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Abstract
Objective-To review and evaluate the usefulness

of healthy life expectancy as a global indicator of
changes in a population's health.
Design-Review of all known studies to date from

the United States, mainland Europe, Canada, and
the United Kingdom that have used Sullivan's
method of calculating disability free life expectancy.
Main outcome measures-Life expectancy and

disability free life expectancy.
Results-Over the past decade the average healthy

life expectancy was 60 years for men and 64 for
women, with the proportion of years of disability
ranging from 11% to 21% in men and from 14% to
24% in women. At the age of 65 men could expect
eight years of disability free life and women 10, with
the life expectancy being respectively 14 and 19
years. The difference between the wealthiest and
poorest income quintiles was 6-3 years in life
expectancy and 14-3 in disability free life expectancy
for men and 2-8 and 7-6 respectively for women.
These results suggest that disparities in health are
greater between social groups than between the
sexes. Diseases affect mortality and morbidity
differently. The order ofimportance for affecting life
expectancy was circulatory disease, cancer, and
accidents and for disability free life expectancy,
circulatory disease, locomotor disorders, and
respiratory disorders.

Conclusions-Healthy life expectancy is a valuable
index for the appreciation of changes in both the
physical and the mental health states of the general
population, for allocating resources, and for measur-
ing the success of political programmes. Future
calculations should also take into account the
probability of recovery and thus extend the applic-
ability of the indicator to populations in poor health
rather than focusing on the well population.
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Introduction
Healthy life expectancy is an index of a population's

state of health derived from estimates of mortality and
disability, esentially addressing the question ofwhether
observed increases in life expectancy are also accom-
panied by decreases in morbidity. In other words, are
the additional years spent in good health or in a
prolonged state of illness and dependency? The ques-
tion is obviously important both for the understanding
of changes in the state of health of a given population
and for the formulation ofgovernment policies directed
at the provision of services.

Interest in the relation between mortality and
morbidity grew out of speculation about the effects of
the unpredicted drop in mortality observed in elderly
people over the past 15 years. A fundamental question
posed by both demographers and epidemiologists was
whether this drop was prejudicial to the quality of
life-for example, would people who had not died of
cardiovascular disease live on in a state of chronic ill
health?'

Assumptions from first principles about the effects
on a population's health of the decline in mortality
reflect differing hypotheses as to its cause. Fries,
for example, has proposed that the decrease in the
incidence of disease due to improvements in the
preventive aspects of health care has had the effect of
delaying the onset of disability, so people may expect to
live longer in a state of good health.2 3 This theory has
subsequently led to what Fries refers to as a "compres-
sion of morbidity" based on a hypothetical ceiling
value of life expectancy.
More pessimistically, Kramer and Gruenberg have

suggested that the fall in mortality has not been
accompanied by a decrease in morbidity but is
rather a result of the increase in the life expectancy
of people with poor health.45 Kramer thus predicts
increasingly poor health in populations and a sub-
sequent "pandemic of mental disorders and associated
chronic diseases."4 Others suggest that both factors
have contributed to the decline in mortality, resulting
in an increase in the number of people in poor health
but a decrease in the prevalence of more severe
disorders.
The notion of healthy life expectancy may help to

clarify this debate. Early work on this subject focused
on disability free life expectancy, the prevalence of
disability being a comparatively easy health statistic to
obtain in most developed countries. If disability free
life expectancy increases at a slower rate than life
expectancy a pandemic of disabilities might be
expected; if it increases at a similar rate there would be
no change; and if the increase is more rapid Fries's
theory would be confirmed. These three possibilities
are illustrated by the different relative shifts in the
survival curve of the mortality-disability-morbidity
model proposed by the World Health Organisation
(figure).6
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Calculation of healthy life expectancy
The concept of healthy life expectancy was first

elaborated by Sanders in 1964,7 but it was not until the
early 1970s that Sullivan proposed a simple method for
estimating life expectancy as a function of disability.8
This calculation used institutionalisation rates provided
by census data and the prevalences of long term and
short term restrictions in activity (derived from national
health studies) as qualifiers of the years lived at
different ages. The total number of years lived by the
population between given ages are calculated from a
mortality table and the number of years without
disability is deduced from prevalences from cross
sectional health data. The number of years spent
without disability is thus estimated and accumulated
from a starting point and then divided by the number
of survivors at that age, thus giving an estimate of
disability free life expectancy at a given age.

