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Abstract

Background

Previous research has examined the improvements in healthy years if different health condi-

tions are eliminated, but often with cross-sectional data, or for a limited number of conditions.

We used longitudinal data to estimate disability-free life expectancy (DFLE) trends for older

people with a broad number of health conditions, identify the conditions that would result in

the greatest improvement in DFLE, and describe the contribution of the underlying transitions.

Methods and findings

The Cognitive Function and Ageing Studies (CFAS I and II) are both large population-based

studies of those aged 65 years or over in England with identical sampling strategies (CFAS I

response 81.7%, N = 7,635; CFAS II response 54.7%, N = 7,762). CFAS I baseline inter-

views were conducted in 1991 to 1993 and CFAS II baseline interviews in 2008 to 2011,

both with 2 years of follow-up. Disability was measured using the modified Townsend activi-

ties of daily living scale. Long-term conditions (LTCs—arthritis, cognitive impairment, coro-

nary heart disease (CHD), diabetes, hearing difficulties, peripheral vascular disease (PVD),

respiratory difficulties, stroke, and vision impairment) were self-reported. Multistate models

estimated life expectancy (LE) and DFLE, stratified by sex and study and adjusted for age.

DFLE was estimated from the transitions between disability-free and disability states at the

baseline and 2-year follow-up interviews, and LE was estimated from mortality transitions

up to 4.5 years after baseline. In CFAS I, 60.8% were women and average age was 75.6

years; in CFAS II, 56.1% were women and average age was 76.4 years. Cognitive

impairment was the only LTC whose prevalence decreased over time (odds ratio: 0.6, 95%
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confidence interval (CI): 0.5 to 0.6, p < 0.001), and where the percentage of remaining years

at age 65 years spent disability-free decreased for men (difference CFAS II–CFAS I: −3.6%,

95% CI: −8.2 to 1.0, p = 0.12) and women (difference CFAS II–CFAS I: −3.9%, 95% CI:

−7.6 to 0.0, p = 0.04) with the LTC. For men and women with any other LTC, DFLE improved

or remained similar. For women with CHD, years with disability decreased (−0.8 years, 95%

CI: −3.1 to 1.6, p = 0.50) and DFLE increased (2.7 years, 95% CI: 0.7 to 4.7, p = 0.008),

stemming from a reduction in the risk of incident disability (relative risk ratio: 0.6, 95% CI:

0.4 to 0.8, p = 0.004). The main limitations of the study were the self-report of health condi-

tions and the response rate. However, inverse probability weights for baseline nonresponse

and longitudinal attrition were used to ensure population representativeness.

Conclusions

In this study, we observed improvements to DFLE between 1991 and 2011 despite the pres-

ence of most health conditions we considered. Attention needs to be paid to support and

care for people with cognitive impairment who had different outcomes to those with physical

health conditions.

Author summary

Why was this study done?

• There have been many advances in healthcare since the 1990s, which means many peo-

ple with health conditions are living longer lives.

• We wanted to find out whether the extension to life for those with health conditions

involves an increase in healthy or unhealthy years.

What did the researchers do and find?

• We used information from 2 large studies of people aged 65 years and over, the first

began in 1991 and the second began in 2011.

• We estimated how many years people with different health conditions would live with

or without disability in 2011 compared to 1991.

• We found improvements for people with most health conditions, with the exception of

cognitive impairment where the increase in years lived with disability were equal (men)

or greater than (women) the improvement in years lived without disability.

What do these findings mean?

• In the UK, the percentage of people with cognitive impairment has decreased over time.

• However, if people with cognitive impairment are now living longer with disability than

before, this may not mean that the demand for services and care will decrease.

PLOS MEDICINE A two decade comparison of disability-free life expectancy at age 65 for those with long term conditions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003936 March 15, 2022 2 / 20

form, available here: https://portal.

dementiasplatform.uk/Apply.

Funding: This work was supported by the Dunhill

Medical Trust (grant number RPGF1806\44 https://

dunhillmedical.org.uk/ to CJ, FEM and AK) and

presents independent research funded by the

National Institute for Health Research (https://

www.nihr.ac.uk/) Policy Research Unit in Older

People and Frailty (PR-PRU-1217-21502 to FEM,

CJ, LR and LC). The views expressed are those of

the authors and not necessarily those of the NIHR

or the Department of Health and Social Care. CFAS

II was supported by the UK Medical Research

Council (MRC https://mrc.ukri.org/ research grant

G0601022 to CB, FEM and CJ), Alzheimer’s Society

(https://www.alzheimers.org.uk/ Grant Ref: 294 to

CB, FEM and CJ), MRC CFAS (including CFAS I

areas) was funded by the MRC and the UK National

Health Service (Grant number G9901400 to CB and

FEM). HB was supported for this project by the

Dunhill Medical Trust (grant number RPGF1806

\44). The funders had no role in study design, data

collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: I have read the journal’s

policy and the authors of this manuscript have the

following competing interests: CB is an Academic

Editor on PLOS Medicine’s editorial board. FM is a

paid statistical consultant on PLOS Medicine’s

statistical board.

Abbreviations: ADL, activities of daily living; CFAS,

Cognitive Function and Ageing Study; CHD,

coronary heart disease; CI, confidence interval;

COVID-19, Coronavirus Disease 2019; CVD,

cardiovascular disease; DALY, disability-adjusted

life year; DFLE, disability-free life expectancy; DLE,

life expectancy with disability; IMaCh, Interpolated

Markov Chain; LE, life expectancy; LTC, long-term

condition; MLTC, multiple long-term condition;

MMSE, Mini Mental State Examination; ONS, Office

for National Statistics; OR, odds ratio; PVD,

peripheral vascular disease; RRR, relative risk ratio;

YLD, years lived with disability; YLL, years of life

lost.

https://doi.org/10.1371/journal.pmed.1003936
https://portal.dementiasplatform.uk/Apply
https://portal.dementiasplatform.uk/Apply
https://dunhillmedical.org.uk/
https://dunhillmedical.org.uk/
https://www.nihr.ac.uk/
https://www.nihr.ac.uk/
https://mrc.ukri.org/
https://www.alzheimers.org.uk/


Introduction

Life expectancy (LE) and disability-free life expectancy (DFLE) have been increasing over

time, but this has occurred unequally across the population [1]. While DFLE has improved for

the most advantaged men, due to reduced risk of death and increased recovery from disability,

and for most advantaged women from reduced incident disability, these trends were not seen

for the least advantaged [2]. Moreover the increase in prevalence of multimorbidity, or multi-

ple long-term conditions (MLTCs), and the stronger association between MLTCs and disabil-

ity for the least advantaged explains this only partially [3]. We are therefore interested in

examining which individual long-term conditions (LTCs) have become less disabling, and

which might provide the greatest improvement in DFLE if eliminated.

