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Abstract The objective is to assess if longer life in

Belgium is associated with more healthy years through the

evaluation of trends (1997–2004) in health expectancy

indicators at ages 65 and 80 covering different health

domains: self-perceived health, chronic morbidity, disease

clusters, and disability. Information was obtained from

Belgian Health Interview Surveys. Health expectancies

were calculated using the Sullivan method. Among males

at age 65, the increase in years expected to live without

chronic morbidity, without a disease cluster or without

disability exceeded the increase of the life expectancy

(LE). The rise in LE in good self-perceived health was

equal to the gain in LE. Among women at age 65 and

among men and women at age 80, none of the changes in

the expected years of life in good health in any health

domain were statistically significant. At age 65 among

women, the increase in LE was smaller than the increase in

years without chronic disease or without disability. The

increase in years without disease clusters was less that the

LE increase. At age 80 among men, the years without

disability increased as the LE, with a shift toward years

with moderate limitations. In any other health domains for

men (except co-morbidity) and in all domains for women

the years in good health either decreased or increased less

than the LE. The recent rise in life expectancy in Belgium

is, among the youngest old and especially among males,

accompanied by an improved health status. At age 80 and

particularly among women expansion of unhealthy years

prevails.
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Introduction

Reports on health trends in the oldest sector of populations

in developed countries do not show a consistent pattern.

The discussion on the consequences for society of both

increasing life expectancy and the reduction in mortality of

older people is linked to uncertainty about the future bur-

den of morbidity. The burden of morbidity is driven by a

complex interaction between on the one side the age dis-

tribution of the incidence rates and on the other side the

prevalence, especially the severity of the prevalent morbid

status and the outflow rate either through mortality or

through cure. If the onset of health problems, morbidity or

disability, is postponed and the postponement is greater

than the increase in life expectancy the cumulative life time

with morbidity will be less as is suggested by the com-

pression of morbidity model (Fries 1980, 2003). The

expansion of Morbidity (Gruenberg 1977) is the pessi-

mistic opposite model assuming that the growing life

expectancy is a result of a better survival of the sick rather

than a decline of morbidity incidence inducing an increase

in the years lived in poor health. A third scenario is the

dynamic equilibrium, in which the increase in morbidity is
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counterbalanced by a decrease in the severity, as proposed

by Manton (1982).

In light of the coexistence of opposite trends (Robine

et al. 2003) it has been suggested that the different para-

digms on the evolution of population health can be

reconciled as part of a single, more general theory as they

are different stages of a same epidemiologic transition, the

long-term shift in mortality and disease patterns toward an

era of delayed degenerative diseases (Olshansky and Ault

1986; Robine and Michel 2004).

Through simulation it has been shown that interventions

with a similar improvement of the prevalence of morbidity

(indicator of successful ageing), but with different

improvements of the mortality rates, are associated with

different gains in the total life expectancy and different

changes in the years lived with or without morbidity

(Nusselder and Peeters 2006). Therefore, to better under-

stand the evolution of health and especially to be able to

distinguish between compression, expansion and a

dynamic equilibrium, composite measures combining

morbidity and mortality information are necessary.

The objective of this paper is to assess trends in health

expectancy indicators in Belgium between 1997 and 2004

covering different health domains: (1) self-perceived

health, (2) chronic morbidity, (3) co-morbidity and (4)

disability. The four health domains cover together largely

the multiple facets of the disablement process (Verbrugge

and Jette 1994) and different aspects of successful ageing.

The health expectancy indicators—life expectancy in good

self-perceived health, life expectancy without chronic

morbidity, life expectancy without a disease cluster, with at

least one disease cluster or with co-morbidity and life

expectancy without disability, with moderate and with

severe disability—are evaluated by gender at age 65 and at

age 80 years. Evaluating the interaction of mortality with

four different health domains provides a more holistic

picture to understand population health dynamics and to

capture the multidimensionality of health (Myers et al.

2003). Self-perceived health is a very large concept

including many aspects of quality of life. The indicator

overlaps partially, but not completely, with the other health

indicators because it can include many health states not

covered by other health indicators such as non-diagnosed

sickness or depressive states. Self-assessed health on pop-

ulation level is a simple single item question, easy to use

and to interpret. Poor self-perceived health is also a good

predictor of mortality and hospitalisation (DeSalvo et al.