Further calculations were made for the United
States in 1980 by Colvez, who found that between 1966
and 1976 gains in life expectancy seemed to be entirely
lost in increased disability (unpublished data), a
finding that has subsequently led to a series of studies
ofhealthy life expectancy in Europe, the United States,
and Canada that used Sullivan's methods and data
from cross sectional health studies.

Disability free life expectancy in Western countries
Since the appearance of the first calculations

published in 1969 by the United States Department of
Health, Education, and Welfare9 a series of estimates
of disability free life expectancy by Sullivan's method
have appeared for the United States,'0 Canada,"
Quebec,'" "3 New Brunswick,'4 and France.'" Calcula-
tions, as yet unpublished, have also been made for The
Netherlands by Van Ginneken et al (The Netherlands
Institute of Preventive Health Care), for Denmark
by Rasmussen (Danish Institute for Clinical Epidemi-
ology), and for Australia by Smith (Australian Institute
of Health); furthermore, calculations have recently
been repeated for Canada by Wilkins and Adams
(Statistics Canada, Canadian Centre for Health
Information). Bebbington and Crimmins et al recently
published consecutive calculations,'6 17 thus permitting
an appreciation of the evolution of disability free life

TABLE i-Recent regional values by sex oflife expectancy (LE) and disability free life expectancy (DFLE)
in years, with disability free life expectancy as percentage of life expectancy

Men Women

Study, year LE DFLE DFLE/LE (%) LE DFLE DFLE/LE (%)

New Brunswick, late
1970s'4 70-0 56-7 81-0 78-1 61-1 78-2

United States, 1980" 70-1 55 5 79-2 77-6 60-4 77-8
France, 1982" 70 7 61 9 87-6 78-9 67-2 85-2
The Netherlands, 1981-5* 72-8 58 8 80-8 79-5 60-7 76-4
EnglandandWales, 1985"6 71 8 58-7 81 8 77-7 61 5 79-2
Canada, 1986* 73-0 61 3 84-0 79-8 64-9 81 3
Quebec, 1987" 72 1 64-0 88-8 79 5 68-7 86-4

* Unpublished data (see text).

TABLE iI-Recent regional values by sex oflife expectancy (LE) and disabilityfree life expectancy (DFLE)
in years at age 65, with disability free life expectancy as percentage of life expectancy

Men Women

Study, year LE DFLE DFLE/LE (%) LE DFLE DFLE/LE (%)

New Brunswick, late
1970s'4 14 5 6-7 46-2 18 6 10 1 54-3

United States, 1980" 14 2 6-6 46-5 18 4 8-9 48-4
France, 1982" 14 3 9 1 63-6 18 5 9 9 53.5
The Netherlands, 1981-5* 14-0 7 9 56 4 18 6 8-9 47-9
England and Wales, 1985" 13-4 7-7 57.5 17 5 8-9 50 9
Canada, 1986* 14 9 8-1 54-4 19 2 9-4 49-0
Quebec, 1987" 14 2 10-6 74-6 18 9 13 2 69-8
Australia, 1988* 14 8 10-8 73-0 18 7 12-1 64-7

* Unpublished data (see text).

expectancy in the United Kingdom and United States
over 10 years. Calculations have also been made for
Japan from 1965 to 1979,'8 but the methods were not
specified and so we were unable to include the results in
this review.