As medical advances and public health practices have contributed to substantial reductions

in mortality from leading causes of death such as cardiovascular disease (CVD) [4] and stroke

[5], the focus is shifting to the need to improve quality of life and reduce the burden on indi-

viduals, health, and social care. This moves the focus from using LE as the measure of success

to using healthy or DFLE, the number of years from a particular age spent healthy or free of

disability. Comparing the effect of LTCs on DFLE rather than just LE means that fatal and

nonfatal conditions can be assessed on the same metric. Not only do we want to enhance

health to maximise healthy life years, but if we know which conditions have the greatest impact

on DFLE, we can also target resources on delaying the onset of disability and reducing dis-

abling consequences once it does.

An overview of existing literature indicates that most studies on single LTCs and DFLE

examine the impact primarily of diabetes, ischaemic heart disease, respiratory diseases, and

arthritis, and only at one time point. Temporal comparisons are, as far as we are aware, limited

to 3 studies, reporting improvements in remaining healthy years for people with diabetes [6],

stroke [7], and CVD [8]. People with diabetes in a US cohort from 2002 had fewer years with

disability, more disability-free and total years of life at age 70 years, and became disabled later,

compared to those with diabetes in an earlier cohort in 1992 [6]. Similarly, at age 65 years, peo-

ple with stroke in the later cohort (2000) had longer LE, spent more years disability-free, and

fewer years with disability compared to those with stroke in 1992. However, stroke remained

an important cause of disability; LE was reduced by 20% to 40% but disability-free years by up

to 90% in stroke survivors [7]. The final study considered several LTCs and found improve-

ments from 1990 to 2016 in years gained if CVD was eliminated but similar gains in healthy

years in 1990 and 2016 if chronic respiratory diseases, cancer, or diabetes were eliminated [8].

However, there are limitations to these studies. LE and DFLE differ greatly between men and

women [9], yet 2 of the studies do not estimate LE and DFLE separately for men and women

[6,7]. One study was based on cross-sectional rather than longitudinal data, and, therefore, the

underlying transitions between disability states and mortality could not be estimated [8].

Global estimates of trends in disability-adjusted life years (DALYs) suggest that increasing

diabetes prevalence has contributed to rising DALY rates and that ischaemic heart disease,

stroke, and chronic obstructive pulmonary disease remain the leading causes of DALYs in

those aged 50 and older [10]. However, DALYs combine years of life lost (YLL) and years lived

with disability (YLD), and thus it is difficult to see whether conditions have had a greater

impact on mortality or disability. This is important since elimination of a LTC that has a

greater effect on LE than DFLE could increase years spent with disability.

We use longitudinal data from the Cognitive Function and Ageing Studies (CFAS I and II),

2 large population-based studies of people aged 65 years or older in England, to identify trends

in LE and DFLE for a wide range of LTCs separately for men and women. Our aims included

determining whether people with specific LTCs have experienced longer LE and more years

PLOS MEDICINE A two decade comparison of disability-free life expectancy at age 65 for those with long term conditions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003936 March 15, 2022 3 / 20

https://doi.org/10.1371/journal.pmed.1003936


free of disability between 1991 and 2011, and, secondly, which LTCs if eliminated will lead to

compression or expansion of disability. In addition, the longitudinal data for each study

enables us to explore how the underlying transitions to and from disability, and to death, con-

tribute to the observed trends by LTC.

Methods

Data

CFAS I and CFAS II are 2 large population-based studies of people aged 65 years or older liv-

ing in England [11–13]. Sampling strategy was identical for CFAS I and CFAS II. Individuals

were identified through the primary care lists in 3 centres (Newcastle, Nottingham, and Cam-

bridgeshire) and included people living in care settings, semi-dependent housing and in the

community. Sampling was stratified for those aged 65 to 74 years, and those aged 75 or above.

Baseline interviews were conducted from 1991 to 1993 for CFAS I and from 2008 to 2011 for

CFAS II. Follow-up interviews were conducted 2 years later; everyone who participated at

baseline and were still alive was reapproached. An informant interview was requested on a

subsample of participants. Informant interviews were requested for all those with a Mini Men-

tal State Examination (MMSE) [14] score of 21 or below and a random sample of 10% of the

remaining participants, resulting in 16.4% having informants in CFAS I and 11.4% in CFAS II.

The participant would nominate a friend or family member who would complete an interview

covering the same topics as the participant interview. This information could then be directly

substituted for item nonresponse from the participant interview. Date of death was received

routinely from the Office for National Statistics (ONS).

Measures

Demographics included age group (65 to 69 years, 70 to 74 years, 75 to 79 years, 80 to 84 years,

85 to 89 years, and�90 years), sex, years in education (<10 years, 10 to 11 years, and�12

years), social class based on occupation (skilled, semi-skilled, and unskilled), and place of resi-

dence (community, semi-dependent housing, and care settings). Area-level deprivation was

measured through the Townsend deprivation index [15], based on information on employ-

ment, household overcrowding and car ownership.

Disability was categorised into any disability or disability-free using the modified Town-

send activities of daily living (ADL) scale [16,17] and measured at baseline and 2-year follow-

up interview. Those who were either housebound (ambulant inside the house, chair bound, or

bed bound as opposed to ambulant outside the house) or needed help with one of the following

ADL: Washing all over, preparing and cooking a hot meal, putting on shoes and socks, heavy

housework or shopping, and carrying heavy bags were considered to be living with disability.

If they did not need help with any of the above and were ambulant outside the house, they

were classified as disability-free. The original analysis plan (S1 Text) included severity of dis-

ability but allowed for mild/moderate and severe disability to be grouped together if numbers

were low, which was the case for this analysis.

