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Current research of risk factors potentially associated with
successful aging faces the difficulty of taking into
consideration two distinct outcome measures: survival and
functioning. Previous studies either used successful aging
measures restricted to survivors or presented more than
one outcome measure to handle the dual outcome. This
article illustrates the utility of health expectancy measures,
based on life tables, to integrate the effects of survival and
functioning across all ages. It is shown that three
hypothetical successful aging strategies, considered
equally successful according to the traditional measures
restricted to survivors, are associated with vastly different
changes in the years lived with and without disability.
Furthermore, the intervention considered most successful
when considering multiple successful aging measures, was
associated with the largest increase in the time lived with
disability. It is recommended that research on successful
aging should be based on summary measures of
population health that reflect both survival and functioning
throughout life. These will provide more relevant
information than is currently available for individuals and
societies to evaluate and choose between successful aging
strategies.
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M
odern societies have witnessed a revolu-
tionary life extension over the past two
centuries. Since the middle of the 1800s

life expectancy has increased by more than 30
years in the world’s low mortality countries.1

Having achieved such successful reductions in
mortality, many societies recognise the need to
also address the challenges of increasing long-
evity. The primary challenge is the burden to the
person and society associated with the cognitive
and physical losses of the aged.

In an influential paper, Rowe and Kahn2

suggested that the rate of age associated func-
tional decline is not solely related to age, but also
to factors such as environment, lifestyle, and
psychosocial influences, which are extrinsic to
the aging process. Rowe and Kahn advocated
exploiting the observed heterogeneity between
individuals to make a distinction between usual
aging, in which extrinsic factors heighten the
effects of aging alone, and successful aging, in
which extrinsic factors play a neutral or positive
part. In essence, successful agers are those who
experience little or no loss in function relative to

the average of their younger counterparts.2 This
has in turn led to research and policy agendas
aimed at identifying and changing modifiable
factors that moderate the aging process, with the
ultimate goal of reducing the burden of death,
disability, and health care costs.3–7 These success-
ful aging research and policy agendas are also
known as ‘‘active aging’’, ‘‘healthy aging’’,
‘‘productive aging’’, ‘‘better aging’’, and ‘‘aging
well’’, and we use these terms interchangeably.

Several studies have examined behavioural
factors that may predict successful aging based
on prospective data.8–16 A difficulty faced in these
studies, however, is that successful aging is
difficult to measure, primarily because it involves
two distinct outcome measures: survival and
functioning.11 Studies differ in the way they
handle this dual outcome when trying to identify
risk factors potentially associated with successful
aging. Some ignore survival and compare healthy
survivors with unhealthy survivors.9 15 16 Others
present more than one comparison, for example,
survivors with non-survivors and healthy survi-
vors with unhealthy survivors,11 14 healthy survi-
vors with all other (unhealthy survivors and
death together) and healthy survivors with
unhealthy survivors,8 or healthy survivors with
unhealthy survivors and with deaths.10 As often
the behavioural factors affect both survival and
functioning, it would obviously be preferable to
take into account these two effects simulta-
neously when assessing the effect of a specific
behavioural factor. Health expectancy measures,
such as life expectancy with and without
disability, take into account both survival and
functioning until death.17–23

The aim of this paper is to illustrate the use of
health expectancy measures, such as life expec-
tancy with(out) disability, to assist assessment of
and choice between potential successful aging
interventions. Health expectancy measures,
based on life tables, can be derived from
prospective datasets commonly used in success-
ful aging research. We show the added value of
these measures relative to the traditional suc-
cessful aging measures, by comparing the
healthy aging effect of three hypothetical inter-
ventions. These interventions mimic the effect of
exposure to three risk factors that equally affect
functioning but differ in their effect on mortality.

ILLUSTRATION
Multi-state life table, its transit ion rates
and outcome measures
We use a non-hierarchical multi-state life table
consisting of three states: ‘‘no disability’’, ‘‘dis-
ability’’, and ‘‘death’’. The multi-state life table is
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the standard method to calculate health expectancy measures
from prospective data. The multi-state life table (increment-
decrement life table) is an extension of the standard single
decrement life table used to calculate life expectancy, and can
be described as a finite space, continuous time Markov
model.24 In a non-hierarchical model, re-entry in a given
health state is permitted.

