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This review is concerned with population health metrics that simultaneously consider information on mortality
and nonfatal health outcomes as probabilistic measures representing the level of health in a working population.
The optimal properties that such a measurement system should have are briefly discussed, and the merits and
limitations of health expectancies are compared versus health gap measures. The conceptual basis of these
measures are considered, especially with a view to health promotion. The application of worklife expectancies is
illustrated with the data obtained from sequential surveys on the work ability status of aging Finnish municipal
workers. In conclusion, the developed worklife expectancies are considered to be appropriate indicators for
measuring the future duration of occupancy in a given state of work ability, and they should be preferred to
alternative measures of population health in the context of occupational health.
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Summary measures of population health can be used for
detecting differences (eg, between genders, between
groups with different work abilities, etc), changes over
time, or changes as a result of health promotion (1). The
most precise and appropriate approach to monitoring
changes in the health of working populations would be
the longitudinal, detailed measurement of specific mor-
bidity in cohort populations. Examples of specific mor-
bidity measures include incidence rates of acute condi-
tions, such as injuries or acute skin infections, and prev-
alence rates of chronic illness, such as chronic obstruc-
tive pulmonary disease and musculoskeletal disorders.
Population health measures based on diagnostic catego-
ry are highly informative in the search for disease de-
terminants and prevention. An alternative approach
would rely on the general measures of population health
status. General measures have the advantage of captur-
ing the impact of a wide range of illnesses in a popula-
tion, and they are valuable in putting disease-specific
information in perspective at the population level. Ex-
amples of general measures include measures of disa-
bility or perceived health status. The primary obstacle
to the use of these measures is the requirement to ob-
tain valid data from large-scale survey samples. Thus,
as noted by van der Maas (2), “Ideally a summary meas-
ure has a wide range of applications, but inevitably there
is a trade-off between the specificity of the information
that is contained in the measure and its general applica-
bility [p 55]”.

Health expectancy is a generic term for population
indicators that estimate the average time a person would
expect to live in a defined state of health, provided that
the prevailing patterns of mortality, morbidity, and dis-
ability continue to apply (3). Health expectancy is a val-
uable indicator of the appreciation of changes in the
health states of the general population, and it can be used
for allocating resources and evaluating the success of
health policy programs (4). Early efforts to develop such
measures were made by Chiang (5) and Sullivan (6). The
International Network on Health Expectancy (Réseau
sur l’espérance de vie en santé (REVES), Netsites: http:/
/www.revesnetwork.net/ and http://euroreves.ined.fr/
reves/) has furthered and developed the concept and
methods of health-state measurement (7), both of which
are now widely used at the national level and by the
Organization for Economic Co-operation and Develop-
ment to report on population health (8). The World
Health Organization (WHO) has also recommended the
use of health expectancy as a summary indicator of pop-
ulation health (9). This population health measure inte-
grates information on mortality and health-related qual-
ity of life. Health expectancies are linked to the meas-
urement of a particular health state or a set of states,
and they focus on a person’s perceived health and long-
term illness (chronic disease, defect or injury).

Health-related quality of life is defined on a quanti-
tative scale from 1 to 0. The number of years of life lived
in “perfect” health is given the value of unity, and the
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valuation for the state of death is zero. These valuations
imply that health levels lie on a continuum. A cynical
person may criticize that it is difficult “… to apprehend
the concept of health-related quality of life that is
‘equivalent to death’, and equally if its zero value actu-
ally is taken to characterize the health aspects of life
post-mortem! [p 1060]” (10). At the other end of the
health scale, WHO (11) defines health as a state of com-
plete physical, mental, and social well-being and not
merely as the absence of disease or infirmity. If this def-
inition is taken to mean “perfect” health, then this lofty
ideal should be linked to an operational measure.

Measuring work ability and health status

The work ability index developed by Tuomi et al (12)
was contructed from the following seven items: subjec-
tive estimation of current work ability compared with
the lifetime best, perceived work ability in relation to
both physical and mental demands of work, number of
diseases diagnosed by a physician, subjective estimation
of work impairment due to disease, sickness absence
during the past year, own prognosis of work ability af-
ter 2 years, and psychological resources. The index is a
simple sum of the item scores, and it has a scale of val-
ues ranging from 49 to 7. The scale can be transformed
to run from 1 (full work ability) to 0 (unable to work).
This distribution allows the classification of people ac-
cording to the severity of their work disability (break-
ing up the continuum of work ability into polychoto-
mous states). Interestingly, it would seem that the best
predictors of future illness and loss of work ability
would be the person’s own assessment of his or her
health and work capacity—better than any “objective”
clinical examination. A poor work environment, bad
occupational hygiene, a high level of work strain, a high
risk of accidents, and poor work organization, all ap-
peared to be negative predictive factors for maintaining
health and work ability later on (13). Conversely, a well-
functioning work organization, the support of superiors,
the promotion of the worker’s health and functional ca-
pacity, the promotion of professional competence, and
physical activity seem to further the preservation of
work ability (13). The index, which was developed for
measuring health in relation to the quality of worklife
in Finland, has been tested in several other countries as
well {eg, Brazil (14), Germany (15), Lithuania [Pajar-
skiene B, Jankauskas R. Occupational stress and chang-
es in work ability index among employees in five en-
terprises of Lithuania (abstract). European Centre for
Health, Safety and the Environment (ECOHSE) 2000
Symposium, Kaunas, Lithuania, 4–7 October 2000. Net-
site: www.gla.ac.uk/ecohse/abstracts.html; accessed 3

