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Abstract
Background
As society ages, promoting the health of the extra years of life is of paramount importance for health, social care
and pension provision. Increases in life expectancy in the UK and elsewhere have slowed in recent years, but the
reasons for this are unclear. No formal comparison of trends in healthy life years between the UK and the other
countries of the EU28 in recent times has been published. These countries are geographically proximate, and
share many social, cultural and demographic properties, making them interesting and useful comparators,
especially as the UK prepared to leave the European Union in 2020.
Methods
We calculated sex-specific healthy life years (HLY), unhealthy life years (ULY), mild and severe ULY at birth
and age 65 using life tables and age-specific prevalence of activity limitation among the EU28 between 2008
and 2016 from EuroHex. Trends in life expectancy, HLY, ULY and proportion of life spent healthy (HLY%)
were compared. We then decomposed HLY temporal changes into relative effects of changes in healthy life and
mortality, by age group.
Findings
Life expectancy at birth, and age 65, in the UK were increasing rapidly in 2008 but slowed around 2011.
Germany, Portugal and France showed evidence of a similar slowing. HLY at birth in the UK decreased,
whereas it increased in most EU28 countries. The UK experienced a period of absolute expansion of unhealthy
life in both sexes. The reduction in HLY at birth in the UK was mainly attributable to increases in unhealthy life
in younger age groups.
Interpretation
The UK’s performance relative to the other countries of the EU28 was poor after 2011, combining static life
expectancy and reductions in healthy life years. These trends suggest that the UK government’s Ageing Society
Grand Challenge (to increase the healthy life expectancy by five years by 2035) will be difficult to attain.
Funding
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People and Frailty Policy Research Unit, PR-PRU-1217-21502. The views expressed are those of the authors
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Research in Context
Evidence before this study
Data from Public Health England and the Organisation for Economic Cooperation and Development (OECD)
and others have published evidence that the rate of increase in life expectancy in several developed countries
worldwide has slowed in recent years, including in the UK. In addition, Sir Michael Marmot conducted a report
into health inequalities in England, published in 2010, and recently updated in 2020, which highlighted stalling
life expectancy increases and widening health inequalities. Narrative reviews of healthy life expectancy trends
for countries with appropriate data have been published, but quantitative analyses of trends in healthy life years
(HLY) have not. Disparities in health expectancies between countries have, therefore, not been scrutinised in
detail.
Added value of this study
Our findings compare the performance of the UK, over the post-financial crisis period, to the other countries of
the EU28, and decompose the changes seen into the effects of mortality and disability. We are therefore able to
compare directly trends in life expectancy and healthy life years between countries, and to provide a deeper
understanding of the drivers of the changes seen. We report that, after 2011, the UK performed poorly, in almost
all measures, compared to the EU28.
Implications of all the available evidence
Our work highlights and quantifies the substantial disparities in health and life expectancy between the UK and
its nearest neighbours, adding to the pool of evidence showing that the UK is in need of considerable change in
health and social care policy to address these failings. Although the time period of analysis preceded the
COVID-19 pandemic, our findings provide a benchmark when assessing the effect of the pandemic on the
health and life expectancies of European countries who have been differentially impacted.
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Introduction
Life expectancy (LE) in the UK increased significantly over recent decades but the increase has recently
slowed.1,2 Reasons underlying this are not fully understood, but may include cuts to public spending on health
and social care under austerity, increasing mortality rates from seasonal influenza combined with more frequent
extremes of temperature, a larger proportion of the population in the ‘susceptible’ group of older, frail people,3–5
and a higher mortality rate amongst the working age population.6 A slowing in the rate of increase in LE has
also been seen in the US and a few European countries (France, Germany, Sweden, the Netherlands) since
2011.2,7 Given that other countries in the EU have already achieved higher LE than the UK, it seems unlikely
that the deceleration in the UK is due to being close to the natural maximal lifespan of human beings.8
Given the ageing of populations worldwide, the need to ensure that the extra years of life are lived in good
health is of vital importance to ensure adequate health, social care and pension provision. The concept of healthy
life expectancy is therefore of interest to health and economy stakeholders. This indicator has been in use for
several years, but differing definitions of ‘disability’ and calculation methods have hampered between-country
comparisons.9 Since 2005, the EU has reported healthy life years (HLY), a disability-free life expectancy based
on the Statistics on Income and Living Conditions (EU-SILC) annual survey, with improved harmonisation and
therefore comparability since 2008.10 It is important to track trends in LE and HLY to ensure policy reforms
aimed at shortening and delaying the time spent in ill health/dependence (termed ‘compression of
morbidity/disability’),11 and avoiding the converse, i.e. an increase in the years lived in ill health/dependence
(‘expansion of morbidity/disability’).12
Although there have been a number of analyses comparing trends in LE with those of the EU and other highincome OECD countries,2,6,7 to date there have been no quantitative analyses of trends in HLY. This study

