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Abstract

Background: Smoking, physical inactivity and obesity are modifiable risk factors for mor-

bidity and mortality. The aim of this study was to examine the extent to which the co-

occurrence of these behaviour-related risk factors predict healthy life expectancy and

chronic disease-free life expectancy in four European cohort studies.

Methods: Data were drawn from repeated waves of four cohort studies in England,

Finland, France and Sweden. Smoking status, physical inactivity and obesity (body mass

index �30 kg/m2) were examined separately and in combination. Health expectancy was

estimated by using two health indicators: suboptimal self-rated health and having a

chronic disease (cardiovascular disease, cancer, respiratory disease and diabetes).

Multistate life table models were used to estimate sex-specific healthy life expectancy

and chronic disease-free life expectancy from ages 50 to 75 years.

Results: Compared with men and women with at least two behaviour-related risk factors,

those with no behaviour-related risk factors could expect to live on average8 years lon-

ger in good health and 6 years longer free of chronic diseases between ages 50 and 75.
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Having any single risk factor was also associated with reduction in healthy years. No con-

sistent differences between cohorts were observed.

Conclusions: Data from four European countries show that persons with individual and

co-occurring behaviour-related risk factors have shorter healthy life expectancy and

shorter chronic disease-free life expectancy. Population level reductions in smoking,

physical inactivity and obesity could increase life-years lived in good health.
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Introduction

The world’s population is ageing at a rapid pace. Rising

life expectancy (LE) represents one of the major human

success stories,1 but not all the increased years of life are

being spent in optimal health. A recent Global Burden of

Disease study suggests that the increases in healthy,

disease-free years has not been as large as the growth in

LE; as a result, people are living more years with illness

and disability.2 Estimation of health expectancy provides a

single summary measure of a population’s health, which

takes into account morbidity and mortality, and is there-

fore useful when comparing the health in different popula-

tions and population sub-groups.3,4

A study based on data from 11 European countries esti-

mated that 60% of deaths from all causes could be attrib-

uted to behaviour-related risk factors.5 Furthermore, the

importance of health behaviours for the prevention of

chronic diseases, such as type 2 diabetes, coronary heart

disease and cancer, is widely acknowledged. Smoking,

physical inactivity and obesity are among the top 10

behaviour-related risk factors for burden of diseases in de-

veloped countries,6 and they have also been shown to be

associated with shorter health expectancy and LE.7––9. The

cumulative impact of multiple behaviour-related risk fac-

tors on health expectancy is of interest because studies

show that people who engage in multiple risk behaviours

have higher mortality,10–14 increased risk of chronic dis-

eases15–17 and poor cognitive18 and lower physical func-

tioning19 compared with people who have no or only one

behaviour-related risk factor.

Previous studies have estimated healthy years and

disability-free years separately for smoking and obes-

ity.20,21 In addition, there are at least two large studies that

used information on past trends or current levels of obesity

and smoking to estimate the combined effect of obesity

and smoking on quality-adjusted LE and disability-free

LE.22,23 Of the two risk factors, obesity appeared to be the

main driver for shortened disability-free LE. However, nei-

ther of these studies considered low physical activity

among the risk factors.24 This is a limitation, as

regular physical activity is known to be associated with

reduced risk of several chronic diseases,25,26 better physical

and cognitive functioning in old age and higher longev-

ity.27–29

To address some of these limitations, we examined the

extent to which the co-occurrence of three modifiable

behaviour-related risk factors, namely smoking, physical

inactivity and obesity, predicted healthy LE and chronic

disease- free LE in a large dataset of older men and women

in England, Finland, France and Sweden. In addition, we

estimated the associations of individual risk factors with

these outcomes.

Key messages

• Multistate life table models were used to estimate healthy life expectancies between ages of 50 and 75 in four

European cohort studies.

• Non-smoking, physically active and non-obese men and women lived on average 8 years longer in good health and

6 years longer free of chronic diseases between ages 50 and 75, compared with those with at least two behaviour-

related risk factors.

• Of the individual behaviour-related risk factors, physical inactivity was associated with the greatest reduction in

healthy years and obesity with greatest reduction in chronic disease-free years.