November 2003], Portugal (16), and Sweden (17)}. The
self-assessment of health status has been validated us-
ing clinical methods (18). The results indicate that the
questionnaire responses on health, work ability, and
functional capacity related fairly well to the clinically
assessed factors at the group level. However, work abil-
ity was not validated for psychological resources or for
the physical and mental demands of work (Leena Eske-
linen, personal communication). The concept of work
ability is essentially bound to the societal and investi-
gative context, and, therefore, it is not possible to com-
pletely validate the index. For example, as people ap-
proach retirement age, they tend to think less about re-
tirement than do younger persons (19). For the self-as-
sessment of retirement timing to be consistent in rela-
tion to individual characteristics, it should be anchored
to the respondent’s age. Moreover, some methodologi-
cal issues still need to be rigorously examined; these is-
sues pertain to reliability and item response scaling (20).
Thus it can be questioned whether the index accurately
measures work ability, however conceptually defined.

Self-reported measures of health status are based on
people’s perceptions and expectations of health. In ad-
dition, these perceptions and expectations vary with cul-
ture and community and are also likely to vary with time
(21)—for example, as societies undergo epidemiologic
transition (22) or as public health campaigns and legis-
lative measures alter the community’s awareness of
health problems and attitudes towards health hazards
(23). Murray & Lopez (24) reviewed studies that sug-
gested that there are significant cross-cultural differenc-
es between a self-report and an observation of disabili-
ty and poor health. Thus, although indicators of health
expectancy are potentially attractive for comparing the
health of populations, considerable care must be taken
to ensure their comparability across countries and cul-
tures. Moreover, some epidemiologic questionnaire
studies have shown a tendency to self-appraise health
at a higher level than found in a clinical examination (25).

Summary measures of population health

Murray et al (26) proposed desirable properties that op-
timal summary measures should have for comparing the
health of populations. The criteria are of the following
type. If the severity of a given health state is worse than
average, then the summary measure should also be worse
if, say, everything else is the same. Such criteria were giv-
en specifically for measures of mortality, prevalence, in-
cidence, remission, and severity of illness. For example,
health expectancies based on prevalence data calculated
using Sullivan’s method fail the criterion for severity,
whereas health expectancies based on transition rates meet
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the criterion. No summary measure satisfies simultaneous-
ly the criterion set for prevalence and incidence.

One can construct a summary measure that uses ex-
plicit weights to combine life expectancies into a single
composite number for a set of discrete health states, in-
dicating the expectation of years of “average” health
state (in some sense). For example, the cost-effective-
ness of health-care intervention has been assessed in
terms of a gain in quality-adjusted life expectancy
(QALE) (27–29). For the estimation, experts need to as-
sign values for the years of life lived with disability and
to calculate a weighted average over the years survived.

In worklife applications, one could compute a
weighted measure of life expectancy, for example, with
weights equal to the mean values of the work ability in-
dex. Such a measure could be termed work-ability-ad-
justed life expectancy (WALE) in analogy with the
QALE. Therefore, for example, if a worker gains 5 years
in a work ability state valued at 0.6 (on a scale of 1 to
0), he or she gains 5 × 0.6 = 3 WALE years. One can
also consider an alternative measure of how many work-
life years a person loses because of disability, compared
with an ideal or “perfect” situation, in which there is no
loss of functioning throughout a person’s work career.
In a similar manner, the difference between the quality-
adjusted survival of a healthy person and that of a per-
son with a particular disease measures the utility of
health lost in contracting disease (30). This measure can
be an efficient tool with which to supplement the pri-
mary indicators of health (ie, mortality and incidence
rates). However, there may not be a compelling need
for such a quantification of the data when the objective is
priority setting for health intervention; simple summaries
of epidemiologic data in terms of the number of years lost
will ordinarily suffice in most applications encountered
in occupational health research and policy making.