aimed to compare trends in LE and HLY between the UK and the other countries of the EU28 using harmonised
data in order to identify important differences, and to provide a benchmark of the UK’s performance before the
COVID-19 pandemic and prior to leaving the European Union in early 2020.

Methods
Data source
Full life tables for all countries of the EU28 between 2008 and 2016 were available from the EuroHex website
(www.eurohex.eu) (except for Croatia whose data were only available from 2010). Results from the EU-SILC
annual survey of non-institutionalised persons of 16 years and older were downloaded from the same source for
all EU28 countries over the same period.10 Healthy life was defined using the survey question PH030, ‘For at
least the last 6 months have you been limited in activities people usually do, because of a health problem?’ with
responses: 1) yes, strongly limited, 2) yes, limited or 3) not limited. We downloaded the proportions of
participants in each response category by 5-year age band and sex.
Statistical analysis
Sex and age specific HLY at birth, and age 65, for each country of the EU28 were estimated using the Sullivan
method13 with healthy defined as without any limitation. To calculate HLY at birth, we approximated the
proportion of respondents with any limitation (i.e. those who answered ‘yes, limited’ or ‘yes, very limited’) aged
15 and under using the EuroStat method (i.e. the proportion at age 15 was assumed the same as at 16-19, and
below age 15 to be half that proportion, with 0% of people assigned any limitation at birth). 14 We also estimated
years with severely ill-health (sevULY) based on participants who answered ‘Yes, strongly limited’. Mild ULY
was calculated similarly using the proportion of respondents who reported ‘yes, limited’. The proportion of
remaining life expectancy that was healthy (HLY%) was estimated as HLY%=HLY/LE. We calculated 95%
confidence intervals for all health expectancies (and HLY%) at ages above age 15 by standard methods. 15
Country and sex-specific trends in LE and HLY were plotted, and where non-linearity was suspected, changepoint linear analyses were implemented and compared to simple linear models using automated single knot
placement and adjusted R2 values.16
Absolute expansion of unhealthy life was assumed where the simple linear model gradient of LE was
significantly greater than that of HLY, and absolute compression of unhealthy life was defined as the converse.
Relative expansion or compression of unhealthy life were defined as overlapping LE and HLY gradients
alongside reducing, or increasing HLY% gradient, respectively, and dynamic equilibrium as significantly
increasing ULY but stable or reducing severe ULY, i.e. where more years are being lived with ill-health, but the
relative severity is reducing.17
For countries with reductions in HLY between 2008 and 2016, and those with the greatest gains, we used an
extension of the Arriaga decomposition technique18 to examine the extent to which changes in HLY between
2008 and 2016 for each country were driven firstly by changes in mortality or the prevalence of unhealthy life,
and secondly by specific age groups.19 Prevalence of unhealthy life in the EU-SILC survey varies over time,
therefore we tested the validity of our decomposition conclusions by repeating the analysis using 2009 and 2015
to ensure that our results were not unique to the specific combination of years chosen. All analyses were
conducted in R version 6·3·220 including segmented linear analyses with package ‘segmented’.21

