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Summary measures of population health are measures that combine information on
mortality and non-fatal health outcomes to represent the health of a particular
population as a single number (1). Efforts to develop summary measures of
population health have a long history (2, 3, 4, 5, 6, 7, 8, 9, 10). 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 Réseau de
Espérance de Vie en Santé (REVES) offers one indication of the activity in this field.
(11, 12). Applications of measures such as active life expectancy (13) have been
numerous, especially in the United States. Calculations of related summary measures
such as Disability-Free Life Expectancy (DFLE) also have appeared frequently in
recent years (14, 15, 16, 17, 18, 19). Another type of summary measure, Disability-
Adjusted Life Years (DALYSs) has been used in the Global Burden of Disease Study
(20, 21, 22, 23, 24, 25, 26) and in a number of National Burden of Disease Studies
(27, 28, 29, 30, 31, 32, 33, 34, 35). Reflecting this rising interest in the academic and
policy communities, the United States’ Institute of Medicine convened a panel on
summary measures and published a report that included recommendations to enhance
public discussion of the ethical assumptions and value judgements, establish
standards, and invest in education and training to promote use of summary measures.

(0.
Interest in summary measures relates to a range of potential applications of them. At
least eight uses are worth highlighting here:

1) Comparing the health of one population to the health of another population

Such comparative judgements are essential to evaluations of the performance of
different health systems. Comparisons may allow decision-makers to focus their
attention on those health systems with the worst performance. In addition,
comparative judgements provide the possibility of analyzing the key contributors to
differences in health between populations.

2) Comparing the health of the same population at different points in time.

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

3) Identifying and quantifying overall health inequalities 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 relative to conditions that primarily cause
mortality.

5) Informing debates on priorities for health service delivery and planning.

When a summary measure is 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 consume the attention of senior managers in public health
agencies and government leaders.

6) Informing debates on priorities for research and development in the health
sector.



The relative contributions of different diseases, injuries and risk factors to the total
summary measure is also a major input to debate on priorities for research and
development investment (36).

7) Improving professional training curricula in public health.
8) Analyzing 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.

Broad interest and use of summary measures in the policy demonstrates the
recognition of their value at the practical level for many of the eight purposes
identified here (27, 28, 29, 30, 31, 32, 33, 34, 35, 37, 38, 39). ‘

Despite the many uses of summary measures, Williams (40) and Mooney (41) have
argued that summary measures of population health are not informative — for a more
detailed response to Williams see Mwrray and Lopez (42).  According to this
argument, only information on the incremental costs and benefits of interventions, and
not information on the level of health in a population, should be considered relevant
inputs to decision-making. The merit of this argument is perhaps best evaluated by
considering analogous arguments to employment or national accounts. Applying the
logic of Williams and Mooney, we might conclude that the unemployment rate has no
policy relevance, and that only the incremental costs and the number of new jobs
created through different government policy options would be informative. Similarly,
Jamison (43) has drawn an analogy to National Income and Product Accounts, where
again, a marginalist view would suggest that these measurements are not worthwhile,

~ and that only the costs and benefits of all possible economic policy options should be

collected. In general, Williams’ and Mooney’s line of reasoning would find few if
any proponents among economists, and would seem to be equally unconvincing in the
realm of health policy.

Before proceeding with discussions on the types of summary measures and the
question of choosing among them, it is important to distinguish clearly between the
nature and quality of various inputs to summary measures and the properties of
summary measures themselves. Information on age-specific mortality and the
epidemiology of non-fatal health outcomes provides a basic input to any type of
summary measure. Another critical input is information on the values attached to
various health states relative to ideal health or death. Health status measurement
instruments such as SF-36 can be used to describe health states in terms of
performance on various domains of health. This information could be combined with
health state valuations to calculate the non-fatal health component of many different
summary measures, but SF-36 and other health status measurement instruments do
not themselves constitute summary measures of population health. As noted below,
the occasional confusion surrounding the distinction between data inputs to a
summary measure and the summary measure itself may be exacerbated when
summary measures are linked by definition to particular health status instruments, as
in Years of Healthy Life (44). A more fundamental problem is that comparisons
between communities or cultural groups within communities are extremely difficult to
interpret using the results of most existing health status instruments. The challenge of
understanding and accounting for the difference between self-assessed and observed



measures of health status is not the focus of this paper but is a critical empirical
challenge to the enterprise of measuring population health.

In examining the properties of various summary measures, it is important to bear in
mind the ultimate goal of influencing the policy process (1). Because of their
potential influence on international and national resource allocation decisions,
summary measures must be considered as normative measures. As stated by the IOM
panel, “all measures of population health involve choices and value judgements in
both their construction and their application.” Great care must be taken in the
construction of summary measures precisely because they may have far-reaching
effects. Normative aspects of the design of summary measures have been the subject
of extensive debate (45, 46). As one example, questions of summary measures and
concerns for equity have been given considerable attention (40, 47, 48, 49,).