In total, 9 LTCs were considered, including arthritis, coronary heart disease (CHD—angina

or heart attack), cognitive impairment, diabetes, hearing difficulties, peripheral vascular dis-

ease (PVD), respiratory difficulties (asthma except childhood only or chronic bronchitis),

stroke, and vision impairment, based on previous analysis [18]. All were self-reported apart

from cognitive impairment, which was defined as a score less than 26 on the MMSE. Hearing

difficulties and vision impairment were both self-reported as well as the interviewer rating

whether they had problems with their sight or hearing. Item nonresponse was low and ranged

from 0.3% for hearing difficulties to 2.1% for CHD in CFAS I and between 0.8% for hearing
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difficulties and 3.8% for CHD in CFAS II. We defined MLTCs as the presence of 2 or more

health conditions. For those individuals with missing health conditions, MLTCs was deter-

mined if the percentage of measured health conditions exceeded 22.2% (equivalent to 2 out of

9). Questions used to determine presence of health conditions and disability are included in S2

Text.

Statistical analysis

Demographics were inverse probability weighted for nonresponse. The nonresponse weights

included age, sex, deprivation, and whether the participant lived in care settings. Health condi-

tion prevalence from CFAS I and CFAS II was weighted for nonresponse and age and sex stan-

dardised to the CFAS I population (1991). We used logistic regression to compare the

prevalence of each LTC at baseline between the 2 studies and the extent to which age group,

sex, and time contributed to differences in prevalence. All logistic regression models were

weighted for nonresponse.

LEs were estimated from longitudinal multistate models analysing transitions from disability-

free to disability, recovery from disability to disability-free, and from either disability state to

death in Interpolated Markov Chain (IMaCh) software version 0.99r19 [19]. IMaCh models dis-

crete time steps, using multinomial logistic regression to model transition probabilities within

each step (see S3 Text for further details). Initially length of time between interviews was used as

the discrete time step (2 years, 24 months); however, where possible, this was decreased to

1-month steps to approximate continuous time. LE models were stratified by sex and study, with

health condition as a covariate. To estimate risk of transitioning between states in CFAS II com-

pared to CFAS I, models were stratified by sex and having a LTC, with study as the covariate. All

models converged at 1-month steps with the exception of the women’s stroke and PVD models

for between study comparisons that converged at 12-month steps. The models were inverse

probability weighted for participants included in the model. Those alive at the censoring date,

but who participated only at baseline, were excluded from the multistate models, as they made

no recorded transitions. However, those excluded were more likely to have severe disability,

which could lead to overestimation of recovery and underestimation of mortality from disability.

To account for this, additional weighting was applied to those who were still included in the

model by comparing on key variables those who were alive by the censoring date and partici-

pated at baseline and 2-year follow up to those excluded (for further details, see S3 Text). As par-

ticipants in CFAS I and CFAS II were healthy cohorts, an additional weight was also applied to

those who died, comparing probability of death in CFAS to probability of death of similar gener-

ations from the ONS (see S3 Text for further details). LE was modelled on date of death, and for

comparability between CFAS I and II, date of death was included up to 4.5 years after baseline.

DFLE and life expectancy with disability (DLE) were estimated from transitions between disabil-

ity-free and disability states between baseline and 2-year follow-up interviews.

This study is reported as per the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) guideline (S4 Text).

Ethics approval

This study was conducted as secondary data analysis of the Cognitive Function and Ageing

Studies. The current ethics for MRC CFAS (including CFAS I centres) is from Eastern MREC,

reference number 05/MRE05/37 and for the mortality data Wales REC 7, reference number

14/WA/1154. The current REC reference number for CFAS II is 07/MRE05/48 from Cam-

bridge REC 4. For further information on past ethical approvals, please visit the CFAS website

(www.cfas.ac.uk).
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Results

Demographics

In CFAS I, there were 7,635 participants at baseline, 60.8% were women, and average age was

75.6 years. Before the 2-year follow-up interview, 10.7% (n = 819) had died, and of those still

alive, 76% (5,156/6,816) participated in the 2-year follow-up interview, the remaining 1,660

having moved away or refused. Prevalence of disability at baseline in CFAS I was 31.5% (miss-

ing 1.1%), and 37.4% (missing 2.8%) of those who participated at 2-year follow-up had disabil-

ity. Total person-years for the model was 28,930.4 years, on average 4.5 years in CFAS I. Of the

7,762 participants at baseline in CFAS II, 56.1% were women and average age was 76.4 years.

A lower percentage of baseline participants in CFAS II died before the 2-year follow-up inter-

view (8.3%, n = 643), and out of the 7,119 people who were still alive, 74% (n = 5,288) agreed

to another interview, with 1,831 refusing or having moved away. At baseline in CFAS II, 36.4%

(missing 4.0%) had disability, and of those who participated at 2-year follow-up, 36.6% (miss-

ing 0.7%) had disability. For CFAS II, total person-years was 30,027.8 years, 4.7 years on aver-

age. Table 1 gives information on further demographics.

Change in prevalence of LTCs between 1991 and 2011

The prevalence of most LTCs in those aged 65 years and over increased between 1991 and

2011, with the prevalence of diabetes and PVD more than doubling (Table 2, Table A in S5

Text). Cognitive impairment was the only condition whose prevalence decreased (odds ratio

Table 1. Number and weighted percentage of demographics at baseline in the CFAS I and CFAS II.

CFAS I CFAS II

n % n %

Age group (years) 65–69 1,981 25.0 1,939 23.0

70–74 1,776 22.8 1,873 22.7

75–79 1,725 22.5 1,624 20.5

80–84 1,308 17.7 1,278 17.5

85–89 615 8.5 737 10.5

�90 230 3.5 311 5.8

Sex Men 3,045 39.2 3,534 43.9

Women 4,590 60.8 4,228 56.1

Education (years) <10 5,529 74.1 2,047 29.4

10–11 1,238 16.6 3,923 50.2

�12 692 9.3 1,667 20.4

Social class Skilled 1,921 26.2 1,958 25.4

Semi-skilled 3,855 52.6 3,962 54.3

Unskilled 1,555 21.3 1,370 20.2

Place of residence Community 6,599 86.0 7,083 89.5

Semi-dependent 683 9.1 482 7.2

Care settings 346 4.8 197 3.3

Deprivation tertiles Least 2,561 33.5 2,940 33.2

Mid 2,525 33.2 2,659 33.3

Most 2,549 33.4 2,163 33.5

Health condition count 0–1 3,523 45.7 3,420 41.9

2+ 4,102 54.3 4,311 58.1

CFAS, Cognitive Function and Ageing Study.

