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Summary

Background

Previous studies have reported national and regional Global Burden of Disease (GBD) estimates for
the UK. Because of marked variation in health within the UK, action to improve it requires
comparable estimates of disease burden and risks, at individual country and at local level. The recent
slowdown in the rate of improvement in life expectancy is of concern and requires further
investigation.

Methods

We estimated years of life lost (YLLs), years lived with disability (YLDs), disability-adjusted life years
(DALYs), and attributable risks from 1990 to 2016 for England, Scotland, Wales, Northern Ireland, the
UK, and 150 English Upper-Tier Local Authorities as part of the GBD Study 2016. We estimated the
burden of disease by cause of death, condition, year, and sex. We analysed the relationship between
burden of disease and socio-economic deprivation using the Index of Multiple Deprivation.

Findings

The leading causes of age-adjusted YLLs in all UK countries in 2016 were ischaemic heart disease,
lung cancers, cerebrovascular disease, and chronic obstructive pulmonary disease. Age-standardised
rates of YLLs for all causes combined varied two-fold between local areas in England according to
levels of socio-economic deprivation (from 14,274 per 100,000 people in Blackpool [95% uncertainty
interval 12,791-15,875] to 6,888 in Wokingham [6,145—7,739]). Some Upper-Tier Local Authorities,
particularly in London, performed better than expected for their level of deprivation. Allowing for
differences in age structure, more deprived Upper-Tier Local Authorities had higher attributable YLLs
for most major risk factors in the GBD. The population attributable fractions for all-cause YLLs for
individual major risk factors varied greatly across Upper-Tier Local Authorities.

Life expectancy and YLLs have improved more slowly since 2010 in all UK countries. In 11 of 150
Upper-Tier Local Authorities, YLLs increased after 2010. For attributable YLLs, the rate of
improvement slowed most clearly for cardiovascular disease and certain cancers, and showed little
change for dementia.

Morbidity makes an increasing contribution to overall burden in the UK compared to mortality. The
age-standardised UK DALY rate for low back and neck pain (1795 [1,258-2,356] per 100,000 per
year) was higher than for ischaemic heart disease (1200 [1,155-1,246]) or lung cancer (660 [642-
679]). The leading causes of ill health (YLDs) in the UK in 2016 were low back and neck pain, skin and
subcutaneous diseases, migraine, depressive disorders and sense organ disease. Age-standardised
YLD rates varied much less than equivalent YLL rates across the UK but local data on causes ofill
health are limited.

Interpretation

These estimates at local, regional, and national level allow policy makers to match resources and
priorities to levels of burden and risk factors. Improvement in YLLs and life expectancy slowed
notably after 2010, particularly in cardiovascular disease and cancer, and targeted actions are
needed if the rate of improvement is to recover. A targeted policy response is also required to
address the increasing proportion of burden due to morbidity, such as musculoskeletal problems
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and depression. Improving the quality and completeness of available data on these causes is an
essential component of this response.

Funding Bill & Melinda Gates Foundation and Public Health England.

Research in context
Evidence before this study

The Global Burden of Disease (GBD) Study has described the increasing contribution of non-fatal
conditions to the burden of disease internationally and shown the importance of understanding
geographic variations in disease, risk factors, and socio-economic deprivation. GBD has been used to
generate subnational estimates in several countries to inform local priorities and practice. In the UK,
policy and action to improve health requires comparable estimates of disease burden and risks at
national and local authority level, but only regional estimates have been available from previous
GBD rounds. Improvements in mortality are known to have slowed in the UK and other countries
over a time scale that some have suggested implies a link with political, economic, and service
factors in the UK. However similar changes have been seen in some other countries and the causes
of the change in the UK remained unknown. The required policy response therefore remained
uncertain. We know that sustained population level public health interventions can be effective and
that benefits accrue both from prevention and improved treatment from health services.

Added value of this study

The contributions of individual conditions to years of life lost in the UK are quantified and compared
for current policy-relevant geographies, the largest contributions being for ischaemic heart disease,
lung cancers, cerebrovascular disease and chronic obstructive pulmonary disease. The extent to
which the burden due to these conditions is attributed to specific potentially preventable risks is also
quantified, including for example for tobacco use, poor diet, alcohol, obesity, and air pollution.
Variation in burden between local areas is described and shown to relate strongly to levels of
deprivation. Opportunity to reduce burden due to premature mortality by addressing specific risk
factors is also shown to correlate strongly with deprivation. Non-fatal conditions are identified as
increasingly important contributors to overall burden across the UK, particularly low back and neck
pain, skin diseases, migraine, sense organ diseases, and depressive and anxiety disorders.

Updated GBD estimates show that the slow-down in rate of improvement in overall mortality rates
in the UK since 2010 appears to be condition specific and largely driven by slow-down in the rate of
improvement in mortality from cardiovascular disease and certain cancers.

