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Abstract In countries with low mortality rates, the
quality of the years of life is more important to consider
than total life expectancy (TLE). Disability-free life
expectancy (DFLE) is one of the most relevant indica-
tors of health and the quality of life. This paper aims to
estimate TLE and DFLE with four levels of severity of
disability and to explore gender and educational differ-
ences in older French people. In this cohort study, four
levels of disability severity were distinguished, disability
being evaluated for mobility, instrumental and basic
activities of daily living. For each level, TLE and DFLE
were calculated using multi-state models from transition
probabilities. From the population of two areas of
South West France 3,777 subjects were randomly se-
lected from the electoral rolls. At the baseline, they were
aged 65 years and over, living in the community and
were interviewed 6 times over the 10-year follow-up. At
age 65, women lived longer than men (4.5 extra years),
but shorter fully independent lives (—2.2 years). They
also lived longer in each of the three degrees of disability
(+4.2 years with moderate or severe disability). The
higher educated lived longer (1.3 extra years at age 65),
with the additional years free of disability. Regardless of
age, gender and education, there appeared to be a 1-year
incompressible time spent with severe disability. To
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conclude, these are the first health expectancies based on
the longitudinal data for France. Whilst most of the
studies were based on cross-sectional data, this paper
gives a more realistic indicator of the health and socio-
economic inequalities in France in the 1990 s.
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Introduction

Many countries worldwide are experiencing an ageing of
their populations and France is no exception. Indeed,
France has one of the highest life expectancies in the
world and the highest within Europe (Cambois and
Robine 1996; Robine et al. 2002). There is much evi-
dence worldwide for inequities in life expectancy by
gender (lower for men than women) or socially disad-
vantaged groups (lower for the less educated or black
people) (Guralnik et al. 1993; Jitapunkul et al. 2003;
Robine et al. 2002; Valkonen et al. 1997). However, the
important question is no longer whether inequities in life
expectancy exist but rather the quality of the extra years
lived. In countries with low mortalityrates, there is a fear
of an Expansion of morbidity (Gruenberg 1977), the in-
crease in life expectancy in good health being not as
great as the mortality decline. The classic health indi-
cators based on mortality or on morbidity are insuffi-
cient to rigorously study the population’s health. Health
expectancies bringing together mortality and morbidity
indicators are currently the most relevant indicators.
Disability-free life expectancy (DFLE), which is rela-
tively easy to calculate, is one of the most widely
accepted and used indicator to describe health status
and monitor trends, to study health inequalities in dif-
ferent population groups and to evaluate health needs
(Gutierrez-Fisac et al. 2000). Such data for France is
sparse, though a recent World Health Organization
report comparing 191 countries found that France had
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the third highest healthy life expectancy after Japan and
Australia (Mathers et al. 2001), results that were con-
firmed in Europe in the European Community House-
hold Panel (Robine et al. 2002). Several reports have
stated that the extra years gained by women are spent
with disability or in poorer health (Crimmins et al. 1996;
Robine et al. 1999), but we are not clear whether the
additional years gained by socially advantaged groups
are spent in good or poor health. Most studies would
suggest that the socially advantaged have longer total
and healthy life expectancy and that inequalities are
greater for healthy life than for total life expectancy
(TLE) (Crimmins and Cambois 2003).

However, there are two important limitations with
the current literature on differentials in healthy life
expectancy by socio-demographic disadvantage, which
this paper aims to address. First, most are based on
cross-sectional data, which are less costly and more
readily available than panel surveys. Here we used lon-
gitudinal data that give a much more realistic indicator
of health over a time period, as multi-state life tables
explicitly take into account the onset of ill-health as well
as the possibility of recovery as people age (Laditka and
Haywards 2003). Second, most studies view disability as
a dichotomy (with and without). Though this can elu-
cidate whether compression or expansion of disability is
present, it cannot examine the scenario of Manton
(1982) where disability as a whole may increase though
the severity may lessen.

Therefore, we aim to describe in an older French
population gender and educational differentials in TLE
and DFLE with longitudinal data, thus observing older
people moving through a range of severities of disability
as they age.