https://doi.org/10.1371/journal.pmed.1003936.t001
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(OR): 0.6, 95% CI: 0.5 to 0.6, p< 0.001) (Table 2). For CHD (OR: 1.3, 95% CI: 1.2 to 1.4,

p< 0.001), diabetes (OR: 2.5, 95% CI: 2.3 to 2.8, p< 0.001), hearing difficulties (OR: 1.2, 95%

CI: 1.1 to 1.3, p< 0.001), PVD (OR: 2.3, 95% CI: 2.0 to 2.6, p< 0.001), and cognitive

impairment, these changes were not solely a result of differences in the age and sex distribu-

tions of the 2 study populations (Table 2). Moreover, the increases in prevalence of CHD, dia-

betes, and PVD, and the decrease in prevalence of cognitive impairment, were observed across

all age groups (Table A in S5 Text). In order to understand how the presence of other condi-

tions might affect changes in the prevalence of individual LTCs between 1991 and 2011, within

those who had at least one LTC, we investigated the percentage who had at least one other

LTC. For those with an individual LTC, the percentage of those with at least one other LTC

was similarly high in both 1991 and 2011 (Table B in S5 Text).

Life expectancy and disability-free life expectancy at age 65 years with each

LTC

We have previously reported that in the period between CFAS I and CFAS II, men’s LE at age

65 years increased by 4.6 years (95% confidence interval (CI): 3.7 to 5.5 years, p-value (p) <

0.001) of which the majority (3.7 years, 95% CI: 2.7 to 4.8 years, p< 0.001) were years free of

disability [2]. For men without any of the health conditions considered their LE at age 65 years

in CFAS I was 18.1 years (95% CI: 16.2 to 20.0) with a DFLE of 14.1 years (95% CI: 12.2 to

15.9). In CFAS II, men without any of the health conditions had a LE of 20.6 years (95% CI:

18.8 to 22.3) and DFLE of 18.0 years (95% CI: 16.4 to 19.6). Thus, men aged 65 without any

health conditions gained 2.5 years in LE (95% CI: −0.1 to 5.0, p = 0.06) and 3.9 years in DFLE

(95% CI: 1.5 to 6.3, p = 0.001). In the presence of LTCs, there was a greater gain in DFLE than

DLE (Fig 1A, Table C in S5 Text) but the proportion of time lived disability-free remained sim-

ilar (Table D in S5 Text). The exception was for men with stroke where gains in DFLE far out-

weighed gains in DLE, resulting in an improvement in the percentage of life spent disability-

free from 54.3% in 1991 to 63.5% in 2011 (Table D in S5 Text, difference 9.2%, 95% CI: 1.4 to

17.0, p = 0.02). The greatest improvements in DFLE were seen for men with respiratory diffi-

culties (4.5 years, 95% CI: 2.6 to 6.4, p< 0.001) and men living poststroke (4.3 years, 95% CI:

1.8 to 6.8, p< 0.001) (Fig 1A). Men with cognitive impairment experienced the smallest

increase in DFLE (1.4 years, 95% CI: −0.7 to 3.4, p = 0.18), and a similar level of increase in

DLE (1.4 years, 95% CI: 0.2 to 2.5, p = 0.02), despite cognitive impairment being the only

health condition to reduce in prevalence.

Table 2. OR comparing prevalence of health conditions in the CFAS II to CFAS I, with 95% CIs and p-values (p). Models adjusted for sex and age group.

Unadjusted Adjusted for age and sex

OR 95% CI p OR 95% CI p
Arthritis 1.1 (1.0, 1.2) 0.002 1.1 (1.1, 1.2) <0.001

Cognitive impairment 0.7 (0.6, 0.7) <0.001 0.6 (0.5, 0.6) <0.001

CHD 1.4 (1.2, 1.5) <0.001 1.3 (1.2, 1.4) <0.001

Diabetes 2.6 (2.3, 2.9) <0.001 2.5 (2.3, 2.8) <0.001

Hearing difficulties 1.3 (1.2, 1.4) <0.001 1.2 (1.1, 1.3) <0.001

PVD 2.3 (2.1, 2.6) <0.001 2.3 (2.0, 2.6) <0.001

Respiratory difficulties 1.1 (1.0, 1.2) 0.04 1.1 (1.0, 1.2) 0.03

Stroke 1.3 (1.2, 1.4) <0.001 1.2 (1.1, 1.4) <0.001

Vision impairment 1.2 (1.1, 1.3) <0.001 1.2 (1.1, 1.3) 0.002

CFAS, Cognitive Function and Ageing Study; CHD, coronary heart disease; CI, confidence interval; OR, odds ratio; PVD, peripheral vascular disease.

https://doi.org/10.1371/journal.pmed.1003936.t002
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Between CFAS I and II, women experienced an increase in LE at age 65 years of 2.1 years

(95% CI: 1.1 to 3.0 years, p< 0.001), with an almost equal increase in DFLE of 2.0 years (95%

CI: 1.0 to 2.9 years, p< 0.001) [2]. Women without any of the health conditions at age 65 years

had a LE of 21.8 years (95% CI: 19.3 to 24.3) and could expect 15.3 of those years (95% CI: 13.1

to 17.4) to be disability-free in CFAS I. By CFAS II, LE reached 23.9 years (95% CI: 21.1 to

26.8) with 17.0 years DFLE (95% CI: 15.5 to 18.6). Women aged 65 without any health condi-

tions gained 2.1 years LE (95% CI: −1.6 to 5.9, p = 0.26) and 1.8 years DFLE (95% CI: −0.9 to

4.4, p = 0.20). Similar to men, most improvement in LE at age 65 years for women with each

LTC was in disability-free years. While there was no reduction in DLE for men with health

conditions, women with some conditions did see a reduction in DLE (Fig 1B, Table E in S5

Text). For example, women with CHD experienced a decline in DLE (−0.8 years, 95% CI: −3.1

to 1.6, p = 0.50) (Fig 1B), resulting in an increase in percentage of remaining years spent dis-

ability-free (CFAS I: 42.1%, CFAS II: 52.6%, difference 10.5%, 95% CI: 5.2 to 15.8, p< 0.001)

(Table F in S5 Text). The largest gains in DFLE occurred in women with stroke (3.5 years, 95%

CI: 0.4 to 6.6, p = 0.03) (Fig 1B, Table E in S5 Text), but this gain was not as large as for men

(4.3 years). Women with cognitive impairment experienced a large increase in DLE (1.6 years,

95% CI: 0.1 to 3.1, p = 0.04) without any improvement in DFLE (Fig 1B, Table E in S5 Text).