Implications of all the available evidence

The extent to which the UK could reduce the overall burden of fatal and non-fatal conditions
through effective prevention is described and quantified. The results identify and rank potential
local, regional, and national priorities for action that would reduce burden and provide relevant
support for local and national advocacy on such priorities. They should be a direct input to long term
planning for health, for example the current 10 year plan for the NHS in England. Social and
economic determinants of ill health remain an overriding concern and there is clearly a need for
economic development and regeneration of poorer parts of the country, as well as a need for high
quality health improvement programmes and care services in these areas.
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As mortality continues to reduce albeit more slowly than before, ill health due to low back pain, skin
diseases, sense organ diseases, and depressive disorders makes an increasing contribution to overall
burden of disease. Local estimates of levels of ill health currently used to guide policy and practice
could be improved and made more comparable by better use of existing data. Health records and
linkage to survey data should be used more extensively to refine disease prevalence estimates,
improve consistency between GBD and other sources and provide more reliable data to guide policy
and programmes to address these causes of ill health and their sequelae.
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Introduction

The Global Burden of Disease (GBD) project aims to produce the best possible comparable estimates
of levels of ill health and injury around the world." It is an annual global assessment of the health of
populations, broken down by age, sex, country, and selected subnational geographic areas.”” After
20 years of refinement, it makes a unique contribution to health policy and practice worldwide. ®°

Previous studies have reported GBD 2010 estimates for the UK,'® and GBD 2013 estimates for nine
English regions split by deprivation quintile."* GBD estimates of burden of disease have been used
extensively at national level, for example by Public Health England (PHE), an executive agency of the
Department of Health and Social Care, in its strategic planning and in its national health profile
report,'® and by Public Health Wales in its report Health and its Determinants in Wales,™ which in
turn informed Public Health Wales’ strategic plan and also health service planning in Wales. The
National Institute for Health Research has used GBD to assess the balance of their funded research
portfolio.* GBD has also been used at a more granular level by bodies with an interest in addressing
high burden conditions such as mental health and musculoskeletal diseases, and by local Directors of
Public Health." Scotland has recently undertaken its own independent burden of disease analysis.'®

Developing estimates of burden of disease for smaller geographic areas than whole countries
(subnational estimates) to aid local policy and practice is a priority for the GBD project."” In 2015, the
UK™ and Japan'® were the first countries to publish subnational GBD estimates; India followed in
2016," and subnational estimates have been presented for Brazil, Mexico, China, and the USA.
Health policy is devolved in the UK and provision of services differs between the UK countries.” In
England, Upper-Tier Local Authorities serving populations from 38,169 (Rutland) to 1,532,102 (Kent)
have responsibility for maintaining and improving the health of their populations.?! Levels of
deprivation vary markedly between Upper-Tier Local Authorities. Local autonomy and scarcity of
resources for public health action together generate a requirement for national and local estimates
of morbidity and mortality to inform priority setting for public health and health services.

Several limitations of previous studies have been addressed through technical improvements and
updates in GBD 2016. These include an expanded GBD cause hierarchy with 18 newly-specified
causes of death and many new data sources. Updated GBD mortality information is of interest, as
life expectancy improvement is known to have slowed in the UK and some other countries in recent
years for reasons which remain unclear. It has been suggested that it could be due to reductions in
welfare provision or even a systemic failure of social and health care in certain areas.””* It is
important therefore to understand the nature of the change in more detail.

This paper presents updated GBD 2016 estimates for the UK from 1990 to 2016 and for the first time
includes results for 150 Upper-Tier Local Authorities in England, as well as for England, Wales,
Scotland, and Northern Ireland. These latest GBD results may help to explain the causes of the
slowdown in life expectancy improvement since 2010, and are likely to be a guide to rational priority
setting for health and social policy, prevention policy, health service planning, and research at
national and local level.
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Methods

Life expectancy, years of life lost due to premature mortality (YLLs), years lived with disability (YLDs),
disability-adjusted life-years (DALYs), and risk factors were estimated in the UK, England, Scotland,
Wales, Northern Ireland, and 150 English Upper-Tier Local Authorities from 1990 to 2016 for each
location, age group, sex, and year. There are 152 Upper-Tier Local Authorities in England, including
county councils, London boroughs, unitary authorities, and metropolitan districts. The City of
London and Isles of Scilly were excluded from this analysis due to their small populations, and so
data were available for 150 English Upper-Tier Local Authorities.

Years of Life Lost and causes of death

YLLs were computed by multiplying the number of estimated deaths by the standard life expectancy
at age of death, derived from the lowest observed mortality rates in any population in the world
greater than 5 million (86-6 years at birth for GBD 2016).>* Causes of death were mapped to the 264
GBD 2016 causes of death and age and sex groups. Causes of death were organised in a four-level
hierarchy which covered all deaths at all ages. The three cause groups at level one of this hierarchy
were: communicable, maternal, neonatal, and nutritional diseases; non-communicable diseases; and
injuries. These were broken down into level 2 causes with further disaggregation into level 3 and 4
causes. Ischaemic stroke, for example, was classified as: non-communicable diseases (level 1);
cardiovascular diseases (level 2); cerebrovascular disease (level 3); ischaemic stroke (level 4).>*

We compared causes of death at level 3 in the hierarchy to provide a meaningful level for policy
makers and health professionals. The exception is cirrhosis, a GBD level 2 cause, which we show as a
level 3 cause as further disaggregation into cirrhosis caused by hepatitis, alcohol, or other provides
more granular detail than is required for comparison with other level 3 causes. Mortality was based
on year of registration. In England and Wales, some deaths may be registered in subsequent years
due to delays caused by coroners’ inquests, and some of this lag was taken into account in the
modelling process, which smoothes over time. All imprecise causes of death, for example ill-defined
cancer site or senility, were redistributed to the most likely alternative GBD cause of death.™
Estimates for each location, year, age, and sex were then generated using a statistical method
known as cause of death ensemble modelling (CODEm), which chose an ensemble of models that
best reflected all the input data.’ The resulting estimates were rescaled so that the sum of all cause-
specific deaths equalled the total number of deaths from all causes in each age, sex, location, and
year category.3