SEX

The results of the most recent studies currently
available estimate disability free life expectancy to be
around 60 years (range 56-64 years) for men and
around 64 years (range 60-69 years) for women (table
I). Although disability free life expectancy, like life
expectancy, remains higher in women, all studies
suggest that men spend a marginally smaller proportion
of their life in poor health (from 79% to 89%) than
women do (from 76% to 86%). Therefore, though
women may live longer, a slightly greater proportion of
their life is probably spent disabled. All calculations of
disability free life expectancy in England and elsewhere
since Sullivan have confirmed this finding.

AGE

At age 65 disability free life expectancy is around
eight years for men and 10 for women, whereas life
expectancy is respectively around 14 and 19 years
(table II). The importance of the gap between the sexes
in disability free life expectancy seems to diminish with
age.

SOCIOECONOMIC GROUP

The gap increases appreciably between the sexes
when socioeconomic group is considered, an obser-
vation that further highlights health inequities,
particularly for women, in whom no disparities are
observed when life expectancy is considered alone.
The difference in disability free life expectancy between
the richest and poorest fifth of the population is 14
years for men and eight for women (table III). Thus

TABLE iII-Differences in life expectancy (LE) and disabilityfree life
expectancy (DFLE) in years between wealthiest and poorest income
quintiles in Canada"

LE DFLE DFLE/LE (%)

Men
Poorest fifth 67-1 50 0 74 5
Richest fifth 73-4 64-3 87-6
Difference 6-3 14-3

Women
Poorest fifth 76-6 59-9 78-2
Richest fifth 79 4 67-5 85 0
Difference 2-8 7-6

wealthier people not only live longer but they also
spend a significantly smaller proportion of their life
disabled. Calculations of disability free life expectancy
suggest that health disparities are greater between
social groups than between the sexes.

DISEASE

The calculation of theoretical gains in disability free
life expectancy when different diseases are eliminated
permits the construction of a hierarchy of diseases in
terms of the extent to which their suppression increases
both life expectancy and healthy life expectancy. The
ranking of different diseases is not the same for
mortality and morbidity.' 12 The order of importance
in terms of effect on life expectancy is disorders of the
circulatory system, malignant neoplasms, and acci-
dents whereas for healthy life expectancy it is disorders
of the circulatory system, locomotor disorders, and
respiratory disorders (table IV). Thus a health pro-
gramme that led to the elimination of malignant
tumours would be expected to increase life expectancy
for the general population by 1-7 years and years free of
disability by 0 3 years. On the other hand, the
elimination of locomotor disorders would give a gain of
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TABLE iv -Ranked years gained in life expectancy (LE) and disability free life expectancy (DFLE) and
their total when different causes of ill health are eliminated. Data arefor both sexes in United States, 1974'°

DFLE LE Total

Cause Years gained Rank Years gained Rank Years gained Rank

Circulatory diseases 4-2 2 4-1 1 8-3 1
Locomotor disorders 5-1 1 0-2 7 5 3 2
Respiratory disorders 2-2 3 0-5 5 2-7 3
Malignant neoplasms 0-3 8 1-7 2 2-0 4
Injuries 0 4 7 1-5 3 1-9 5
Visual and hearing impairments 1-1 4 - - 1-1 6
Mental disorders 0-6 6 0-4 6 1 0 7
Diabetes 0-7 5 0-2 7 0 9 8
Perinatal mortality - - 0-7 4 0-7 9
Infectious diseases 0-2 9 0-1 9 0 3 10

0-2 years in life expectancy, but 5 - years free of
disability. At present the evaluation of health inter-
vention programmes is based principally on changes in
mortality.

This example shows how such calculations may
provide a useful alternative criterion for the setting of
health objectives-that is, using the increase in years
without disability as opposed to decreased mortality.
Modelling life expectancy and disability free life
expectancy as a function ofspecific diseases is, however,
still mainly of theoretical interest as more realistic
calculations would need to take into account the
complex interrelation between risk factors and
morbidity.