The multi-state life table is based on age specific transition
rates between ‘‘no disability’’ and ‘‘disability’’ and from ‘‘no
disability’’ and ‘‘disability’’ to ‘‘death’’. For this illustration,
any set of age specific transition rates and any non-
hierarchical population based multi-state life table pro-
gramme to calculate life expectancy with(out) disability can
be used. The transition rates used in this paper were
originally derived for the Netherlands in the second half of
the 1980s from prospective data. The equations and
parameters of these transition rates are presented in
appendix 1A. Detailed information on the estimation of the
transition rates and original data sources is given else-
where.22 25 The multi-state life table for the illustration was
programmed in Excel, but software programs for the multi-
state life table, such as IMaCh26 27 can also be used. While in
this illustration we do not present confidence intervals,
confidence intervals are provided by the IMaCh software or
can be derived using bootstrapping, for example, with
@RISK (anonymous 2000; MathSoft Inc 1999), or by using
the delta method.28

For the ease of interpretation and comparability with other
studies on successful aging we started the life table with a
population free of disability at age 70, but any age and any
disability prevalence can be analysed using this method. The
life table was closed at age 120 and was used to calculate life
expectancy without and with disability, and total life
expectancy at age 70. The two most widely used traditional
successful aging measures were derived from the same life
table to maximise comparability. The first measure is the
proportion remaining alive and non-disabled (or healthy) at
follow up. The second measure is the proportion of survivors
that is non-disabled at follow up. We present these measures
for a period of 10 years of follow up. Appendix 1B and 1C give
the equations used to calculate health expectancy measures
and the traditional successful aging measures, respectively.

Baseline situation
We consider the baseline situation as ‘‘normal aging’’. With
increasing age the probability of developing disability
increases, as does the probability of dying from both the
non-disabled and the disabled state. The probability of
recovering from disability decreases with increasing age
(fig 1). For this normal Dutch population, after 10 years
56% of the 70 year old non-disabled men will be still alive
and 31% will be alive and non-disabled (table 1). Of the

survivors, 56% will be non-disabled after 10 years. For
women the percentage still alive after 10 years is higher
(73%), but the percentage non-disabled is the same to men,
and of the survivors the percentage non-disabled is lower
(42%). The health expectancy measures presented in table 2,
combine information on survival and disability across all ages
above age 70. At age 70, total life expectancy is 11.5 years for
men and 15.2 years for women. Of these years, men and
women both spend about 7.5 years free of disability and 3.9
years (men) and almost 7.7 years (women) with disability.

Successful aging interventions
In comparison with this ‘‘normal aging’’ baseline scenario,
we model three potential successful aging interventions, each
of which has the same age shift in disability rates, but
different shifts in mortality rates. We compare the outcome
measures of each intervention with the baseline situation.

In the first scenario we assume that after the intervention,
the entire population consists of successful agers, equivalent
in all ways to five year younger normal agers. That is, we
imagine a successful aging intervention in which the
population experiences the disability, recovery, and mortality
rates of five year younger normal agers. In essence, a 70 year
old ‘‘successful ager’’ would have the remaining disability
and mortality experience of a 65 year old normal ager, and so
on. This implies a reduction in the rates of functional loss and
death and an increase in the rates of functional regain
equivalent to being five years younger. The second and third
interventions have a different degree of mortality risk
reduction. In the second there is no change in mortality
risks, mimicking a factor that exclusively affects functional
ability. In the third the mortality rate reduction is comparable
to a 10 year younger normal ager, mimicking a factor with a
greater delay in mortality than in functioning.