Worklife expectancy

Worklife expectancy, like health expectancy, is the fu-
ture time that a person at a given age is expected to
spend in employment. While it is a hypothetical con-
struct that is not directly measured, it is an intuitive and
broadly accessible concept. As such, it can provide the
means for summarizing and comparing the health sta-
tus of the employed population, as well as the means
for monitoring time trends in occupational health. Sum-
mary measures for workyears can provide useful indi-
cators for evaluating labor-force potential, as well as for
evaluating the need for employer and pension plan ac-
commodation (31). Although the calculation of work-
life expectancy tables is complex (32–34), their wide use
demonstrates that they are comprehensible. In the ap-

proach adopted by Nurminen et al (35), worklife expect-
ancies were estimated using a logistic regression model
for multinomial probabilities of the health states of ex-
cellent, good, fair, and poor work ability. Work ability
assessments were based on the index developed by Tuo-
mi et al (12). These expectancies can be presented ei-
ther as readily interpretable simple numerical summa-
ries or charted as areas under a worklife survivor curve.
Worklife expectancies have the advantage over other
summary measures in that they are measured in units
(expected years of worklife) that are meaningful to or-
dinary laypersons. Richards & Abele (36) discussed tra-
ditional frequency-based methods for computing work-
life expectancies in the context of forensic economics.
In particular, interest can be focused on the gains in the
probability of being employed, which is related to work
ability and the expected duration of remaining worklife
affected by occupational health care practices or work-
life intervention. Measured together, these items provide
useful information on population health, and they have
the advantage of not assuming that the years of work-
life gained are necessarily healthy years of life.

 Worklife expectancies are formally defined in terms
of worklife table probabilities (32). Thus they have a
direct probabilistic interpretation in contrast to measures
of longevity weighted by disability. Let p(x,y) be the
probability that a person aged y years is employed if he
or she had started work at the age of x years. The work-
life expectancy is then defined as (35):

e(x) = � +
w

xy 1+=
Σ p(x, y), (equation 1)

where w is the person’s age in his or her last year of
employment. In the computations it is assumed that the
earliest commencing date is the middle of the entry year.
The impact of the � factor reduces the total worklife
expectancy by 6 months. Note that e(x) does not depend
on the particular age structure of a population.

This measure of worklife expectancy can be expand-
ed by basing it on the probability of occupancy in a giv-
en state of work ability. Let pi (x, y) denote the proba-
bility that an individual known to be alive at age x is in
state i (eg, excellent or good work ability, i = 1; fair
work ability, i = 2; poor work ability, i = 3; no longer
working, i = 4) at a subsequent age y = x + 1, x + 2, … .
The worklife expectancy of state i is then defined as (35):

ei(x) = πi(x)/2 +
w

xy 1+=
Σ pi(x, y), (equation 2)

where πi(x) is the prevalence of the alive state i at age
x. With the assumption of a regression model for pi (x,
y) and numbers for ages x, ei(x) can be computed numeri-
cally, either with the use of the aforementioned discrete
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approximation or as the following integral function:

ei(x) = �
w

x
pi(z)dz. (equation 3)

The ei(x) represents the area under the worklife survival
curve from x to w.

Figure 1 depicts a hypothetical worklife survival
curve for a population that has undergone occupational
health intervention (eg, via the promotion of work abil-
ity) as opposed to normal practice. Comparison of the
profiles of the worklife survival curve gives an assess-
ment of the effectiveness of the intervention in terms of
a change in the evolution of the health of a working pop-
ulation. In figure 1, x = 45 years, and w = 45 + 18 = 63
years is taken as the statutory retirement age. The ef-
fect is, for example, at the end of worklife (when the
probability of work equals zero), assumed to be equiv-
alent to an average gain of 18 – 15 = 3 years in an ag-
ing worker’s career.

Furthermore, if a person was in state i at the start of
follow-up, then the conditional worklife expectancy of
state j, given initial state i at age x, can be defined us-
ing the equation of Nurminen et al (37) (see the appen-
dix):

eij(x) = � +
w

xy 1+=
Σ pij(x, y), for j = i, i = 1,2,…,

= 
w

xy 1+=
Σ pij(x, y), for j ≠ i, (equation 4)

where pij is the transition probability from work ability
state i to state j. At any particular age, for example, a
person can be classified as being in one of the following

four states: having excellent or good work ability (state
1), having fair or poor work ability (state 2), being on a
disability pension or deceased (state 3), and being re-
tired on an old-age or similar pension (state 4). The pij

can be estimated by a multiple logistic regression mod-
el that can include age and time and the like as covari-
ates. In the estimation of the transition probabilities, one
assumes that the stochastic process that produced the
aggegated data was a discrete time-nonhomogeneous
Markov chain (38).