• Our results support the view that reducing smoking, physical inactivity and obesity could substantially increase the

time spent in good health in the population.

International Journal of Epidemiology, 2016, Vol. 45, No. 4 1261



Methods

Study population

We used data from four prospective cohort studies from

England, Finland, France and Sweden to calculate partial

LE and health expectancies between the ages of 50 and 75.

In all cohorts, people aged 50 years or older with valid

data on health and behaviour-related risk factors were

included from the first observation. We limited our estima-

tion of partial LE to an upper age of 75 as not all cohorts

had participants aged 75 and older, and this choice

allowed us to have a comparable time frame for each

cohort.

The English data are from the first six waves of the

English Longitudinal Study of Ageing (ELSA), an open-

access, nationally representative biennial longitudinal sur-

vey of those aged 50 and over living in private households

in England. The sample size was 11 391 people at the first

wave in 2002–03.30 We included 8805 participants aged

50 to 75 at baseline, who had valid measures of all three

behaviour-related risk factors. For body mass index we

used data collected during the nurse visit at either wave 2

or wave 0.

The Finnish data are from five waves of the Finnish

Public Sector study (FPS). The FPS, established in 1997/98,

comprises all 151 901 employees with a �6-month job

contract in any year from 1991/2000 to 2005 in 10 towns

and five hospital districts in Finland. Survey data have

been collected by repeated surveys in 4-year intervals on all

103 866 cohort members, who were at work in the partici-

pating organizations during the surveys in the years 1997/

98, 2000/01, 2004/05, 2008/09 and/or 2012/13. Follow-

up survey data of the respondents who had retired or left

the organizations were collected in 2005, 2009 and 2013.

Of those, 8 848 participants responded at least once (re-

sponse rate 82%). For the analysis, we used data from

42 516 participants aged 50 to 75 at the first wave for

which valid data on all health behaviour-related risk fac-

tors were recorded.

The French data are from the GAZEL Cohort Study, es-

tablished in 1989 among �Electricité de France-Gaz de

France (EDF-GDF) workers, the French national utility

company, with annual waves of data collection up to

2014. It is a cohort characterized by a broad coverage of

health problems and determinants. At inception in 1989,

the GAZEL Cohort Study included 20 625 participants

(1 011 men and 5614 women) working at EDF-GDF and

then aged from 35 to 50 years. The cohort is broadly di-

verse in terms of social, economic and occupational status,

health and health-related behaviours.31 We included par-

ticipants who had valid measures of behaviour-related risk

factors in 1996 (or a later year if missing risk factor data),

as physical inactivity was measured for the first time in

1996. For the analysis we used data on 14 931

participants.

The data for Sweden came from five waves of the

Swedish Longitudinal Occupational Survey of Health

(SLOSH).32 The first wave of SLOSH in 2006 was a postal

questionnaire follow-up of all respondents to the 2003

Swedish Work Environment Survey (SWES), a cross sec-

tional, biennial survey of a random stratified sample of

those gainfully employed people aged 16–64 years. At

wave 2 in 2008 the sample was increased by adding the

respondents from the 2005 SWES. The people were then

re-surveyed in 2010, 2012 and 2014. A subsample from

SWES 2007 was also followed up in 2010, while all partic-

ipants from SWES 2007 and participants in SWES 2009

and 2011 were followed up in 2014. This yielded an over-

all sample of 40 877 women and men originally representa-

tive of the working population in Sweden in 2003-2011 of

which 65% responded to a follow-up questionnaire at least

once. The analytic sample in the present study comprised

8 118 participants who were aged 50 to 75 at the first

wave for which valid data on all behavior-related risk fac-

tors was recorded.

In all cohorts, participants provided their informed con-

sent to taking part. Ethical approval was obtained in each

of the countries from relevant ethical committees/boards

Measurement of behaviour-related risk factors

Tobacco smoking and physical inactivity were ascertained

by using participant-completed questionnaires in FPS,

GAZEL and SLOSH and by the interviewer in ELSA.