Traditional measure
Table 1 compares the three interventions with a baseline
situation of no change based on the two most widely used
successful aging measures. While the proportion remaining
alive and non-disabled (or healthy) after 10 years is 0.31 for
the baseline scenario, it increases to 0.41 (men) and 0.43
(women) when disability alone is delayed (by five years)
(intervention 2), to 0.49 (men) and 0.47 (women) when both
disability and mortality are delayed by five years (interven-
tion 1), and to 0.54 (men) and 0.49 (women) when disability
is delayed by five years and mortality by 10 years (interven-
tion 3).

The second measure of healthy aging used (the proportion
of survivors that is non-disabled after 10 years) (table 1,
measure 2A) shows that while in the baseline scenario the
proportion of healthy agers is 0.56 (men) and 0.42 (women),
in all three interventions the proportion is virtually the same:

Table 1 Successful aging outcome measures after 10 years of follow up, by sex

Sex
(1) Proportion alive and non-
disabled

(2A) Proportion non-disabled
relative to all survivors (2B) Proportion alive

Baseline
Men 0.31 0.56 0.56
Women 0.31 0.42 0.73
(1) Five years delayed disability and five years delayed mortality rates
Men 0.49 0.69 0.71
Women 0.47 0.56 0.84
(2) Five years delayed disability and no change in mortality rates
Men 0.41 0.69 0.59
Women 0.43 0.57 0.76
(3) Five years delayed disability and 10 years delayed mortality rates
Men 0.54 0.68 0.80
Women 0.49 0.55 0.89
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about 0.69 (men) and 0.55 (women). That is, based on this
measure, the three successful aging interventions would be
rated as equally successful. Some successful aging studies
consider this measure in combination with the proportion of
all survivors (table 1, measure 2B). When taking all the
successful aging measures into consideration at once the
intervention where disability is delayed by five years and
mortality by 10 years (intervention 3) would be considered
most successful.

Health expectancy measures
Table 2 compares the same interventions, but this time using
a set of health expectancy measures based on the life table.
The intervention delaying all the transition rates associated
with aging by five years (intervention 1) leads to life
extension by 3.2 (men) and 3.7 (women) years, and a longer
life expectancy free of disability (2.7 years). The same

intervention, however, also tends to extend the life expec-
tancy with disability by 0.5 (men) and 1.0 (women) years.
With intervention 2, where disability is delayed by five years
and mortality is not delayed, we see an increase in total life
expectancy, an increase in life expectancy without disability,
and a decrease in life expectancy with disability. However, as
expected, the increase in total life expectancy is substantially
less than in the first scenario. Finally, with intervention 3,
where functional decline is delayed by five years and
mortality is delayed by 10 years, we find a large increase in
the life expectancy with disability (2.1 (men) and 3.6
(women) years. As expected, there still is a large gain in
both life expectancy and life expectancy without disability. In
this scenario, we find the greatest increase in total life
expectancy: about six (men) and seven (women) years.

As the interventions not only change the number of years
with disability but simultaneously increase the amount of

Table 2 Change in total life expectancy (LE), disability free life expectancy (DFLE), life
expectancy with disability (LwD), and percentage of life disabled associated with three
hypothetical successful aging interventions, relative to baseline

LE (y) DFLE (y) LwD (y) Percentage of life disabled*

Baseline (life expectancy measures at age 70)
Men 11.5 7.6 3.9 34.1
Women 15.2 7.5 7.7 50.4
(1) Five year delayed disability and five years delayed mortality rates
Men 3.2 2.7 0.5 24.2
Women 3.7 2.7 1.0 24.4
(2) Five years delayed disability and no change in mortality rates
Men 0.5 1.4 20.9 28.6
Women 0.7 1.9 21.2 29.8
(3) Five year delayed disability and 10 years delayed mortality rates
Men 5.9 3.8 2.1 0.5
Women 6.8 3.2 3.6 0.7