Example: worklife expectancy of aging Finns

As an illustration of the application of the methodology to the
estimation of worklife expectancy, consider the study of aging
Finns (35). This study appears to be the first to calculate cohort
health expectancies for a real employed population. It estimated
the future duration that a person aged 45 years or older would
live in different states of health, provided that the prevailing
patterns of mortality, morbidity, and disability remain un-
changed. The data obtained from the questionnaire surveys
conducted by the Finnish Institute of Occupational Health in
1981, 1985, and 1992 (39) among 6257 municipal workers were
used for the estimation. The assessment of work ability was
based on self-rated scoring (12). The probability of belonging to
a work ability category was modeled by means of the marginal
distribution of work ability estimated from the sequential cross-
sectional surveys of the worker cohort. Transition probabilities
between different states of employment and health were also
estimated (37). They were then used to compute the worklife
expectancies. This study focused on the future occupation times
in the different health and employment states conditional to a
person’s initial age and state of work ability. The secondary
concern was with gender inequality in population health.

Consider a worker who enters employment at the age of 45
years; this person has, at the most, 17 or 18 years of remaining
worklife before the statutory retirement age of 63 years.2 The
study estimated that a male worker is an active employee for
11.5 years, and a female worker for 12.2 years, on the average
(figure 2). The worklife expectancy was estimated to be 5.5
years for men with excellent or good work ability, 4.5 years for
those with fair work ability, and 1.5 years for those with poor
work ability. The worklife expectancies in the respective work
ability classes for women were estimated to be longer: 5.6
(excellent or good), 5.0 (fair), and 1.6 (poor). In terms of effec-
tiveness (10), the effect of a transition from the initial state of
poor to good work ability was estimated to be, on the average, 4
years of gained active worklife for both the men and the wom-
en. This additive decomposition of health expectancies in rela-
tion to the specified levels of work ability is an appealing
property of the measure of worklife expectancy. The decompo-
sition is helpful in understanding at what stages changes in
population health are occurring and quantifying the magnitude
of those changes.

2 The Finnish data pertain to a period of 10 to 20 years ago when the official retirement age from municipal occupations
ranged from 53 to 63 years. In 1981, 62% of  municipal workers had a retirement age of 63 years, for 35% of the
workers it was 58–62 years, and for only 3% it was lower than 58 years. Currently, the statutory retirement age for
municipal workers varies and is between 63 and 65 years. For the purpose of this review, I have used a retirement age of
63 years because I was not aiming at comparing different occupational groups; instead my emphasis was on a
comparison between groups with different work abilities.

Figure 1. Probability of working and the expected length of future
worklife gained for an aging worker via occupational health interven-
tion. Modified from figure 4 in Williams (46).
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The study further estimated that, of the 60-year-old work-
ers, both men and women, less than 30% remained actively
engaged in worklife. This finding indicates that most municipal
workers left worklife before the statutory retirement age of 63
years. A man ran a 43% risk of retiring prematurely on a
disability pension; for a woman, the risk was only 26%. A
man’s corresponding probability to retire on an old-age or simi-
lar pension was 34%, whereas, for a woman, it was much
greater, 59%. A man’s risk of dying before the age of 63 years
was 6%; for women the risk was 4%. In general, men’s death
rate was two- to fourfold women’s rate, and the rate was accen-
tuated in the younger age groups. Figure 3 [de Finetti’s (40)
diagram 3] illustrates the joint distribution of the probabilities of
the work–health states for men aged 50–62 years.

The study demonstrates that the work ability of an aging
Finnish worker deteriorates prematurely (ie, before the statutory
retirement age), and this deterioration can lead to far-reaching
socioeconomic consequences. Thus it is important to examine
the development of work ability already before the age of 45
years, when it is still possible to intervene in the process by
promoting work ability. Greater labor flexibility and concerted
effort are needed to encourage higher labor-force participation
among older workers, particularly skilled people. Especially
aging male workers would need more flexibility than the present
worktime arrangements. Free time is appreciated clearly more
as one ages, and particularly men tend to retire early in order to
gain time for their own activities. Older workers have the poten-
tial to make a continuing social and economic contribution to
Finland. The extent of this contribution will depend on the

ability of older workers to continue to work, and their interest in
doing so. It will also be influenced by the changing nature of
work and the attitudes of employers towards the value of older
workers. If the employment rate 4 declines, this scenario entails
risks because of the effects of population aging. The present
working-age population, especially the large age cohorts born
in 1945–1949 (relatively the largest in Europe), will be reaching
retirement age in 2005–2014, as younger and smaller cohorts
are joining the labor force. The inevitable consequence will be a

3 de Finetti’s triangular diagram is interpreted mathematically as follows: Place a mass proportional to the prevalence pi
of state i = 1, 2, 3 at an angle of the equilateral triangle (S1, S2, S3) and compute the center of gravity of the three
masses, P. Then the distance from P to the side opposite vertex Si is pi. In x-y plane geometry, the coordinates of P are
Σipixi and Σipiyi, where xi and yi are the cordinates of Si, i = 1, 2, 3. If the height of the triangle equals 1, then point P
defines the probability distribution of the three states (p1, p2, p3; p1+ p2 + p3 = 1). The path formed by the age-specific
points describes the stochastic process that generated the estimated probabilities.