Years Lived with a Disability

YLDs were estimated by multiplying the prevalence of each cause and its consequences by a
disability weight, corrected for comorbidity.” The prevalence of each condition was estimated from
published papers, unpublished documents, survey microdata, administrative records of health
encounters, registries and disease surveillance systems. Data availability and use by GBD varied
between countries. Data sources are available in Appendix Tables 1 to 5 for the different constituent
nations in the UK for diabetes, chronic obstructive pulmonary disease, low back and neck pain, skin
conditions and depression, and in full from the GBD Data Input Sources Tool.**

DisMod-MR 2.1, a Bayesian meta-regression tool, was used to estimate YLDs whilst ensuring
consistency between incidence, prevalence, remission, and cause of death rates for each
condition.**> A first model was run on all the world’s GBD data which produced an initial global fit
and estimated coefficients for predictor variables. The global fit was adjusted for predictors and
passed down through the GBD geographic levels to country level and then to Upper-Tier Local
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Authorities in England in 2016. Disease-specific YLDs were adjusted for comorbidity. Estimates for

locations with few or no data were predicted by borrowing information, for example on prevalence
of a condition, from other locations, and using covariates to generate comparable estimates across
all geographic locations.

Maps of the UK were created for the changes in all-cause, age-standardised YLLs and YLDs over three
time periods (1990-1999, 2000-2009, and 2010-2016), using UK census boundary data® and
geographic information software (ArcGlIS).?” Deprivation in Upper-Tier Local Authorities was
measured using the Index of Multiple Deprivation (IMD-2015), a composite measure estimated at
small geographical areas, that includes seven domains: income, employment, education, health,
crime, barriers to housing and services, and living environment.”® Correlations between IMD score
and YLLs were calculated using Pearson’s correlation coefficients on a scale from +1 (perfect positive
correlation) to -1 (perfect negative correlation), where scatter plots showed a linear relation.

Disability-Adjusted Life Years

DALYs are the sum of YLLs and YLDs for each location, age group, sex, and year.’ Risk factor exposure
and attributable risk were estimated for 84 behavioural, environmental and occupational, and
metabolic risks or clusters of risks.® A total of 481 risk-outcome pairs met the GBD study criteria for
convincing or probable evidence of a specific risk causing a specific outcome. The attributable
burden for each risk was estimated by multiplying the YLLs and YLDs for each outcome of interest by
the population attributable fraction (PAF) for the risk-outcome pair.° The PAF represents the
proportion of DALYs that would have been avoided in a given year if the exposure to a risk factor in
the past had been at the theoretical minimum risk exposure level.

Role of the funding source

The GBD 2016 database development, methods improvement, and global analysis is primarily
funded by the Bill & Melinda Gates Foundation, which had no role in study design, data collection,
data analysis, data interpretation, or writing of the report. The corresponding author had full access
to all data in the study and had final responsibility to submit the paper.
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Results

The leading causes of YLLs in the UK in 2016 for both sexes combined were ischaemic heart disease,
trachea, bronchus and lung cancer (subsequently referred to as lung cancer), cerebrovascular
disease, chronic obstructive pulmonary disease and dementia; the leading causes of disability (YLDs)
were low back and neck pain, skin and subcutaneous diseases, migraine, depressive disorders, and
sense organ diseases (Figure 1). The highest burden of age-standardised DALYs was for low back and
neck pain (1795 [95% uncertainty interval 1,258-2,356] per 100,000 per year), followed by ischaemic
heart disease (1200 [1,155-1,246]). In comparison, the DALY rate for lung cancer was 660 [642-679].

The all-cause age-standardised YLL rate in 2016 was highest in Scotland (11,195 [95% uncertainty
interval 10,177-12,389] per 100,000 population) and lowest in England (8941 [8847-9028]), with
ischaemic heart disease, lung cancer, cerebrovascular disease, and chronic obstructive pulmonary
disease all particularly high in Scotland (Figure 1). Age-standardised YLDs were highest in England
(11,054 [8211-14,261]) and Scotland (11,054 [8188-14,304]) and lowest in Wales (10,820 [8030-
14,039]), however the range of YLDs across the UK countries only varied by 234 per 100,000 per year
compared to a range of 2254 per 100,000 per year for YLLs. England had high YLD rates for low back
and neck pain, skin conditions and sense organ disease, and Northern Ireland had high rates for
anxiety.

Many conditions were important contributors to burden for both men and women but there were
differences. For YLLs, men had higher rates for all ten leading conditions, except for dementia and
breast cancer which had higher rates for women; ischaemic heart disease was the leading cause of
YLLs in both men and women but the rate was approximately 25 times higher in men compared to
women; self-harm was the third highest YLL rate for men, but was fourteenth highest for women
(age-standardised YLL rate was 153 [95% uncertainty interval 146-162] for UK women in 2016
compared to 546 [422-596] for men); prostate cancer and breast cancer were important causes of
premature mortality for men and women, respectively, but breast cancer ranked higher for women
than prostate cancer did for men. For YLDs, women had higher rates of disability for all the ten
leading conditions, except for sense organ diseases, falls and drug use disorders, which were higher
in men.