Results
Trends in LE at birth and age 65 2008-2016
In 2008, life expectancy at birth was highest for French women (84.8 years) and Swedish men (79.2 years)
(Figures 1,2). The countries with the lowest LE at birth were Lithuania and Bulgaria (for men, 65.9 years and
women, 77.0 years, respectively). LE in the UK in 2008 was the seventeenth highest in women (81.8 years) and
tenth highest in men (77.7 years). By 2016, the highest LE for men was recorded in Italy (81.0 years) and for
women, in Spain (86.3 years) and the lowest in Lithuania and Bulgaria (for men 69.1 years, and women 78.5

years, respectively). The UK remained tenth and seventeenth highest LE at birth in 2016 in men and women,
respectively (Figures 1,2). In most countries, LE at birth increased steadily between 2008 and 2016, with the
exceptions of UK and Germany, where modelling suggested that the speed of increase reduced mid-way through
the period (Figure 3, Supplementary Figures 1,2). In the UK, modelling suggested that LE at birth for both sexes
increased until around 2011, with no significant increase beyond this point (Supplementary Figure 2,
Supplementary Table 1). The same pattern as the UK was observed for men’s LE at birth in Germany until 2012
(Supplementary Figure 2). Moreover, the gradient of UK LE at birth was one of the steepest increases before
2011, but then dropped below all other countries (Figure 2). Many countries saw a drop in LE at birth around
2015, which has been previously attributed to the combination of a severe influenza season in most high-income
countries, and abnormally hot summer weather.22,23
Modelling also suggested that the increase in UK men’s LE at age 65 slowed significantly around 2011
(Supplementary Figures 3,4, Supplementary Table 2). In 2008 the UK had the eighth highest LE at age 65 for
men (17.6 years), and the sixteenth highest for women (20.2 years), but by 2018 both had dropped down one
place (women, seventeenth with 21.1 years, men to ninth with 18.8 years). Germany and Portugal also saw a
deceleration in the LE increases at age 65 during the period (Supplementary Figure 3), whereas all other
countries saw predominantly linear increases (Supplementary Figure 5).
HLY trends 2008-2016
The highest HLY at birth in 2008 was seen in Sweden for men (69.4 years) and Malta for women (72.1 years),
and in 2016 was highest in Sweden for both sexes (men 73.1 years, women 73.4 years)(Figures 4,5). HLY for
UK women was the third highest in 2008 (66.3 years) but fell to 14th highest by 2016 (63.1 years) (Figure 5).
UK men had the fourth highest HLY at birth in 2008 (65.0 years) but the 11th highest in 2016 (63.1 years)
(Figure 4). Whereas HLY for women in the UK dropped linearly, at a rate of -0·40 (95% CI -0·34, -0·47) years
per year, for men HLY remained stable until around 2011 when it began to descend at a similar rate to women (0·40, 95% CI -0·30, -0·50 years per year)(Supplementary Figure 6).
Although trends in HLY at birth were more variable than trends in LE over the same period, the UK was in the
minority of countries where HLY at birth was lower at the end than the start of the period (Figure 6,
Supplementary Figure 6). There was also evidence of a substantial reduction in HLY at birth in Austria, Greece
and Luxembourg. We investigated these trends further by examining trends in mild ULY and severe ULY
(Supplementary Figure 7). Only for Austria could the increase in ULY be clearly attributed to an increase in
mild ULY, in the UK, Greece and Luxembourg trends in mild and severe ULY were similar (Supplementary
Figure 7).
The UK was in the group of countries whose HLY at age 65 remained largely the same across the period
(Supplementary Figure 8), although there was some evidence of an increase in UK HLY at age 65 towards the
end of the period (Supplementary Figure 9).
The proportion of remaining life at birth spent healthy (HLY% at birth) in the UK decreased linearly between
2008 and 2016 (Supplementary Figure 10), as in most EU28 countries (Supplementary Figure 11). The
theoretical goal for all countries is a large LE combined with a large HLY%. When we directly compared the
absolute values of these parameters in 2016, countries that performed well in both dimensions (defined
arbitrarily as above the sex-specific 80th centiles for both) in both sexes were Malta and Cyprus (Figure 7).
When linear gradients of these dimensions were compared, analogous to comparing speed of ‘improvement’ of
each country, again Malta appeared to perform well for men and women (Supplementary Figure 12). Under both
scenarios, the UK was not among the ‘high-performing’ countries, appearing in the bottom-left quadrant of both
plots. Other countries in this quadrant included Austria, Greece, France, and the Netherlands.
As the number of HLY was decreasing, our analyses suggested that the UK was in a period of absolute
expansion of morbidity between 2008 and 2016, as were Luxembourg, Greece, Estonia, Denmark and Austria
(Figure 8). HLY in Greece and Luxembourg also declined, but, unlike the UK, LE in those countries increased
at a steady rate. Although from our analyses, Denmark, Estonia and Austria appeared to experience a period of
absolute expansion of unhealthy life like the UK, they also experienced dynamic equilibrium, meaning
unhealthy life was expanding but the severity of unhealthy life was lessening.