Smoking status was dichotomized into current smokers vs

former or never smokers.33 Leisure-time physical inactivity

was defined as no or very little moderate or vigorous

leisure-time physical activity or exercise vs regular physical

activity.34 Body mass index (BMI) was calculated using

self-reported body weight and height in FPS, GAZEL and

SLOSH. In ELSA, body weight and height were measured

by a study nurse in the participants’ homes. Obesity was

defined as BMI� 30 kg/m2.35 Supplementary eTable 1

(available as Supplementary data at IJE online) shows

operationalization of behaviour-related risk factors in each

cohort. Co-occurrence of behaviour-related risk factors

(smoking, physical inactivity and obesity) was calculated

as a sum of these risk factors and classified as 0, 1 and 2 or

more risk factors.

Outcome measures

In each study cohort, we defined two health expectancy

outcomes: (i) healthy LE using suboptimal self-rated
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health; and (ii) chronic disease-free LE using occurrence of

chronic diseases. In addition, we took into account

mortality.

Self-rated health. All participants were asked about their

health status at each wave. Responses were categorized

into good and suboptimal health. In ELSA, FPS and

SLOSH, participants were asked to rate their general

health on a 5-point Likert scale, which was dichotomized

by categorizing response scores 1–2 as good health and

scores 3–5 as suboptimal health. GAZEL used an 8-point

Likert scale (1 ¼ very good, 8 ¼ very poor), which was

dichotomized by categorizing response scores 1–4 as good

health and scores 5–8 as suboptimal health, as previously

validated.36 Health expectancy based on self-rated health

is labelled hereafter as healthy LE.

Chronic diseases. Presence of the following chronic dis-

eases was ascertained in each study by asking ‘Has a doctor

ever told you that you have. . .’: (i) heart disease (heart

attack, coronary heart disease, angina, congestive heart

failure, or other heart problems); (ii) stroke (stroke or tran-

sient ischaemic attack); (iii) chronic lung disease (chronic

bronchitis or emphysema or asthma); (iv) cancer (cancer or

a malignant tumour of any kind except skin cancer); and

(v) diabetes (diabetes or high blood sugar). Individuals

were defined as having a chronic disease if they reported

one or more of these conditions. The presence of chronic

diseases at baseline (first observation included in analysis)

included any chronic diseases reported before the age of 50

from available information on respondents. Health expect-

ancy based on chronic diseases is hereafter labelled as

chronic disease-free LE.

Mortality. This was ascertained from linked register data

for each study cohort with follow-up censored on 31

December of the year in which data collection last took

place for each study cohort.

Statistical analyses

Characteristics of the participating cohorts are presented

at the first observation point, which refers to the date each

participant is for the first time included in the dataset.

We applied multistate models to longitudinal data to

obtain transition probabilities between health states.

Discrete-time multistate life table models were used to esti-

mate partial LE and healthy LE and chronic disease-free

LE between the ages of 50 and 75 (in total 26 years). For

both measures, three health states were defined: healthy,

unhealthy and dead. For healthy LE, there were four possi-

ble transitions between the health states, namely: healthy

to unhealthy (onset), unhealthy to healthy (recovery),

healthy to dead and unhealthy to dead. For chronic

disease-free LE, there were only three possible transitions

as, by definition, recovery was not possible.

For each study cohort, age-specific transition probabil-

ities by sex and combined behaviour-related risk factors

were estimated from multinomial logistic models with age

(in years), sex and socioeconomic position as covariates.

Partial LE, healthy LE and chronic disease-free LE from

ages 50 to 75 were then calculated based on these esti-

mated transition probabilities using a stochastic (micro-

simulation) approach.37 For each study, individual trajec-

tories for a simulated cohort of 10 000 persons were gener-

ated with distributions of covariates at the starting point

based on the observed study-specific prevalence by 5-year

age group, sex, socioeconomic position and behaviour-

related risk factors. Partial LE, healthy LE and chronic

disease-free LE from age 50 to 75 were then calculated as

the average from these trajectories for combined

behaviour-related risk factors and sex. Computation of

95% confidence intervals (CI) (from 2.5th and 97.5th per-

centiles) for these multistate life table estimates was per-

formed using a bootstrap method with 500 replicates for

the whole analysis process (multinomial analysis and simu-

lation steps). In addition, we repeated the analyses for each

of the three behaviour-related risk factors separately. The

analyses for individual behaviour-related risk factors and

sensitivity analyses were conducted using a bootstrap

method with 50 replicates. As behaviour-related transi-

tions to poor health and death may differ by sex, we

repeated analyses including interactions between sex and

combined behaviour-related risk factors as well as each

individual risk factors in the multinomial logistic models.