The ten leading risk factors contributing to YLLs were similar in rank across the four countries of the
UK (Figure 2). Although the ranks were similar, the PAF of each varied in size in different countries,
such as a higher PAF from tobacco in Scotland, and from alcohol and drug use in Scotland and
Northern Ireland compared to the other UK nations.

In England in 2016, age-standardised rates of YLLs for all causes together varied more than two-fold
between the highest and lowest IMD-ranked Upper-Tier Local Authorities (from 14,274 [12,791-
15,875] per 100,000 people in Blackpool to 6,888 [6,145—7,739] in Wokingham) (Figures 3 and 4).
Comparing age-standardised YLL rates for the 15 (10%) most deprived and 15 least deprived Upper-
Tier Local Authorities in England (Figure 4), YLLs were markedly and consistently greater in the
deprived areas for most conditions. The clearest association with deprivation was seen for all causes,
lung cancer, and chronic obstructive pulmonary disease. No association was seen with conditions
such as dementia, breast cancer, self-harm, and congenital defects (Appendix Table 6). Some Upper-
Tier Local Authorities performed better on YLLs than expected from their level of deprivation,
including the London boroughs of Tower Hamlets and Hackney, and Birmingham (Figure 4). It was
notable that Upper-Tier Local Authorities in London had generally lower rates of DALYs and YLLs
than expected for their level of deprivation throughout the distribution (Appendix Figures 1 and 2).
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Variation in age-standardised YLD rates was much less marked than variation in YLLs, with no
statistically significant variations (Figures 3 and 5 and Appendix Figure 3). .

More deprived Upper-Tier Local Authorities had higher age-standardised attributable burden of age-
standardised all-cause YLLs than less deprived Upper-Tier Local Authorities for most risk factors,
although there was variation within and between regions (Figure 6, Appendix Figure 4, and Appendix
Figure 5). The PAF for risk factors also varied by Upper-Tier Local Authority for a given level of
deprivation (Appendix Figure 6). For example, London Upper-Tier Local Authorities had lower than
expected attributable YLL burden particularly for tobacco, dietary risks, and high body mass index,
whereas the association between deprivation and alcohol and drug use, and occupational risks,
showed less variation between regions.

Between 1990 and 2016, life expectancy at birth for both men and women improved in all four UK
countries, but the rate of improvement has slowed since 2010 (Figure 7). Although random variation
is expected, 11 out of 150 English Upper-Tier Local Authorities experienced an increase in YLL rates
since 2010 (Appendix Figure 7). The trends in annual change in age-standardised YLLs were however
different when disaggregated by cause. The reduction in annual rate of improvement for all-cause
YLLs since 2010 was driven by the gradual disappearance of what had been sustained annual
improvements in YLL rates from ischaemic heart disease, cerebrovascular disease, and to a lesser
extent colorectal cancer, lung cancer, and breast cancer (Figure 8). Dementia and chronic obstructive
pulmonary disease showed no consistent trend in the rate of change over the period. The flattening
of the improvement curve for cardiovascular disease deaths was seen in most age groups but was
most apparent in those aged over 85 years, where previous improvements had been greatest
(Appendix Figures 8 and 9).

These cause-specific changes in YLL rates are reflected in the risk factor specific estimates of
attributable burden. Annual reduction in all-cause age-standardised YLLs attributable to most major
risk factors has also slowed since 2010, except for alcohol and drug use which has remained roughly
unchanged since 2000 (Appendix Figure 10). The relation between rate of improvement in YLL and
deprivation in Upper-Tier Local Authorities has shifted somewhat over time (Appendix Figures 11
and 12). In the period up to 1999, improvement in YLLs were greatest in more affluent Upper-Tier
Local Authorities (Pearson’s correlation coefficient r = 0-53); from 2000 to 2009, there was no overall
relation between rate of improvement and deprivation; from 2010 to 2016, annual improvement
has been greater in more deprived Upper-Tier Local Authorities (r = -0-50).
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Discussion
Burden of Disease across the UK

The common causes of premature death in 2016 are similar in the four UK countries. However,
premature mortality remains substantially higher in Scotland than in England, with higher rates for
YLLs from all the leading ten causes, particularly cardiovascular disease, cancer, and cirrhosis. Wales
and Northern Ireland have YLL rates in between those of England and Scotland, with some variation
by cause. Comparison between UK countries at this level, however, masks substantial variation
within those countries, for example between subnational geographical areas in Scotland® and
England.™

Differences between UK countries are generally less for YLDs than for YLLs, with one notable
exception being the high rates of YLDs for anxiety disorders in Northern Ireland. High levels of
mental health conditions in Northern Ireland are acknowledged and have been attributed to the
social and economic legacy of civil conflict.>*** Across the countries of the UK, burden due to YLDs
surpassed that due to YLLs in England in 2003, in Wales in 2008, and Northern Ireland in 2009,
whereas in Scotland YLLs were similar to YLDs in 2016. As death rates fall, people live on with long
term, often multiple, conditions, and YLDs rise. This pattern presents a considerable and familiar
challenge to statutory health and care services. Finding a way of attenuating or mitigating the impact
of this rising burden due to non-fatal conditions and the consequent demand for services must be
the key to providing sustainable services in the future.