*Person years with disability (>70 years)/person years alive (>70 years).
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Figure 1 (A) Age specific transition
rates for men. (B) Age specific transition
rates for women.
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time spent without disability, it is also informative to
consider the relative burden of disability. The last column
in table 2 gives the (change into the) percentage of person
years lived with disability out of the total number of person
years lived. For intervention 2, where disability is delayed by
five years but mortality is not delayed we see the largest
reduction in the proportion of remaining life spent with
disability (8.6 (men) and 9.9 (women) percentage points).
For intervention 1, where all the transition rates associated
with aging are delayed by five years, the reduction is smaller
(4.4 percentage points). However, this illustrates that while
the longer life extension associated with intervention 1 tends
to be accompanied by an increased absolute burden of
disability, once the longer lifetime is taken into account, the
relative burden is still lower than in the baseline situation. In
contrast with interventions 1 and 2, the percentage of
remaining life with disability associated with intervention 3,
where functional decline is delayed by five years and mortality
is delayed by 10 years, instead tends to increase slightly.

Comparison of measures
A traditional successful aging measure that only analyses the
survivors (table 1, measure 2A) would rate each of the
interventions as equally successful. In contrast, both the life
expectancy without disability (table 2, DFLE) and the
successful aging measure that includes deaths (table 1,
measure 1) showed that while all the interventions led to an
extension of the period free of disability, the degree differed.
As expected, the degree of extension was clearly linked to the
degree of mortality improvement. Greater improvements in
mortality rates were associated with greater increases in
disability free life expectancy and with greater proportions of
successful agers. The health expectancy measures also
showed that the effect of each intervention on the years
lived with disability varied, however, this time in a manner
depending on the relative improvements of each of the
transition rates. While an intervention with a much greater
delay in functional decline than in mortality led to a decrease
in the life expectancy with disability, that with a much
greater delay in mortality suggested an increase in the life
expectancy with disability. Traditional successful aging
measures fail to catch this effect and would either rate all
three interventions equally successful (measure 2a), or would
rate intervention 3, which was associated with the largest
increase in the relative and absolute amount of time lived
with disability as most successful (measure 1 or combination
of measures).

DISCUSSION
Successful aging interventions, such as the introduction of
assistive devices or a rehabilitation programme may delay

disability, without improving the probability of survival.
However, interventions focusing on lifestyle factors, such as
physical activity and smoking, generally affect not only
functioning but also mortality. In this study we simulated
three hypothetical interventions with the same improvement
in functioning, but with different degrees of improvement in
mortality rates. We showed that these interventions (or
factors), were considered equally successful according to
successful aging measures restricted to survivors, but were
associated with vastly different gains in total life expectancy
and years lived without disability, and with opposite effects
on the number of years lived with disability. We showed that
an intervention (or factor), that delays disability rates by five
years still can lead to an increase in the number of years, or
proportion of the lifetime, lived with disability, depending on
its relative effect on functional ability and mortality.
Furthermore, the intervention that was apparently most
successful when taking all the successful aging measures into
consideration at once, was the intervention associated with
the largest increase in the relative and absolute amount of
time lived with disability.

Currently, behavioural factors known to be associated with
maintenance of functioning at older ages are considered to be
determinants of successful aging.13 A recent overview study
showed that there was evidence of an association with
healthy aging for: non-smoking, being physically active,
maintaining weight within normal ranges, and moderate
alcohol consumption.13 However, many of these reported
modifiable external factors are significantly associated with
both increased functional loss and mortality.14 Furthermore,
the relative effect on these two outcomes differs between risk
factors. For example, one study found that while moderate
alcohol consumption tends to be associated with a greater
reduction in the risk of mortality than loss of functioning,
moderate body weight was associated with similar reductions
in the risks of both mortality and loss of functioning.10 It is
understood (and shown again here) that the interpretation of
methods such as the odds of remaining free of disability after
a short period of follow up can be dominated by a factor’s
effect on mortality.8 10 For that reason some studies present a
number of measures, including those based on analyses
restricted to survivors.8 9