All analyses were conducted in SAS 9.2 using the

SPACE (Stochastic Population Analysis of Complex

Events) program [http://www.cdc.gov/nchs/data_access/

space.htm].38 This program uses the stochastic (i.e. micro-

simulation) approach to estimate the healthy LE as

opposed to another well-known program, IMaCh

(Interpolation of Markov Chains) which uses a determinis-

tic approach.39

Results

Characteristics of the study cohorts for men and women at

the first observation point are shown in Table 1.

Prevalence of suboptimal self-rated health varied across

cohorts and ranged among men from 19% (GAZEL) to

37% (FPS); among women this prevalence varied between

21% (SLOSH) and 34% (FPS). Chronic diseases were

most common among ELSA men (34%) and women

(31%) and least common in SLOSH men (22%) and

International Journal of Epidemiology, 2016, Vol. 45, No. 4 1263



women (17%). At the first observation point, about half of

the ELSA, FPS and GAZEL participants and 60% of

SLOSH participants were free of all three behaviour-

related risk factors. One in 10 individuals had two or three

behavioural-related risk factors in all cohorts. The most

common behaviour-related risk factors were obesity in

ELSA and physical inactivity in FPS, GAZEL and SLOSH.

Partial LE between ages 50 to 75 for men was 23.7

years in ELSA, 24.1 years in FPS, 24.5 years in GAZEL

and 25.2 years in SLOSH. The corresponding figures for

women were 24.5 years for ELSA, 25.0 years for FPS, 25.0

years for GAZEL and 25.5 years for SLOSH. Based on the

most recent national records, the total LE at age 50 for

men in England was 31.3, in Finland 30.3, in France 30.8

and in Sweden 32.0 years. Corresponding figures for

women were 34.4 for England, 35.0 for Finland, 36.2 for

France and 35.1 for Sweden. Thus, the differences in

country-level differences in total LE at age 50 were consis-

tent with the cohort-specific partial LEs that we observed.

Table 2 shows estimates of partial LE between 50 and

75, divided into healthy and unhealthy LE based on self-

reported health and by behaviour-related risk factors.

There was a gradient towards shorter LE and healthy LE

with increasing behaviour-related risk factors across

cohorts. The differences in co-occurrence of behaviour-

related risk factors were more marked for healthy LE than

for partial LE in all cohorts and both sexes. In SLOSH, LE

was little affected by co-occurring behaviour-related risk

factors. The largest differences were observed for ELSA

participants. For example, men in the ELSA cohort with

no behaviour-related risk factors could expect to live 24.4

years and spend 83% of their life from 50 to 75 in good

health, whereas for men with two or more behaviour-

related risk factors the corresponding figures were 21.4

years and 50% in good health. In FPS and SLOSH, the dif-

ferences in proportions of healthy life between co-

occurring risk factor groups were also large, but in

GAZEL the differences were smaller (Figure 1).

Results for the partial LE, chronic disease-free LE and

LE with chronic diseases are shown in Table 3. Despite

much higher prevalence of chronic diseases than poor self-

rated health, a similar trend towards shorter chronic

disease-free LE with increasing behaviour-related risk fac-

tors was observed. The differences in chronic disease-free

LE between co-occurring risk factor groups were largest in

ELSA. For example, men without behaviour-related risk

factors in ELSA could expect to live 15 disease-free years,

almost two times more than those with two or more

behaviour-related risk factors. Overall, the proportions of

life spent without chronic diseases were similar across

cohorts and sexes (Figure 2).