Methods
Study population

We used data from the PAQUID (“Personnes Agées
QUID”) cohort, a study of cognitive and functional
ageing. The sample was randomly selected from the
electoral rolls in 1988 from Gironde and Dordogne, two
administrative areas of south—west France. This sample
included 3,777 subjects aged 65 years and over at the
baseline, living in the community and was representative
of the age—sex distribution of the elders of the area
(Dartigues et al. 1991). This research has been approved
by the ethics committee of the Centre Hospitalo—Uni-
versitaire of Bordeaux, and conformed to the principles
embodied in the Declaration of Helsinki. The partici-
pants were initially interviewed at home by a psycholo-
gist and similarly re-interviewed 1, 3, 5, 8 and 10 years
after the baseline visit. Socio-demographic, environ-
mental and health related factors were collected at each
follow-up. The general methodology has been described
previously (Barberger-Gateau et al. 1992; Dartigues
et al. 1991).

Disability indicators

We used a four-grade hierarchic indicator of disability
(Barberger-Gateau et al. 2000), combining three dis-
ability scales: basic and instrumental activities of daily
living (ADL and TADL) and mobility. The ADL of the
Katz scale evaluated the ability for bathing, dressing,
toileting, transferring and feeding (Katz et al. 1970). The
IADL included telephoning, shopping, use of transport,
responsibility for one’s own medication and the ability
to handle finances (Lawton and Brody 1969). As rec-
ommended by Lawton, the ability for three supple-
mentary activities was evaluated only for women: meal
preparation, housekeeping and doing laundry (Lawton
and Brody 1969). Mobility was evaluated by three
activities of the Rosow’s scale: doing heavy work around
the house, walking half a mile and moving up and down
to the second floor (Rosow and Breslau 1966). For each
scale, the subjects were considered as disabled if they
could not perform at least one activity without help. If
disability was missing in at least one scale, the hierarchic
indicator could not be used, but this case concerned less
than 20 subjects at each visit. The development of the
disability indicator has been described in more detail
(Barberger-Gateau et al. 2000). This hierarchic indicator
of disability ranges from full independence (indepen-
dence in each of the three scales) to severe disability
(mobility- and IADL- and ADL-disability). Mild dis-
ability is defined as the restriction in only mobility,
whereas moderate disability is the restriction in mobility
and TADL. This hierarchic scale fitted 99.3% of the
subjects at the baseline and is an almost perfect Gutt-
mann scale (Barberger-Gateau et al. 2000). We succes-
sively calculated TLE and DFLE by gender and
educational level; the higher educated were those
achieving at least the Certificat d’Etudes Primaires
(CEP), the first French diploma corresponding to about
7 years of schooling. Four levels of disability severity
were distinguished: none, mild, moderate and severe
disability. Since most of the subjects were mobility-re-
stricted (74%) and those that were only restricted (i.e.
mild disability) were relatively independent in daily liv-
ing, we also analysed disability as a dichotomy, distin-
guishing ‘‘active” and “‘inactive” state. As defined by
Manton and Stallard (1991), we defined “Active” Life
expectancy (ALE) by the number of years a person can
expect to live free of “‘serious” disability. Thus, we de-
fined “‘active” as having none or mild disability and
“inactive”’ as having moderate or severe disability, these
definitions resulting in estimates of active life expectancy
and inactive life expectancy (ILE).

Statistical analyses

Life expectancies were calculated using the IMaCh
(Interpolated Markov Chain) software version 0.94
(Lievre et al. 2003), which fits a multinomial logistic
regression to model the transition probabilities to and



from disability and to death with age. IMaCh used these
transition probabilities in a multi-state life table to cal-
culate life expectancies in each disability state. This
computer program can deal with different delays be-
tween waves for each individual or missing data. The
information is thus not rounded or lost, but taken into
account by interpolation or extrapolation. Using the
data collected over the 10-year follow-up during the 6
successive visits, the incidence data in the consecutive
follow-up intervals collapsed in the analyses. These
calculations provided estimations of TLE, DFLE and
95% confidence intervals were calculated from the
standard deviations of the life expectancies. Chi-square
tests were used to analyse statistical associations of vital
status with sex and education.