A method that does integrate information about a factor’s
effects on disability and mortality defines successful aging as
survival to age 80 (men) and 85 (women) and dying without
disability.12 However, the choice of survival age for this
method is always arbitrary. Another disadvantage is that the
definition of successful aging implies no period of disability
at all, which is less useful for public health decisions in an
aging population in which disability will always exist. We
argue that evaluation of the degree of change in the number
of years and proportion of remaining life lived with disability
is an important addition to the current methods of assessing
potential factors involved in successful aging. SuccessfulWhat the paper adds

The field of healthy aging has focused on identifying factors
associated with delays in functional loss and mortality. A
number of factors have been identified, including non-
smoking, being physically active, and maintaining normal
weight, that are hoped to lead to a decrease in population
disability levels and health care costs. Our study shows the
limitations of current measures of successful aging, which are
either dominated by mortality or completely ignore it. Their
important limitation is that they ignore differences in the time
lived with functional loss. Using summary measures of
population health, we show that strategies delaying both
survival and functional loss may still increase the relative and
absolute amount of time spent with functional loss.

Policy implications

Our work shows that strategies that delay both survival and
functional loss may still result in higher population levels of
functional loss. This is a message that is generally not taken
into account, with many current successful aging policy
documents implying that successful aging strategies will
necessarily lead to decreases in disability and health care
costs. Furthermore, our work shows a tool—summary
measures of population health—that we recommend be
regularly used to identify and choose between strategies
involved in successful aging.
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aging strategies are unlikely to eliminate all time spent with
disability, and could equally lead to a smaller, equivalent or
higher burden of disability. Successful aging is more
successful if it not only delays functional losses to older
ages, but also additionally reduces the time spent with
disability in the remaining lifetime.14 29

A few studies have examined the effect of behavioural
factors on life expectancy with and without disability based
on prospective data. For instance, studies by Ferucci et al,28

Nusselder et al,22 and Belanger et al30 used short term follow
up studies to derive life tables by smoking status. This
enabled quantification of the degree to which non-smokers,
or never smokers, differ in the time they life with and
without disability by integrating the effects of smoking on
the incidence of disability, recovery from disability, mortality
without disability, and mortality once disabled. However,
such analyses are not routine in the successful aging
literature. While to date only disability has been examined
in this way, there are no restrictions on the type of health
state examined. Inclusive definitions such as engagement in
social and productive activities, resilience, and wisdom31

could also be used as long as being in the state of interest
can be measured.

While health expectancy measures based on the multi-
state life table fit closest to the data and the approach
currently used in successful aging research, there are other
summary health measures that combine data on survival and
functioning. Well known examples include: health expec-
tancy measures based on the Sullivan method, disability
adjusted life expectancy (DALE), and disability adjusted life
years (DALY). The Sullivan method32 33 is the standard
method to calculate health expectancy on a routine basis
and uses the observed age specific disability prevalence from
a cross sectional study to subdivide the number of person
years lived into years with and without disability. The DALE
also belongs to the family of health expectancies, but this
measure uses disability weights to summarise the expected
number of years lived in the equivalent of full health.34 The
DALY measures the gap between a population’s actual health
and some defined goal and is generally based on a
combination of disease specific incidence-prevalence-mortal-
ity models and disability weights, in combination with age
weighting and discounting.34–36 More information on these
measures, their calculation methods, strong points, and
limitations is given elsewhere,18 19 but essentially the primary
outcomes are the same as those presented here.

The important limitation of using health expectancy
measures based on age specific transition rates between
health states is the need for prospective data. However, for
the traditional successful aging measures these type of data
are also needed, although potentially requiring a smaller
sample size. Moreover, the number of prospective studies is
rapidly increasing. A second limitation of all summary
population health measures is that they are based on a life
table model, which entails additional analyses steps com-
pared to traditional measures of successful aging. It is
noteworthy, however, that the same is true for total life
expectancy, which is the standard measure for the mortality
level of a population. Moreover, using such a life table model
also reduces the data requirements, as long term follow up is
not required. Like total life expectancy measures which
generally are based on mortality within one year, health
expectancy measures can be constructed from short term
follow up data. As long as all ages above the initial age are
included in the follow up study of disability and mortality,
total life expectancy and life expectancy without and with
disability can be calculated following a period approach. In
such an approach, the life table represents a population
consisting of persons from different birth cohorts (synthetic

cohort). When long term follow up data are available, a
cohort approach, following a real cohort through time, can
also be used to calculate health expectancies.37