4 Employment rate means the share of employed persons in the working-age population. The working-age population is
traditionally defined as the 15- to 75-year-old population. In practice, the working-age population is often restricted to
15–64 years because the majority of persons older than 64 years in most developed countries are retired. Employed
persons in Finland include all those who had worked at least 1 hour during the week that the Labour Force Survey was
conducted by Statistics Finland.
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male workers according to their work ability
status and age. The worklife expectancies
for poor work ability are first plotted along
the age axis with the subsequent values for
fair work ability and good work ability
“stacked” on top of the previous ones. For
example, at the age of 45 years, a male
worker is expected to be actively employed
1.5 years with poor work ability, 4.5 (= 6.0–
1.5) years with fair work ability, and 5.5 (=
11.5–6.0) years with good or excellent work
ability. The worklife expectanies add up to
11.5 ( = 5.5 + 4.5 + 1.5) years. (Data from the
worklife expectancy project of the Finnish
Institute of Occupational Health)

Figure 3. Probability distribution of work-activity states (S1 = em-
ployed, S2 = retired, S3 = disabled or dead) for men represented by point
P, from which the distance computed from vertex Si to the opposite side
is pi (i = 1, 2, 3). For example, the estimate for the probability of being
employed was p1 = 17%.
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steady shrinkage of the working-age population starting in 2005.
Hence Finland faces a future of dwindling numbers of em-
ployed persons, who will have to pay for the increased costs of
the health care and social security of the expanding retired
population. The young may resent the tax burden imposed on
them to pay for the pensions and health expenditures of the
elderly. Priority should be given to curbing the burden of taxa-
tion on the working population. On the other hand, there is a
looming intergenerational conflict if baby-boomers must pre-
pare themselves to give way economically to succeeding gener-
ations. It could be reasoned that the generations now approach-
ing retirement age do not have an automatic right to expensive
social welfare subsidized by younger workers.

The study concluded that worklife expectancy is an appro-
priate and readily interpretable measure to describe statistically
the way in which a population’s work capacity develops in
different initial states and how it affects premature mortality,
disability, and old-age retirement. Summary measures for work-
life provide useful information for evaluating the labor force
potential and the factors affecting retirement, as well as for
assessing the need for a program to encourage employees to
continue to work.

The defined measure of worklife expectancy has the
distinct connotation that it allows the summary to be
multivariate. In other words, the outcome parameter [eg,
the logarithm of the ratio of the probability of state i, pi

(x, y), to the probability of the referent state] is expressed
in terms of multiple covariates, z1, z2, etc, of a tempo-
ral, spatial, and socioeconomic nature. Greenland (41)
has suggested that covariates may also represent alter-
native actions (or interventions). For example, z1 could
specify that the tax on tobacco is raised by 10%, 20%,
or 30%, and z2 could specify the options for lowering
the tax on alcohol by 30%, 40%, or 50% (eg, in Finland
dictated by circumstances in the European Union). An
analysis of worklife expectancy  using a multivariate re-
gression model enables one to capture the joint impact
of several causes of work disability. With regards to to-
bacco smoking, for example, the analytical model could
be used to assess the components of the legislation to
determine how they affected the disease outcomes of in-
terest (eg, lung cancer incidence or mortality from respi-
ratory and cardiovascular diseases). The various compo-
nents can be assessed within a comprehensive model that
includes epidemiologic data, legislative data, economic
variates (price and consumption data), sociodemographic
variates, and program data (media campaigns). This mul-
tivariate framework can clarify what is captured and
missed by any unidimensional measure of population
health (41). Such a modeling exercise is planned for a time
series of the entire Finnish employed population.

Health gap measure

The considerations of combining life expectancy and
health-related quality of life into a single measure

motivated an alternative method, described first in the
World Development Report (42). It measures health gaps
that quantify the difference between actual health and
the norm for health (43). There are many ways to ex-
press health gaps. A popular measure is disability-ad-
justed life years (DALY), that is, a combination of the
time lost due to premature mortality and the time lived
with a disability, adjusted for the severity of the disa-
bility. This is a concept that has been used to measure
the “global burden of disease” (44) and, subsequently,
has been used in several studies on the national burden
of disease. WHO publishes reports of the global and
national “burden of disease” (45). The DALY has also
been used as a tool for setting priorities in health poli-
cy, especially to guide the allocation of resources for
health care intervention.

