having the
highest mortality rates of all the cities for all-cause deaths
and the majority of causes analysed (including strikingly
different trends for alcohol-related causes). Some excep-
tions do apply, however: for example, for all ages death
rates from IHD are now marginally higher in Manchester
for both males and females, while deaths from drug-
related poisonings are now highest in Dundee. Some of
these data are shown for males in figure 5, and for females
in online supplemental figure 7.

Finally, figure 5/online supplemental figure 7 also
highlight notable similarities and differences in long-
term mortality trends between Scotland and England. For
example: a narrowing of the gap between the countries
for IHD; much higher drug-related poisonings in Scotland
compared with England—although rates are increasing
in both countries; and notably higher rates of death from
alcohol-related causes in Scotland, with the most recent
increase in rates much more pronounced in Scotland than

in England. The striking trends in drug-related poisonings
are explored in more depth in online supplemental figure
8 (comparing the UK countries for selected age groups and
by sex) and online supplemental figure 9 (showing data
for Scotland and its most and least deprived quintiles for
ages 064 years). There has been a widening divergence in
death rates from this cause between Scotland and the rest
of the UK over the period shown, and a further increase in
rates is again observed since approximately 2012. Similar
deprivation trends for drug-related poisonings are evident
in the Scottish cities (data not shown).

DISCUSSION

Overall findings and implications

The study presents further evidence of a slowdown in
mortality rate improvement over time within the UK. In
some cases—deaths under 65 years in Scotland and all-
age mortality in particular cities—rates have increased,
rather than stalled, in recent years. These overall changes
appear to be particularly driven by worsening mortality
among the most socioeconomically disadvantaged popu-
lations. Similar trends are observed across all countries
and cities in the UK; however, particular issues apply
in Scotland, for example, in relation to drugrelated
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mortality. The timing, geographical coverage and socio-
economic gradients associated with the changes appear
to further support suggestions that recent changes in
mortality are at least partly a consequence of UK Govern-
ment ‘austerity’ measures.

Strengths and weaknesses
The analyses were based on data covering the whole
population, not samples. Mortality is a robust popu-
lation health indicator and is not subject to the limita-
tions and potential biases associated with self-reported
measures.” ** We included the largest cities within Scot-
land and Northern Ireland and, with the exception of
London, the six largest cities in England. We were able
to examine recent changes in mortality in the context of
much longer term trends: almost 40 years in the case of
Scotland and England & Wales. We analysed data for a
broad set of causes of death, not just all deaths combined.
The exclusion of London is arguably a weakness,
although it was done to facilitate more meaningful
comparisons across the other cities with more similar
population sizes. Other limitations include the fact that
time trend data for Northern Ireland were much more
limited than for the rest of the UK. Interpretation of
trends at city, rather than country level can also be
problematic, given the fluctuation in rates that occur.
Although the measures of area-based multiple depriva-
tion that are employed within Scotland, England and
Northern Ireland have many similarities, they are derived
from different data sets and calculated at different spatial
scales and are thus not directly comparable. We stan-
dardised mortality rates using 18 age groups (0—4 years
to 85 years and above) while it is now recommended to
standardise on the basis of 19 groups (0—4 years to 90
years and above)®: however, the impact of this is fairly
minimal. Although our youngest age bracketis 0—14 years,
we did not include infant mortality (deaths under 1 year
of'age) as a distinct category: as a major focus of the work
was city-based analyses, data on infant deaths were not
requested from the various statistical agencies as numbers
of deaths at that geographical level in the UK are very
small; however, given recent evidence of increasing infant
mortality rates in England (linked to increased child
poverty rates), this was arguably an oversight.*® Finally,
the definition of drug-related poisonings is a broader, less
sophisticated definition than that employed in official UK
publications of drug-related mortality in the UK. In 2017,
for example, there were 1037 such drug-related poison-
ings in Scotland, 11% higher than the 934 drug-related
deaths recorded by the NRS.”

Relevance to other studies

Slower improvement in mortality and life expectancy
in the UK in recent years has been shown by various
authors and organisations.' *°® Similar trends have been
observed in a number of countries, although in a recent
analysis of 20 high-income countries, only the USA had
experienced a greater reduction in improvement than

the UK.” As others have proposed, it appears increas-
ingly likely that these changes are at least in part attrib-
utable to UK Government policy which since 2010 have
brought about dramatic cuts to social security budgets
and other public services, particularly affecting the most
vulnerable.'”™" There is international evidence of the
associations between such government measures and
increased mortality rates,"* '” and the particular model
of austerity adopted in the UK (based on spending cuts
rather than a taxation approach) is known to be more
regressive.”” UK research has highlighted associations
between different UK austerity measures and increased
child poverty,®® * expansion of food banks,” increased
homelessness,”™ poorer mental health among affected
populations® and, ultimately, increased numbers of
deaths among the poorest at different ages.® Interactions
between such policy-driven factors and other influences
such as high winter mortality in particular years have also
been suggested.’

The widening socioeconomic inequalities in mortality
since around 2012 have been shown previously for Scot-
land®? and England,”* but only at national level, and only
for all-cause mortality and life expectancy. The increase
in drugrelated deaths within Scotland has been the
focus of much media attention, resulting in two recent
Westminster Parliamentary Committee enquiries,” **
and the establishment of ‘drugs death task force’ by the
Scottish Government in 2019.” The increase is known to
be the result of a ‘perfect storm’ of factors: a previously
described vulnerable cohort of drug users who are now
encountering multiple morbidities as they age; increased
affordability and accessibility of chosen drugs; and the
aforementioned UK Government austerity measures
which have impacted on both individual income and
funding of drugrelated and other relevant social
services.” ** %% These drug mortality trends are likely to
have influenced the overall increasing death rates in Scot-
land (and in Dundee) among 0-64year-olds.

Alcohol mortality trends have historically been
impacted by changes in price and availability in combi-
nation with socioeconomic vulnerability,”” * while the
reasons for Glasgow’s particularly high mortality rates
(including from alcohol, drugs and other causes) have
been described in detail previously, being attributable
to higher socioeconomic deprivation alongside an addi-
tional vulnerability created by a combination of multiple
historical factors including worse living conditions and
adverse policymaking at different levels of government.*

The contrasting trends in lung cancer mortality between
males (decreasing rates) and females (increasing rates)
living in the most deprived quintile in Scotland are also
best explained in terms of different cohorts, with females
having started smoking later than males: this has been
shown in a number of other analyses.*’ In addition, one
of the other notable differences between male and female
trends—the apparent earlier slowdown in mortality
improvement for females—is worthy of further analysis.
Data presented here for both countries and cities suggest a
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change in female mortality rates from around 2010,/2012
or 2011/2013, potentially suggesting women’s circum-
stances might be more sensitive to government austerity
policies. However, more detailed analysis of Scottish data
by Fenton et af’ instead suggested a change between 2013
and 2014. Finally, although the main focus of the paper
is adult mortality, the extent to which Scotland’s child
mortality rate has improved relative to that of England
& Wales may be associated with a similar widening gap in
child poverty levels between the countries over a similar
time period is worthy of further investigation.*!

CONCLUSIONS

These results add to the growing body of evidence of
changing mortality rates within the UK in recent years
and their likely political causes. With mortality rates rising
among the UK’s most deprived populations even prior to
the COVID-19 pandemic, it is imperative that a range of
policies are introduced to protect the health of the most
vulnerable in society.
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