Results
Sample description

Among the 3,777 initial participants of PAQUID, we
excluded 293 subjects who survived but had only one
interview. Those subjects were younger, more often
women, less educated, less often disabled at the baseline
(36.0% were fully independent vs 24.7% of the others)
and had a very low mortality rate compared with the
others (19.1% over the 10-year follow-up vs 45.6%). The
sample studied here included 3,484 subjects with a mean
age of 75.5 years at the baseline (SD=6.9), 58.3% were
women and 35.5% were less educated. At the baseline,
24.7% were fully independent, 44.5% mildly disabled
(only mobility-disabled), 26.0% moderately disabled
(mobility and TADL-disabled) and 4.8% severely
disabled (mobility- and TADL- and ADL-disabled).
Table 1 presents the description of the 6 visits by age,
gender, education, disability and vital status. At each
visit, subjects who refused to participate or were lost to
follow-up were significantly more often women and were
less educated, but no differences were observed by age.
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Over the 10-year follow-up, 1,606 subjects died (46.1%),
death being significantly more frequent among men
(49.7 vs 37.4% in women, P <0.0001) and those with less
education (50.1 vs 38.4% in the higher educated,
P <0.0001).

Gender differentials

In terms of transition probabilities, women were more
likely to transit towards disability or more severe dis-
ability than men, especially from full independence. The
probabilities obtained at age 65 are presented Table 2.
The transition probabilities from full independence to
any level of disability (0 — 123) were 11% in men and
19% in women at age 65, this difference increasing with
age to reach 35 and 51%, respectively, at age 85 (data
not shown). Women were more likely to recover from
disability than men, except for recovering full indepen-
dence, with 34% of recovery in men versus 24% in
women at age 65. Finally, the probability of death was
higher in men than in women (almost twice higher)
irrespective of functional status.

Women lived more years in total than men
(20.7 years at age 65 vs 16.1, respectively) (Table 3), but
lived fewer years fully independent (2.2 years less than
men, 95%CI 1.51-2.89) and longer in each of the three
disability status, with the differences greater at younger
ages (Fig. 1). It should be noted that the differences
observed by gender in the lifetime lived with mild dis-
ability strongly declined with age and reversed at age 79.
The additional years were mostly lived inactive, that is
with moderate or severe disability. At age 65, as pre-
sented in Fig. 2a, of the 4.5 extra years of life (95% CI
3.61-5.39), women lived 4.2 years (95% CI 3.63-4.77)
longer inactive and after the age of 70 the inactive life-
time overtook the additional years of life. ILE as a
proportion of remaining life dramatically increased with
age. At age 65, women lived more than one third of the
remaining life inactive (i.e., with moderate or severe

Table 1 Description of the 6 waves over the 10-year follow-up by age, gender, education, disability and vital status—the PAQUID cohort,

1988-1998
Visit at TO Visit at T1 Visit at T3 Visit at T5 Visit at T8 Visit at T10
N % N % N % N % N % N %
Visited 3,484 1,849° 746> 2311 77.3° 2080 79.1° 1,566 72.0° 1,461 77.8°
Refusals, lost to follow-up 169 4.5 963 25.5 814 21.6 921 24.4 747 19.8
Deceased 0 172 49 493 14.1 856 24.6 1,309 376 1,606  46.1
Age (standard deviation) 75.5 6.9 76.1 6.9 718 6.5y  79.1 6.1)  81.0 (5.7) 827 (5.4)
Female gender 2,031 583 1,081 58.5 1,335 57.8 1,241 597 941 60.1 923 63.2
Low level of education 1,237 355 555 300 716 31.0 627 30.1 456 29.1 422 28.9
Disability
Full independence 858 247 435 23.8 618 267 596 29.0 351 227 226 15.7
Mild disability 1,546 445 864 473 905 392 713 34.8 539 34.9 510 354
Moderate disability 903 26.0 452 24.8 645 279 589 287 497 322 505 35.1
Severe disability 168 4.8 75 4.1 142 6.2 153 7.5 158 10.2 199 13.8

4The visit at T1 was only conducted on the subjects selected in the Gironde area
PProportion of subjects visited among the survivors at each follow-up
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Table 2 Transition probabilities between 65 and 66 years of age according to the three different thresholds of disability by gender and

education—the PAQUID cohort, 1988-1998

Transition Progression Death from Recovery from Death from

probabilities age 65 towards disability disability free state disability disability