The proponents of the DALY suggest that it can be
used for both purposes (24). In a critical appraisal of
the DALY approach, Williams (46) stated that, although
there is some useful information to be obtained from the
present DALY procedure, it is not worth the cost and
there are better strategies for monitoring population
health and prioritizing health resources. He suggested
that, “What we need to measure is what impact differ-
ent interventions will have, not what impact different
diseases have [p 2]”. “Once this is done, things become
much simpler, because we can concentrate on incremen-
tal changes and abandon the attempt to calculate com-
prehensive aggregates on a global basis [p 6]”. Williams
(46) concluded that the calculation of aggregate meas-
ures, which involve too many idiosyncratic elements to
be capable of straightforward interpretation or applica-
tion, is not feasible for solving health policy problems.
Instead, what one needs to know is the marginal impact
of different interventions on people’s health. In re-
sponse, Murray & Lopez (47) noted that Williams’ claim
(ie, that summary measures of population health are ir-
relevant to policy formulation) is contradicted by the
interest shown by many countries and international
agencies, for example,  WHO, in estimating these meas-
ures. In my opinion, it would seem to be an overcritical
and one-sided stance to argue that only incremential
changes through intervention, and not the level of pop-
ulation health, matter. Consider an analogous argument
to employment. Would an economist conclude that the
unemployment rate has no policy relevance and that
only the costs arising from payments to the new unem-
ployed workers and the number of new jobs created
through government policies are informative? Moreover,
Murray et al (48) denied that they have ever claimed that
resources should be directed to health problems solely on
the basis of their relative contributions to premature mor-
tality and nonfatal health outcomes. Summary measures
of population health can give useful information for de-
bates on priorities for health action.
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In another critical review of the DALY, Anand &
Hanson (49) argued that the conceptual and technical
basis of this new measure of disease burden is flawed.
They also questioned the assumptions underlying the
measure and its value judgments. In particular, they
found that the implications of age weighting (reflecting
the social value of people at different ages) and dis-
counting (meaning that benefits are better when deliv-
ered sooner rather than later) to be unacceptable. Anand
& Hanson (49) also stated that allocating resources by
aggregate DALY measures is inequitable because the
information set for measuring the disease burden and
allocating resources differ and the users of the DALY
measure do not make this distinction. In defense of the
DALY, Murray & Acharya (50) maintained that these
measures can guide policies towards delivering more
cost-effective and equitable health care, within an in-
formation set comprising the health conditions of peo-
ple differentiated solely by age and gender. According
to their stance, the DALY measure is grounded on co-
gent economic and ethical principles and can guide de-
cisions regarding heath policies.

In the application of the DALY approach, the par-
ticular health-state weights used to account for nonfatal
health outcomes are derived with the use of the “person
trade-off method”. The question is “If you would have
to choose between extending the life of 100 able-bod-
ied persons versus the life of 100 + x disabled persons,
which number x would make your choice indifferent?”
The chosen number x is then used to calculate disabili-
ty weights that are supposed to quantify the relative se-
verity of different states of disability. But, as pointed
out by Williams (46), the answer to the question depends
on both the valuation of health states and people’s ethi-
cal concerns, which are difficult or impossible to quan-
tify. Note that the method requires that there be more
disabled persons than healthy persons (ie, x>0). Other-
wise, if x<0, it would be implied that disabled persons
are better than healthy persons, and this possibility is
irrational according to the valuation of health states as
adapted in the DALY approach.

In yet another criticism of the DALY measure,
Lyttkens (51) went even further and claimed that the
measure does not do what it purports (to measure popu-
lation health) and concluded that its use in priority set-
ting is ethically dubious (eg, in that it gives higher pri-
ority to prolonging the life of someone who is young
and healthy compared with someone who is old and dis-
abled). It would appear, however, that the DALY indi-
cator has been more readily accepted than the more fa-
miliar and general concept of QALE. Obviously, the
effect of intervention can be calculated either as an in-
crease (gain) in the QALE or as a reduction (gap) in the
DALY. It may be that the DALY has been advocated
as a measurement instrument for preventive health care.

According to Lyttkens (51), this means that prioritizing
concerns “statistical persons”, and explicit prioritizing
is thus less offensive in that context than when the
QALE is measured for priority setting in the (palliative,
therapeutic, or rehabilitative) health care of actual per-
sons. There are also concerns about the use of the DALY
to decide who gets the limited health funds available.
While the DALY may indicate where problems exist (as
do many other summary measures of population health),
it has been argued that it does not give information on
whether investing money in the health problem, for ex-
ample, through intervention, will pay off (52). The pro-
cedure analogous to DALY in the context of work ca-
pacity would require the estimation, probably by sub-
jective considerations, of factors affecting future work.
This approach may be unavoidable in the field of fo-
rensic economics, but is perhaps best avoided in other
contexts and, generally, when direct measures are more
easily interpretable.