As our illustration showed that the overall effects of
successful aging interventions are impossible to determine
intuitively, we recommend the use of life tables, which can
integrate the effects of mortality, functional losses, and
recovery across age, providing a synthetic life course measure
of successful aging. They synthesise information from short
term follow up data to give an idea of the effect across the
lifetime (individual perspective) or the age range (population
health perspective). They also provide the range of outcome
measures necessary to better understand the individual and
population health consequences of potential interventions.
Measures such as those presented here can help inform
choices between strategies for improving the health of aging
populations.5 In addition, they may help to predict the
burden of disability still present after implementation of the
recommended successful aging strategies. This information is
important from the perspective of a person making choices
about a change in lifestyle. It is also important from a societal
perspective where one of the assumptions underlying the
promotion of successful aging is that society will experience
less disability and therefore lower health care costs.5

While healthy aging is a worthy goal, it remains an ill
defined concept. Life extension can generally be considered a
success, even more so if accompanied by the extension of life
free of functional losses. However, interventions that extend
life expectancy free of functional loss will often also extend
life expectancy with significant functional losses. Decisions
will have to be made regarding what are reasonable trade offs
between these two effects. To allow individuals and society at
large to make informed decisions, these effects need to be
made explicit.
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APPENDIX

1A EQUATIONS TO CALCULATE TRANSITION RATES
We used three functions to describe the relationship of the
incidence, recovery, and mortality rates (that is, transitions
rates) with age: the exponential model, the Gompertz-
Makeham model, and the Sigmoid model.

(1) The exponential model is specified as follows:

Or equivalently:

where: Nij is the expected number of events (that is,
transitions from state i at the beginning of the interval to
state j at the end of the interval); aij is the log (expected
number of events during 1 unit of time at age 0); bij is the log
(ratio of the number of events during 1 unit of time at age x
and age x+1); X is age; Ri is exposure time and Mij is the
transition rate from state i to state j. Log(Ri) handles
differences in exposure times and is known in statistical
literature as the ‘‘offset parameter’’.

(2) The Gompertz-Makeham model is specified as follows:

where: Aij is the constant of Makeham, which reflects that
besides the exponential component, there also exists a
component, which is independent of age.

(3) The Sigmoid model is specified as follows:

where: sij is a constant that can be interpreted as an age-
independent maximum transition rate.

The likelihood ratio test was used to select between the
exponential model and the Gompertz-Makeham and Sigmoid
model, respectively. We used a significance level of 0.01
rather than 0.05 to take into account dependency between
the observations in the subsequent waves. All models were
estimated in GLIM. Table A1 presents the parameters of the
regression equations for incidence of disability, recovery from
disability, mortality among non-disabled and among disabled
persons for men and women.

1B EQUATIONS AND ASSUMPTIONS TO CALCULATE
HEALTH EXPECTANCY
(1) We converted transition rates (M) into
probabilities (P )
Firstly, we arranged the transition rates in matrix notation:

where:
M(x,n) is the matrix of transition rates
m1d (x,n) = transition rate from state 1 (non-disabled) to

dead
m12 (x,n) = transition rate from state 1 (non-disabled) to

state 2 (disabled)—that is, incidence
m2d (x,n) = transition rate from state 2 (disabled) to dead
m21 (x,n) = the transition rate from state 2 (disabled) to

state 1 (non-disabled)—that is, recovery
(x,n) is the age interval x to x+n
n is the length of the age interval
Then, we estimated transition probabilities from transition

rates, using the linear assumption:
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where:
P(x,n) is the transition-probability matrix, consisting of

elements Pij(x) that represent the probability that an
individual alive in state i at age x will be in state j at age x+n