Healthy LE between the ages of 50 and 75 across

cohorts was 20.3 and 20.7 years in men and women with

no risk factors, and 12.7 and 13.4 years in those with two

or more risk factors, a difference of 7.6 and 7.2 years,

respectively. The corresponding differences among men

and women with any single risk factor vs none were on

average 3.5 years and 3.0 years for smoking, 4.7 and 4.3

Table 1. Characteristics of the contributing cohorts at the first observation pointa

ELSA FPS GAZEL SLOSH

Men Women Men Women Men Women Men Women

Sample size 4072 4733 8343 34173 11098 3833 3663 4326

Age (mean, SD) 61.51

(7.20)

61.42

(7.29)

53.59

(3.16)

53.15

(2.92)

51.97

(2.20)

51.35

(2.05)

57.95

(5.76)

57.32

(5.67)

Socioeconomic position (%)

High grade 36.49 24.93 42.04 27.04 32.83 9.24 22.76 17.08

Middle grade 19.77 27.32 24.06 56.37 55.33 67.65 36.50 51.66

Low grade 43.74 47.75 33.91 16.59 11.84 23.12 40.74 31.26

Suboptimal self-rated health (%) 25.15 23.83 37.25 34.09 19.17 23.51 23.85 20.52

Chronic diseases (%)b 34.39 31.29 25.52 26.00 23.09 25.31 21.68 17.22

Co-occurrence of behaviour-

related risk factors (%)

0 55.67 49.48 53.57 59.96 49.36 47.30 60.35 64.95

1 34.36 37.46 32.79 30.06 37.89 41.12 29.59 27.29

�2 9.97 13.06 13.64 9.98 12.75 11.58 10.06 7.76

Smoking, % 19.13 20.45 21.62 15.31 19.57 14.27 15.37 18.48

Physical inactivity, % 11.96 15.28 24.51 21.32 37.40 43.49 21.02 12.51

Obesity, % 23.99 28.82 15.35 14.40 7.26 7.02 14.25 12.44

aThe first observation point refers to the date each participant is for the first time included in the dataset.
bPresence of chronic diseases includes illness reported at or before the first observation point.
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years for physical inactivity and 4.2 and 4.1 years for obe-

sity, respectively. Results regarding individual behaviour-

related risk factors by cohort are shown in the online

supplement (eTable 2, available as Supplementary data at

IJE online).

For men and women respectively, across cohorts,

chronic disease-free LE between the ages of 50 to 75 with

no risk factors was on average 15.1 years and 16.1 years,

and for two or more risk factors 9.4 years and 10.9 years,

a difference of 5.7 years and 5.2 years, respectively. The

Table 2. Partial life expectancy, healthy life expectancy and unhealthy life expectancy based on self-reported health between

the ages of 50 and 75 by co-occurrence of behaviour-related risk factors in each study cohort