Originally, many mortality-gap measures were for-
mulated in terms of the loss to a person. When aggre-
gated to the level of a population, the implications of
individual loss due to premature mortality have not al-
ways been appreciated (26). For example, Murray (53)
has shown that, for many mortality-gap measures and
health gaps, the implied target or the norm for popula-
tion health may change as the mortality level changes,
and it therefore makes direct comparisons between com-
munities impossible. Indeed, as Murray et al (43) re-
marked, “The most fundamental conceptual question for
developing health gap measures is the definition of the
normative health function [p 984]”. A population norm
for an employed population would specify a reference
healthy worklife expectancy, and the health gap would
be calculated as a simple difference between the ob-
served worklife expectancy and this reference. Howev-
er, like health expectancy, this type of health gap is not
easily decomposed into the contribution of different
causes to give the total health gap for a population (48).

Models of disablement

Other critical points regarding health-gap measures in-
clude calculation methods and an array of conceptual
issues regarding the definition, measurement, and valu-
ation of health states. Although the World Development
Report (42), which made use of the DALY, provided
an extensive discussion on disability, disability as a con-
cept was not defined. The definitional concern here has
to do with the fundamental assumption about the nature
of disability that underlies the DALY concept. The
methodology makes the assumption that disability is a
disease. The “medical” model of disablement views
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disability conceptually as a person’s observable devia-
tion from biomedical norms of structure or function that
directly results from disease, trauma, or another condi-
tion of ill health (54, 55). The DALY method attempts
to classify disability states based on the International
Statistical Classification of Diseases (56) by grouping
together a wide range of serious diseases according to
their physical, sensory, intellectual, and emotional con-
sequences. According to WHO (57), however, disease
and disability are distinct concepts, which are to be
viewed independently.

Years of life with a disability need not be viewed
necessarily as years of life “lost” to disability, nor can
they always correctly be described as years “burdened”
by disease (58). A disabled person’s lot in life can be
considerably more productive if he or she has access to
resources and technical aids that will allow more self-
sufficiency. An aging, disability-free worker may have
difficulties with memory, experience limitations in ac-
tively learning the use of new technologies, and partici-
pate in a limited way in areas of worklife that require
teamwork. A worker of the same age with a disability
may not be “handicapped” by such limitations.

Another problem with the DALY method is the as-
signment of a “reduced value” for lives lived with disa-
bility of physical functioning. The approach relied on
the subjective assessment of medical experts to identify
the major disabling sequelae for each of the 107 diseas-
es and injuries and to attach weights to disability condi-
tions according to severity. Unfortunately, this valua-
tion of disability is strikingly at odds with the social,
economic, and human rights gains that have been made
by the disability community (58). Disabled people are
not to be regarded as a net drain on society. What is
called physical or mental disability is not simply an at-
tribute of a person, but rather a complex combination
of conditions, activities, and relationships. The WHO
(59) classificatory instrument has endeavored to define
disability more accurately by emphasizing the social
context within which people live. The “social” model
of disability, on the other hand, sees disability largely
as a problem created by the social environment, whose
management requires collective action at the level of
society. To capture the integration of the various dimen-
sions of functioning more comprehensively, a “biopsy-
chosocial” model was developed by WHO (45). In this
multidimensional approach, the different dimensions of
functioning and disability are conceptualized simulta-
neously at biological, individual, and social levels. Thus
it would appear that the focus has shifted away from the
“medical” model to encompass wider realms. This shift
may be a result of the fact that there is a need to devel-
op the basic “medical” model; yet, an epidemiologist
would be inclined to regard the “biopsychosocial” model
conceptually as a modification of the former.

The DALY method is unable to address disability
in a context beyond that of the individual. For example,
using the “social” model for disability, an actively work-
ing university professor with a spinal cord injury result-
ing in paraplegia may prove far more productive, both
scientifically, socially and economically, than his or her
healthy colleague who engages exhaustively in extra-
curricular (eg, sports) activities during official
workhours. A person’s quality of life and achievements
depend, to a large extent, on the sociocultural, legal, and
economic ramifications of living with a disability (58).
An identical disability for a poor worker living in an
underdeveloped country and a wealthy professional liv-
ing in a developed country might produce very differ-
ent consequences. The latter person’s need for assist-
ance at home or at work may create jobs for some per-
sons. In terms of the DALY, both persons could be
equally burdensome medically to their societies. Yet, the
real issues that affect their lives differentially are eco-
nomic and social.

Finally, there is fear that a specific disease can be
used as a basis in the DALY calculation to justify deni-
al to disabled persons, not only of medical services, but
of other resources from other areas society as well (58).
For example, a person’s impaired ability to walk result-
ing from dyskinetic cerebral palsy should not make him
or her less worthy of an education or of being hired for
work. Although the DALY indicator can help econo-
mists and decision makers distribute health services to
the public benefit, it may also allow them to more easi-
ly justify the disfranchisement of a certain, marginal
segment of the population of its right to health care.