I is the identity matrix
For our life table with two living states, the transition

probabilities are:

or

(2) We multiplied transition probabilities (P ) by the
number of survivors ( l i) in each state at age x to obtain
the number of survivors in each state at age x+n

or

where:
l(x) is a vector, having elements li(x) which represent the

number of persons in state i at the exact age of x
l1(x) is the number of non-disabled persons at exact age x
l2(x) is the number of disabled persons at exact age x

(3) We calculated the number of person years (Li) in
each state from the number of survivors in each state
( l i) at age x and age x+n

L1(x,n) is the number of person years in the non-disabled
state between age x and x+n

L2(x,n) is the number of person years in the disabled state
between age x and x+n

For oldest age group (v) we used the following equation:

(4) We aggregated the number of person years (Li) in
each state across ages to obtain the person years lived
after age x (Ti) in each state

T1(x) is the number of person years lived after age x in the
non-disabled state

T2(x) is the number of person years lived after age x in the
disabled state

(5) We divided the person years lived after age x (T) in
each state by the number of survivors (l) at age x to
obtain life expectancy (ei) at age x, in each state

e1x is the life expectancy in the non-disabled state at age x
e2x is the life expectancy in the disabled state at age x

Assumptions of the multi-state life table
(1) In a Markov model the probability that a person will
leave a state depends only on the present state. This present
state is assumed to include all relevant information; the
influence of duration or past history is ignored. That is, only
age, sex, and the present disability state determine the
transition rates.

(2) Competing transition rates from the same state of
origin (for example, incidence of disability and mortality
among non-disabled) are assumed to be independent, which
means that a change in one transition rate does not affect the
estimates of competing transition rates.

(3) The linear method is used to approximate Li(x,n) and to
transform the transition rates into transition probabilities

Table A1 Parameters of the poisson regression analysis (SE)

Type of model aij at age 70* bij Mij sij

Men
Incidence of disability Gomp+Mak 22.945 (0.0399) 0.0859 (0.00333) 0.0237 NA
Mortality among non-disabled Gompertz 23.813 (0.0718) 0.1078 (0.00698) NA NA
Recovery from disability Sigmoid 20.906 (0.0546) 20.1052 (0.00453) NA 0.5056
Mortality among disabled Gompertz 22.505 (0.0663) 0.0577 (0.00507) NA NA
Women
Incidence of disability Gomp+Mak� 22.487 (0.0323) 0.0725 (0.00283) 0.0192 NA
Mortality among non-disabled Gompertz 24.642 (0.1199) 0.1097 (0.01153) NA NA
Recovery from disability Sigmoid 20.627 (0.0429) 20.1085 (0.00344) NA 0.3384
Mortality among disabled Gompertz 23.308 (0.0730) 0.0747 (0.00520) NA NA

NA, not applicable. Gomp+Mak, Gompertz-Makeham. *Age was transformed to age 70. �For women the p value for the Makeham constant was 0.015 (that is,
larger than the significance level of 0.01). To obtain models of the same type for men and women we kept this constant for women as well.
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(and vice versa). This method assumes that deaths and other
transitions are distributed uniformly over the interval x to
x+n, yielding (piecewise) linear survival functions. The mean
duration for transfer is n/2, that is, transitions occur on
average in the middle of the interval.

(4) In the calculation of health expectancy it is assumed
that current age and sex specific mortality and disability rates
remain constant.

1C EQUATIONS TO CALCULATE SUCCESSFUL
AGING MEASURES
(1) Proportion remaining alive and non-disabled (or
healthy) after 10 years (SA1)

where:
l1(70) is the number of non-disabled persons at exact age

70.
l1(80) is the number of non-disabled persons at exact age

80.

(2) Proportion of survivors that is non-disabled after
10 years (SA2)

where:
l1(80) is the number of non-disabled persons at exact age

80.
l2(80) is the number of disabled persons at exact age 80.

(3) Proportion of survivors after 10 years (SA3)

where:
l1(70) is the number of non-disabled persons at exact age

70.
l1(80) is the number of non-disabled persons at exact age

80.
l2(80) is the number of disabled persons at exact age 80.
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