By sex Men Women Men  Women Men Women Men Women

Disability threshold

O versus 1,2 or3 02123  0>123 0D 0>D 32150 32150 321D 321D
0.113 0.187 0.014 0.001 0.336 0.243 0.021 0.011

Oorlversus2or3 1323 01523 01D 015D 32510 32510 325D 329D
0.016 0.027 0.019 0.006 0.249 0.312 0.047 0.023

0, 1 or 2 versus 3 01253 0123 012D 012D 3210 3210 35D 35D
0.002 0.003 0.017 0.008 0.109 0.152 0.121 0.079

By education LLE? HLE" LLE HLE LLE HLE LLE HLE

Disability threshold

Oversus 1,2 or3 05123  0>123 0D 0>D 32150 32150 3215D 321D
0.169 0.142 0.015 0.012 0.230 0.291 0.019 0.016

Oorlversus2or3 1323 01523 015D 015D 32510 32510 325D 325D
0.032 0.020 0.013 0.013 0.239 0.313 0.035 0.032

0, 1 or 2 versus 3 01253 01253 012D 012D 35210 35210 35D 35D
0.004 0.002 0.014 0.013 0.139 0.133 0.107 0.103

State O N State 1 - State 2 N State 3
Full independence Mild disability | | Moderate disability Severe disability

\ N

v /

ELLE: Low Level of Education
LLE: High Level of Education

disability) and this increased to over 80% by age 85
(Table 3). Similar increases were found for men, al-
though men spent only one fifth of their life inactive at
age 65. Irrespective of age, the time lived with severe
disability was constant, around 0.7 years in men and 1.8
in women.

Educational differentials

Higher educated subjects were less likely to transit
towards disability and also more likely to recover from

disability. At age 65, the probability of transition from
full independence to any level of disability was 14% in
the higher educated compared to 17% in the others
(Table 2). The probability of recovery of full inde-
pendence was 29% in the higher educated subjects
versus 23% among the less educated ones. No educa-
tional differences were observed for the transitions
from the most severe disability and for the probability
of death.

When compared to those with a low level of educa-
tion, the higher educated subjects lived more years in
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Table 3 Total active and inactive life expectancies (TLE, ADL and ILE) with 95% confidence intervals, at ages 65, 75 and 85, by sex and
education—the PAQUID cohort, 1988-1998

Ages Total life expectancy Active life expectancy Inactive life expectancy

TLE 95% CI ALE?® 95% CI % of TLE ILE® 95% CI % of TLE
Men (N=1,453)
65 16.12 15.44 16.79 12.84 12.25 13.42 (79.6) 3.28 2.95 3.61 (20.4)
75 9.52 9.13 9.90 6.11 5.75 6.47 (64.2) 3.41 3.11 3.71 (35.8)
85 4.82 4.53 5.11 1.81 1.56 2.05 (37.5) 3.01 2.73 3.29 (62.5)
Women (N=2,031)
65 20.67 20.10 21.25 13.17 12.71 13.63 (63.7) 7.50 7.04 7.97 (36.3)
75 12.65 12.23 13.08 5.51 5.21 5.82 (43.5) 7.14 6.75 7.53 (56.5)
85 6.76 6.41 7.11 1.12 0.97 1.28 (16.6) 5.64 5.27 6.00 (83.4)
Low educated (N=1,237)
65 17.08 16.21 17.96 11.16 10.50 11.82 (65.3) 5.92 5.33 6.51 (34.7)
75 10.22 9.73 10.71 4.47 4.06 4.87 (43.7) 5.75 5.31 6.21 (56.3)
85 5.35 5.00 5.70 0.85 0.68 1.03 (15.9) 4.50 4.12 4.87 (84.1)
Higher educated (N=2,247)
65 18.43 17.79 19.07 13.59 13.11 14.08 (73.7) 4.84 4.45 5.22 (26.3)
75 11.32 10.88 11.75 6.40 6.07 6.73 (56.5) 4.92 4.56 5.28 (43.5)
85 6.02 5.65 6.39 1.73 1.51 1.97 (28.7) 4.29 3.92 4.65 (71.3)

YALE, without any or with mild disability
°ILE, with moderate or severe disability