Patterns shown in Figures 2 and 3 suggest that these long standing differences between the
countries of the UK are likely to be substantially due to variations in risk factors and socio-economic
deprivation rather than differences in health service organisation and spending. Public health policy
and commissioning practices in England are different from those in Scotland, Wales and Northern
Ireland, and health service spending has historically been lower in England, because of the different
funding formulas adopted by the different nations in the UK.**** However, wider determinants of
health such as employment opportunities, housing quality and availability, social cohesion and
access to good quality education are likely to have a greater impact on health in localities than
National Health Service (NHS) spend.

Our results sometimes differ from the results of a recent study of burden of disease in Scotland,
which used different data sources and methods reflecting its different purpose.'® For example, GBD
calculated YLLs using the lowest observed mortality rates in the world and the World Standard
Population (WSP). The Scottish burden of disease study used Scottish mortality rates and the
European Standard population (ESP). The GBD method estimated a YLL rate for Scotland of 16,891
compared to an estimate of 13,506 in the Scottish study.'®*® The Scottish study used local data to
estimate YLD, resulting in different relative ranks for conditions and larger deprivation gradients in
YLD than seen in the Upper-Tier Local Authority analyses presented here.?’

English Upper-Tier Local Authority estimates

These new local GBD estimates are a highly valuable resource, providing comparable detail down to
local level that can support a range of local, regional and national actions. They are likely to be highly
informative for regional transformation programmes currently embodied as Sustainability and
Transformation Partnerships (STPs) and for developing Integrated Care Systems across England as
the NHS in England delivers its 10-year long-term plan from 2019. They demonstrate the strong and
persisting relationship between deprivation and premature mortality that varies by condition.
Action, which may be local or national, is clearly essential to tackle the social and structural drivers

10
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of ill health if overall health is to improve. Such action is feasible and can result in rapid
improvements in health, with reductions in mortality potentially achievable within 1-2 years.*®
Population attributable fractions for major risks also vary considerably between areas, even within
the same region. Individual area results such as these will be of interest to local public health leaders
and should contribute to setting local priorities for action — recognising that such priorities can never
be completely data driven and must reflect local opportunities, assets, and political will. Even for
nationally important topics, locally specific data such as these GBD estimates make local advocacy
more relevant and more persuasive for local policy makers.

As described in previous GBD studies,' London as a region has relatively low mortality for its level of
deprivation.* One explanation may be that London Upper-Tier Local Authorities have relatively low
levels of risk factor exposures, particularly tobacco and dietary risks. Other possible factors are the
high educational performance of poor children in London,* and selective movement of sicker people
out of London, and healthy younger migrants in for work. Access to health services in London may
also be a factor, with some evidence that health services in the North East and North West of
England are relatively underfunded compared to London.** The low mortality may be at least partly
an artefact related to inaccuracies in population estimates for London as a consequence of high
population turnover, with high levels of internal and international migration. Finally, IMD scores may
function differently in London, as for example the housing deprivation domain includes measure of
housing affordability, for which London does particularly badly.

Areas of socio-economic deprivation are present throughout the country but are concentrated in the
large conurbations of the North.*> The GBD estimates by Upper-Tier Local Authority show that areas
of London and Birmingham both have relatively low levels of attributable risk and YLLs compared to
Upper-Tier Local Authorities with similar deprivation in the northern cities of Liverpool and
Manchester. This further strengthens the need for specific action to respond to the set of distinct
problems that exists in these northern cities.**** There are also important within-country ethnic
differences in outcomes that are not considered in this analysis.**

Local GBD data on YLDs are more difficult to evaluate as YLD rates are very similar for many
important conditions across local areas. The most likely explanation for the large uncertainty around
YLDs is the relative lack of local data on prevalence of the major causes of disability, resulting in
estimates that are modelled from data on neighbouring areas. The wide uncertainty around
disability weights also increases the uncertainty around YLDs. In comparison, YLLs are based on
annual cause of death data from vital registration that show much less heterogeneity between
locations and over time compared to non-fatal data sources. To guide an appropriate response,
much better local data are needed on causes of disability. These could come from health care
datasets, surveys, or other sources including covariates. However, utilisation data can be biased due
to supply factors (such as unavailability for some populations) and surveys may be expensive.

Trends in mortality

Official mortality statistics show that the long-standing trend for annual improvement in life
expectancy in England and Wales has slowed since 2011.* Infant mortality rates have increased
slightly since 2014, although they remain at historically low levels.*® The latest GBD results confirm
this effect for YLLs in all the UK countries. As this change in trend has become established, it has
generated considerable speculation about its cause or causes but little if any firm evidence. Watkins
et al. found an apparent correlation with levels of total public spending on health and on social
care.” Hiam et al. suggested that in the absence of other plausible causes, cuts to the UK health and
social care system were the most likely explanation.?> Marked fluctuations in numbers of deaths

11
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from year to year, but not the overall trend, can often be attributed to levels of circulating flu.*’
Raleigh points out that many different factors are likely to be involved, including a cohort effect with
the gains from reducing smoking already substantially realised, and the rise of comorbidity.*® A
similar change seems to have occurred in a number of other countries at a similar time,*”*°* which
argues against economic or health service factors unique to the UK, and suggests something more
fundamental is going on related to trends in demography, epidemiology, or socio-economic factors
seen in a number of other countries. The new GBD data reported here show that the change in
overall trend is mainly driven by a set of distinct condition-specific trends predominantly in
cardiovascular diseases and some cancers. The worsening trend in YLLs to some cancers is a concern
given evidence that survival for some common cancers is already worse in the UK than in some
comparable countries.” Population-level period factors such as the global economic crisis since
2008, impact of fiscal austerity in the UK or the quality and capacity of local services could
conceivably operate differentially on specific conditions through risk factor exposures, health care
provision, or certain social determinants of health.”

