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s observed by Neumann and Weinstein,_ the American
public has a love-hate relationship with medical tech-
nology. Medical technologies are lauded for saving lives
and improving the quality of medical care while, at the

same time, they are condemned as the primary cause of the unchecked
growth of medical care costs.

Our society's ambivalence stems, in part, from the lack of critical
information as to what value is received for the tremendous amount of re-
sources expended on medical care. As Maynard 2 has stated, it is common-
place in health care "for policy to be designed and executed in a data free
environment!" Although the implicit objective of medical technology is to
improve health outcomes, there is minimal evidence of the true effective-
ness of many current healthcare practices. 3 In addition, measures of the
overall quality of the US healthcare system, such as access to primary
health care, health indicators (e.g., infant mortality, life expectancy), and
public satisfaction in relation to costs, provide evidence that we trail other
countries that, spend significantly less than the US does on medical care. 4

Earlier chapters have discussed the pressing need to maximize the net
health benefit derived from the utilization of limited healthcare resources.

Cost-effectiveness analysis (CEA) and cost-benefit analysis (CBA) have
been presented as methods for assessing the costs and consequences of
healthcare technologies, particularly pharmaceuticals. The purpose of this
chapter is to discuss another method for evaluating the value obtained for
the money spent: cost-utility analysis (CUA).
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,,,, What Is Cost-Utility Analysis?
CUA is a formal economic technique for assessing the efficiency of

healthcare interventions. It is considered by some to be a specific type of
CEA 5 in which the measure of effectiveness is a utility- or preference-
adjusted outcome. However, in this chapter, we will consider it as a sepa-
rate and distinct economic technique.

CUA is one of the newest, and perhaps most controversial, types of
economic evaluation. The controversy stems mainly from the measure-
ment of utility. Utility is the value or worth placed on a level of health sta-
tus, or improvement in health status, as measured by the preferences of
individuals or society. 6 The measurement of utility is necessary for the cal-
culation of the most commonly used outcome measure in this type of
analysis: quality-adjusted life-years (QALYs) gained. There is no true con-
sensus as to the most appropriate measurement approach. (The measure-
ment of utility is discussed in greater depth later in the chapter.)

Nevertheless, CUA has some distinct advantages over CBA and CEA.
CBA suffers from the difficulty of translating all costs and consequences
into monetary terms: It is especially difficult to translate patient-reported
outcomes (e.g., quality of life) into dollars. In addition, CBA carries the po-
tential for discrimination because it favors treatment for people who are
working or those who are more wealthy. CEA is limited by the inability to
simultaneously incorporate multiple outcomes from the same intervention
or to compare interventions with different outcomes. In CEA, although the
outcome measure is in natural units (e.g., life-years saved), no attempt is
made to value the consequence or outcome in terms of quality or desir-
ability. In contrast, CUA incorporates the quality of (or preference for) the
health outcome achieved. 6 CUA, using QALYs gained as the outcome
measure, is the most common approach to combining quantity and quality-
of-life outcomes in economic evaluations:

• When Is Cost-Utility Analysis Appropriate?
Drummond et al.6 enumerated several circumstances where CUA may

be the most appropriate analytic approach:
1. When quality of life is the important outcome. For example, when

comparing interventions that are not expected to have an impact on mor-
tality, but a potential impact on patient function and well-being (e.g., treat-
ments for arthritis).

2. When quality of life is an important outcome. For example, evalu-
ation of the outcomes associated with the treatment of acute myocardial in-
farction. Not only is lives saved an important outcome measure, but also
the quality of the lives saved (e.g., the impact of a treatment-induced stroke
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in a survivor). Another example is the treatment of cancer. A chemothera-
peutic agent may increase survival while it decreases the quality of the life
being lived.

3. When the intervention affects both morbidity and mortality and a
combined unit of outcome is desired. For example, evaluation of a therapy,
such as estrogen use by postmenopausal women, that can improve quality
of life, may reduce mortality from certain conditions (e.g., heart disease),
but may increase mortality from other conditions (e.g., uterine cancer).

4. When the interventions being compared have a wide range of po-
tential outcomes and there is a need to have a common unit of outcome for
comparison. This is most commonly the case when a decision-maker must
allocate limited resources among interventions that have different objec-
tives and resultant benefits. For example, the choice between providing in-
creased prenatal care or expanding a hypertension screening and treatment
program.

5. When the objective is to compare an intervention with others that
have already been evaluated in terms of cost per QALY (or equivalent)
gained.

