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A critical examination of summary measures
of population health
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In the past decade, interest has been rising in the development, calculation and use of summary measures of
population health, which combine information on mortality and non-fatal health outcomes. This paper reviews the
issues and challenges in the design and application of summary measures and presents a framework for evaluating
different alternatives. Summary measures have a variety of uses, including comparisons of health in different
populations and assessments of the relative contributions of different diseases, injuries and risk factors to the total
disease burden in a population. Summary measures may be divided into two broad families: health expectancies
and health gaps. Within each family, there are many different possible measures, but they share a number of inputs,
including information on mortality, non-fatal health outcomes, and health state valuations. Other critical points
include calculation methods and a range of conceptual and methodological issues regarding the definition,
measurement and valuation of health states. This paper considers a set of basic criteria and desirable properties
that may lead to rejection of certain summary measures and the development of new ones. Despite the extensive
developmental agenda that remains, applications of summary measures cannot await the final resolution of all
methodological issues, so they should focus on those measures that satisfy as many basic criteria and desirable
properties as possible.
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Introduction national burden of disease studies (27-36). WHO is
_ _ committed to routine measurement and reporting of
Summary measures of population health combine  the olobal and national burdens of disease (37, 38).

information on mortality and non-fatal health out-  The United States Institute of Medicine (IOM)
comes to represent the health of a particular

population as a single number (7). Efforts to develop
such measures have a long history (2—70). In the past
decade there has been a markedly increased interest in
the development, calculation and use of summary
measures. The volume of work from members of the
Résean de I' Espérance de Vie en Santé (REVES) offers one
indication of the activity in this field. (77, 72).
Applications of measures such as active life expec-
tancy (ALE) (73) have been numerous, especially in
the USA. Calculations of related summary measures
such as disability-free life expectancy (DFLE) have
also appeared frequently in recent years (74—79).
Another type of summary measure, disability-adjusted
life years (IDALYs), has been used in the Global
Butden of Disease Study (20—26) and in a number of

convened a panel on summary measures and
published a report that included recommendations
for enhancing public discussion of the associated
ethical assumptions and value judgements, establish-
ing standards and investing in education and training
to promote the use of such measures (7).

We review below the range of options for
summarizing population health, and the main
challenges and debates underlying them. Because
there are many options, we propose critetia that can
be used to evaluate different summary measures of
population health. The intended use of a measure
may have important implications for its design, and
we therefore outline the major uses of summary
measures. A brief discussion of the information
requirements for all summary measures is followed
by a typology of summary measures in terms of
health expectancies and health gaps. We outline key
! Director, Global Programme on Evidence for Health Policy, World issues of importance for all summary measures. A
Health Organization, 1211. Geneva 27, Switzerland. Correspondence number of criteria and other properties are proposed
should be addressed to this author. . B
? Health Policy Analyst, Global Programme on Evidence for Health which can be ‘?Sed to evaluate d1fferer'1t summary
Policy, WHO. measures. We discuss some of the broad implications
of this framework for choosing summary measures
and consider the prospects for future progress.
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This paper should be understood in the context
of work under way in WHO on the development of
an analytical framework for measuring health system
performance (39). We consider one critical element
of this framework, namely the need for measutes of
population health that capture the average levels of
fatal and non-fatal health outcomes in a population.
WHO is also developing measures that summarize
health inequalities in populations (40, 47). Assess-
ments of health systems thus depend on both
summary measures of the average level of population
health and measures of the distribution of health
among individuals.

Uses of summary measures

The design of a summary measure may depend on its
intended use. Some potential applications are
indicated below.

1. Comparing the bealth of one population with that of
another. Such comparisons are an essential input into
evaluations of the performance of different health
systems, along with information on health inequalities,
responsiveness and fairness in financing (39). Com-
patisons may allow decision-makers to focus their
attention on health systems with the worst achieve-
ment for a given level of resources. Comparative
judgements also provide the dependent variable in
analyses of the independent vatiables that contribute
to health differences between populations.

2. Monitoring changes in the health of a given
population. Monitoring changes in health status over
time is essential in the evaluation of health system
performance and progress towards stated goals for a
given society.

3. Identifying and quantifying overall health inequal-
ities within populations.

4. Providing appropriate and balanced attention to the
effects of non-fatal health outcomes on overall population health.
In the absence of summary measures, conditions that
cause decrements in function but not mortality tend
to be neglected in favour of conditions that primarily
cause mortality.

5. Informing debates on priorities for health service
delivery and planning. A summary measure can be
combined with information on the contributions of
different causes of disease and injury or risk factors to
the total. Such information should be a critical input
to debates on the identification of a short list of
national health priorities that will receive the attention
of senior managers in public health agencies and of
government leaders.

6. Informing debates on priorities for research and
development. The relative contributions of different
diseases, injuries and risk factors to the total summary
measure also represent a major input to the debate on
priotities for investment in research and develop-
ment (42).

7. Improving curricula for professional training in

public health.

8. Analysing the benefits of health interventions for use
in cost-effectiveness analyses. The change in some
summary measure of population health offers a
natural unit for quantifying intervention benefits in
these analyses.

Consideration of the intended use of summary
measures of population health, whether for simple
comparative purposes or more tailored policy debates,
can be expected to figure centrally in the development
of criteria for evaluating alternative summary mea-
sures. Nevertheless, in examining the properties of
various summary measures it is important to recognize
that all applications, even simple comparative ones,
can influence the policy process (7). Because of their
potential influence on international and national
decisions relating to the allocation of resoutces,
summary measures should be considered to be
normative. As stated by the IOM panel, all measures
of population health involve choices and value
judgements in both their construction and their
application. Great cate must be taken in the construc-
tion of summary measures precisely because they may
have far-reaching effects. Normative aspects of the
design of summary measutes continue to be the
subject of extensive debate (43—46).