2006). The subjective evaluation of suffering from chronic

conditions is not identical to a more objective assessment

of the presence or absence of disease clusters in the past

12 months. In particular the latter indicator focuses on the

presence of at least two disease clusters as a measure of

severity compared to one or none. Both indicators are of

major importance to estimate the mobilisation of the health

care sector. They may or may not result in functional

limitations. The disability question on restrictions in daily

activities due to these chronic conditions captures this

outcome in the most direct and relevant way regarding long

term care. The inclusion of a severity level provides

additional information, for example, even when there is a

compression, there may be a change in the distribution of

the severity of the disability toward the more severe levels.

Information on changes in the distribution of the severity

levels between unhealthy states may not only contribute to

better understand the evolution in population health but is

also essential for public health policy and health care

planning. The focus of this paper on the older ages is

indicated as they are the subgroup of the population with

the most explicit decline in mortality rates and with a

greater sensitivity to changes in morbidity.

Methods

Life expectancy in a particular health state, for example,

life expectancy without disability or life expectancy with

disability, is defined as the average number of years a

person at a certain age is expected to live in the particular

health state. To calculate these health expectancies, two

types of data are needed. Data on mortality enable esti-

mation of the total life expectancy. Data on prevalence of

different health states are applied to the life table to esti-

mate the person time lived in the different health states.

Data on mortality for the years 1997, 2001 and 2004

were obtained from the Belgian National Institute of Sta-

tistics. The information was provided in the form of 1 year-

life tables starting at age 0 with a last closed year at age

105 years. The life tables were constructed by gender. The

life table was transformed to an abridged table with 5 year

age intervals and a last interval starting at age 100. The

variance of life expectancy and the 95% confidence inter-

vals (CI) were estimated (Chiang 1984).

Information by age and gender on health status was

obtained from the 1997, 2001, and 2004 Health Interview

Survey.1 The methodological approach of the survey did

not change between the different surveys. In 2004 there

was an oversampling of population 65–84 years and

85 years and older. The National Register was used as the

sampling frame to select a sample of the Belgian popula-

tion using a multistage sampling frame (Van Oyen et al.

1997). The number of subjects aged 65 years and over in

the three surveys was 1,787, 2,153, and 3,594, respectively.

The population residing in nursing homes is more difficult

to reach. In the 2004 survey, specific efforts were made to

1 http://www.iph.fgov.be/epidemio/epien/index4.htm (see protocol).
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reach this population. This could affect the prevalence

estimates. Therefore the analyses were done including and

excluding the nursing home population [n = 26 (1997),

n = 31 (2001) and n = 345 (2004)]. Only the results of the

analysis on the total population are presented as exclusion

of the nursing home population did not alter the

conclusions.

Health domains

Self-perceived health was defined by comparing those

indicating their health as very good or good (self-perceived

good health), to those who experienced their health as very

bad, bad or fair (self-perceived bad health) when answering

the standard question ‘‘How is your health in general?’’ (de

Bruin et al. 1996).

The prevalence of chronic morbidity was assessed using

the following question:

‘‘Do you suffer from one or more longstanding dis-

eases, chronic conditions or handicaps?’’. Yes/no.

The reply to this question was also used together with

the following question to define disability:

‘‘Are you restricted in your daily activities due to this

(these) illness(es), chronic condition(s) or handi-

caps?’’. Continuously, every now and then, seldom or

not.

Those answering ‘continuously’ were defined to be

severely limited; those answering ‘every now and then’

were defined to be moderately limited. Subjects replying

‘‘not or seldom’’ or those who were without any long-

standing morbidity were defined to be without limitations.

Interviewees were asked if they had a specific condi-

tion during the 12 months prior to the interview. The

conditions were grouped in six clusters of major chronic

conditions (Picavet and van den Bos 1997): heart disease

(myocardial infarction and severe heart problem), respi-

ratory disease (asthma, chronic bronchitis, chronic

obstructive pulmonary disease, other longstanding lung

disease), musculoskeletal disease (longstanding (longer

than 3 months) back pain, disc problem, osteoarthritis

knees, hips, hands, rheumatoid arthritis of hands or feet,

other form of chronic inflammation of joints), cancer,

neurological disease (epilepsy, dizziness with falling,

stroke) and diabetes. Having two or more disease clusters

was defined as co-morbidity compared to having one

disease cluster and no disease cluster.