—— Women
*—% Men

®
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Full independence ] With mild disability
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o
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Fig. 1 Life expectancy in each level of disability by age, according to gender—the PAQUID cohort, 1988-1998
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Fig. 2 Differentials in total and active life expectancy at ages 65, 75 and 85 by sex and education—the PAQUID cohort, 1988-1998. a
Gender differentials. b Educational differentials. ¢ Educational differentials in men. d Educational differentials in women. Dark grey bar
difference in LE with moderate or severe disability (ILE), light grey bar difference in LE with mild disability, white bar difference in LE

without any disability, black bar difference in total LE

total and more years active (2.4 years longer at age 65,
95% CI 1.58-3.22), both in absolute terms and in the
proportion of remaining life spent active (Table 3). This
was in contrast to gender differences where women lived
longer but longer inactive. Differences in ALE between
the low and high levels of education were greater than
the differences in TLE (Fig. 2b). Less educated subjects
appeared to live longer with moderate disability, but
only at younger ages (Fig. 3).

When men and women were analysed separately, the
differences between education groups remained with
similar patterns in men and women, but with larger
differences in men (Fig. 2c, d). At 65 years of age and
compared to those with less education, higher educated
men could expect to live 2.3 years longer (95%CI
—0.51-5.11) and 3.0 years longer active (95%CI 1.74-
4.26), whilst the equivalent figures for women were
1.0 years (95%CI —0.26-2.26) and 1.8 years (95%CI
0.83-2.76), respectively (Fig. 2c, d). Again, differences in
ALE (i.e., without any disability or with mild disability)
exceeded differences in TLE.

Discussion

This paper reports the first disability-free life expectan-
cies based on longitudinal data in an aged French pop-
ulation. Our calculations, using multi-state models and
based on the incidence of disability, give a closer and
more realistic estimate of the true health expectancy of
the period studied, that is, the 1990 s here, than do
methods based on the prevalence of the cross-sectional
data (Lievre et al. 2003). The latter methods mostly
measure the history of health conditions, whilst the
estimations provided by the multi-state method reflect
the current conditions. The estimations based on the
incidence of disability allow taking into account period
effects such as improvement in medical management of a
disabling pathology, whilst such an improvement will
only have a slight impact on the prevalence of disability
(Lievre et al. 2003). However, estimations based on
longitudinal data are more influenced by survey design
and analytic strategies than those based on cross-sec-
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Fig. 3 Life expectancy in each level of disability by age, according to education—the PAQUID cohort, 1988-1998

tional data (Saito et al. 1992). The multi-state method
used in this paper also models the possibility of recovery
from disability, whilst ignoring this transition could lead
to misleading conclusions (Liu et al. 1995). Reversibility
of disability is also essential when exploring differentials
between social groups, since they may arise from dif-
ferences in mortality, in the onset of and recovery from
disability or some combination of these transitions
(Crimmins et al. 1994). Moreover, whilst most previous
studies focused on disability as a dichotomy, our data
covered the full spectrum of disability, distinguishing it
with four levels of disability, showing notably the con-
siderable weight that the threshold of disability has on
the conclusions drawn. Indeed, to simplify the presen-
tation of the results, we chose to present disability as a
dichotomy (active vs inactive) and if the active state had
been defined as full independence, gender inequalities
would have been much larger than with our definition,
which included mild disability.

Our findings confirm the high life expectancy of older
French people compared to others (Cambois and Ro-
bine 1996; Robine et al. 2002) albeit with both gender
and education differences in the years spent free of dis-
ability. However, the inequalities by education differed

from those by gender in terms of the lifetime spent with
disability. Women paid longer longevity by poorer
quality of life, whereas the early life advantage in terms
of higher levels of education did not pay this price for
longer life, living with both higher “quantity” and
quality of life.

Our results also suggest that the expected years spent
inactive (with moderate or severe disability) are incom-
pressible, as reported by others (Branch et al. 1991;
Crimmins et al. 1996; Guralnik et al. 1993). In particu-
lar, regardless of age, gender or education, around
1 year is spent with basic ADL-disability, a level of
severity that requires substantial assistance. This period
probably represents a state of severely deteriorating
health preceding death.