More affluent areas experienced greater annual mortality improvements before 2000, but this
changed after 2010 when the national slowdown in mortality improvement was, counterintuitively,
most marked in relatively affluent areas (Appendix Figures 7 and 11). This is a new finding and
contrasts with evidence from some previous recessions that mortality rates tend to improve during
economic downturns, perhaps due to declines in risky behaviours.* The reasons for this slowdown
in mortality improvement in less deprived areas are not clear, and further research is needed both
into the relation between deprivation and mortality trends since 2010, and the many possible
contributory factors before conclusions can be drawn. Changes in deprivation for older people,
unemployment, and binge drinking have been shown to be important in explaining life expectancy
differences.” Together, these findings seem to suggest that the overall change in trend in YLLs is the
result of an evolving epidemiological transition with multiple condition-specific and possibly cohort-
based components, including changing exposure to certain risk factors.

Strengths and limitations

Where data were not available for a particular location, GBD modelled estimates using data from
other locations and predictive covariates. The availability of accurate local data on mortality was
better than for morbidity, which may explain why the variation in YLD rates was much less marked
across the UK than variation in YLLs. Data sources used to produce these 2016 estimates of YLD for
the four UK countries for the example conditions of diabetes mellitus, chronic obstructive pulmonary
disease, low back and neck pain, skin and subcutaneous diseases, and depressive disorders show
that different sources were used for different locations, and therefore some of the variation
reported may be due to different data sources rather than true underlying variation (Appendix
Tables 1 to 5). A full list of data input sources for GBD 2016 is available elsewhere.*

Where new data or changes in modelling lead to changes in estimates of disease burden, a strength
of the GBD approach is that all previous estimates are recalculated using the newest model. For
example, the apparent increase in skin disease in GBD 2016 compared to 2013 was due to a change
in the method of estimating severity for acne, to award higher disability to a subset of cases with
more severe disease, whereas in the past all cases were deemed to have mild disability,53 and
inclusion of new, more accurate data for dermatitis.

The decision to use a global, European, or UK-specific condition severity distribution affects YLD
estimates. The data sources on variations in severity distribution by age or location are sparse; this is
a limitation as one would expect substantial variation in severity for conditions for which effective
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treatments exist. The way deprivation is measured varies across the four countries of the UK, but
previous work by Public Health England suggests that this does not substantially affect the relation
between deprivation and prevalence, at least for cancer.> The relation between risk factors and
outcomes may differ across areas, which may lead to underestimation or overestimation of
attributable risk in some areas.>

Diabetes mellitus, asthma, skin disease, and chronic obstructive pulmonary disease are examples of
conditions where GBD and alternative UK estimates differ in 2016. These differences arise mainly
from the use of different data sources and disease definitions, and partly from the methods used to
model the data in GBD. For example, primary care electronic health record data in England (The
Quality and Outcomes Framework and The Health Improvement Network) as well as reported data
from the Health Survey for England all show a rising diabetes prevalence (consistent with other high-
income countries),”**® whereas GBD used data from research papers for diabetes prevalence, which
show a flat or falling prevalence rate.** It has been difficult to reconcile these differences partly
because data governance concerns prevent even anonymised records from UK primary care being
made available to the GBD project.

The choice of which GBD level to use when presenting results changes the rank order of conditions.
We have presented results by level 3 conditions, which gives low back and neck pain and skin and
subcutaneous diseases as the leading UK causes of YLDs. At level 2, musculoskeletal and mental
disorders are the leading causes (appendix figure 13).>* The distinction between behavioural and
metabolic risk factors (Figure 2) is not absolute, as behavioural factors such as physical activity and
diet clearly affect metabolic factors such as high blood pressure and body mass index.

Implications for research and policy

The results overall strongly suggest that all countries of the UK could further reduce the burden of
disease through effective prevention. For example, the continued dominance of cardiovascular
disease in GBD argues for renewed efforts to deliver systematic programmes to reduce risk factors
such as high body mass index, high fasting glucose, high blood pressure and high cholesterol. Other
conditions that feature highly in GBD estimates for the UK such as cancers and respiratory disease
can be addressed by tackling behaviours such as smoking and eating unhealthy foods. Good progress
has been made in some areas, notably in reducing smoking rates to historic lows in all countries of
the UK, but there is scope to do so much more in almost all areas of primary prevention.

Overall, some two-thirds of improvements to date in premature mortality can be attributed to
population-wide decreases in smoking, cholesterol, and blood pressure, and approximately one-
third due to improved therapies.> Health services need to recognise therefore that prevention is a
core activity rather than an optional extra to be undertaken if resources allow. In many cases of
course, the causes of ill health and the behaviours that cause it lie outside the control of health
services. For example, obesity, sedentary behaviour and excess alcohol use all feature strongly in
GBD as risk factors for diseases such as musculo-skeletal disease, liver disease and poor mental
health. The GBD results therefore also argue for policies and programmes that deter the food
industry from a business model based on cheap calories, that promote and sustain healthy built and
natural environments, and that encourage a heathy drinking culture.