Information requirements for
summary measures

It is important to distinguish clearly between the
nature and quality of various inputs to summaty
measures and the properties of the measures
themselves. Information on age-specific mortality
and the epidemiology of non-fatal health outcomes
provides a basic input to any type of summaty
measure. Another critical input is information on the
values attached to various health states relative to
ideal health or death. Instruments for the measure-
ment of health states, such as SF-36 (49), can be used
to describe health states in terms of performance in
various domains of health. This information could be
combined with valuations of health states in order to
calculate the non-fatal health component of many
different summary measures, but SF-36 and other
instruments for the measurement of health states are
not in themselves summary measures of population
health. The occasional confusion surrounding the
distinction between data inputs to summary mea-
sures and the summary measures themselves may be
exacerbated when summary measures ate linked by
definition to particular health status instruments, as in
years of healthy life (YHL) (50).

A typology of summary measures

A wide array of summary measures has been
proposed. On the basis of a simple survivorship
curve they can be divided broadly into two families:
health expectancies and health gaps. The green curve
in Fig. 1 is an example of a survivorship curve for a

Bulletin of the World Health Organization, 2000, 78 (8)



Summary measures of population health

hypothetical population. This curve indicates, for
each age along the x-axis, the proportion of an initial
birth cohort that will remain alive at that age.

Area 4 + Bunder the bold survivorship curve
represents life expectancy at birth. Health expectan-
cies are measures of this area which take into account
some lower weights for years lived in health states
worse than full health, represented as area B in the
diagram. More formally:

health expectancy = .4 + f(B),
where /() is a function assigning weights to health
states less than ideal health, using a scale on which full
health has a weight of 1.

A wide range of health expectancies has been
proposed since the original notion was developed (2),
including ALE (73), DFLE (771, 12), disability-
adjusted life expectancy (DALE) (34), YHL (50),
quality-adjusted life expectancy (QALE) (7, 57),
dementia-free life expectancy (52) and health capital
(53, 54).

In contrast to a health expectancy, a health gap
quantifies the difference between the actual health of a
population and some stated norm or goal for
population health. The health goal implied in Fig. 1
is for everyone in the population to live in ideal health
until the age indicated by the vertical line enclosing
area C'at the right. The health gap shown in Fig. 1 can
be interpreted as either the life table health gap, i.c.
the health gap of a hypothetical birth cohort exposed
to a set of currently measured mortality and non-fatal
health outcome transition rates, or the absolute
health gap of a stable population with zero growth.

Since Dempsey (55), there has been extensive
development of vatious measures of years of life lost
attributable to premature mortality (e.g. 44, 56).
Measures of years of life lost are all measures of a
mortality gap, the area between the survivorship
function and an implied population norm for
survivorship, represented as area C'in Fig. 1. Health
gaps extend the notion of mortality gaps to account
for time lived in health states worse than ideal health.
The health gap, therefore, is a function of areas C'and
B, or, more formally:

health gap = C' + g(B),
where g(-) is a function assigning weights to health
states less than full health, using a scale on which a
weight of 1 implies that time lived in a patticular
health state is equivalent to time lost because of
premature mortality. Various health gaps have been
proposed and measured (9, 38, 44, 57), and many
others could be detived.

Key issues in the design of summary
measures

There are at least four sets of issues that cut across all
summary measures of population health: technical
issues of calculation, the definition and measurement
of health states, the valuation of health states, and the
inclusion of other social values.
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Fig. 1. The survivorship curve
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Absolute and covariate-independent forms of sum-

mary measure. While the survivorship function in

Fig.1 provides a convenient heuristic illustration of

the difference between health expectancies and

health gaps, it is important to recognize that summary
measures may take either an absolute or an age-
independent form. For example, the number of

deaths in a population is an absolute measure, while a

period life table does not depend on the age

distribution in a population. By their construction,
all health expectancies ate measures that do not
depend on the particular age structure of a popula-
tion. Health gaps, on the other hand, are usually
expressed in absolute terms and as such are
dependent on age structure. For example, a health
gap may be expressed as the total number of healthy
years of life that have been lost in a population; this
varies with the age distribution of the population. A
life table health gap as illustrated in Fig. 1 can be
calculated easily and is independent of the age
structure of the population. It is also possible to
conceive of health expectancies that depend on age
structure, e.g. total healthy years lived in a population,
but these measures have not been developed thus far.
Most discussions of health statistics have
focused on the development of measures that are
independent of age structure. Clearly, age is only one
of innumerable covariates of health outcomes, and we
might therefore imagine developing sex-independent,
race-independent or income-independent forms of
summary measure just as we have forms that are
independent of age structure. There are arguments,
however, for paying special attention to the latter:

« age is one of the most powerful determinants of
health outcomes, so that compatisons based on
measures that ate not independent of age
structute may be dominated, in some cases, by
variation in this variable;

80

100
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« age cannot be changed by an intervention;
o age is unique in that all individuals belong
successively to every age until they die.

Although it is possible to imagine applying at least
some of these arguments to other factors, such as sex
and race, there will probably always be a particular
interest in summary measures that are independent of
age structure. The design of a summary measure and
the range of covariate-independent forms of the
measure that might be developed depend ultimately
on its intended use.

Calculation of health expectancies. As with
standard life tables (58), health expectancies can be
calculated for a period or for a cohort. The first
method, which is more common, calculates the
health expectancy for a hypothetical birth cohort
exposed to currently observed event rates (e.g. rates
of mortality, incidence and remission) over the
course of its lifetime. We are not aware of any
calculations of cohort health expectancies for real
populations, although longitudinal studies may
provide such opportunities (59). Deeg et al. (60)
projected disability transition rates based on long-
itudinal data for the Netherlands but did not convert
them into cohort health expectancies. Barendregt &
Bonneux (67) calculated changes in cohort disease-
free life expectancy attributable to hypothetical
interventions in a simulation model.

Health expectancies may also be distinguished
by the use of incidence or prevalence information on
non-fatal health outcomes. The pioneering efforts of
Sullivan (5) and others to estimate health expectancies
involved applications of the prevalence rate life table
borrowed from working life, marriage and education
life tables (e.g. 62). Katz et al. (73) proposed that
calculations of active life expectancy should be based
on double decrement life tables, in which individuals
can move into two absorbing states: limited function
and death. More recently, multistate life tables have
been estimated for health expectancies (63-65).
Robine et al. (66) and Barendregt et al. (67) argued
that the multistate method was required logically so
that health expectancy would be based only on
currently measured mortality, incidence and remis-
sion, and not on prevalence. Robine et al. (66) argued
that prevalence was not a period measure; it was a
stock vatiable rather than a flow. In real populations
there may not be much difference between health
expectancies calculated using the prevalence, double
decrement or multistate approaches (68).