Decomposition of HLY changes between 2008 and 2016
We used decomposition to assess the relative contributions of mortality and disability effects in different age
groups to the declines in HLY at birth between 2008 and 2016 in the UK. To assess whether there were common
patterns, we repeated the decomposition analyses for Austria, Greece and Luxemburg (countries that also saw
declines in HLY at birth over the same period), and, for contrast, Germany and Italy (countries having the
highest gains in HLY at birth). For the four countries that saw declines in HLY at birth between 2008 and 2016
(Austria, Greece, Luxemburg, UK) there were broad similarities in the relative contribution of mortality and
unhealthy life (Figure 9). At younger ages, mortality reduced, but the effect of this was less than that of an
increase in the prevalence of disability (grey bars extend further downwards than black bars extend upwards).
However, for the UK from age 55 (men) and ages 65-84 (women), and in the 75-84 years age group in Greece
and Luxembourg, reductions in mortality contributed more than increases in unhealthy life (upward black bars
larger than downward grey bars). Indeed the prevalence of unhealthy life in UK women aged 85+ reduced over
the period (leading to grey bars above zero), as it did in this age group for women in Greece and Luxembourg,
and for men in Austria and Greece. Decomposition analyses were repeated comparing 2009 with 2015 to
account for the annual variability in disability prevalence in some countries. Patterns of mortality and disability
changes were similar, suggesting that our results are robust to specific choice of comparator years (data not
shown). Italy and Germany both saw increases in HLY at birth between 2008 and 2016 (Supplementary Figure
6). In both, for all age groups except the oldest, reductions in unhealthy life were of greater consequence than
mortality changes, and this relative importance of unhealthy life changes tended to increase across the lifecourse.