Consequently, the percentage of remaining years disability-free decreased for women with

cognitive impairment (CFAS I: 52.2%, CFAS II: 48.3%, difference −3.9%, 95% CI: −7.6 to 0.0,

p = 0.04) (Table F in S5 Text).

Fig 1. DFLE and DLE at age 65 years for men (A) and women (B) with a health condition in the CFAS I and CFAS II.

Models stratified by sex and study and adjusted for age and the health condition. Results also shown in Tables C and E

in S5 Text with 95% CIs and p-values. CFAS, Cognitive Function and Ageing Study; DFLE, disability-free life

expectancy; DLE, life expectancy with disability.

https://doi.org/10.1371/journal.pmed.1003936.g001
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Probability of transitioning between disability states and death by LTC

The large improvements in DFLE seen in men with respiratory difficulties (4.5 years) appear

to be a result of a decrease in the probability of death from a disability-free state (relative risk

ratio (RRR): 0.2, 95% CI: 0.1 to 0.7, p = 0.001; Fig 2A, Table 3). Similar sized improvements in

DFLE in men with stroke (4.3 years) potentially resulted from a decrease in the probability of

death from a disability state (RRR: 0.7, 95% CI: 0.5 to 0.9, p = 0.02), although the probability of

incident disability was halved for men with stroke between CFAS I and CFAS II (RRR: 0.5,

95% CI: 0.3 to 1.0, p = 0.02; Fig 2A, Table 3). Men with cognitive impairment experienced the

smallest increase in DFLE (1.4 years) with the same sized increase in DLE (men with other

health conditions having increase in DFLE greater than increase in DLE), potentially from

apparent but not statistically significant reductions in the probability of death from either

Fig 2. RRR of transitioning between disability states in the CFAS II (2011) compared to CFAS I (1991) for men

and women with each LTC with 95% CI. Estimates from models stratified by sex and health condition with age and

study covariates. Results also shown in Table 3 with 95% CI and p-values. CFAS, Cognitive Function and Ageing

Studies; CI, confidence interval; RRR, relative risk ratio; LTC, long-term condition.

https://doi.org/10.1371/journal.pmed.1003936.g002
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disability-free (RRR: 0.5, 95%CI: 0.2 to 1.2, p = 0.13) or with disability (RRR: 0.9, 95% CI: 0.7

to 1.0, p = 0.25), without improvement in any other transitions.

Men with arthritis (RRR: 0.8, 95% CI: 0.6 to 0.9, p = 0.03) and CHD (RRR: 0.7, 95% CI: 0.6 to

0.9, p< 0.001) also experienced reductions in the probability of death from the disability state.

In the case of CHD (RRR: 0.7, 95% CI: 0.5 to 0.9, p = 0.02) and stroke (RRR: 0.5, 95% CI: 0.3 to

Table 3. RRR of transitioning between disability states in the CFAS II (2011) compared to CFAS I (1991) for men and women with each LTC, with 95% CIs and p-

values (p). Estimates from models stratified by sex and health condition with age and study covariates.

Men Women1

RRR 95% CI p RRR 95% CI p
No disability -> Disability Arthritis 0.9 (0.7, 1.1) 0.36 0.7 (0.6, 0.8) <0.001