Calculation of health gaps. The most funda-
mental consideration in the calculation of health gaps is
the choice of a target or norm for population health.
Health gaps measure the difference between current
conditions and a selected target. The explicit or implicit
target is a critical characteristic of any health gap.
Despite the obvious importance of choosing the health
target, in some cases the population target is neither
stated nor easily calculated. This was true of one of the
first health gaps proposed by the Ghana Health
Assessment Project Team (9). The original formulation

of many mortality gaps was constructed in terms of the
loss to each individual. The aggregate population
implications of the loss due to premature mortality for
each individual have been pootly appreciated. For
example, Murray (44) has shown that for many mortality
gap measures and health gaps the implied target may
change as the mortality level changes, making direct
comparisons between communities impossible.

As with health expectancies, health gaps may
be calculated in various ways that reflect differences
between period and cohort perspectives and in-
cidence or prevalence perspectives. For example,
DALYs in the Global Burden of Disease 1990 Study
have been calculated in two ways: using the
incidences of mortality and non-fatal health out-
comes, and using the incidence of mortality and the
prevalence of non-fatal health outcomes. Still other
combinations are possible. Healthy life years
(HeaLYs) for a given time period are calculated on
the basis of the incidence of pathological processes
and the future non-fatal health outcomes and
mortality from those processes (57). A pure
prevalence health gap could be constructed based
on the prevalences of non-fatal health outcomes and
of individuals who have died in the past and would
have lost years of life in the present time petiod.

Definition and measurement of health states
There is an important source of variation across
summary measures in the definition and measure-
ment of health states worse than perfect health. How
should the different health states comprising area B in
Fig. 1 be described? Critical issues have to be
considered even before the psychometric properties
of different measurement instruments for health are
analysed. Among them are the domains of health
which are measured, the difference between perfor-
mance and capacity in a domain, and the determi-
nants of discrepancies between self-reported and
observed performance or capacity in a domain.

Many domains of health have been proposed,
ranging from each of the senses, to pain, mobility and
cognition, and finally to complex functions related to
health, such as social interaction or usual activities
(69). The International Classification of Impait-
ments, Disabilities and Handicaps (70) attempts to
classify this broad range of health domains into body
functions, activities and participation. Measurement
instruments also vary as to whether they focus on
individuals’ capacity to perform in a domain, as with
the Health Utilities Index, or their actual perfor-
mance. As many commonly used instruments
depend largely on self-reporting, the individual social,
economic and cultural factors that influence expecta-
tions for performance or capacity on each domain
can lead to substantial deviations between self-
reported values and obsetved values (77).

Many health expectancies are linked to a
particular instrument for the measurement of health
status. ALE is linked to vatiants of the activities of
daily living. The YHL measure is linked to two
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questions collected in the United States National
Health Intetview Survey, concerning activity limita-
tions and perceived general health (50, 72). QALE
(57) is linked to a question on activity restriction in the
Canada Health Survey. In other cases, such as
dementia-free life expectancy, health expectancy is
linked to a particular diagnosis or a single domain of
health. DFLE is often calculated from data on long-
term disability and includes the duration of a condition
in its definition of disability. Data on self-assessed
general health have been used in the calculation of
health capital (53), although the measure is not, by
definition, linked strictly to this instrument. Cleatly,
wherever a health expectancy is defined with reference
to a particular instrument, the summary measure
depends critically on the reliability and validity of the
instrument. All of the particular instruments men-
tioned here represent very limited conceptions of
health, emphasizing a restricted set of physical
domains. This contrasts with other health status
instruments more widely applied in current practice,
such as EuroQol (73) or SF-36 (49), which capture
multiple dimensions of health. Direct linkages are not
required in the construction of summary measures, so
they may complicate evaluation of the properties of
summaty measures unnecessatily.

Valuation of health states
Once the health states reptesented in area B of Fig. 1
have been described in various domains the next step
in calculating either health expectancies or health
gaps is to determine the value of time spent in each
state relative to full health and death. This allows
these non-fatal health outcomes to be combined with
information on mortality.

Many health expectancies, such as ALE and
DFLE, apply dichotomous valuations (Fig. 2). Up to
an arbitrary threshold the valuation is zero (ie.
equivalent to the valuation of death); beyond this
threshold the valuation is one (i.e. equivalent to full
health). Dichotomous valuations make the measure
extremely sensitive to variation in the arbitrary
threshold definition, which creates significant ob-
stacles to cross-national comparisons and assess-
ments of changes over time. Other health
expectancies and health gaps such as YHL, DALE,
health capital and DALY's use polychotomous o, in
principle, continuous valuations (Fig. 2).

For those summary measures that do not use
arbitrary dichotomous schemes the valuation ap-
proach can be distinguished further on the basis of:
« the persons whose values are used, e.g. individuals

in health states, relatives of these individuals, the
general public or health care providers;

« the type of valuation question that is used, e.g. the
standard gamble, time trade-off, person trade-off,
or visual analogue;

« the manner of presenting health states for the
elicitation of valuations, i.e. with what type of
description and what level of detail, including
some selection of domains;

Bulletin of the World Health Organization, 2000, 78 (8)

Fig. 2. Valuations of time spent in health states worse than perfect health.
The green line indicates dichotomous valuations, as in disability-free life expectancy,
while the black line indicates categorical valuations, as in disability-adjusted life

expectancy.
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« the range of health states, from mild to severe,
valued at the same time;

« the combination of valuation questions, and, more
generally, the type of deliberative process under-
taken, if any.

The relative merits of each of these choices continue
to be debated extensively in the health economics
literature.

Other values

Values other than health state valuations also may be
incorporated explicitly into summary measures. For
example, health capital (53, 54) includes individuals’
discount rates for future health. In addition to
discounting, some variants of DALYs (20, 34) have
included age weights, which allow years lived at
different ages to take on different values. Equity
weights have also been proposed (48) in order to
allow years lived by one group or another to take on
different values. Incorporating other values into the
design of a summary measure usually requires strong
assumptions about the separability of health across
both persons and time. Such separability has been
challenged in the literature on quantifying the
benefits of health interventions, as in the debate on
healthy year equivalents and quality-adjusted life
years (74—70).