The same level of attention that has previously been given to prevention of cardiovascular disease
and cancer now also needs to be directed at the other major causes of YLLs, such as liver disease and
dementia, and associated risk factors including unhealthy diets, alcohol, air pollution, and drug
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misuse. Unfortunately, adequate research on effective population-level prevention interventions in
these areas is much more limited, but by no means absent.

Public health policy needs also to respond actively and rapidly to the shift in relative burden from
mortality towards morbidity. More evidence is needed to support population-level interventions to
address the causes and effects of conditions such as musculoskeletal disease, poor mental health,
and sensory impairments, and there is an urgent need for research and action to prevent further
increases in burden due to disability from these conditions, and to understand the economic impact.
Timely access to health services is important for treatable conditions such as vision loss caused by
cataract, glaucoma, and diabetic retinopathy. The promotion of musculoskeletal and mental health
are key components of the recent WHO Europe Action Plan for Noncommunicable Disease to avoid
premature death and significantly reduce disease burden.®

There are still concerns with the accuracy of local estimates of ill health, but the hierarchical ranking
of YLD by Upper-Tier Local Authority can inform better local targeting of health services. For future
iterations of GBD, the use of primary care electronic health records, including prescribing, should be
used to refine disease prevalence estimates and improve consistency between GBD and other
reliable estimates, while recognising that utilisation rates have known weaknesses as measures of
need.® Health care utilisation data remain underutilised for descriptive epidemiology. Their value
can be greatly enhanced if linked to population survey data and death records where the strengths
of each data type (good diagnostic information in health records; data on risk factors and severity of
disease from surveys) enhance their value for population health measurement. There are excellent
examples of data linkage for audit (for example the Sentinel Stroke National Audit programme),
research (for example the Caliber project at University College London), and policy (for example
NHSDigital linked hospital and mortality data), but still no linked health data that can inform
comparable estimates of burden of disease at local level. Further research on disease burden at
Upper-Tier Local Authority level should explore the burden of different diseases at a more specific
level of diagnosis, and explore the impact of age disaggregation, for example in children and in
different age groups for older people.

Overall this study provides a timely input into the new long term plan for the NHS in England and
similar planning processes both in the other countries of the UK, and at local level in England. The
new local estimates will increase the relevance of GBD for many users, highlighting where local
levels of burden and risk factors may require tailored local solutions, for example for diet and
occupational risks (Appendix Figures 4, 5 and 6). National results reveal the need for effective
primary prevention to reduce the substantial attributable risks due to smoking, unhealthy diets,
obesity and excess alcohol use, which lead to massive burden from heart disease, cancer and the
multiple co-existing conditions that reduce independence in older people. Resource allocation in
health services needs to continually adapt to the increasing burden from non-fatal conditions such
as musculoskeletal conditions, depressive disorders, sensory loss and skin diseases. Significant
improvement in the quality and completeness of available morbidity data is needed to support
implementation of such a change in national health policy.

Finally, we hope that this study will inform similar analyses across Europe supported by the newly
formed WHO European Burden of Disease Network.*
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Figure

Figure 1: Age-standardised years of life lost (YLLs), years lived with disability (YLDs), and disability-
adjusted life years (DALYs) rate per 100,000 population for all causes combined and leading ten
causes in UK countries, women, men, and both sexes combined, 2016

United England Scotland Wales Northern
Kingdom Ireland

All causes 9222 8941 11195 10080 10090
Ischaemic heart disease 1099 1040 1457 1318 1344
Trachea, bronchus, and lung cancer 649 623 856 701 699
Cerebrovascular disease 452 431 630 485 501
Chronlc obstructive pulmonary 419 408 512 437 475
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_>C- AIzhelm.er s disease and other 352 346 378 402 378

5 dementias

@ Self-harm 349 326 507 410 495
Lower respiratory infections 337 336 337 322 390
2:22;2:: and other chronic liver 318 302 460 349 294
Colon and rectum cancer 295 286 338 337 338
Breast cancer 276 271 303 302 288
All causes 7365 7164 8839 7905 7750
Ischaemic heart disease 610 570 862 747 773
Trachea, bronchus, and lung cancer 541 516 757 571 543
Breast cancer 526 517 572 576 548

" Cerebrovascular disease 401 380 567 433 449

; AIzhelm.er's disease and other 368 361 393 415 390

o dementias

g Shronic obstructive pulmonary 364 350 472 384 375

L isease
Lower respiratory infections 283 282 279 278 328
Colon and rectum cancer 234 227 275 255 263
Congenital birth defects 224 221 216 233 312
S:gz;zsel: and other chronic liver 293 212 378 244 205
All causes 11236 10864 13805 12423 12651
Ischaemic heart disease 1637 1557 2129 1949 1986
Trachea, bronchus, and lung cancer 772 743 976 847 878
Self-harm 546 509 767 670 836

. Cerebrovascular disease 511 488 702 546 561

; Chronic obstructive pulmonary 489 479 570 506 495

% d!sease. o

s S:gz;zsel: and other chronic liver 415 395 601 459 387
Lower respiratory infections 404 402 411 377 472
Colon and rectum cancer 363 352 410 428 422
Alzheimer's disease and other 373 317 352 379 355
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Prostate cancer 308 307 309 327 311