Discussion
Our study is the first to provide quantitative analyses to compare trends in life expectancy and HLY between the
UK and the rest of the EU28, over a nine-year period from 2008 to 2016. Our results show that the majority of
EU28 countries saw linear increases in LE, and a substantial number increases in HLY at birth between 2008
and 2016. However, from around 2011, UK LE increases at birth stalled, and HLY fell sharply, leading to a
steady reduction in the proportion of remaining life spent healthy for both males and females. A sharp rise in the
number of years spent with severe unhealthy life in UK females also occurred around 2011. Only three other
countries of the EU28, Austria, Greece, and Luxembourg, had a significant decline in HLY over the period, but,
unlike the UK, LE continued to increase in these countries. However, the common factor in the decline in HLY
in all four countries was a greater increase in the prevalence of unhealthy life, particularly at younger ages, than
reduction in mortality.
Our results are in line with previous work that identified a slowing of UK increases in LE in recent years.2,6,7,22
Declines in old age mortality stalled in the Netherlands, Denmark and Norway during the 1980s and 1990s 24,
and more recent stalling of LE increases have been reported in other high-income countries.25,26 Given the
similarity across many countries, it is unlikely that the UK’s stalling LE can be fully attributed to adverse
consequences of political economic austerity, as not all countries pursued such strident policies following the
global economic crisis in 2008, but it is likely to have been a contributing factor. In Australia, the period before
LE slowed was characterised by lower mortality compared to Western Europe and the USA, and was attributed
to lower prevalence of smoking and obesity-related diseases and fewer traffic-related deaths.26 The subsequent
slowing of LE improvement in Australia was attributed to worsening dietary quality leading to increased
prevalence of overweight and obesity and thereby, to an increase in cardiovascular disease. 6The data available
for use in the present study were not sufficient to incorporate analyses into these hypotheses for the UK.
Although a number of previous studies have presented comparative trends in LE, including between European
countries, the only comparisons of trends in HLY have been qualitative in nature.17 Our present study adds to
this by applying robust quantitative methods to decompose changes in HLY across Europe. The time period
chosen for study began during the global financial crisis in 2008. Due to data availability, it was not possible to
select a more recent epoch, however the effects of the financial crisis were, as the name suggests, global.
Therefore, cross-country comparisons at this time are valid, as all were suffering some level of financial
downturn.
In 2008, the UK government commissioned Sir Michael Marmot to undertake a review of life expectancy and
health inequalities in England. The resulting report, ‘Fair Society, Healthy Lives’ was published in 2010 27. A

series of evidence-based recommendations for reducing health inequalities were advocated and many were taken
up in subsequent years by local governments and other organisations. An update to this report was published in
2020, highlighting regressive policies and practices by central government, which had led to stalling of increases
in LE and widening inequality3. Although the current study could not identify health inequalities within the
countries of interest using the data sources available, the direction and timing of the changes reported match
those of the Marmot review. The review postulated that reductions in the increase in LE were probably partially
associated with increased mortality rates from seasonal influenza, and increases in social, economic and political
inequalities over ten years of austerity-led policies.
The UK government has committed to achieving its ‘Ageing Society Grand Challenge’, whereby it aims,
through targeted funding and policies, to add five healthy years of life to the average UK lifespan by 2035 and
to reduce health inequalities. Other countries have incorporated improvement in healthy life years into
government targets, in both health and pension policy domains. In particular, the Estonian Ministry of Social
Affairs altered national health plan policy in light of worse-than-expected HLY analyses, and HLY form an
important part of their sustainable development strategy. Sustainability of the Estonian pension system is being
improved through prioritisation of HLY in order to increase the length of people’s working lives, thus
postponing retirement. HLY is also used to monitor progress in key European policies on health such as the
2000 Lisbon strategy.
Although similarities were found in LE and HLY trends between the UK and other EU28 countries, no other
country saw a combined slowing of the increase in LE at birth and age 65 alongside reducing HLY and HLY %.
The resultant classification of the state of health in the UK between 2008 and 2016 was one of ‘absolute
expansion of unhealthy life’, meaning more years would be lived with some level of long-standing disability, in
both sexes. Other countries that saw a period of absolute expansion were Luxembourg, Greece, Estonia,
Denmark and Austria, but in all LE grew steadily throughout the period. There was some evidence that
unhealthy life in Estonia, Denmark and Austria was becoming relatively less severe, despite expanding, which
was not the case in the UK. Few countries showed evidence of compression of unhealthy life (Slovakia,
Germany, Ireland and Hungary).
In 2020 the UK began to suffer its first cases of the COVID-19 viral pandemic. At the time of writing the
second wave of infections was underway, and all countries were implementing different healthcare and fiscal
policies to mitigate the worst effects of the disease and the repercussions of necessary public health
interventions. How the pandemic will affect trends in LE and HLY is unknown, but it is expected that some
penalty in LE will be evident, especially for older age groups, and HLY may reduce due to cases of ‘Long
COVID’.28
Strengths and Limitations
The strength of our study lies in the use of a very large and comprehensive survey on healthy life (measured
using activity limitation) across the whole population of the countries of interest, over a wide multi-year
timespan. Undertaking a quantitative analysis of the trends is also a strength, although the relative shortness of
the time period did not allow more formal time series analyses. Other limitations relate to missing data, the selfreport nature of the underlying activity limitation data, and the still incomplete harmonisation of the EU-SILC
question. Data for Croatia were missing prior to 2010, though we do not feel this omission to be influential in
the context of our results and conclusions. Perhaps more importantly the EU-SILC survey that provides the
activity limitation data, is only undertaken for individuals aged 16 years and over. To calculate HLY at birth
therefore assumptions need to be made about the prevalence for those aged 0-15 years. We used standard
Eurostat assumptions about the prevalence of disability in persons under 16 years of age. 14 Trends for HLY at
age 65 are unaffected by these assumptions, and those from birth are unlikely to have been substantially affected
since disability in this younger age group is comparatively rare. Data on activity limitation were self-reported,
which could have potentially introduced a source of bias, however such data have been shown to be closely
associated with morbidity and mortality.29 Also, we report trends in HLY and compare these between countries
rather than directly comparing point estimates of HLY. In addition, although harmonisation of the EU-SILC
question between European countries was improved in 2008, it remains sub-optimal and further changes in the
question may have been implemented in individual countries over the period of analysis. We make no
assumptions about future rankings of EU countries based on the metrics described here, as regression to the
mean would likely lead to large variability in rank confidence intervals.