Criteria for evaluating summary
measures
Given the extensive interest in summary measures

and the range of health expectancies and health gaps,
one way to proceed is to propose a minimal set of

mild
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desirable properties that summary measures should
have and to evaluate available summary measutes
against these criteria. The minimalist set of desirable
properties for summary measures is likely to vary
with the intended use. Thus a summary measure
most appropriate for comparisons of population
health over time may not be the most appropriate or
even acceptable for reporting on the contributions of
diseases, injuries and risk factors to ill health in a
population. We consider the choice of an appropriate
summary measure for comparative purposes, and
then take up the question of choosing a summary
measure that can be decomposed into the contribu-
tions of different diseases, injuries and risk factors.

The purpose is to begin to define an explicit

framework for making these choices.

There is a common-sense notion of population
health according to which, for some examples,
everybody could agree that one population is healthier
than another, or that the health of a particular
population is becoming worse or better. For instance,
if two populations are identical in every way except that
infant mortality is higher in one, it is to be expected that
everybody would agree that the population with the
lower infant mortality is healthier. On the basis of this
type of common-sense notion we can develop some
very simple criteria for evaluating summary measures
of health. However, even simple criteria lead to some
rather thought-provoking conclusions.

Much of the discussion on the design of
summary measures has been linked closely to the goal
of maximizing gain in a summary measure in the face
of a budget constraint. Inevitably, this has led to
methods for constructing summary measures that
emphasize the mytiad value choices involved in the
allocation of scarce resources, for example the use of
the person trade-off technique for measuring health
state valuations (44, 77). Many authors have rightly
focused on a range of values relevant to the allocation
of scarce resources that may enhance individuals’
health (78). However, many of these considerations
bring us far from the common-sense statement that
one population is healthier than another. At least for
the purposes of comparative statements on health it
may be necessary to distance the development of
summary measures from the complex values that
have to be considered in the allocation of scarce
resources. In other words, we can quite reasonably
choose to measure population health in one way and
conclude that scarce resources should not be
allocated strictly to maximize population health as
so measured. Indeed, implicit in the WHO frame-
work for measuring health system performance (39)
is the notion that resources should at least be
allocated to maximize some socially desired mix of:
« average levels of population health;

« reductions in health inequalities;

o responsiveness of the health system to the
legitimate expectations of the public regarding
the non-health dimensions of its interaction with
the system;

« fairness of health system financing.

Tentatively, we believe that we can construct
summary measures for comparative purposes based
on an application of Harsanyi’s principle of choice
from behind a veil of ignorance (79). In this
construct, an individual behind a veil of ignorance
does not know who he ot she is in a population.” We
propose that the relation “is healthier than” can be
defined in such a way that population A is healthier
than population B if, and only if, an individual behind
a veil of ignorance would prefer to be one of the
existing individuals in population A rather than an
existing individual in population B, holding all non-
health characteristics of the two populations to be the
same.” We emphasize that the principle of choice
behind the veil of ignorance does not mean choosing
to join one of the populations as an additionalmembet.
A person must choose between two populations
knowing that he or she would be one of the current
members of either population, but not knowing at the
moment of choice which particnlar member he or she
would be in either population. Implementing the veil
of ignorance approach to selecting the criteria for a
summary measure of population health would have
many far-reaching implications. On the basis of the
veil of ignorance argument and consonant with
common-sense notions of population health we
argue that there are, minimally, five criteria that a
summary measure should fulfil. These criteria are
presented below with examples of comparisons
between two populations at an instant in time.
Criterion 1. If age-specific mortality is lower at
any age, everything else being equal, then a summary
measure should be better (i.c. a health gap should be
lower and a health expectancy should be higher).
Strictly speaking, this criterion refers to mortality
rates among individuals in health states that ate
preferred to death. This criterion could be weakened
to say that if age-specific mortality is lower at any age,
everything else being equal, then a summary measure
should be the same or better. The weaker version
would allow for deaths beyond some critical age to

? Harsanyi's veil of ignorance has been described as a thin veil,

in contrast to Rawls's thick veil. In Rawls's formulation (80), the

veil excludes much more information; most importantly for this
discussion, it excludes the particular circumstances of society such

as the epidemiological information upon which our criteria are based.

® Formally, the assumption that the relation “is healthier than" does

not depend on the particular levels at which non-health characteristics

are fixed requires separability of the health-related characteristics

of a population from characteristics that are not health-related. This

assumption has been questioned (87) and several compelling examples

of its violation have been presented. Nevertheless, there are reasons

to believe that health is largely separable from other components of

well-being. In nearly all languages and cultures there is a recognized

word for health and a distinct concept of health. Common sayings

to the effect that health is more important than wealth serve as a

testament to the basic separability of health and non-health well-being.
In addition to the separability of health and non-health well-being,

we require that individuals behind the veil of ignorance make

their choice assuming that health is separable across individuals. This

is required so that the statement “is healthier than"" strictly reflects

differences in the average level of health between populations

and not the distribution of health within populations. We intend

to capture distributional issues in a separate measure of inequality

of health across individuals.
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leave a summary measute unchanged. Measures such
as potential years of life lost would then fulfil the
weak form of the criterion.

By inspection, all health expectancies fulfil the
strong form of this ctiterion but some health gaps do
not. For health gaps, satisfaction of this criterion
depends critically on the selection of the normative
goal for population survivorship. For example, it can
be demonstrated that the use of local life expectancy
at each age to define the gap associated with a death at
that age, as proposed by several authors (9, 45), leads
to a violation of this criterion. For the purposes of
illustration, let us imagine two hypothetical popula-
tions with linear survivorship functions, as repre-
sented by the bold diagonals in Fig. 3. For the
population represented in the first diagram, life
expectancy at birth (the area under the survivorship
function) is 25 years, while the second population has
a life expectancy at birth of 37.5 years. Based on the
survivorship function, s(x), we can compute, for each
population, the life expectancy at each age, ¢(x),
namely, the area under the survivorship function to
the right of age x divided by s(x). The implied
population norm, G{=), is defined so that G(x + ¢(x))
= s(x). In Fig. 3, G{-) is shown as the diagonal line to
the right of the survivorship curve. In the population
with a life expectancy of 37.5, which has a lower
mortality rate at every age than the population with a
life expectancy of 25, the health gap shown as the
shaded area has actually increased.