Life

expectancy

95% CI Healthy

life

expectancy

95% CI Unhealthy

life

expectancy

95% CI %a 95% CI

Men

ELSA

Number of risk factors

0 24.37 24.21 24.54 20.31 19.86 20.76 4.06 3.69 4.48 83.4 81.6 84.8

1 23.07 22.82 23.37 15.88 15.23 16.58 7.19 6.63 7.8 68.8 66.2 71.4

�2 21.35 20.69 21.92 10.71 9.7 12.01 10.64 9.61 11.49 50.2 46.2 55.6

FPS

Number of risk factors

0 24.77 24.64 24.95 18.01 17.69 18.36 6.76 6.44 7.07 72.7 71.5 74

1 23.78 23.46 24.03 14.21 13.6 14.61 9.57 9.12 10.14 59.8 57.4 61.4

�2 22.28 22.04 23.06 9.38 8.74 10.19 12.9 12.45 13.91 42.1 38.8 44.7

GAZEL

Number of risk factors

0 24.98 24.87 25.07 21.96 21.79 22.1 3.03 2.89 3.14 87.9 87.4 88.4

1 24.4 24.23 24.55 19.9 19.61 20.12 4.49 4.3 4.7 81.6 80.7 82.3

�2 22.99 22.69 23.43 17.04 16.72 17.53 5.94 5.62 6.23 74.1 73.1 75.6

SLOSH

Number of risk factors

0 25.33 25.09 25.58 20.85 20.31 21.33 4.48 4.05 4.94 82.3 80.5 84

1 25.27 24.9 25.62 17.79 16.92 18.41 7.47 6.87 8.27 70.4 67.1 72.7

�2 24.64 23.67 25.41 13.68 12.2 14.95 10.96 9.58 12.46 55.5 49.9 61.2

Women

ELSA

Number of risk factors

0 24.99 24.91 25.16 21.22 20.96 21.57 3.77 3.48 4.06 84.9 83.8 86

1 24.29 24.07 24.45 17.14 16.52 17.66 7.15 6.68 7.67 70.6 68.3 72.4

�2 23.01 22.65 23.41 11.52 10.64 12.79 11.49 10.56 12.38 50.1 46.4 54.8

FPS

Number of risk factors

0 25.27 25.19 25.34 18.22 18.06 18.42 7.05 6.84 7.21 72.1 71.5 73.0

1 24.64 24.52 24.79 14.7 14.42 14.99 9.94 9.65 10.27 59.7 58.4 60.8

�2 23.95 23.6 24.25 10.67 10.18 11.25 13.28 12.72 13.78 44.5 42.6 46.9

GAZEL

Number of risk factors

0 25.34 25.13 25.41 21.64 21.27 21.79 3.7 3.55 3.95 85.4 84.4 86

1 24.88 24.66 25.05 19.3 19.01 19.66 5.58 5.26 5.83 77.6 76.5 78.8

�2 24.01 23.56 24.36 16.67 16.1 17.2 7.34 6.91 7.81 69.4 67.4 71

SLOSH

Number of risk factors

0 25.54 25.38 25.73 21.54 21.18 22.01 4 3.62 4.39 84.3 82.8 85.9

1 25.54 25.24 25.75 18.78 18.11 19.43 6.76 6.02 7.43 73.5 70.8 76.3

�2 25.01 24.07 25.53 14.79 13.48 16.19 10.22 8.67 11.41 59.1 54.2 65

aProportion of life spent in good health between the ages of 50 and 75.
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corresponding differences among men and women with

any single risk factor vs none were for smoking on average

2.2 years and 2.3 years, for physical inactivity 2.6 and 2.2

years and for obesity 4.6 and 4.5 years, respectively

(eTable 3, available as Supplementary data at IJE online).

In multinomial logistic models, inclusion of interaction

terms between sex and the combined behaviour-related

risk factors did not significantly improve model fit. In gen-

eral, this was also the case when interaction terms were

added to the models for each individual risk factor. The

only exceptions for this were: smoking in FPS and GAZEL

where the increased risk of remaining unhealthy or transi-

tion to death was more marked in male smokers than

female smokers; for physical inactivity and self-rated

health in FPS where the increased risk of transition from

good to poor health was slightly higher for inactive men

than for inactive women; and for obesity and self-rated

health in GAZEL where obese women were slightly less

likely to recover from poor health than obese men.

Since chronic diseases were very common at the first

observation point (Table 1), the analyses were repeated

using modified disease outcome which divided the partial

LE into LE with 0 and 1 chronic disease, and LE with two

or more chronic diseases (eTable 4, available as

Supplementary data at IJE online). As expected, partici-

pants lived longer with 0–1 disease than with 0 disease, but

the difference in proportions of ‘healthy life’ between two

or more behaviour-related risk factors and with no risk

factors was comparable between ‘years with 0–1 disease’

and ‘years without disease’.

Discussion

This multi-cohort study showed differences in healthy and

chronic disease-free LEs according to individual and co-

occurring behaviour-related risk factors in men and

women as well as across cohorts from England, Finland,

France and Sweden. Compared with men and women with

at least two of the smoking, physical inactivity and obesity

risk factors, people with no risk factors could expect to live

on average 8t years longer in good health and 6 years lon-

ger free of chronic diseases between the ages of 50 and 75

years. The reduction in healthy and chronic disease-free LE

was greater for those with multiple behaviour-related risk

factors than those with a single risk factor, a finding

observed in all four cohorts.

To our knowledge this is the first study to provide

healthy LE and chronic disease-free LE estimates according

to multiple behaviour-related risk factors across several

European countries using longitudinal data. At least two

previous studies have examined the association of multiple

behaviour-related risk factors with quality-adjusted life

years40 and cognitive impairment-free life expectancy.41 In

addition, one study examined the relation of obesity and

smoking to LE and disability-free LE by using data from

nine countries participating in the European Community

Household Panel,23 although only results pooled across

countries were reported. Thus, our multi-cohort study

adds to the field by examining the effects of multiple

behaviour-related risk factors on healthy and chronic

disease-free LE in several cohorts simultaneously and

showing that the findings are relatively consistent across

different study populations in Europe.