These comparisons provide interesting areas for future research and policy scrutiny to understand macro-level
cross-sectional and longitudinal differences in population ageing between and within countries.
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Figure 1. Comparison of life expectancy at birth for men in the EU or UK in 2008 and 2016, ranked by 2008
values.

Figure 2. Comparison of life expectancy at birth for women in the EU or UK in 2008 and 2016, ranked by 2008
values.

Figure 3. Estimated simple linear model gradient of life expectancy at birth in the UK before and after 2011
compared to the other countries of the EU28 between 2008 and 2016. Those countries whose gradient changed
significantly are represented by their pre- and post-changepoint gradients.

Figure 4. Comparison of Healthy Life Years (HLY) at birth in EU and UK men in 2008 and 2016, ranked by
2008 values.

Figure 5. Comparison of Healthy Life Years (HLY) at birth in EU and UK women in 2008 and 2016, ranked by
2008 values.

Figure 6. Sex-specific change in HLY at birth between 2008 and 2016 for all countries of the EU28. Croatia
omitted due to missing data before 2010.

Figure 7. Life expectancy and HLY proportion at birth in 2016 in all countries of the EU28. Blue lines indicate
sex-specific 80th percentiles for each dimension.

Figure 8. Presence of absolute (Abs.) or relative (Rel.) compression (Comp) or expansion (Exp) of disability, or
dynamic equilibrium (DE), for males and females of each country of the EU28 for the period 2008 to 2016.
Simple linear gradients in LE and HLY over the study period were estimated (with 95% CI) for each country
and compared. Red boxes indicate that LE gradient was significantly greater than HLY gradient, and blue
indicates the opposite. Dynamic equilibrium was noted where 95% CI of LE and HLY gradients overlapped,
ULY was increasing but severe ULY was not.

Figure 9. Contribution of mortality and unhealthy life (reductions above zero, increases below zero) on changes
in HLY at birth between 2008 and 2016, by gender for Austria, Luxemburg, UK (where HLY declined) and
Germany and Italy (where HLY increased the most).