Criterion 2. If age-specific prevalence is higher
for some health state worse than ideal health, everything
else being equal, a summary measure should be worse.
Let us imagine two populations, A and B, with
identical mortality, incidence and remission for all
non-fatal health states but with a higher prevalence of
paraplegia in population A. Behind a veil of ignorance
an individual would be expected to prefer to be a
member of population B. Likewise, the common-
sense notion of population health leads us to conclude
that B is healthier than A. Health expectancies and
health gaps calculated only on the basis of incidence
and remission rates for non-fatal health states do not
fulfil this criterion, whereas prevalence-based health
expectancies and health gaps do fulfil it.

Criterion 3. If age-specific incidence of some
health state worse than ideal health is higher, everything
else being equal, a summary measure should be worse.
Let us imagine two populations, A and B, with
identical mortality, prevalence and remission, but
with a higher incidence of blindness in A than in B.
We must conclude that B is healthier than A.
Incidence-based health expectancies and health gaps
would fulfil this critetion.

Taking criteria 2 and 3 together, we ate led to the
conclusion that no existing summary measure fulfils
both of them. According to conventional wisdom in
health statistics, incidence-based measures are better
for monitoring curtent trends and are more logically
consistent for summary measures because mortality
rates describe incident events. Prevalence measures
are widely recognized as important for planning

Bulletin of the World Health Organization, 2000, 78 (8)

Fig. 3. Health gaps based on local life expectancy. The first graph indicates

a population with life expectancy at birth of 25 years, while the second graph

indicates a population with life expectancy of 37.5 years. In each graph, the bold
diagonal represents a survivorship curve. The diagonal to the right of the survivorship
curve indicates a survivorship norm in each population that is based on actual life

expectancy at each age.
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current curative and rehabilitative services, while
incidence-based measures are more relevant to the
planning of prevention activities. These long-standing
arguments have their merits but do not answer the
question as to what it means for one population to be
healthier than another at a given point in time. It seems
undeniable that the common dichotomy between
incidence-based and prevalence-based measures does
not reflect the composite judgement that an individual
behind a veil of ignorance would make on which
population is healthier.

As one possible solution to this dilemma we
could estimate cohort health expectancy at each age
x, which would reflect both incidence and preva-
lence.® Thus the health expectancy of 50-yeat-olds
depends on the current prevalence of conditions
among individuals in this age cohort as well as on the
current and future incidence, remission and mortality
rates facing the cohort. A period health expectancy at
each age x which reflects incidence and prevalence
could also be constructed to provide a measure based
only on currently measutrable aspects of health. A
summary measure for the population could then be
based on some aggregation of the cohort or period
health expectancies at each age, such as a simple
average across all individuals in the population. This
aggregate measure would reflect both incidence and
prevalence and would be dependent on age structure.
Although the mechanics of constructing this measure
require further development, we believe that it offers
a potential solution to the problem posed jointly by
criteria 2 and 3.

Creterion 4. 1f age-specific remission for some
health state worse than ideal health is higher, everything
else being equal, a summary measure should be better.
The argument for this criterion is essentially identical
to the argument for criterion 3.

¢ Health capital at age x, proposed as a measure of a cohort's
health (53, 54), is a subjective discounted cohort health expectancy
at age x. While it has not been proposed as a summary measure

of population health, it includes both prevalence and subjective
expected incidence in its arguments.
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Criterion S. If two populations A and B include
individuals in identically matched health states except
for one individual who is in a worse health state in
population B, everything else being equal, then a summary
measure should be worse in B. Here we refer to
health states that are described completely in all
domains. Any reduction or improvement in any
domain would define a new health state. In practice,
measurement instruments assign individuals into a
finite number of discrete health states in which there
is still heterogeneity of levels in each domain of
health. At the extreme, measures that categorize the
population into only two states, e.g. disabled and not
disabled, are insensitive to substantial changes in the
true health state of individuals. This criterion is
particularly important for assessing the performance
of health systems where much of the health
expenditure in high-income countries may be
directed to interventions that improve the health
states of individuals without changing mortality.
DFLE, impairment-free life expectancy and demen-
tia-free life expectancy, which all use arbitrary
dichotomous weights, do not fulfil criterion 5.

Other desirable properties of
summary measures

Summary measures for comparative purposes are
meant to inform many policy discussions and
debates. The intended widespread use of summary
measures leads to several desitable properties in
addition to the basic criteria described above. The
appeal of these properties is not based on formal or
informal arguments about whether one population is
healthier than another but rather on practical
considerations such as the following.

« Summary measures should be comprehensible
and feasible to calculate for many populations. Itis
of little value to develop summary measures that
will not be used to inform the health policy
process. The nearly universal use of a very
complex abstract measure, namely petiod life
expectancy at birth, demonstrates that compre-
hensibility and complexity are different. The
interest of the popular press in DALE (82, §3),
probably because health expectancies build on life
expectancy, is one indication of the comprehen-
sibility of health expectancies. Health gaps are
perhaps less familiar to many but the concept is
relatively simple and communicable.

o Period-specific summary measures should not
change if incidence, remission, prevalence, sever-
ity and mortality do not change in the petiod
concerned. In other words, summary measures of
the health of a population in a specific period
should not depend on the particular set of past
events that have preceded the period, nor on the
particular set of future events that might follow.
This is an important property, as the practical
implementation of summary measures of popula-
tion health by various national health statistics

organizations should be possible using only
information available in a given year. Some have
argued that period summary measures should
include information on the prognoses of indivi-
duals in different health states. However, this
approach is problematic for a number of reasons.
Firstly, as period measures are intended, by
definition, to reflect only levels and rates in a
defined period, it is logically inconsistent to embed
predictions about future events in them. Secondly,
if the summary measure is to be used in
monitoring change in population health over
time, the changes in each individual’s health state
over time is already reflected in the calculation of
the summary measures for each subsequent
petiod. To include predictions about these future
changes as part of the summary measute in the
cutrent period would be to count these changes
twice. Thirdly, the inclusion of prognosis might
lead to the rather unappealing conclusion that
compatisons of the health of different populations
in one period must take account of an infinite
stream of events continuing into the future.