The associations of multiple behaviour-related risk fac-

tors were more prominent with healthy LE and chronic

disease-free LE than with LE. One explanation for this

finding is ‘right censoring’, as we estimated only partial LE

between ages 50 to 75. At that age, mortality is rare even

among people who already developed symptoms and dis-

eases and therefore further research is needed to examine

whether differences in LE would become more pronounced

with longer follow-ups.

Among the individual behaviour-related risk factors,

physical inactivity was most prevalent in three of the four

cohorts and was associated with the greatest reductionin

healthy LE. This is a notable finding, given that we used

relatively crude, dichotomized measurement due to hetero-

geneity in the physical activity measure between cohorts.

Figure 1. Proportion of life spent in good health between the ages of 50 and 75 by co-occurrence of behaviour-related risk factors by study cohort.

a) Men, b) Women.
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In the ELSA and FPS, more detailed information about

physical activity intensity and frequency was available,

allowing us to define the cut-point for physical inactivity

that was consistent with the current physical activity rec-

ommendations.42 Nevertheless, future studies are needed

to examine the intensity and volume of physical activity in

relation to healthy LE and chronic disease-free LE.

In all cohorts of this study, healthy LE was longer than

chronic disease-free LE. This has also been observed in other

studies using multiple types of health indicators to calculate

health expectancy.43–45 This is expected because suboptimal

self-rated health is a holistic measure and it captures a wider

range of health-related phenomena beyond chronic dis-

ease.46 Therefore, individuals with chronic diseases may

Table 3. Partial life expectancy, chronic disease-free life expectancy and life expectancy with chronic diseases between the

ages of 50 and 75 by co-occurrence of behaviour-related risk factors in each study cohort