The prevalence data were used to estimate different

health expectancy indicators (Table 1). All health expec-

tancies were calculated using the Sullivan method (Jagger

1997; Sullivan 1971). The part of the variance due to the

mortality data was ignored when estimating the variance of

the health expectancies (Mathers 1991). To estimate the

yearly change, the life and health expectancy were

regressed on year using a weighted linear regression for

each indicator separately. The regressions at age 65 and

age 80 were done stratified by gender. Weights were

defined as the inverse of the variance of the estimate of

each indicator at each year (Mathers and Robine 1997).

Furthermore, stratified by age, the likelihood ratio test was

used to compare two nested models containing gender and

year (model 1) versus gender, year and an interaction term

‘‘gender*year’’ (model 2) in order to identify a possible

differential time trend in the life and health expectancies by

gender. Given there were only three observations points

over time, it is not appropriate to assume a more complex

Table 1 Health expectancy indicators

Domain Health status Health expectancy indicator Abbreviation

Self-perceived health Good Life expectancy (LE) in Good self-perceived Health HLE

Bad LE in bad self-perceived Health BHLE

Chronic morbidity No Chronic morbidity free LE MFLE

Yes LE With chronic morbidity MLE

Co-morbidity No disease clustera Disease cluster free LE DisFLE

One disease cluster LE with one disease cluster DisLE

2–6 disease clusters LE with Co-morbidity ComLE

Disability No Disability free LE DFLE

Moderate LE with moderate disability MDLE

Severe LE with severe disability SDLE

a Disease cluster: heart disease (myocardial infarction and severe heart problem), respiratory disease (asthma, chronic bronchitis, chronic

obstructive pulmonary disease, other longstanding lung disease), musculoskeletal disease (longstanding (longer than 3 months) back pain, disc

problem, osteoarthritis knees, hips, hands, rheumatoid arthritis of hands or feet, other form of chronic inflammation of joints), cancer, neuro-

logical disease (epilepsy, dizziness with falling, stroke) and diabetes
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than simple linear relationship between life expectancy or

health expectancy (dependent variable) and calendar time.

The operationalisation of the relationship between mor-

bidity, mortality and population health in terms of one of the

three scenarios (compression, expansion and dynamic

equilibrium) is complex, especially as initially the com-

pression of morbidity hypothesis was defined under the

assumption of fixed length of human life (Fries 1980). It is

only under this condition that an increase in the life

expectancy in a good health state automatically implies a

decrease in the expected life years in ill health. This oper-

ationalisation has been the focus of many discussion in

REVES (the International Network on Health Expectancy)

(Robine et al. 1987; Robine 2002; Robine and Mathers

1993). Only evaluating the positive health expectancy

indicator may give a too optimistic assessment of the

changes in population health as e.g. an increase in life

expectancy and in life expectancy in good health may be

accompanied by a constant, an increasing or decreasing life

expectancy in ill health. Therefore it is necessary to consider

the ‘complete’ health expectancy including both ‘healthy’

and different levels of ‘unhealthy’ states (Mathers et al.

1994). In this paper the classification proposed by Nusselder

(1998, 2003) is used. The classification distinguishes

between absolute and relative compression or expansion is

used. The relative measure or the change in the percentage

of life time in a healthy state provides information on the

distribution between the years in healthy and in unhealthy

states in the gained life years as compared to the baseline

situation. As life expectancy is increasing in Belgium, the

classification used has been limited to this particular case

(Table 2). There will be evidence for the dynamic equilib-

rium theory in case of expansion together with a shift from

more to less severe unhealthy life years (Robine et al. 2003).

The qualitative description of the direction of the change in

distribution between different levels of severity of unheal-

thy states is therefore also provided.

Results

The results are presented stratified by gender at age 65 and

at age 80. In Tables 3 and 4, for males and females,

respectively, all estimates (with 95% confidence intervals)

for the three survey years and for each of the health

expectancy indicators are given together with an estimate

of a yearly change (with P value). Figure 1 shows the

absolute difference between the first and last year and

Table 5 summarizes the results following the classification

given in Table 2.

Males at age 65 years

Between 1997 and 2004, the total life expectancy (LE) for

males at age 65 increased by 1.26 years (Table 3; Fig. 1).