« Itwould be convenient if summary measures wete
linear aggregates of the summary measures
calculated for any arbitrary partitioning of sub-
groups. Many decision-makers, and very often the
public, desire information characterized by this
type of additive decomposition across subpopula-
tions. They would like to know what fraction of
the summary measure is related to health events in
the poor, the uninsured, the eldetly, children and
so on. Additive decomposition, which also often
has appeal for cause attribution, can be achieved
for health gaps but not for health expectancies.
For example, we can report the number of
DALYs in a population for ages 0 to 4 years and
for ages 5 years and above, and the sum of these
two numbers equals the total health gap in the
population. On the other hand it is not clear how
to combine the DALE for everybody aged 0 to
4 years with that for everybody aged 5 years and
older to obtain a meaningful number. Techniques
for estimating the contribution of changes in age-
specific mortality rates to a change in life
expectancy have been developed (e.g. 84) but
they do not have the property of additive
decomposition.

Calculating the contribution of
diseases, injuries and risk factors
to summary measures

Another fundamental goal in constructing summary
measures, which may explain the increasing attention
being given to them, is to identify the relative
magnitude of different health problems, including
diseases, injuries and risk factors, corresponding to
uses 5, 6 and 7 above. There are two dominant
traditions in widespread use for causal attribution:
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categorical attribution and counterfactual analysis.
There has been little discussion of their advantages
and disadvantages or of the inconsistency of using
both approaches in the same analysis. An example of
the latter is provided by the Global Burden of Disease
1990 Study (20). Burden attributable to diseases and
injuries has been estimated using categorical attribu-
tion whereas burden attributable to risk factors or
diseases such as diabetes, which act as risk factors,
has been estimated using counterfactual analysis.

Categorical attribution

An event such as death or the onset of a particular
health state can be attributed categorically to one
single cause according to a defined set of rules. In
cause-of-death tabulations, for example, each death is
assigned to a unique cause according to the rules of
the International Classification of Diseases (ICD),
even in cases of multicausal events. For example, in
ICD-10, deaths from tuberculosis in HIV-positive
individuals are assigned to HIV. This categorical
approach to tepresenting causes is the standard
method used in published studies of health gaps such
as the Global Burden of Disease 1990 (23).

A classification system is required in order that
categorical attribution may work. Such a system has
two key components: a set of mutually exclusive and
collectively exhaustive categories and a set of rules for
assigning events to them. ICD, relating to diseases
and injuries, has been developed and refined over
nearly 100 years. No classification system has been
developed for other types of causes such as
physiological, proximal or distal risk factors.

Counterfactual analysis
The contribution of a disease, injury or risk factor can
be estimated by comparing the current level and
future levels of a summary measure of population
health with the levels that would be expected under
some alternative hypothetical scenatio, for instance a
counterfactual distribution of risk or the extent of a
disease or injury. The models used in counterfactual
analysis may be extremely simple of, in the case of
some risk factors with complex time and distribu-
tional characteristics, quite complex. The validity of
the estimate depends on that of the model used to
predict the counterfactual scenatios. Vatious types of
counterfactuals may be used for this type of
assessment.

« The effect of small changes in the disease, injury or
risk factor can be assessed and the results
expressed as the elasticity of the summary
measure with respect to changes in the disease,
injury or risk factor, or as a numerical approxima-
tion of the partial derivative of the summary
measure (85, §6).

o Another form of counterfactual analysis assesses
the change in a summary measure expected with
complete elimination of a disease or injury. A
number of studies have presented results on
cause-deleted health expectancies (§7-97). Wolfson
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(92) calculated attribute-deleted health expectan-
cies (i.e. deleting types of disabilities rather than
causes).

+ More generally, Murray & Lopez (93) have
developed a classification of various countet-
factual risk distributions that can be used for these
putposes, including the theoretical minimum risk,
the plausible minimum risk, the feasible minimum
risk and the cost-effective minimum risk. The
examples of tobacco and alcohol have been used
to explore the implications of using these different
types of counterfactual distribution to define
attributable burden and avoidable burden.

« Inintervention analysis the change in a summary
measure from the application of a specific
intervention is estimated.

Counterfactual analysis of summary measures has a
wide spectrum of uses, from the assessment of
specific policies or actions to more general assess-
ments of the contribution of diseases, injuties or risk
factors. Two important factors are independent of
the type of counterfactual used: the duration of the
counterfactual and the time during which changes in
population health under the counterfactual are
evaluated. The complexity of defining the duration
of the counterfactual and the time duting which
change is evaluated can be illustrated with tobacco. A
counterfactual for tobacco consumption in which the
population does not smoke for one year, followed by
areturn to the status quo at the end of this year, could
be traced out in terms of changes in future health
expectancies or future health gaps. Because of time
lags and threshold effects, removing a hazard for
such a short duration may lead to little or no change in
a summary measure of population health over time.
Alternatively, the counterfactual change in tobacco
could be longer, such as a permanent change to a state
of no tobacco consumption.

Models have been developed (94-96) that
facilitate counterfactual analyses with varying dura-
tions. Changes in the counterfactual distribution of
exposure in a population may have an impact on
summary measures of population health over many
years in the future. Logically, all changes in future
population health should be included. For reasons
that are debated elsewhere one could argue that
changes in the distant future should be weighted as
less important than more proximal changes, i.e.
future changes should be discounted. One method
that has been used is to apply a dichotomous discount
rate, such that changes up to time / are counted
equally and changes after time 7are given zero weight.
Although discounting is controversial (97-700),
choices on the duration of a counterfactual are linked
intimately to whether future changes in population
health are discounted. For example, a permanent
shift in exposure could lead to an infinite stream of
future changes in health expectancies or health gaps
in the absence of discounting.

As part of its work on comparative risk
assessment, WHO is trying to facilitate a debate on
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the standardized definition of counterfactuals and the
duration of evaluation for a counterfactual change in
exposure.

