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ABSTRACT

Various health-, quality-, and disability-adjusted life year or life expectancy (HALY, QALY,
DALY; HALE, QALE, DALE) measures have become gold standards for defining outcomes in
technology evaluation, population health monitoring, and other evaluative efforts. Assuch, itis critical
that the analytical framework within which these measures are used for descriptive and evaluative
purposes be theoretically consistent and statistically rigorous. For instance, widely-accepted definitions
of cost-effectiveness ratios and other technology evaluation criteria that are based on expectations of
the respective cost and outcome measures must as such be defined in terms of expected HALY's or
QALYs. Similarly, measures like HALEs or QALEs used for population health monitoring are
typically concerned with population expectations of such measures (or their corresponding totals). This
paper demonstrates that estimation of such expectations necessarily requires consideration of the
population variation in and covariation between quality and longevity. From the perspective of several
different environments characterizing such heterogeneity, quantification or estimation of measures like
QUALSs are recondidered. An empirical example of the central issues is provided by means of an

analysis of the Years of Healthy Life (YHL) measure drawn from the U.S. National Health Interview

Survey.
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An enormous amount of intellectual energy has been dedicated to
understanding the conceptual features of such measures, their
relationships (or lack thereof) to welfare eccnomics, etc.
Moreover, much intellectual effort has been dedicated to
developing sound empirical methcds for estimating beth components
-- the health adjustment and the life year or life expectancy
measure -- of HALYs or HALEs (see Jchannesson et al., 1996, for a
comprehensive survey).'’

Yet despite all this scholarly effort, remarkably little
attention has been deveoted to - understanding the conceptual,
empirical, and statistical properties of HALY or HALE measures

themselves. The "numbers" used in such enterprises to neasure

life's quality and length and their ultimate aggregation into the

HALY/HALE measure necessarily derive from some source. Either
they are asserted from expert opinion =-- thus rendering
statistical analysis irrelevant -- or they are derived in some

manner from socme data source or sources, in which case their

classical statistical properties (bias, consistency, efficiency,

entrenched in practice and advocated formally by the recent
report of the U.S. Panel on Cost-Effectiveness in Health and
Medicine (PCEHM) (Gold et al., 1996). Quality-adjusted measures
of longevity and life expectancy have also become a centerpiece
of efforts to monitor the health status of large populations and,
ultimately, to base policy recommendations thereon (Erikson et
al., 1995; Cutler and Richardson, 1997). ‘

' For the health- or quality-adjustment component, methods like

the standard gamble (SG), time tradeoff (TTO0), rating scale (RS),
and others have been advocated and debated. For the survival,
life expectancy, or longevity component (the "LY" part of HALY),
a substantial share of the research agenda has been devoted to
developing statistical methods for estimating the appropriate
“hazard or survival models, with issues like whether proportiocnal
or additive hazard models may be more appropriate in particular
circumstances occupying the center stage (see, for example, Beck
et al., 1%82a, 1982b). There has also ensued a debate of
considerable fervor about the merits, shortcoming, differences,
and 'similarities of alternative HALY measures {(e.g. QALYs vs.
DALYs) .
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etc.) become pertinent considerations. This section assumes the
second perspective and develops a framework within which the
properties of various HALE/QALE or HALY/QALY measures can be
assessed.

The entire section weorks from two fundamental assumptions:

first, that health at the individual level 1is a multiplicative
function in attributes aj1 and aj2, i.e. hi=ajixajy; and second,

that the summary measure of population health is a mean or
conditional mean measure. As noted above, while neither of these
assumptions 1is necessary to pursue measurement of population
health, they do characterize what would be more—ér—less agreed to
be "standard practice." |

The key issue thus becomes the practical one of estimating
population health measures on the basis of available data and
assessing such estimates by classical statistical standards, bias
being of greatest concern here. That is, do the estimates tend
on average to describe the population parameters they are
supposed tTo mimic? As will be suggested in what follows, the
particulars of how data on Dboth quality of 1life and
longevity/survival/life expectancy are assembled and utilized --
given that data on cne or both attributes are often not available
at the individual level -- will play a key role in assessing the

"bias" properties of the population health estimates so obtained.