For all health domains, with the exception of self-perceived

health, the increase in the health expectancy indicator was

greater than the life expectancy gain, suggesting an abso-

lute compression (Tables 2, 5). For self-perceived health

there is an equilibrium between the absolute compression

and absolute expansion as the life expectancy in good self-

perceived health increased in the same way as the life

expectancy and there is no increase in the expected years in

bad self-perceived health. In 2004, the proportion of

remaining life in good health for each of the 4 domains had

all increased with at least 3% since 1997, indicating a

relative compression (Tables 2, 5). For the co-morbidity

and disability domain the data show a shift towards a more

severe level of ill health. The life expectancy with one

disease cluster decreased whereas the life expectancy with

co-morbidity increased a little. The life expectancy with

both moderate and severe disability decreased but the

decrease was more pronounced for the moderate disability

life expectancy. The yearly change during the period 1997–

2004 was statistically significant for the increase in LE and

all health expectancy indicators but the LE with one

Table 2 Classification of compression and expansion of morbidity(Nusselder 1998)

Life expecancy

(LE)

Healthy

LE

Unhealthy

LE

% Healthy LE

in LE

Classification

Absolute Relative

: : ; : Compression Compression

: : = : Equilibrium compression—

expansion

Compression

: : : : Expansion Compression

: : : = Expansion Equilibrium compression—

expansion

: : : ; Expansion Expansion

: = : ; Expansion Expansion

: ; : ; Expansion Expansion
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disease cluster, the LE with co-morbidity and LE with

severe disability.

Males at age 80

The increase in the LE was 0.53 years (Table 3; Fig 1).

There was an absolute and a relative compression for the

co-morbidity domain only: (1) the increase in a health

expectancy indicator was greater than the increase in LE

and (2) the proportion of life without a chronic disease

cluster increased substantially (Tables 2, 5). The LE

without disability increased in the same way as the LE

and the proportion of life without disability increased. For

the other health domains there was an absolute expansion

and relative compression. However, none of the yearly

changes in the years of life in good health were statisti-

cally significant. The evolution of the distribution of the

severity levels of ill-health within the years expected to

live in ill health at age 80 indicates a shift towards a

moderate level for the disability years (Table 5). There

was a statistically significant increase and decrease,

respectively in the years with moderate and severe dis-

ability. This is compatible with the dynamic equilibrium

model. An opposite but non significant shift was observed

between the years of life with one disease clusters and

years with co-morbidity.

Females at age 65

The LE increased by 0.86 years (Table 4; Fig. 1). The

increase in LE was smaller than the increase in the health

expectancy indicator for the chronic morbidity and disability

domain, indicating an absolute and relative compression

(Tables 2, 5). In the domain of self-perceived health there

was an equilibrium between an absolute compression and an

absolute expansion as the increase in LE in good self-per-

ceived health almost matched the rise in LE. The rise in the

LE without a disease cluster was substantially lower sug-

gesting an absolute and relative expansion. None of the

yearly changes in any of the expected years in good health

were statistically significant. For both LE with disease

clusters and the LE expectancy with disability there was a

tendency for a shift toward the moderate unhealthy stage.

Females at age 80

The LE increased with 0.41 years (Table 4; Fig. 1). For all

health domains the increase in the health expectancy

indicator was smaller than the life expectancy gain sug-

gesting an absolute expansion. For all health domains,

except the self-perceived health, the proportion of

remaining life in good health dropped indicating a relative

expansion. None of the yearly changes in the health
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Fig. 1 Change in total life expectancy (LE), health expectancy

indicators based on self-perceived health (good: HLE, bad: BHLE),

chronic morbidity (no: MFLE, yes: MLE), co-morbiditya (no:

DisFLE, 1: DisLE, 2+: ComLE) and disability (no: DFLE, moderate:

MDLE, severe: SDLE) at age 65 and age 85, Belgium, 1997–2004.
aDisease cluster: heart disease (myocardial infarction and severe heart

problem), respiratory disease (asthma, chronic bronchitis, chronic

obstructive pulmonary disease, other longstanding lung disease),

musculoskeletal disease (longstanding (longer than 3 months) back

pain, disc problem, osteoarthritis knees, hips, hands, rheumatoid

arthritis of hands or feet, other form of chronic inflammation of

joints), cancer, neurological disease (epilepsy, dizziness with falling,

stroke) and diabetes
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expectancy indicators were statistically significant. For

both LE with disease clusters and the LE expectancy with

disability there was a tendency of a shift toward the

moderate unhealthy stage.