Advantages and disadvantages

There are three possible ways of analysing the
contribution of diseases, injuries or risk factors (see
Table 1). Population health can be summarized using
health expectancies and health gaps, and cause
attribution for diseases and injuries can be assessed
using categorical attribution or counterfactuals.
Because there is no classification system for risk
factors they can only be assessed using the counter-
factual approach. Even for diseases and injuries it is
not possible to use categorical attribution with a
health expectancy, as positive health cannot be
assigned to specific diseases or injuries. What are
the advantages and disadvantages of the three
options in the table?

The advantage of categorical attribution is that
itis simple, widely understood and appealing to many
users of this information because the total level of the
summary measure equals the sum of the contti-
butions of a set of mutually exclusive causes
(i.e. categorical attribution produces additive decom-
position across causes). The disadvantage is well
illustrated by multicausal events such as a myocardial
infarction in a diabetic, or liver cancer resulting from
chronic hepatitis B. If additive decomposition is a
critical property the contribution of diseases and
injuries can only be assessed using health gaps.

The counterfactual method for calculating the
contribution of diseases, injuries and risk factors has
different advantages. It is conceptually clearet, solves
problems of multicausality and is consistent with the
approach for evaluating the benefits of health
interventions (92).

How can causal attribution be used to inform
debates on research and development priorities, the
selection of national health priorities for action, and
health curriculum development? It can be argued that
a method of causal attribution should give an ordinal
ranking of causes which is identical to the that of the
absolute number of years of healthy life gained by a
population through cause elimination (or appropriate
counterfactual change for a risk factor). This means
that the absolute numbers attributable to a cause are

Table 1. Approaches to analysing the contributions of diseases,
injuries or risk factors to summary measures of population health

Counterfactual
analysis

Categorical attribution

Health expectancies

« Diseases
- Injuries
« Risk factors

Health gaps « Diseases « Diseases
« Injuries - Injuries
- Risk factors
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important where cause decomposition is intended to
inform public health prioritization.

Discussion

In this paper we have put forward a basic framework
for characterizing and evaluating different types of
summary measure. In choosing summary measures
for a range of different uses it is critical not only to
understand the important differences between the
vatious types of available summary measures but also
to distinguish clearly between the range of measures
and the different types of instruments and data that
may be used as inputs for estimating them. We have
defined five basic criteria that may be used as a
starting point in evaluating summary measures. We
hope that they will provoke further debate on other
possible criteria that may be useful to analysts and
policy-makers in choosing summary measures for
policy applications.

It is worth noting a few examples where even
our basic criteria lead to the rejection of certain
methodological approaches. For example, the calcu-
lation of health gaps usinglocal life expectancy (e.g. 9,
45) violates criterion 1, which requires that as
mortality declines a summary measure should
improve. According to criterion 5, we should also
reject measures that are based on categorizing
individuals into two health states, e.g. disabled and
not disabled, with arbitrary zero and one weights as in
DFLE, ALE and dementia-free life expectancy. A
number of remaining health expectancies and health
gaps fulfil four of the five criteria, but no measure
fulfils the prevalence and incidence criteria at the
same time. For comparative uses it may be necessary
to develop a new class of measure that reflects both
prevalence and incidence, as with the average age-
specific health expectancy described above. It is very
important to recognize that, for other uses of
summary measures, different criteria may be for-
mulated with different implications for the design of
such measures.

Causal attribution is a key aspect of summary
measures for several important uses outlined above.
For diseases and injuries, ICD allows a choice
between categorical attribution and counterfactual
analysis. The desirability of additive decomposition
strongly favours the use of categorical attribution.
However, the magnitudes from counterfactual
analysis have a more direct and theoretically cogent
interpretation. We suggest that in practice the only
solution to this tension is routine reporting of both
categorical attribution and counterfactual analysis for
diseases and injuries. All issues of multicausal death,
as with diabetes mellitus, would be well captured in
counterfactual analysis even if categorical attribution
tends to underestimate the problem. There is no
classification system for risk factors, whether
physiological, proximal or distal, and consequently
the only option is counterfactual analysis. There are
many options for defining counterfactuals, and
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substantial work is needed to understand more fully
the implications of adopting different approaches.
Improving the estimation of summary measures
of population health depends on designing the most
appropriate measures for particular purposes. It also
requires improvement of the empirical basis for the
epidemiology of fatal and non-fatal health outcomes,
including attribution by cause, and for health state
valuations. One ctitical requitement is an improved
understanding of the determinants of differences
between self-reported and observed measures of
performance ot capacity in selected domains of health.
In proposing this framework for choosing
summary measures we have invoked both a
common-sense notion whereby, in some cases,
everybody could agree that one population was
healthier than another, as well as a more formal
mechanism for defining this choice, using Harsanyi’s
notion of choice behind a veil of ignorance. There are
some potentially important implications of the veil of
ignorance framework for choosing a summary
measure of population health for comparative
purposes. For example, the current methods used
to measute preferences for time spent in health states
may not be entirely consistent with this framework,

and modified methods would perhaps need to be
developed. Cleatly, it would be helpful to provide a
more rigorous formal treatment of this approach.

As work on summary measures gathers speed,
their uses and complexities ate becoming more
widely appreciated. The application of simple criteria
may lead to the rejection of some measures and the
development of new ones. An extensive develop-
mental agenda exists; nevertheless, the use of
summary measures should not be delayed until all
methodological issues have been resolved. Every
effort should be made to use cutrently available
summary measures that satisfy as many of the criteria
and desirable properties as possible. The calculation
of alternative summary measures should be facili-
tated by making the critical information on the
epidemiology of non-fatal health outcomes and
mortality widely available. Il
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Résumé

Examen critique des mesures synthétiques de I'état de santé d'une population

Au cours des dix derniéres années, on s'est de plus en plus
intéressé a I'élaboration, au calcul et a I'utilisation des
mesures synthétiques de I'état de santé d'une population,
associant les informations sur la mortalité et les pathologies
non mortelles. Le présent article passe en revue les
questions fondamentales et les difficultés rencontrées pour
concevoir et appliquer ce type de mesures; il propose
égalementun cadre pour évaluer les différentes possibilités.