Cognitive impairment 1.0 (0.7, 1.5) 0.91 0.9 (0.7, 1.1) 0.36

CHD 0.7 (0.5, 0.9) 0.02 0.6 (0.4, 0.8) 0.004

Diabetes 0.7 (0.4, 1.4) 0.26 0.7 (0.4, 1.1) 0.17

Hearing difficulties 0.8 (0.5, 1.2) 0.32 0.7 (0.5, 0.9) 0.02

PVD 0.7 (0.4, 1.3) 0.24 0.6 (0.3, 1.2) 0.15

Respiratory difficulties 0.7 (0.5, 1.1) 0.08 0.7 (0.5, 0.9) 0.02

Stroke 0.5 (0.3, 1.0) 0.02 0.6 (0.3, 1.2) 0.15

Vision impairment 0.7 (0.4, 1.1) 0.17 0.6 (0.4, 0.8) 0.004

Disability -> No Disability Arthritis 1.1 (0.7, 1.8) 0.69 1.0 (0.7, 1.3) 0.82

Cognitive impairment 1.4 (0.7, 2.9) 0.35 0.9 (0.6, 1.5) 0.65

CHD 0.7 (0.4, 1.2) 0.20 1.0 (0.6, 1.7) 0.99

Diabetes 1.5 (0.5, 4.4) 0.46 1.9 (0.6, 6.4) 0.29

Hearing difficulties 1.1 (0.6, 2.0) 0.76 1.0 (0.6, 1.8) 0.94

PVD 1.6 (0.4, 6.3) 0.50 0.5 (0.2, 1.5) 0.18

Respiratory difficulties 1.7 (0.9, 3.2) 0.10 0.9 (0.5, 1.4) 0.69

Stroke 1.2 (0.5, 3.1) 0.70 2.8 (1.1, 7.2) 0.03

Vision impairment 1.0 (0.4, 2.6) 0.93 0.8 (0.4, 1.5) 0.51

No disability -> Death Arthritis 0.7 (0.4, 1.1) 0.17 0.5 (0.2, 1.2) 0.13

Cognitive impairment 0.5 (0.2, 1.2) 0.13 0.6 (0.2, 1.8) 0.36

CHD 0.5 (0.3, 0.8) 0.006 0.7 (0.2, 2.5) 0.58

Diabetes 0.5 (0.3, 0.8) 0.006 0.5 (0.1, 2.8) 0.41

Hearing difficulties 0.4 (0.2, 1.0) 0.03 0.7 (0.2, 2.3) 0.57

PVD 0.8 (0.3, 2.0) 0.64 0.2 (0.0, 2.0) 0.17

Respiratory difficulties 0.2 (0.1, 0.7) 0.001 0.9 (0.2, 3.4) 0.88

Stroke 0.4 (0.1, 2.1) 0.24 0.5 (0.1, 2.2) 0.38

Vision impairment 0.3 (0.1, 1.0) 0.04 0.4 (0.1, 1.7) 0.20

Disability -> Death Arthritis 0.8 (0.6, 0.9) 0.03 1.0 (0.9, 1.1) 0.86

Cognitive impairment 0.9 (0.7, 1.0) 0.25 0.9 (0.8, 1.1) 0.19

CHD 0.7 (0.6, 0.9) <0.001 0.9 (0.7, 1.1) 0.36

Diabetes 0.8 (0.5, 1.3) 0.36 0.9 (0.6, 1.2) 0.55

Hearing difficulties 0.9 (0.7, 1.1) 0.36 1.1 (0.9, 1.3) 0.31

PVD 0.7 (0.4, 1.0) 0.13 0.5 (0.3, 0.8) 0.006

Respiratory difficulties 0.9 (0.7, 1.1) 0.36 0.9 (0.8, 1.1) 0.19

Stroke 0.7 (0.5, 0.9) 0.02 0.8 (0.6, 1.1) 0.15

Vision impairment 0.9 (0.7, 1.1) 0.36 1.0 (0.9, 1.3) 0.64

1Models converged at 1-month steps apart from the women’s PVD and stroke models, which converged at 12-month steps.

CFAS, Cognitive Function and Ageing Studies; CHD, coronary heart disease; CI, confidence interval; LTC, long-term condition; PVD, peripheral vascular disease; RRR,

relative risk ratio.

https://doi.org/10.1371/journal.pmed.1003936.t003
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1.0, p = 0.02), but not in men with cognitive impairment, there was also a reduction in the proba-

bility of incident disability (Fig 2A, Table 3). Along with men with respiratory difficulties, men

with CHD (RRR: 0.5, 95% CI: 0.3 to 0.8, p = 0.006) or diabetes (RRR: 0.5, 95% CI: 0.3 to 0.8,

p = 0.006) also experienced a reduction in the probability of death from a disability-free state.

Women with CHD experienced a decline in DLE (−0.8 years), possibly because of a decline

in the likelihood of transitioning to disability (RRR: 0.6, 95% CI: 0.4 to 0.8, p = 0.004) (Fig 2B,

Table 3). In addition, women with arthritis (RRR: 0.7, 95% CI: 0.6 to 0.8, p< 0.001), hearing

difficulties (RRR: 0.7, 95% CI: 0.5 to 0.9, p = 0.02), respiratory difficulties (RRR: 0.7, 95% CI:

0.5 to 0.9, p = 0.02), or vision impairment (RRR: 0.6, 95% CI: 0.4 to 0.8, p = 0.004) were less

likely to transition to disability in CFAS II compared to CFAS I (Fig 2B, Table 3).

Fig 3. Difference in years with disability (DLE) between men (A) and women (B) with and without the health

condition (DLE without health condition–DLE with health condition) in CFAS II with 95% CIs. Models stratified by

sex and study and adjusted for age and health condition. Results also shown in Tables C and E in S5 Text with 95% CIs

and p-values. CFAS, Cognitive Function and Ageing Studies; CI, confidence interval; DLE, life expectancy with

disability.

https://doi.org/10.1371/journal.pmed.1003936.g003

PLOS MEDICINE A two decade comparison of disability-free life expectancy at age 65 for those with long term conditions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003936 March 15, 2022 11 / 20

https://doi.org/10.1371/journal.pmed.1003936.g003
https://doi.org/10.1371/journal.pmed.1003936


The largest increase in DFLE occurred in women with stroke (3.5 years), and this may

be partly explained by the observed substantial increase in the probability of recovery

(transition from disability to no disability), though CIs are wide (RRR: 2.8, 95% CI: 1.1 to

7.2, p = 0.03; Fig 2B, Table 3). Women with cognitive impairment experienced no

improvement in DFLE between CFAS I and CFAS II and an increase of 1.6 years with dis-

ability, although there was no evidence of significant increases or reductions in any of the

transitions (Fig 2B, Table 3). For women with LTCs, the only evidence of differences in

the probability of death across the studies was for women with PVD where the probability

of death with disability halved between the studies (RRR: 0.5, 95% CI: 0.3 to 0.8, p = 0.006)

(Fig 2B, Table 3).

Population impact on compression or expansion of morbidity from

elimination of individual LTCs

Comparing LE and DFLE for men and women with and without each LTC provides under-

standing of the impact on population health of eliminating each condition. More specifically,

if the gains in DFLE from elimination of a condition (calculated by subtracting DFLE of those

with the condition from the DFLE of those without the condition) exceeds the gains in LE,

then elimination will lead to a compression of disability; if gains in LE exceed those in DFLE,

then expansion of disability will result. We focus on the most recent period (CFAS II) to inves-

tigate the population impact of elimination of each LTC, and examine whether elimination of

the LTC would result in the years with disability (DLE) significantly decreasing (compression)

or increasing (expansion) if the LTC was eliminated.

From CFAS II, elimination of arthritis (−1.6 years, 95% CI: −2.4 to −0.8, p< 0.001), or

stroke (−1.5 years, 95% CI: −2.8 to −0.2, p = 0.02) in men could reduce years with disability

and therefore result in a compression of disability (Fig 3A, Table C in S5 Text). Compared to

other health conditions, LE (3.8 years, 95% CI: 2.3 to 5.3, p< 0.001) and DFLE (4.8 years, 95%

CI: 3.0 to 6.6, p< 0.001) gains would be greatest if cognitive impairment was eliminated and

would be expected to result in a compression of disability (−1.0 years, 95% CI: −2.0 to 0.0,

p = 0.05) (Fig 3A, Table C in S5 Text). For women in CFAS II, elimination of arthritis (−2.4

years, 95% CI: −3.5 to −1.2, p< 0.001) or PVD (−2.5 years, 95% CI: −4.8 to −0.2, p = 0.03)

would be expected to compress disability (Fig 3B, Table E in S5 Text). Although not signifi-

cant, elimination of cognitive impairment could reduce years with disability (−1.2 years, 95%

CI: −2.6 to 0.2, p = 0.09; Fig 3B, Table E in S5 Text). By CFAS II, the difference in DLE between

women with and without CHD, hearing difficulties or stroke was minimal (Table E in S5

Text). In CFAS I, only elimination of arthritis for both men (−0.8 years, 95% CI: −1.5 to −0.1,

p = 0.03) and women (−3.2 years, 95% CI: −4.2 to −2.2, p< 0.001) could result in a reduction

in years with disability and a compression of disability.