TIME

Few attempts have been made to calculate chrono-
logical series of disability free life expectancy with
strictly identical methods and comparable data. In the
United States from 1958 to 1966 the change in
disability free life expectancy was slight, with a simul-
taneous stagnation in life expectancy.9 With an
expanded definition of disability the reverse was the
case from 1966 to 1976. This finding is supported by
more recent calculations, which show that life
expectancy at birth rose by three years between 1970
and 1980 while disability free life expectancy stayed
virtually the same.'7 The proportion of years spent
without disability has thus fallen in the United States
(table V).

In England and Wales from 1976 to 1985 disability
free life expectancy increased more slowly than life
expectancy for men, such that the proportion of years
spent without disability within the total life expectancy
fell from 83*1% to 81-8% (table V). For women, on the

TABLE v-Life expectancy (LE) and disability free life expectancy
(DFLE) in years with time and by sex in United States and England
and Wales, with disability free life expectancy as percentage of life
expectancy

Men Women

Year LE DFLE DFLE/LE (%) LE DFLE DFLE/LE (%)

United States'
1970 67-0 54-8 81-8 74-6 60-4 81-0
1980 70-1 555 79-2 776 604 77-8

England and Wales"
1976 70 0 58-2 83-1 76-1 61-7 81-1
1981 71-1 58-5 82-3 77-1 60-6 78-6
1985 71-8 58-7 81-8 77-7 61-5 79-2

other hand, disability free life expectancy stagnated
while life expectancy increased by 1-6 years so that the
proportion of years spent without disability fell even
further from 81-1% to 79 2%. Together these results
suggest a significantly slower growth (if any) in
disability free life expectancy than life expectancy,
thus supporting the pandemic theory.

Extreme care should be taken in interpreting the
chronological series presently available."' Sullivan's
method, which combines mortality quotients (period
data) with observed disability prevalence (cohort data,

which are a function of the unique history of each
generation), provides only an estimation of the value
being studied, with unknown precision. Indeed,
Sullivan estimated the prevalence at each age for a
period (such as a year) by the prevalence observed in
each living generation. To constitute a period index
capable of attributing a global morbidity characteristic
to a given period, disability free life expectancy should
be derived only from a combination of period data.
The incidences of entry into disability and recovery

are difficult to observe but the probability of survival
without disability for both disabled and healthy groups
at the beginning of the observation period (such as the
beginning of the year) should be easier to measure.

Experimental calculations with these kinds of data
have already been made for people aged over 65 in
Massachussetts"920 and upper Normandy.2' The upper
Normandy study suggests that the additional years of
disability observed in women may be explained by the
survival differential in favour ofwomen which persists
beyond the acquisition of the incapacity,2' a hypothesis
reinforced by Manton's study of the incidence of
disability in the United States.22

Current problems and future directions
Disability free life expectancy, as opposed to simple

mortality statistics, is potentially useful as a basis both
for international comparisons of health state and for
allocating health resources. If the principal objective of
social and health systems is not only to prolong life but
also to maintain its quality in terms of autonomy and
social functioning for as long as possible6 then healthy
life expectancy comes close in theory to being an ideal
indicator for monitoring the realisation of health
objectives.23 However, several difficulties in calculating
disability free life expectancy remain. The most
compelling is the question ofthe reliability ofmeasures.
Though there has been considerable consistency
between studies about the method used to calculate
disability free life expectancy, there remain large
differences in defining and measuring disability. As the
standardisation of physical disability measures has
been largely realised in the past 15 years with the
development of the concepts of survival roles,2425
activities of daily living,26 instrumental activities of
daily living,27 and the differentiation of the notions of
aptitude and performance28 more reliable instruments
for the measurement of physical incapacity are now
available.