La conception d'une mesure synthétique peut
dépendre de son utilisation. Plusieurs usages peuvent en
étre faits : par exemple, comparaison de I'état de santé
des populations entre différents pays ou dans le méme
pays sur plusieurs périodes, ou encore évaluation de la
part relative des maladies, traumatismes ou facteurs de
risque dans la charge totale de morbidité pour une
population. A cause de ces usages destinés a influer sur
la politique, les aspects normatifs des mesures syn-
thétiques doivent étre examinés avec soin.

Le vaste éventail des mesures synthétiques pro-
posées peut &tre divisé en deux grandes catégories : celles
ayant trait a I'espérance de santé, qui étend la notion
d'espérance devie au temps passé dans un état de santé qui
n'est pas optimal, et celles concernant les lacunes de santé,
qui mesurent la différence entre I'état de santé d'une
population et la norme établie. Il existe un certain nombre
d'exigences etde questions communes atoutesles mesures
synthétiques. Les principales données a recueillir compren-
nent les renseignements sur la mortalité en fonction de
I'age, I'épidémiologie des affections non mortelles et aussi
lavaleur attachée aux différents états de santé par rapporta
ce que I'on considére comme étant la santé idéale ou par

Bulletin of the World Health Organization, 2000, 78 (8)

rapport a la mort. On peut calculer ces mesures pour une
période ou une cohorte donnée du point de vue de la
prévalence ou de I'incidence. La définition et la mesure de
|'état de santé d'une population peuvent varier considéra-
blement, et il existe un certain nombre de probléemes
conceptuels et méthodologiques en suspens concernant la
valeur a accorder aux différents états de santé.

Dans le présent article, nous proposons un ensemble
de critéres de base et de caractéristiques souhaitables
susceptibles d'étre utilisés pour distinguer les différentes
mesures synthétiques. L'application de ces critéres de base
pourrait conduire arejeter certaines mesures et a en élaborer
de nouvelles. Parexemple, les lacunes de santé qu'on définit
par rapport a I'espérance de vie locale sont en contradiction
avec le critére fondamental selon lequel, lorsque la mortalité
décroit, tout autre paramétre étant équivalent par ailleurs,
une mesure synthétique doit s'améliorer. Nous concluons
également qu'aucune mesure synthétique actuelle ne
répond simultanément aux deux critéres voulant que ces
mesures s'améliorent lorsque soit I'incidence, soit la
prévalence d'un état pathologique diminue.

Il reste beaucoup a faire pour poursuivre la mise au
point des mesures synthétiques ; toutefois, il ne faut pas
attendre d'avoir résolu tous les problémes méthodolo-
giques pour les utiliser. Pour les appliquer actuellement,
il faut se concentrer sur celles qui répondent a autant de
critéres de base et de caractéristiques souhaitables que
possible. Les efforts pour améliorer la base empirique de
I'épidémiologie des pathologies mortelles et non
mortelles et de la valeur attribuée aux différents états
de santé doivent se poursuivre.
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Resumen

Analisis critico de los indicadores sinopticos de la salud de la poblacion

En la dltima década ha crecido el interés por el desarrollo,
calculo y uso de indicadores sindpticos de la salud de la
poblacién, que combinan informacion sobre la morta-
lidad y sobre las consecuencias de los problemas de salud
no mortales. En este articulo se analizan los aspectos y
desafios mas importantes del disefio y aplicacion de
indicadores sindpticos, y se presenta un marco de
evaluacién de las diferentes alternativas.

Las caracteristicas de un indicador sindptico
dependeran del uso previsto. Se pueden emplear con
diversos fines, por ejemplo para comparar la salud de la
poblacién en diferentes paises o en el mismo pais a lo
largo del tiempo, o para evaluar en qué medida
contribuyen relativamente las diferentes enfermedades,
traumatismos y factores de riesgo a la carga de
morbilidad total de una poblacion. Los aspectos
normativos de los indicadores sindpticos deben estu-
diarse detenidamente, ya que esos usos previstos
pueden influir en las politicas.

La amplia gama de indicadores sindpticos
propuestos puede dividirse en dos grandes familias: las
esperanzas de salud, que amplian el concepto de
esperanza de vida para tener en cuenta el tiempo
transcurrido en estados de salud distintos de la perfecta
salud; y las desigualdades en salud, que reflejan Ia
diferencia entre la salud en una poblacién y una norma
establecida para la salud de la poblacién. Hay una serie
de requisitos de informacion y otros aspectos comunes a
todos los indicadores sindpticos de la salud de la
poblacién. Entre las aportaciones mas importantes
destacan la informacion sobre la mortalidad por edades
y la epidemiologia de los resultados sanitarios sin
consecuencias mortales, y los valores atribuidos a los

diferentes estados de salud en relacién con la salud ideal
o con la muerte. Los indicadores sindpticos se pueden
calcular con métodos basados en periodos o en cohortes,
y a partir tanto de incidencias como de prevalencias. El
estado de salud de una poblacién se puede definir y
cuantificar de muy diversas maneras, y su evaluacion
plantea una serie de problemas conceptuales y
metodoldgicos relevantes.

En el presente articulo proponemos una serie de
criterios basicos y condiciones deseables para distinguir
los diferentes indicadores sindpticos. La aplicacion de
estos criterios basicos puede llevar a rechazar algunos de
esos indicadores y a desarrollar otros. Por ejemplo, las
desigualdades en salud definidas con respecto a la
esperanza de vida local no cumplen el criterio basico en
virtud del cual, si la mortalidad disminuye, ceteris
paribus, el indicador sindptico debe mejorar. También
llegamos a la conclusién de que ninguno de los
indicadores sindpticos actuales satisface a la vez los
dos criterios que exigen que mejore tanto si disminuye la
incidencia como si disminuye la prevalencia del problema
de salud en cuestion.

Queda adn mucho trabajo por hacer para
perfeccionar los indicadores sindpticos, pero no debemos
esperar a que se hayan resuelto todos los problemas
metodologicos para hacer uso de ellos. Habria que
centrarse fundamentalmente en los que satisfacen el
mayor ndmero posible de criterios basicos y de
propiedades deseables. Deben proseguir los esfuerzos
a fin de mejorar la base empirica de la epidemiologia de
los resultados sanitarios mortales y no mortales y la
evaluacion de los diferentes estados de salud.
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