To better understand why elimination of an LTC would contribute to compression of dis-

ability, we examined the RRRs for those with each condition (compared to those without the

condition), separately for men and women and by study.

In CFAS II, cognitive impairment was the largest contributor to loss of years in men’s LE

and DFLE (Table C in S5 Text). In comparison to men without cognitive impairment, those

with cognitive impairment were more likely to become disabled (RRR: 1.8, 95% CI: 1.3 to 2.5,

p< 0.001) and less likely to recover (RRR: 0.5, 95% CI: 0.3 to 0.7, p = 0.001) from disability

(Table G in S5 Text). This also applied to men with stroke (incident disability RRR: 2.0, 95%

CI: 1.3 to 3.0, p = 0.001; recovery RRR: 0.6, 95% CI: 0.3 to 0.9, p = 0.07) compared to men with-

out stroke (Table G in S5 Text). For men with arthritis, however, loss of DFLE in comparison

to those without arthritis resulted from an increased probability of transitioning to disability
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(RRR: 1.6, 95% CI: 1.2 to 2.0, p< 0.001) and a decreased probability of death with disability

(RRR: 0.7, 95% CI: 0.6 to 0.8, p< 0.001; Table G in S5 Text).

For women in CFAS II, DLE was increased for those with arthritis or PVD in comparison

to those without the LTC. Women with arthritis were more likely to become disabled (RRR:

1.6, 95% CI: 1.3 to 2.0, p< 0.001) than women without arthritis and women with PVD were

less likely to die with disability (RRR: 0.7, 95% CI: 0.6 to 0.9, p< 0.001) than those without

PVD (Table H in S5 Text). The largest contributors to loss of years disability-free for women

were cognitive impairment followed by diabetes and stroke. Women with cognitive

impairment were not only more likely to become disabled (RRR: 1.5, 95% CI: 1.2 to 1.9,

p< 0.001) and less likely to recover from disability (RRR: 0.6, 95% CI: 0.4 to 0.8, p = 0.004)

compared to women without cognitive impairment (the same as men with cognitive

impairment) but additionally more likely to die with disability (RRR: 1.2, 95% CI: 1.1 to 1.4,

p = 0.003; Table H in S5 Text). Women with diabetes (RRR: 1.6, 95% CI: 1.2 to 2.2, p = 0.002)

or stroke (RRR: 1.7, 95% CI: 1.0 to 2.7, p = 0.04) were more likely to become disabled (Table H

in S5 Text).

Discussion

Although LTCs have been reported as major drivers of disability, to the best of our knowledge,

our study is the first to quantify the contribution of chronic conditions to trends in DFLE

using longitudinal data. We used 2 large, population-representative studies to examine tempo-

ral trends in LE and DFLE for those with LTCs to discover whether LTCs are becoming more

or less disabling or fatal. Cognitive impairment was the only LTC where the prevalence

decreased between 1991 and 2011, but also the only LTC where the percentage of remaining

years with disability increased for men and women. Other LTCs showed improvements for

both men and women with the health condition, with the majority of LE gains being years free

of disability. This was especially true for women with CHD where improvements to LE and

DFLE occurred alongside decreases in DLE, providing evidence that compression of disability

while increasing life span could be possible in the presence of health conditions. Positive trends

in DFLE for men resulted from reductions in the probability of death with or without disabil-

ity, whereas for women, the trends mainly resulted from reductions in the probability of inci-

dent disability.

Although it may not be achievable to fully eliminate a health condition, by comparing DLE

of men and women with and without each LTC in 2011, we were able to theoretically explore

whether elimination of the LTC would result in a reduction of years with disability (compres-

sion of disability). We found that arthritis in men and women, stroke and cognitive

impairment in men, and PVD in women, if eliminated, could all result in a significant reduc-

tion in years with disability and therefore a compression in disability.

Context

The increasing prevalence of LTCs, particularly stroke and diabetes, in the last decades has

already been documented, at least in the UK and the US [20,21], and is not simply a result of

the ageing of populations [22]. Additionally, both the UK and US, and others, report decreas-

ing prevalence and incidence of cognitive impairment and dementia, now a consistent finding

across high-income countries where it has been possible to examine trends [23–26]. Whether

disability-free LE trends are improving (with compression of disability) or not (expansion of

disability) is more controversial. Previous work found increases in DFLE at age 65 years for

both men and women, and increases in years with disability for men. These were due to

decreases in the probability of developing disability for men and women, and a 50% lower risk
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of death from no disability for men [2]. However, these increases occurred unequally across

the population, and, although MLTCs contributed, they did not fully account for the inequali-

ties [3].

Of the LTCs we considered, the only one for which prevalence has decreased is cognitive

impairment. Despite this, the negative association between cognitive impairment and DFLE

appeared greater in CFAS II than in CFAS I. This could be due to the greater prevalence of

other LTCs being present in those with cognitive impairment in CFAS II compared to CFAS I,

although this amounted to only 5 or 6 percentage points on an already large proportion (over

80%) of those with cognitive impairment having MLTCs. Similar results have been reported

for changes in comorbidity with dementia in CFAS I and CFAS II [27]. Other studies on cog-

nitive impairment and DFLE have not considered temporal trends but do report a reduction

in LE and DFLE for those with cognitive impairment in comparison to those without

[18,28,29]. Given the association between higher education and slower cognitive decline [30]

and the widening inequalities between education groups in life and health expectancy [1],

there may be an interaction between education, cognitive impairment, and the temporal

trends in DFLE. However, there may be other reasons for the difference in findings for cogni-

tive impairment compared to the other physical health conditions. For example, there may be

differences in the mechanism that causes someone with cognitive impairment to start losing

ADLs [31] or from differences in health and social care for people with mental health condi-

tions in the UK. Recent research in England and Wales found that, despite a decade long

national policy focus on dementia [32,33], considerable geographical inequalities in postdiag-

nostic dementia care persist with support services largely focused in the early stages of demen-

tia, tapering off as the illness progresses and thus missing key opportunities to minimise

disability via reablement and rehabilitation interventions [34,35].

We found in both CFAS I and II that elimination of arthritis could increase DFLE. This is

consistent with other studies reporting lower DFLE, higher DLE [36,37], or greater percentage

of remaining years spent with disability [28,37] for men and women with arthritis in compari-

son to those without arthritis. Again, to our knowledge, there has been no previous work on

temporal trends.