Attempts to develop other measures of healthy life
expectancy- notably, life expectancy without mental
disability -raise once again the problem of reliable
algorithms that permit intercultural comparisons. In
particular, the question of whether the calculation of
life expectancy without cognitive deterioration can be
accurately estimated is of increasing interest, given the
public health problems raised by the predicted increase
in the prevalence of senile dementia. Such a measure
would be useful not only for determining whether
different age groups show modifications over time in
dementia free life expectancy but also for examining
changes in the relation between dementia and physical
disability, in planning appropriate health care, and in
testing aetiological hypotheses on dementia. For
example, do the relatives ofpeople with senile dementia
show the same patterns ofdementia free life expectancy
as the general population? Early evidence suggests that
they do not,29 and that there may be significant
differences between the sexes. The value of these
findings is, however, presently limited by the lack of
data on dementia free life expectancy in the general
population.

Current attempts to calculate dementia free life
expectancy are handicapped not only by confusion in
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the definition of cognitive deterioration, often falsely
used interchangeably with dementia, but also by the
limitations of current screening methods.30 Though
the calculation of life expectancy free of irreversible
cognitive deterioration would be a useful first step, the
question of appropriate measures and diagnostic
criteria remains a problem to be resolved, particularly
if crosscultural comparisons are envisaged. An inter-
national network with representatives from eight
member countries (Australia, Canada, Denmark,
France, The Netherlands, the United Kingdom,
United States, and Switzerland) has recently been
established under the auspices of the Institut National
de la Sante et de la Recherche Medicale in France
to deal with this and other problems relating to the
development of standardised international measures of
healthy life expectancy, both physical and mental.
An important point raised by the international

network is the notion of reversibility or permanence of
ill health (especially disability). This question has not
been properly examined to date because of the common
use of Sullivan's method, which side steps the issue by
directly observing prevalence (in itself a function of
duration of ill health). Future calculations with period
data could, however, take up this problem.

In the first instance the average duration of life up to
the onset of disability could be calculated by using the
probabilities of survival without disability, initially for
non-disabled people alone. Such an indicator, which
totally neglects disabled people, would thus be largely
examining preventive health actions. Changes could be
interpreted as reflecting fluctuations in the onset of
disability hence the efficacy of preventive health pro-
grammes. This is clearly a useful application, but the
indicator is limited, firstly, in that it inherently
assumes that the disability will be permanent and,
secondly, in that it focuses on factors related to good
health and so applies only to the well population.
A further step would be to calculate additionally

the total average duration of life without disability
combining the probabilities of survival without disabil-
ity for people born not disabled with that of subjects
born disabled. Change in the arithmetic difference
between the two average durations (total average
duration of life without disability minus average
duration of life up to the onset of the first period of
disability) could then be used to describe the relative
effectiveness of rehabilitation and therapeutic inter-
vention programmes. In this way an indicator relevant
to ill populations may also be derived. With indicators
applicable to both healthy and non-healthy people the
ethical dilemma of allocating healthy resources only to
the well population will be overcome.

Conclusions
Although the well established overall trend in the

general population is of diminishing mortality,
increases may occasionally be observed for various
reasons. Without validated explanatory hypotheses on
changes in life expectancy in present demographic
projections ana a consensus on its relation to disability,
the calculation of chronological series of disability free
life expectancy seems to be useful in verifying different
theories on the evolution of health states and in
forecasting the consequences of a lowering of mortality
on the functional health state of particular populations.
Estimates of health state under different conditions
relating to the evolution of disability (as has already

been done for mortality) and more accurate projections
of a population's health and resource needs should
therefore be possible. Current difficulties in calculating
healthy life expectancy as a population indicator relate
primarily to a lack of consensus on definitions of
health, morbidity, and disability and on the standard-
isation of calculation procedures. A further limitation
lies in the restriction of present calculations to the
description of healthy populations. The inclusion of
probability of recovery in calculating healthy life
expectancy would extend its application to ill popula-
tions and hence provide a measure of the efficacy of
rehabilitation programmes. It is hoped that the newly
constituted international network for the observation
of healthy life expectancy will shortly be able to
provide guidelines for standardisation of methods to
permit crosscultural and intracultural comparisons of
changes in state of health.
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