Based on the weighted linear regression, there was no

evidence that the trends in the health expectancy indicators

were statistically significantly different by gender at any age.

Discussion

In this paper we focused on the evolution of population

health to gain more insight on the question if longer life is

associated, both absolutely and relatively, with an increase

in years in good health or years in ill health. We evaluated

the interaction of mortality with four different health

domains, taking into account a level of severity for two of

them, to capture the multidimensionality of health and to

cover the multiple facets of the disablement process and

different aspects of successful ageing (Myers et al. 2003;

Verbrugge and Jette 1994). The relationship between the

four measures is complex, for example, although poor self-

perceived health is a good predictor of future health, data

from the 2001 Belgian Census show that 2.3 and 10%,

respectively of the subjects at age 55 with a very good and

a good/very good self-perceived health declare to suffer

from a chronic morbidity; at age 90, these percentages

were 10 and 20%, respectively (Van Oyen et al. 2005).

Similarly, it is evident from the different health models

(Nagi 1991; Verbrugge and Jette 1994; WHO 2001) that

the progression of the disablement process or the rela-

tionship between morbidity, function limitations and

activity restrictions is not linear and is influenced by many

intra-individual and extra-individual factors such as the

physical environment and social role expectations. Dis-

ability is not an unitary concept and progresses in a non-

linear way with increasing age (Nusselder et al. 2006).

As health is multidimensional, we did not expect that the

observed trend in the different health domains should be

uniform (Crimmins 2004) (Table 5). The evolution of

population health is determined by different phenomena

taking place with opposite effects. Declining mortality

Table 3 Total life expectancy (LE), life expectancy in good self-

perceived health (HLE), life expectancy without chronic morbidity

(MFLE), life expectancy without a disease clusterc (DisFLE), with at

least one disease cluster (DisLE) or with co-morbidity (ComLE) and

life expectancy without disability (DFLE), with moderate (MDLE)

and with severe (SDLE) disability among males at age 65 and age 80,

Belgium, 1997–2004

At age 1997 2001 2004 Yearly changea

Year % of LE Year % of LE Year % of LE Coefficient P-value

65 LE 15.53 (15.51–15.55)b 16.24 (16.22–16.26) 16.79 (16.77–16.81) 0.167 0.006

HLE 8.57 (7.98–9.16) 55.16 8.68 (8.13–9.22) 53.42 9.82 (9.34–10.29) 58.46 0.179 0.022

MFLE 6.83 (6.27–7.39) 44.00 7.48 (6.96–8.00) 46.07 8.98 (8.54–9.42) 53.50 0.296 0.008

DisFLE 4.89 (4.37–5.41) 31.48 5.69 (5.18–6.20) 35.02 6.55 (6.11–6.99) 39.01 0.223 0.003

DisLE 6.50 (5.94–7.06) 41.31 6.11 (5.61–6.61) 20.86 5.95 (5.52–6.39) 35.31 -0.070 0.241

ComLE 4.14 (3.64–4.64) 26.66 4.44 (3.97–4.91) 27.35 4.29 (3.89–4.68) 25.52 0.021 0.625

DFLE 9.00 (8.44–9.56) 57.98 9.69 (9.18–10.21) 59.68 10.96 (10.54–11.38) 65.28 0.289 0.011

MDLE 2.69 (2.28–3.10) 17.32 2.33 (1.96–2.70) 14.33 2.25 (1.94–2.55) 13.38 -0.070 0.034

SDLE 3.84 (3.35–4.33) 24.70 4.22 (3.76–4.69) 26.00 3.58 (3.22–3.94) 21.34 -0.041 0.457

80 LE 6.76 (6.75–6.77) 7.05 (7.04–7.06) 7.29 (7.28–7.30) 0.079 0.007

HLE 3.38 (2.73–4.04) 50.04 2.68 (2.10–3.26) 38.02 3.82 (3.41–4.22) 52.35 0.043 0.596

MFLE 3.00 (2.39–3.61) 44.34 2.30 (1.80–2.80) 32.64 3.41 (3.06–3.77) 46.83 0.091 0.191

DisFLE 1.76 (1.23–2.29) 26.04 2.19 (1.68–2.71) 31.12 2.49 (2.14–2.83) 34.15 0.084 0.062

DisLE 2.79 (2.19–3.40) 41.31 1.47 (1.02–1.92) 20.86 2.57 (2.22–2.92) 35.31 -0.004 0.954