In the remaining sections of this paper, we begin by presenting a typology of
summary measures in terms of two broad families: health expectancies and health
gaps. We then outline key attributes by which various members of these families may
be distinguished. We propose a number of criteria and other properties which can be
used to evaluate different summary measures. Finally, we discuss some of the broad
implications of this framework for choosing summary measures and consider
directions for future progress.

A typology of summary measures of health

A wide array of summary measures have been proposed (for example, active life
expectancy, disability-free life expectancy, dementia-free life expectancy, disability-
adjusted life expectancy, health-adjusted life expectancy, healthy life-years, Years of
Healthy Life, disability-adjusted life years, efc.). On the basis of a simple
survivorship curve, these measures can be divided broadly into two families: health
expectancies and health gaps. The bold curve in Figure 1 is an example of a
survivorship curve for a hypothetical population. The survivorship curve indicates,
for each age along the x-axis, the proportion of an initial birth cohort that will remain
alive at that age.

The area under the bold survivorship curve (4+B) represents life expectancy at birth.
Health expectancies are measures of this area that take into account some lower
weights for years lived in health states worse than full health, represented as the area
labeled B in the diagram. More formally,

Health expectancy = 4 + f{B)

where f{*) 1s some function that assigns weights to health states less than ideal health
using a scale on which full health has a weight of 1.

In contrast to health expectancies, health gaps quantify the difference between the
actual health of a population and some stated norm or goal for population health. The
health goal implied by Figure 1 is for everyone in the entire population to live in ideal
health until the age indicated by the vertical line enclosing area C at the right. The
health gap, therefore, is a function of area C and area B, or more formally,

Health gap=C+ g(B)
where g(*) is some function that assigns weights to health states less than full health,

using a scale on which a weight of 1 implies that time lived in a particular health state
is equivalent to time lost due to premature mortality. In the literature, many different



health expectancies and health gaps have been proposed and calculated for selected
populations.

Absolute and Covariate Independent Forms of Summary Measures

While the survivorship function in Figure 1 is a convenient heuristic to illustrate 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. By
their construction, health expectancies are measures that do not depend on the
particular age structure of a population. Health gaps, on the other hand, are usually
expressed in absolute terms and as such are age-structure-dependent. For example, a
health gap may be expressed as the total number of healthy years of life that have
been lost in a population, which will vary according to the particular age distribution
of the members of that population. Familiar methods such as age-standardization may
be used, however, to compute health gaps that are independent of population age
structure. It is also possible to conceive of health expectancies that do depend on age-
structure — for example, total healthy years lived in a population — but these constructs
do not seem as intuitively appealing, and they evoke other contentious issues such as
the use of period vs. cohort measures.

Most discussions of health statistics have focused on the development of age-
structure independent measures, but age obviously is only one of innumerable
covariates of health outcomes. We might therefore imagine developing sex-
independent, race-independent or income-independent forms of summary measures
just as we have age-structure-independent forms. There are several arguments,
however, for paying spe01a1 attention to age-structure independent forms of summary
measures. First, age is perhaps one of the most powerful determinants of health
outcomes, such that comparisons based on measures that are not age-structure
independent may be dominated, in some cases, by variation in this variable. Second,
we cannot realistically intervene on age; further, age is unique in that every individual
has the possibility of belonging to each age. Although we could imagine applying at
least some of these arguments to other factors such as sex and race, it is likely that
there will always be an 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 summary measure that might be developed will ultimately depend
critically on the intended use for the summary measure.

Attributes of Health Expectancies

A wide range of health expectancies have been proposed since the original notion was
developed (2), including active life expectancy (13), disability-free life expectancy
(11, 12), disability-adjusted life expectancy (34), years of healthy life (44), quality-
adjusted life expectancy (7, 50) and dementia-free life expectancy (51). Although not
proposed as a summary measure, Cutler and Richardson (52, 53) have developed a
type of health expectancy called health capital. These various health expectancies can
be distinguished on the basis of five aspects.

First, as with standard life tables (54), health expectancies can be calculated for a
period or for a cohort. The more common period method calculates the health
expectancy for a hypothetical birth cobort exposed to currently observed event rates
(e.g., rates of mortality, incidence and remission) over the course of their lifetime. As
long time-series datasets on the epidemiology of non-fatal health outcomes are not
available, we are not aware of any calculations of cohort health expectancies for real



populations. Deeg and colleagues (55) projected disability transition rates based on
longitudinal data for the Netherlands but have not converted these into cohort health
expectancies. Barendregt and Bonneux (56) have calculated changes in cohort
disease-free life expectancy due to hypothetical interventions in a simulation model.