All causes 11035 11054 11054 10820 10827

Low back and neck pain 1795 1820 1654 1692 1645
Skin and subcutaneous diseases 1036 1043 1003 989 977
Migraine 732 719 809 785 786
é Depressive disorders 668 664 702 673 686
Z Sense organ diseases 651 667 570 559 593
§ Anxiety disorders 442 435 464 451 567
Falls 364 364 374 357 361
Oral disorders 354 355 353 347 347
Asthma 354 348 397 368 371
Other musculoskeletal disorders 322 323 317 317 295

All causes 11741 11773 11667 11451 11546

Low back and neck pain 2023 2056 1841 1885 1847

Skin and subcutaneous diseases 1149 1158 1112 1095 1082

2 Migraine 965 946 1086 1045 1043
s Depressive disorders 791 784 850 796 822
(i; Sense organ diseases 627 641 556 546 574
€ Anxiety disorders 567 557 595 582 729
" Other musculoskeletal disorders 375 375 379 377 360
Asthma 374 367 430 392 403
Oral disorders 366 367 366 360 360
Falls 325 326 333 315 308

All causes 10324 10331 10421 10188 10093

Low back and neck pain 1557 1576 1454 1491 1432

Skin and subcutaneous diseases 923 930 893 884 870
Sense organ diseases 678 695 587 574 615
é Depressive disorders 543 543 548 548 546
% Migraine 496 491 521 523 522
S Falls 400 399 411 397 413
Drug use disorders 371 362 472 423 249
Oral disorders 341 342 339 334 333
Asthma 333 330 363 344 338
Anxiety disorders 317 313 330 319 402

All causes 20257 19995 22249 20900 20917

Low back and neck pain 1795 1820 1654 1692 1645
Ischaemic heart disease 1200 1139 1567 1428 1471
Skin and subcutaneous diseases 1060 1068 1028 1012 999

> Migraine 732 719 809 785 786
< Depressive disorders 668 664 702 673 686
:g Trachea, bronchus, and lung cancer 660 633 870 712 711
@ Sense organ diseases 651 667 570 559 593
Cerebrovascular disease 598 570 825 650 657
gi:r‘;r:ec obstructive pulmonary 519 507 618 533 591
Drug use disorders 465 443 714 531 304

5 < All causes 19106 18937 20506 19356 19296
: “ Low back and neck pain 2023 2056 1841 1885 1847



Skin and subcutaneous diseases 1174 1184 1136 1118 1104
Migraine 965 946 1086 1045 1043
Depressive disorders 791 784 850 796 822
Ischaemic heart disease 688 647 945 829 869
Sense organ diseases 627 641 556 546 574
Anxiety disorders 567 557 595 582 729
Breast cancer 566 556 618 624 595
Trachea, bronchus, and lung cancer 550 525 769 580 552
Cerebrovascular disease 544 517 755 587 600
All causes 21559 21195 24226 22611 22744
Ischaemic heart disease 1763 1680 2268 2089 2147
Low back and neck pain 1557 1576 1454 1491 1432
Skin and subcutaneous diseases 946 953 917 907 892
%’ Trachea, bronchus, and lung cancer 785 755 992 860 892
g Sense organ diseases 678 695 587 574 615
2 Cerebrovascular disease 661 631 909 724 724
= Drug use disorders 658 617 1118 789 389
si:rec;r;lec obstructive pulmonary 605 595 692 617 608
Self-harm 554 517 775 678 844
Depressive disorders 543 543 548 548 546

Significantly lower than UK mean (95%UI)

Significantly higher than UK mean (95%UlI)




Figure 2: Population attributable fraction (PAF) for risk factors for all-cause years of life lost (YLLs) rate per 100,000 population for England, Scotland, Wales,
and Northern Ireland, both sexes, 2016
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Figure 3. All-cause age-standardised years of life lost (YLLs) and years lived with disability (YLDs) rate per 100,000 population by UK country and English

Upper Tier Local Authorities, 2016
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Figure 4. Age-standardised years of life lost (YLLs) rate per 100,000 population for the 20 causes with the highest national YLL burden in order of decreasing
burden, in the 15 (10%) most deprived and 15 (10%) least deprived Upper-Tier Local Authorities (UTLAs) in England, both sexes, 2016
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Figure 5. Age-standardised years lived with disability (YLDs) rate per 100,000 population for the 20 causes with the highest national YLD burden in order of
decreasing burden, in the 15 (10%) most deprived and 15 (10%) least deprived Upper Tier Local Authorities (UTLAs) in England, both sexes, 2016
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Richmond upon Thames 10 10988
Rutland 10 11006
West Berkshire 10 10929
Surrey 9 10960
Windsor and Maidenhead 9 10876
Wokingham 6 10887

Note: no estimates are statistically significantly different from the England mean
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Figure 6: Attributable risk for age-standardised all-cause years of life lost (YLLs) rate per 100,000
population for nine major risk factors, and Upper Tier Local Authority (UTLA) level Index of Multiple

Deprivation (IMD) Score, for UTLAs in three regions of England, 2016
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Figure 7: Life expectancy at birth for England, Scotland, Wales, and Northern Ireland between 1990
and 2016, men and women
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Figure 8. Annual percentage change and 95% uncertainty range in years of life lost (YLLs) rate per

100,000 population for the nine causes with the highest national burden, from 1990 to 2016 in
England, with the percentage that each condition contributes to all-cause YLLs in brackets.
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