ComLE 2.21 (1.63–2.78) 32.65 3.39 (2.83–3.94) 48.02 2.23 (1.89–2.56) 30.54 0.018 0.782

DFLE 3.59 (2.97–4.20) 53.05 3.24 (2.70–3.78) 45.96 4.09 (3.73–4.44) 56.05 0.097 0.116

MDLE 0.59 (0.24–0.94) 8.77 1.09 (0.71–1.48) 15.53 1.09 (0.82–1.35) 14.89 0.064 0.025

SDLE 2.58 (1.99–3.18) 38.18 2.71 (2.19–3.24) 38.51 2.12 (1.80–2.44) 29.06 -0.071 0.050

a Weighted least square regression
b 95% Confidence interval
c Disease cluster: heart disease (myocardial infarction and severe heart problem), respiratory disease (asthma, chronic bronchitis, chronic

obstructive pulmonary disease, other longstanding lung disease), musculoskeletal disease (longstanding (longer than 3 months) back pain, disc

problem, osteoarthritis knees, hips, hands, rheumatoid arthritis of hands or feet, other form of chronic inflammation of joints), cancer, neuro-

logical disease (epilepsy, dizziness with falling, stroke) and diabetes
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tends to increase the duration and the proportion of life in

ill-health. This is because declining mortality among the

healthy brings more people into ages where the probability

of unhealthy outcomes is high and because the life of the

unhealthy is extended. In such a situation substantial

improvement in incidence and cure rates are needed to

achieve an absolute compression. Simulation models have

shown that in order to obtain compression the effect of

reducing the incidence is larger than increasing recovering

rates and that the improvement in the incidence and

recovery rates have to be more substantial for a same

change in mortality at older ages due to the higher con-

centration of ill health (Nusselder 1998). These processes

may in part explain the observed difference in the evolution

in the population health at age 65 and at age 80. Further-

more, the initially lower mortality rates in women and the

fact that more women reach older ages can also explain in

part the observed gender differences.

It is for the first time that health expectancy indicators in

Belgium can be estimated for such a long period based on

large national samples.

The sampling methodology, the fieldwork organisation

and the participation rate did not change for the three

studies. Over the study period, both the proportion of the

Belgian population, 65 years and older in nursing homes

(6.1% in 1997 and 6.6% in 2004) and receiving formal

long-term care at home (6.6% in 1998 to 7.5% in 2004)

increased slightly. In the 2004 survey; however, there was

an oversampling of the 65–74 years and 85+ years popu-

lation and the interviewers were specifically trained to

reach selected subjects living in nursing homes. The data

presented in the paper concerns the total study population,

which could downgrade possible positive evolutions.

However, exclusion of the nursing homes population did

not affect the results to change the conclusion, probably

because of a selection towards institutionalized subjects

who were able to participate to the survey.

The period of observation (1997–2004) remains rather

short compared to time series available in neighboring

countries. This is, together with the fact that the evolution

is only measured at three points in time, an important

limitation. With only three observation points, the linear

Table 4 Total life expectancy (LE), life expectancy in good self-

perceived health (HLE), life expectancy without chronic morbidity

(MFLE), life expectancy without a disease clusterc (DisFLE), with at

least one disease cluster (DisLE) or with co-morbidity (ComLE) and

life expectancy without disability (DFLE), with moderate (MDLE)

and with severe (SDLE) disability among females at age 65 and age

80, Belgium, 1997–2004

At age 1997 2001 2004 Yearly changea

Year % of LE Year % of LE Year % of LE Coefficient P-value

65 LE 19.80 (19.78–19.82)b 20.23 (20.21–20.25) 20.66 (20.64–20.68) 0.107 0.022

HLE 9.51 (8.84–10.18) 48.03 9.61 (8.97–10.26) 47.51 10.34 (9.82–10.85) 50.04 0.105 0.300

MFLE 9.78 (9.16–10.40) 49.38 9.23 (8.64–9.82) 45.63 10.88 (10.43–11.34) 52.67 0.151 0.263

DisFLE 6.37 (5.78–6.95) 32.16 5.58 (5.05–6.11) 27.58 6.50 (6.06–6.93) 31.44 0.071 0.432

DisLE 7.72 (7.11–8.33) 39.00 9.08 (8.48–9.68) 44.89 8.70 (8.24–9.17) 42.12 0.097 0.131