Second, health expectancies may be distinguished based on the calculation method
used. The pioneering efforts by Sullivan (5) and others to estimate health
expectancies used applications of the prevalence-rate life table borrowed from
working life, marriage and education life tables (for example 57). Katz et al. (13)
proposed that calculations of active life expectancy be based on double-decrement life
tables, in which individuals can move into two absorbing states, limited function and
death. More recently, multi-state life tables have been estimated for health
expectancies (58, 59, 60). Robine et al. (61) and Barendregt et al. (62) have argued
that the multi-state method 1s required logically so that health expectancy is based
only on currently measured mortality, incidence and remission and not on prevalence.
Robine et al. (61) argue that prevalence is not a period measure; it is a stock variable
rather than a flow. The strength of this argument is addressed below. In real
populations, there may not be much differences between health expectancies
calculated using the prevalence, double decrement or multi-state approaches (63).

Third, perhaps the most important variation across health expectancies is in the
definition and measurement of health status. Many health expectancies are linked to a
particular health status measurement instrument. Active life expectancy is linked to
variants of the activities of daily living. The Years of Healthy Life measure is linked
to two questions collected on the U.S. National Health Interview Survey (NHIS), one
on activity limitations and one on perceived general health (44, 64). And the quality-
adjusted life expectancy of Wilkins and Adams (50) is linked to a question on activity
restriction on the Canada Health Survey. In other cases such as dementia-free life
expectancy, the health expectancy is linked to a particular diagnosis or a single
domain of health. Disability-free life expectancy is often calculated from data on
long-term disability and includes the duration of a condition in its definition of
disability. NHIS data on self-assessed general health has been used in the calculation
of health capital (52), although this measure is not, by definition, linked strictly to this
instrument. Clearly, wherever a health expectancy is defined in reference to a
particular instrument, then the summary measure will depend critically on the
reliability and validity of that instrument. All of the particular instruments mentioned
here represent very limited conceptions of health, emphasizing a restricted set of
physical domains, in contrast to other health status instruments more widely applied in
current practice, such as EuroQol or SF-36, 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 summary measures unnecessarily.

Fourth, health expectancies also may be distinguished by the method used to assign
values to time spent in health states worse than ideal health. At one level, some
measures such as ALE and DFLE use dichotomous valuations as illustrated in Figure
2. Up to some arbitrary threshold the valuation is zero (i.e., equivalent to the
valuation of death), and 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 obstacles to
cross-national comparisons and assessments of changes over time. Other health
expectancies such as Years of Healthy Life, disability-adjusted life expectancy or
health capital use polychotomous or, in principle, continuous valuations (see Figure



2). For those health expectancies that do not use arbitrary dichotomous schemes, the

~ valuation approach can be distinguished further by five characteristics: (a) whose

values are used, individuals in health states, the general public, healthcare providers or
household members of individuals in health states; (b) what type of valuation question
is used, such as the standard gamble, time trade-off, person trade-off, or visual
analogue; (c) how are health states presented for the elicitation of valuations, that is,
with what type of description and what level of detail, including some selection of
domains; (d) what range of health states from mild to severe are valued at the same
time; and (e) what combination of valuation questions are used and, more generally,
what type of deliberative process is undertaken, if any. All of these questions
continue to be debated extensively in the health economics literature and are not
discussed in detail here.

Fifth, values other than health state valuations also may be incorporated explicitly into
health expectancies. The calculation of health capital includes individuals’ discount
rates for future health (52, 53). In principle, other values might be included, such as
age-weights, which allow years lived at different ages to take on different values, or
equity weights, which allow years lived by one group or another take on different
values. Examples of applications of these values are cited below in reference to
health gaps. Incorporating other values into the design of a summary measure will
usually require strong assumptions about the separability of population health across
time and across persons. Such separability has been challenged in the literature on
quantifying the benefits of health interventions — see for example, the debate on
healthy year equivalents (HYESs) and quality adjusted life years (QALYSs) (65, 66, 67).

Attributes of Health Gaps

Since Dempsey (68), there has been extensive development of various measures of
years of life lost due to premature mortality (for example, 46, 69). Years of life lost
measures are all measures of a mortality gap, the area between the survivorship

function and some implied population norm for survivorship (area C in Figure 1).
Health gaps extend the notion of mortality gaps to include time lived in health states

worse than ideal health. A variety of health gaps have been proposed and measured
(9, 46, 38, 70) and many others could be derived. Health gaps can be distinguished on
the basis of four dimensions.

First, what is the implied population health target or norm? 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 such as HeaL'Y's (70) the population target is
not stated nor is it easily calculated. 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
poorly appreciated sometimes. For example, Murray (46) 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,
a problem discussed further below.

Second, as with health expectancies, a key issue is how health states worse than ideal
health are defined and measured. In disability-adjusted life years, for example, health
states are multi-dimensional and are based on both observations and self-perceptions
of performance in different domains.