HALE/QALE-Type Measures

One aspect of population health measures based on "life

expectancy" (£) is that they are inherently not measurable at the

individual level. "Life expectancy" 1is not observable at an
individual level as are outcomes like sﬁrvival or systolic blood
pressure. Rather, 1life expectancy, conditional on some set £
(e.g. age, gender, race), 1is typically estimated actuarially on

the basis of recent average mortality experiences of "like"
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populations, with the resulting estimates often summarized in the
form of life tables (e.g. Anderson, 1999). Measures akin to
Health- or Quality-Adjusted Life Expectancy {HALE, QALE) will --
even 1if ostensibly individual-level --  necessarily entail
averages of one or mofe measures taken over scme related
population. This holds true regardless of whether individual-
level measures of quality of life are available.

It may be that in some situations individual-level measures
of quality of life are accessible in the data of interest, while
in other instances it will be necessary to zrely on like
experiences, regression predictions, published results, etc. to
obtain factors that provide for estimates of the "QA" or "HA"
part of the QALE or HALE measure. Rosenberg et al., 1998, note
that: "Different approaches for calculating HALE use quality
numbers based on an average of one measurement at one time-point
over all individuals, ‘an average over all individuals
longitudinally over time, or perhaps, measurements taken from
individuals at repeated time intervals.” As will be seen in the
next section, the Years o¢f Healthy Life (YHL) measure is an
example of this type of measure: Life expectancy data are
obtained from life tables, while gquality adjustments are ocbtained
on the basis of a large sample of individual-level responses to
twe survey items that map into the so-called HALex index, with
the (estimated) parameters of the mapping themselves usefully
conceived as arising from some averaging procedure.

The goal of this subsection is to present an analytical
structure within which the merits of alternative

computation/estimation strategies for HALE- or QALE~type measures

can be assessed given a population heterogeneous in (q,4,x,z,®)

and one for which conditional or unconditional covariance between

g and { may be nonzero {cov(g,f|...)=20). It should be stressed

that the effort here is to develop a framework that is gquite
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general. Specific implementations will typically reguire
additional considerations.!
The general result is as follows. Suppose the population

health measure that is the objective of estimation is

H=El 2[qIQq) x E[£I1Q] | Q } (13)

E{ ClQq) x w(Qp | Q},

where (%F Qp, and € represent possibly different conditicning

information, such that HD@JQyJQ}g{x,z,®}. (Whether this is the

ideal measure or the measure that is necessarily specified owing

to data restrictions is not essential here.) In particular, Qq

and €y may be chosen such that g and/or { are completely

1 Indeed, it is instructive to read how one particular HALE
measure 1s actually computed; the following excerpt from the
Rosenberg-Fryback-Lawrence, 1998, study based on the Beaver Dam
Health Outcomes Study data: ‘

The guality and mortality numbers are combined to form
the age-specific HALE by the fcllowing method. Assume
that the HALE is desired for males aged 55. Cne-year
mortality rates at each age (g55,956,...) would be

estimated wuntil a limiting age, that where the
probability of death is equal to 1. HRQOL numbers at

each corresponding age (hgs,hg5g,...) would also be
determined. Then: The mortality rates would be
combined to form survival rates (1pssg,2p55,...) to each

age, where tPy is the probability that a person aged

will survive to age y+t.

HALEgg = X

tP55

The HALE for the community would involve a weighting of
the age-adjusted HALEs over those in the community.

e}
Z:t=:|. h55+t—l
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determined given Qg and/or (y, i.e. "q"=E[q|Qq] and/or

"{"=E[£]Q¢] so that E[gx{|Q] can be taken here to be one special

case of (13) (see footnote 3 above).

Equation (13} can be reexpressed as

E{E[QIQqI*E[£]Qf] 1Q) = (14)
[E{Qqu 1016 (Qq) IXTE1QuQ 1 QW) ]+

COV{QUQy | Q) (C{Qq) , wi{Qp)),

where E(yy[.] denotes the expectation of [.] taken over the

distribution of v. In words, the expectation of interest is the

sum of two components: first is the product of the expectations

of Q(Qq) and wy(Qy) taken over QL given €; second is the
covariation between C(Qq) and  y(Qyp) that arises due to
covariance between Qq and Qé in the Q-population. Note that if
HQ@JQEM;Q . then E{E[qIQq]xE[E}QgJLQ} reduces simply to

C(Qq) xy (Qy) .

Concrete examples may be useful. First, suppose

Qq={x,z,®}, Qe={x,2z}, and Q={x}. Then (13} entails, inter alia,

a consideration of how =z and ©@ covary in the x-population.

Alternatively, suppose Qq={x}, Qe={z}, and Q={x,z}. Then there

is clearly no covariation between {(x) and y(z) over {x,z} since
conditioning is on {x,z} in the first place, so the expectation.

defining H in (13) is simply the product of the expectations &(x)
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