As discussed above, longitudinal data provide many
advantages, and yet there are limitations mainly from the
inevitable attrition that occurs. If subjects with poorer
health are at higher risk of refusal, we may have overes-
timated ALE. Indeed, in this study, the refusals were more
often women and less educated subjects, well-known risk
factors of disability, but were not significantly older.
However, as vital status was available for each participant
of PAQUID, loss-to-follow-up could not have biased
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TLE. This was confirmed by the similarity of our results
to those reported for France in a recent European study
(Robine et al. 2002) and also confirms the high repre-
sentativity of the PAQUID sample.

Gender differentials

Consistent with many previous studies (Branch et al.
1991; Crimmins et al. 1996; Jitapunkul et al. 2003), we
found a large gap in TLE by sex, favouring women,
though the additional years were lived with disability,
especially with the most severe disability. In the CLESA
European project, a cross-national comparison of
DFLE in six longitudinal studies in Europe, similar re-
sults were obtained (Minicuci et al. 2004). In the Lon-
gitudinal Study of Aging (Crimmins et al. 1996), women
not only lived longer than men in each of the three levels
of disability that were distinguished, as in PAQUID, but
also fully independent, which is contrary to our results.
Our findings suggest that, as long as men are fully
independent, they live longer than women, but once
their health begins to deteriorate (reflected by the onset
of disability), the progression of disability and the onset
of death are faster in men. The main explanation for this
is the gender differences in diseases and associated
mortality (Verbrugge 1989). Men tend to suffer from
fatal diseases, rapidly disabling but also rapidly lethal,
such as cardiovascular diseases or stroke, whilst women
are more likely to suffer from non-fatal but chronic
disabling conditions such as Alzheimer’s disease,
arthritis or osteoporosis. Moreover, Deeg et al. (2002)
reported that women also live longer than men having
the same disease. As females have a lower risk of pre-
mature death, they are consequently at a higher risk of
developing disability with age. But in PAQUID, the
disablement process seemed to begin at younger ages in
women than in men and our results suggest that women
have a higher level of resistance to death despite a
worsened health.

Educational differentials

The patterns of DFLE across groups of education were
completely different from those observed across gender
and remained so even after controlling for gender, sug-
gesting that the mechanisms involved in gender
inequalities differ from those by education. As reported
in the previous studies, we observed that educational
inequalities are more focused on the “quality” of life-
span rather than the “quantity” with the differentials in
active LE exceeding those in TLE (Crimmins and
Cambois 2003; Crimmins et al. 1996; Doblhammer and
Kytir 1998; Guralnik et al. 1993; Gutierrez-Fisac et al.
2000; Valkonen et al. 1997). In contrast to Guralnik who
reported a longer lifespan with disability in the more
educated subgroups associated with higher TLE (Gu-
ralnik et al. 1993), the higher educated subjects in PA-
QUID do not pay for their longer life by poorer health.

Educational differentials in LE may arise from poorer
conditions earlier in life, from consequences of occupa-
tional conditions and from diseases related to higher risk
behaviours in less socially advantaged subjects (such as
tobacco and alcohol consumption, nutrition, physical
activity). Finally, higher educated subjects have better
access to medical care (allowing earlier diagnosis and
treatments), and are more likely to adhere to health
promotion and preventive messages. Kunst et al. (1998)
reported that among middle-aged men, the higher edu-
cated subjects were more proactive in managing their
disease and its consequences after the onset of the dis-
ease. In PAQUID, educational differences are much
greater in men than in women, as reported by Crimmins
and Saito (2001). These findings may reflect that edu-
cational level is a less relevant indicator of living con-
ditions in women than in men, with few women of these
aged generations having achieved more than a basic level
of education. With a more relevant indicator of socio-
economic status such as household income, occupational
class or socioeconomic category, which was not avail-
able in PAQUID, stronger health inequalities could
have been observed, especially in women.

Our findings represent the first health expectancies
based on longitudinal data in an aged French popula-
tion. They confirm the high life expectancy compared to
other countries and highlight differentials by gender and
education across four disability severity levels. Whilst
higher educated subjects live longer and longer active,
women pay the price for additional years of life by
longer life with disability and also by fewer years fully
independent. These data are an important contribution
to describe the health of the aged French population in
the 1990 s and are a firm foundation to monitor whether
health gaps in older age continue in the current decade.
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