While the majority of the literature on the impact of health conditions on life and health

expectancy focuses on DALYs, and since DALYs combine years with disability and life years,

this does not allow for estimation of the different probabilities of incident disability or recovery

from disability at different ages, one of the advantages of estimating DFLE from longitudinal

data. For comparability, therefore, we focus on literature reporting trends in DFLE. Similar to

our findings, other studies have found improvements in stroke [7] and diabetes [6]. Another

study considered healthy years for the whole population (including everyone who did or did

not have individual LTCs) and then compared it to healthy years if an individual LTC was

eliminated [8]. For men and women, healthy years increased if CVDs, chronic respiratory dis-

eases, cancer, and, to a lesser extent, diabetes were eliminated. They also reported that the

increase in healthy years from elimination of CVD was larger in 2016 than in 1990 for men

and women. This differs to our findings where the gap in DFLE between those with and with-

out CHD became smaller over time rather than larger, although this might be because of dif-

ferences in the health expectancy measure, as well as the LTC.

Strengths and limitations

CFAS I and II have identical sampling frames so are well placed to provide temporal compari-

sons, giving accurate estimates of changes over 2 decades without compromising the validity

of results. Both CFAS I and CFAS II are large population-based studies, which meant that
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estimates of LE and DFLE could be stratified by sex and a broad range of health conditions

could be considered even when prevalence was relatively low. Both studies included residents

of care homes and assisted living facilities, important given the difference in prevalence of cog-

nitive impairment in these places of residence. Item nonresponse from the participant inter-

view could be substituted with information from an informant interview with a friend or

family member. There were some limitations to this analysis. The presence of health condi-

tions depends on self-report by the participant, which therefore relies on their memory and

accuracy of reporting but also on definition and diagnostic practice for the condition. With

regard to participant memory, missing information from the participant was substituted by

information given by informants to limit the loss of data from this in both CFAS I and CFAS

II, resulting in less than 4% missing data in every health condition for both studies. Changes in

definition and diagnostic practice have occurred for both stroke and diabetes [38], and,

through the Quality Outcomes Framework, incentives for GP practices to diagnose and appro-

priately treat certain conditions including hypertension, CVD, stroke, and diabetes [39].

Although 24 is usually used as a cut point for cognitive impairment in the MMSE, the DFLE

models with lower cut points than 26 would not converge due to a low number of transitions

of disability recovery in those who were cognitively impaired. Cancer was excluded from the

list of LTCs as there was no data for cancer in CFAS I, and, therefore, a comparison could not

be performed. The measure for disability was also limited to one available in both studies; how-

ever, other measures of disability or dependency may result in different estimates and trends

in LE and DFLE [40]. Although becoming more common among studies analysing temporal

comparisons, participation rate for baseline interviews decreased between CFAS I and CFAS

II. Nonresponse was associated with similar factors in both studies [41], and we used inverse

probability weighting to ensure population representativeness. Even so, the areas included in

CFAS were majority white for the generations studied at the time, and, as we did not have

information on race for those who did not participate in the study, this could not be accounted

for in the weights. Therefore, these results cannot be seen as representative of ethnic minority

communities. Finally, although CFAS I included many other follow-up interviews after 2

years, analysis had to be restricted to remain comparable with CFAS II, which only has a

2-year follow-up interview and 4.5 years vitals follow-up.

Implications for policy and practice

Our study observed improvements to DFLE in the presence of most of the health conditions

we included. Improvements in DFLE for people with stroke could be from decreases in stroke

severity, potentially from increased use of preventive medicines or earlier treatment [42]. For

people with diabetes, improved DFLE may be from lifestyle interventions such as weight loss

and physical activity [43]. Healthier lifestyles and improved access to treatment may also have

contributed to the improvement in CHD DFLE [44]. Further gains could be made through

earlier diagnosis and greater access to beneficial treatments, although delays in screening, diag-

nosis, and treatment resulting from the Coronavirus Disease 2019 (COVID-19) pandemic

may have a detrimental impact. Moreover, the negative association of cognitive impairment

and DFLE for both men and women has significant implications for policy and clinical prac-

tice. Worldwide, dementia is already one of the most costly LTCs for the person with the ill-

ness, their family, and our wider society. Care costs are estimated to exceed 1 trillion dollars by

2030 [45]. In England and Wales [32,33], considerable geographical inequalities in postdiag-

nostic dementia care persist, which have been aggravated during the COVID-19 pandemic

[34,35]. A similar situation exists in Europe [46]. The 2020 European Dementia Monitor

Report compared change in dementia policy and care across 36 countries in and external to
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the European Union and showed that there are still insufficient postdiagnostic dementia sup-

port and care services especially for those with moderate dementia, although half of the partici-

pating countries reported an increase since 2017 [46]. With economic modelling predicting

the number of people with dementia in England will more than double in the next 25 years,

leading to a trebling of expenditure on dementia care [47], there is an urgent need to ensure

that all people with dementia have access to evidence-based, high-quality care to enable them

to live independently for as long as possible [48]. In addition, recent analysis estimates that

40% of dementia may be preventable through attention to 12 modifiable risk factors in earlier

life [49]. Implementing interventions to address 3 of these (hypertension, smoking, and hear-

ing loss) could improve health-related quality of life and reduce annual dementia care costs by

£1.86 billion [49]. Furthermore, another modifiable risk factor for dementia, obesity, is also a

leading risk factor for other LTCs we considered and could therefore be a target for strategies

to prevent a substantial proportion of arthritis, diabetes, stroke, and CHD, which, in turn,

could improve DFLE.

Conclusions

Our study is the first, to our knowledge, to estimate temporal trends in LE and DFLE with

health conditions from longitudinal data and separately for men and women. We found that

the underlying transitions influencing trends in DFLE for those with health conditions differed

between men and women. Improvements for women with health conditions may be related to

reduced disability incidence and improvements for men from reductions in the probability of

death. For women, reductions in incident disability were great enough that DFLE increased

and DLE decreased in the presence of CHD. While these findings are positive, we also found a

decline in the percentage of remaining years spent disability-free for men and women with

cognitive impairment. Given that cognitive impairment was also the only LTC where preva-

lence decreased, this is a cause for concern and requires further investigation.
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