ComLE 5.71 (5.14–6.28) 28.83 5.57 (5.02–6.11) 27.53 5.46 (5.06–5.87) 26.44 -0.031 0.539

DFLE 11.70 (11.09–12.30) 59.08 11.07 (10.48–11.66) 54.73 12.71 (12.26–13.15) 61.50 0.129 0.353

MDLE 2.60 (2.19–3.01) 13.14 3.14 (2.71–3.57) 15.53 2.62 (2.31–2.94) 12.70 0.007 0.844

SDLE 5.50 (4.95–6.06) 27.78 6.02 (5.46–6.57) 29.74 5.33 (4.94–5.72) 25.81 -0.016 0.857

80 LE 8.76 (8.75–8.77) 9.00 (8.99–9.01) 9.21 (9.20–9.22) 0.058 0.077

HLE 3.66 (3.04–4.28) 41.80 3.94 (3.32–4.57) 43.80 3.99 (3.61–4.37) 43.32 -0.006 0.936

MFLE 4.27 (3.72–4.81) 48.72 3.60 (3.06–4.14) 40.03 4.09 (3.79–4.40) 44.43 -0.018 0.741

DisFLE 2.61 (2.10–3.13) 29.85 1.90 (1.44–2.35) 21.09 2.33 (2.06–2.60) 25.28 -0.005 0.915

DisLE 3.36 (2.81–3.91) 38.39 4.06 (3.50–4.62) 45.12 3.81 (3.50–4.12) 41.41 0.032 0.382

ComLE 2.78 (2.27–3.30) 31.76 3.04 (2.51–3.57) 33.79 3.07 (2.77–3.36) 33.31 0.052 0.082

DFLE 4.62 (4.09–5.16) 52.78 4.42 (3.87–4.98) 49.13 4.85 (4.54–5.16) 52.62 0.027 0.576

MDLE 0.65 (0.36–0.94) 7.45 1.21 (0.83–1.59) 13.47 0.89 (0.70–1.08) 9.64 0.024 0.278

SDLE 3.48 (2.95–4.02) 39.78 3.37 (2.83–3.91) 37.40 3.48 (3.18–3.77) 37.73 0.014 0.728

a Weighted least square regression
b 95% Confidence interval
c Disease cluster: heart disease (myocardial infarction and severe heart problem), respiratory disease (asthma, chronic bronchitis, chronic

obstructive pulmonary disease, other longstanding lung disease), musculoskeletal disease (longstanding (longer than 3 months) back pain, disc

problem, osteoarthritis knees, hips, hands, rheumatoid arthritis of hands or feet, other form of chronic inflammation of joints), cancer, neuro-

logical disease (epilepsy, dizziness with falling, stroke) and diabetes
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trend estimate of yearly change is not the most appropriate

when there is a difference in the evolution in the 1997–

2001 and the 2001–2004 periods. We should therefore,

independently of the statistical significance, be careful in

interpreting the observed trends. The lack of a consistent

evolution of the different health domains over the two

periods is explicit for males at age 80 years and for females

at both age 65 and age 80 years and should caution infer-

ence about future evolution.

Data that enable international comparison are rare. The

period considered and the health status definitions are often

different and the estimates are not given at older ages.

Recent publications suggest evidence for compression of

disability at older ages during the last two decades with a

decline in both mild and severe disability in the US (Manton

et al. 2006). Although for several EU countries trends have

been published (see, e.g., Bronnum-Hansen 2005; Dobl-

hammer and Kytir 2001; Perenboom 2004; Perenboom et al.

2004), it is sufficient for the purpose of the discussion to

focus on the European Community Household Panel

(ECHP) which allows to estimate the disability free life

expectancy (without severity level) between 1995 and 2001

for 12 EU member states (Robine et al. 2005).2 Similar to

current observations described in this paper, the ECHP data

for Belgium provides evidence for compression at age 65.

When comparing the evolution in the 12 EU member states,

there appear to be gender differences and three different

trend patterns emerge: there are countries with evidence for

compression (among males: Austria, Belgium, Finland,

Greece, Germany, Italy, Spain; among females: Belgium,

Italy, Sweden), there are countries with an equilibrium

(among males: France; among females: Denmark, France,

Spain) and there are countries with an expansion (among

males: Denmark, Ireland, the Netherlands, Portugal, Swe-

den, UK; among females: Finland, Greece, Germany,

Ireland, the Netherlands, Portugal, UK).