Concluding remarks

The criticism referred to in this review was not present-
ed with the intent of downplaying the efforts put forth
by the health scientists who have developed summary
measures of population health; on the contrary, the in-
tention was to encourage further methodologic work on
the measurement of work (dis)ability. The DALY and
worklife expectancy measures belong to two different
classes of indicators, and both are useful in different
settings. In a recent review, Murray et al (26) examined
a range of options for summarizing population health,
and the main debates and challenges surrounding them.
They concluded that, “Despite the extensive develop-
mental agenda that remains, applications of summary
measures cannot await the final resolution of all meth-
odologic issues, so they should focus on those measures
that satisfy as many basic criteria and desirable proper-
ties as possible [p 981]”. In conclusion, I regard work-
life expectancies as useful indicators for measuring the
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future duration of occupancy in given states of work
ability and prefer them over alternative summary meas-
ures of population health in the context of occupational
health.
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Appendix

Estimation of worklife expectancies

Consider the analysis of cohort data when the numbers
are reasonably large, as in a multistate life table. Work-
life expectancies or occupation times eij(x) of state j fol-
lowing the passage from state i at age x can be estimat-
ed from the transition probabilities, so the main prob-
lem is estimating the latter. Let the multistate transition
probabilities be defined as pij(x, y) = Pr{X(y) = j ⎢ X(x)
= i}, x< y, where, X(x), with the given sequence of val-
ues of x, is the underlying discrete-time stochastic proc-
ess that generated the observed data, with state space
{1, ... , a, a+1, ... , a+b} in which 1, ..., a label initial or
nonabsorbing states (eg, conditions of health or employ-
ment) and a+1, ... , a+b label states that are assumed to
be terminal or absorbing (eg, death from different caus-
es). For the derivation, the transition probabilities are
parameterized as log-partial odds: the probability of a
transition to another state divided by the probability of
no transition [Davis et al (1), equation 1.1] θij(x) =
log{pij(x,y)/pii(x,y)} for j = 1, ... , i-1, i+1, ... , a+b; i =1,
2, ... , a (j ≠ i). This parametrization is convenient for
deriving the asymptotic Gaussian distribution of statis-
tic   ij. Data are assumed to be available in the form of
numbers of transitions for a cohort of n(0) members at
the start of the follow-up (y = 0). That is, one must be
able to observe realizations of random variables ñij(x,y),
that is, the number of the members of the cohort who
are in state i at x and in state j at age y, x < y, for a
sequence of x values.

Consider the special case of the following four
states: state 1 = working; state 2 = on disability pen-
sion; state 3 = on old-age pension; state 4 = deceased.
If states 2, 3 and 4 are terminal (or “absorbing”, that is,
there are transitions from these states), a = 1, b = 3. For
the method to be applicable, a number of tables must be
constructed for both genders and for persons of differ-
ent initial ages. An application then proceeds to the re-
gression modeling of the 3 × 1 data vector of the log
partial odds as
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For the estimation of the Markov chain, the asymptotic
distribution of    (x) must be found. Since the transition
probabilities sum up to the marginal probability,

p1 =            ,j
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the likelihood function for Θ is of the form

                                                              .

The Fisher information matrix is I(Θ) =
       }. Direct computation, with p1j = p1j(x, x+1), yields

I(Θ) = n(0) p1(x)

This multinomial form is due to the Markov assump-
tion. The asymptotic variance-covariance matrix of Θ
is obtained by inversion as follows:

V(x) = I(Θ)-1

= {n(0) p1(x)}–1

The multiplier n(0) pl(x) = n1(x) can be estimated by the
corresponding empirical quantity ñ1(x) and p1j(x, x+1)
by ñ1j (x,x+1)/ ñ11(x,x+1).

The parametrized vector of partial odds can be ex-
pressed in terms of a regression model: Θ(x) = Z(x)’β,
where Z(x) is a known vector depending on age x and
possibly other covariates, such as time and socioeco-
nomic indicators. The likelihood equation to be mini-
mized for obtaining an estimator of β, given in Davis et
al (1, equation 3.3), is L(β) = ∑x {(    (x) – Z(x)’β }’I(Θ)
{   (x) – Z(x)’β}. The transition probabilities are then
estimated from

p11 = [1+     exp(θ1j)]–1

and p1j = p11 exp(θ1j), for j = 2,3,4. Finally, the worklife
expectancies can then be estimated from

e1j(x) = � +        pij(x,y).

The factor � arises because it is assumed that the entry
to worklife occurs in the middle of the initial year.
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