Life

expectancy

95% CI Chronic

disease-free

life expectancy

95% CI Life expectancy

with chronic

diseases

95% CI %a 95% CI

Men

ELSA

Number of risk factors

0 24.28 24.12 24.49 15.11 13.84 16.27 9.17 8.13 10.44 62.2 57.0 66.6

1 23.14 22.83 23.45 12.16 10.96 13.51 10.98 9.69 12.06 52.5 47.7 58.2

�2 21.48 20.89 22.09 7.99 6.36 10.01 13.50 11.65 14.97 37.2 30 45.7

FPS

Number of risk factors

0 24.77 24.55 24.89 14.17 13.62 14.5 10.6 10.24 11.11 57.2 55.1 58.6

1 23.74 23.37 23.95 11.57 11.01 12.02 12.18 11.66 12.8 48.7 46.3 50.7

�2 22.28 21.89 22.96 8.65 8.25 9.59 13.63 12.81 14.26 38.8 37 42.6

GAZEL

Number of risk factors

0 24.96 24.86 25.08 15.69 15.32 16.03 9.27 8.97 9.66 62.9 61.3 64.1

1 24.37 24.21 24.53 13.96 13.62 14.29 10.41 10.07 10.74 57.3 55.9 58.6

�2 23 22.7 23.43 10.78 10.11 11.32 12.22 11.7 12.93 46.9 44 48.9

SLOSH

Number of risk factors

0 25.34 25.11 25.59 15.47 14.59 16.3 9.87 9.01 10.91 61.1 57.3 64.4

1 25.25 24.88 25.59 13.39 12.35 14.64 11.85 10.52 12.86 53.1 49.2 58

�2 24.51 23.48 25.36 10.35 8.29 11.77 14.16 12.59 16.48 42.2 33.7 48.6

Women

ELSA

Number of risk factors

0 24.94 24.82 25.09 16.1 14.68 17.23 8.84 7.79 10.25 64.5 58.8 69

1 24.23 24.04 24.45 13.75 12.49 15.07 10.48 9.23 11.75 56.8 51.7 62

�2 23.16 22.74 23.52 10.36 8.73 11.88 12.81 11.15 14.43 44.7 37.7 51.3

FPS

Number of risk factors

0 25.24 25.17 25.32 14.4 14.13 14.67 10.85 10.57 11.13 57 55.9 58.1

1 24.61 24.49 24.78 12.19 11.84 12.5 12.42 12.11 12.81 49.5 48 50.8

�2 23.85 23.56 24.15 9.48 9.01 10.06 14.36 13.77 14.91 39.8 37.7 42.1

GAZEL

Number of risk factors

0 25.28 25.16 25.44 16.28 15.65 16.72 9.00 8.62 9.62 64.4 61.9 66

1 24.89 24.69 25.09 14.93 14.39 15.5 9.96 9.41 10.49 60 57.9 62.2

�2 23.78 23.37 24.24 11.24 10.13 12.02 12.54 11.88 13.64 47.2 42.7 50.1

SLOSH

Number of risk factors

0 25.52 25.34 25.69 17.71 16.82 18.57 7.82 7 8.66 69.4 66 72.6

1 25.41 25.01 25.69 14.56 13.51 15.83 10.85 9.52 11.83 57.3 53.3 62.3

�2 24.87 24.04 25.56 12.61 10.67 14.17 12.26 10.55 14.15 50.7 43.5 57.4

aProportion of life spent without chronic diseases between the ages of 50 and 75.
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consider their health good if the disease does not hamper

everyday life. A further explanation is reversibility; we

allowed for recovery from suboptimal self-rated health

when estimating healthy LE, but transition from the pres-

ence to the absence of chronic diseases was not allowed for

when estimating chronic disease-free LE.

Direct comparison across study cohorts needs to be

done cautiously. Despite careful harmonization, there was

some heterogeneity in the definitions of health and chronic

diseases between cohort studies, and the cohorts were also

different in terms of representativeness and age.47 ELSA is

the only study that includes a national representative sam-

ple of older individuals, whereas FPS, GAZEL and SLOSH

are occupational cohorts including healthier individuals

from the general population. Further sources of differences

in healthy LE and chronic disease-free LE between cohorts

are differences in country-specific social, economic and

environmental factors that can influence health expect-

ancy.45,48 In spite of these differences, the findings were

relatively consistent across cohorts, suggesting that smok-

ing, physical inactivity and obesity remain important driv-

ers of healthy LE and chronic disease-free LE in general.

The results of the present study need to be interpreted in

the context of its limitations. First, except for obesity in

ELSA, all data were obtained by self-reports and are there-

fore subject to potential measurement errors. Self-reports

may lead to under-reporting of unhealthy behaviours as

well as of poor health and chronic diseases. This limitation

is shared with previous studies which have also used self-

reports in estimating health expectancy.7–9 Second, we

were able to examine the co-occurrence of only three

behaviour-related risk factors, because comparable data on

alcohol consumption and diet across cohorts were not

available. Further research is needed to examine whether

differences in healthy LE and chronic disease-free LE would

be greater when using a larger set of behaviour-related risk

factors. Third, we used five chronic diseases, namely heart

disease, stroke, chronic lung disease, cancer and diabetes,

to estimate chronic disease-free LE. Musculoskeletal disor-

ders, which are very common at older ages, are related to

poorer functioning and quality of life and thus should be

included in future studies of chronic disease-free LE.

Fourth, differences in the use of health care services and

care homes may contribute to differences in healthy LE and

chronic disease-free LE between countries, although this is

likely to be a major source of heterogeneity when estimat-

ing partial healthy LE and chronic disease-free LE from age

50 to 75. Fifth, our life expectancy analyses were condi-

tional on reaching age of 50 and truncated at age 75. Thus,

future studies are needed to investigate the association of

behaviour-related risk factors with healthy LE and chronic

disease-free LE starting at younger ages, and extending

follow-up beyond the age of 75.

A major strength of our study is that it is based on large

prospective cohort studies from four European countries,

with multiple measurements of self-rated health and

chronic diseases over time, long follow-up and high-

quality harmonized data. We used micro-simulation to

estimate healthy LE and chronic disease-free LE, which

provides internally consistent results for each cohort.

In conclusion, data from four European countries show

that individual and co-occurring behaviour-related risk

factors are associated with reduced healthy and chronic

disease-free LE. Our results support the view that reducing

smoking, physical inactivity and obesity could substan-

tially increase the time spent in good health in the

population.
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