Although we used the published classification (Nussel-

der 1998) for the equilibrium when the health outcome is

binary, evidence for the three health models can best be

evaluated when a level of severity is taken into account.

Under the assumption that survival with one or more dis-

ease clusters is gender independent, the observed

compression in males and the observed dynamic equilib-

rium (absolute and relative expansion together with a shift

to more moderate ill health) in females for the disease

cluster domain could be explained by a delay in incidence

in males without a delay in incidence in females. However,

from a historical point of view women are ahead in the

epidemiologic transition compared to men. The gains in

life expectancy and changes in health among women are

Table 5 Overview table of the absolute and relative evolution in

population health in Belgium between 1997 and 2004 based on the

complete health expectancy indicators in the domain of the self-

perceived health, chronic morbidity, co-morbiditya and disability at

age 65 years and at age 80 following the classification by Nussel-

der(Nusselder 1998)

Gender At age Domain Absolute Evolution Relative Evolution Shift between severity levels

Males 65 Self-perceived health Equilibrium Compression-Expansion Compression

Chronic morbidity Compression Compression

Co-morbidity Compression Compression Shift to severe level

Disability Compression Compression Shift to severe level

80 Self-perceived health Expansion Compression

Chronic morbidity Expansion Compression

Co-morbidity Compression Compression Shift to severe level

Disability Equilibrium Compression-Expansion Compression Shift to moderate level

Females 65 Self-perceived health Equilibrium Compression-Expansion Compression

Chronic morbidity Compression Compression

Co-morbidity Expansion Expansion Shift to moderate level

Disability Compression Compression Shift to moderate level

80 Self-perceived health Expansion Compression

Chronic morbidity Expansion Expansion

Co-morbidity Expansion Expansion Shift to moderate level

Disability Expansion Expansion Shift to moderate level

a Co-morbidity: based on disease cluster: heart disease (myocardial infarction and severe heart problem), respiratory disease (asthma, chronic

bronchitis, chronic obstructive pulmonary disease, other longstanding lung disease), musculoskeletal disease (longstanding (longer than

3 months) back pain, disc problem, osteoarthritis knees, hips, hands, rheumatoid arthritis of hands or feet, other form of chronic inflammation of

joints), cancer, neurological disease (epilepsy, dizziness with falling, stroke) and diabetes

2 http://ec.europa.eu/health/ph_projects/2003/action1/docs/2003_1_

08_rep2_en.pdf.
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much more concentrated at the frontier of human life span,

whereas men still have a large space for improvement both

in life expectancy and in health.

Delay in incidence, more effective therapy and the

greater availability of technical aids can be possible reasons

for the observed evidence of the compression of the years

with disability at age 65 and of the dynamic equilibrium

theory in the disability domain at age 80. In particular, the

drop (males, females at age 65) or status quo (females at age

80) in the years with severe disability corroborate the

hypothesis (Manton 1982) and findings (Manton et al. 2006)

that medical interventions and disease management are

related to a joined increase in the life expectancy and the

years with morbidity, but as a result of the medical inter-

ventions the progression of the chronic morbidity is reduced

which induces a lower severity. Furthermore, through the

delay in incidence, the effect of changing life styles such as

the decline in smoking prevalence may, especially among

males, be a contributing factor to the compression (Bron-

num-Hansen and Juel 2001).

Conclusion

The recent rise in life expectancy in Belgium among the

older adults is, in general and especially among the

youngest old and among males, accompanied by an

improved health status. The use of multiple health indica-

tors for different age groups and gender among the older

population demonstrates the differentiation in the ageing

and disability process. Although there are some important

limitations in our study (the short period with only three

points of observations) there is evidence that increasing life

expectancy does not necessarily result in expansion of

morbidity. The gain in life expectancy under the age of

80 years is mainly translated into healthy years. At age

65 years and in particular among men the data support the

compression of morbidity model. The gain in life expec-

tancy after the age of 80 years is not in total a benefit

towards more years in health. At age 80 and especially

among women the expansion, both absolute and relative, is

more prevailing. Future research agendas should include

not only continuous monitoring through surveys but should

also stimulate the use of available data to identify causes of

transitions between health states. Population intervention

studies should then be initiated on the determinants

favoring compression.
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