The identification, valuation, and measurement of costs is covered
elsewhere in this book and will not be repeated here. In addition, Chapter
7 covers quality-of-life assessment. Health-related quality of life is an in-
tegral part of CUA; however, not all instruments measuring this compo-
nent have outcome scores that can be incorporated into CUA. As stated by
Hopkins, 9 quality of life measures:

•.. have proved successful in tracking the effects of medical and surgical interventions and
reflecting apparently more realistically the outcomes of these interventions. However, the
multidimensional nature of these scales is perceived by some as a disadvantage, as it is dif-
ficult to compare outcomes between patients and across procedures. How can there be a
"trade-off," for example, between reduction in pain and depression of mood? There is there-
fore considerable interest in attempting to value a health state in terms of a single number.
Such valuations can then be integrated with the dimension of time in that state to allow com-
parisons of values achieved by different interventions in different clinical disorders. The
best known of these integrated indices is the quality-adjusted life year...

QALYs integrate in a single summary score the net health improve-
ment gains, in terms of both quantity and quality of life, experienced by a
group of individuals. Although some economic evaluations reported in the
literature have used disease-specific quality-of-life scales or general health
profiles as outcome measures, most have incorporated valuations of health
state preferences or utilities for the purpose of calculating QALYs.S This
chapter focuses on assessing the health state utilities needed to calculate
QALYs, the CUA ratio's most commonly used denominator.

However, before proceeding, we must clarify some terminology. The
term "utilities" used in health state valuation literature does not correspond
to the classical use of the same term by economists and philosophers of the
19th century. The current use of the term is derived from von Neumann and
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Morgenstern's 10theory of rational decision-making. Torrance and Feeny I_
suggested that to avoid confusion it would be preferable to call some of the
valuations discussed in the following section health state "value prefer-
ences" rather than utilities; however, in this chapter, that distinction will
not be made. This will be discussed in greater detail below.

ii

Need for Health State Utility Assessment
Health care has different objectives. The objective of the care provided

by a diabetologist might be a reduction in diabetic complications. Oncolo-
gists strive to keep their patients alive and may be satisfied with a short in-
crease in survival time, whereas primary care providers often focus on
shortening the cycle of acute illnesses for which mortality is not an imme-
diate concern. All of these providers are attempting to improve the health
of their patients. However, they each measure health in a different way.
Comparing the productivity of a diabetologist to that of an oncologist may
be like comparing apples to oranges. In other words, there is usually no
way to directly compare the productivity of different providers when the
intended outcomes are different.

The diversity of objectives and resulting outcomes in health care has
led many analysts to focus on the simplest common ground. Typically, that
is mortality or life expectancy. When mortality is studied, those who are
alive are statistically coded as 1.0 and those who are dead are statistically
coded as 0.0. Mortality allows the comparison between different diseases.
For example, we can compare the years of life lost from heart disease to
the years of life lost from cancer. The difficulty is that everyone who re-
mains alive is given the same score. A person with endstage renal disease
is given the same score as someone who is healthy. Utility assessment al-
lows the quantification of levels of wellness on the continuum anchored by
death and optimum function.

i

Conceptual Model
To evaluate health-related quality of life, we must consider all of the

different ways that illness and its treatment affect outcomes. It can be said
that there are only two central categories of outcomes: life duration and
quality of life. 12We are concerned about any illness or disability because
it might make us live a shorter period of time. In addition, we are concerned
about the impact of an illness or the effects of its treatment on quality of
life. Assessment should consider three basic questions_a: (1) Does the ill-
ness or its treatment shorten life? (2) Does the condition or its treatment
make life less desirable and, if so, how much less desirable? (3) What are
the duration effects; that is, how much life is lost or how long is the period
of diminished quality of life?
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Life duration, or quantity of life, as affected by an illness or its treat-
ment is the easier of the concepts to measure. Actuarial mortality data al-
low for the determination Or estimation of the shortened quantity of life.
However, the impact of an illness or its treatment on the quality of life is
less obvious or objective.

Health-related quality of life is a multidimensional construct. Its gen-
eral measurement can result in a single outcome score (i.e., health index)
or an array of scores for individual quality-of-life dimensions (i.e., health
profile). The index and the profile represent the two complimentary ap-
proaches to quality-of-life assessment: the decision theory or utility ap-
proach and the psychometric approach, respectively. 14Chapter 7 addresses
quality-of-life assessment. This chapter's discussion of quality of life will
focus on the incorporation of the utility approach in CUA.

Within the last few years there has been growing interest in using
quality-of-life data to help evaluate the cost-effectiveness or cost-utility of
healthcare programs. As touched upon earlier, CUA expresses the out-
comes of health care in a common outcome unit that is equivalent to a well-
year of life. The same outcome has been described as QALYs 15or healthy
years of life. 16Since the term "QALY" has become most popular, we will
use it in this chapter. QALYs integrate mortality, morbidity, and prefer-
ences into a comprehensive index number. If a man died of a stroke at age
50 and we would have expected him to live to age 75, it might be concluded
that the disease was associated with 25 lost life-years. If 100 men died at
age 50 (and also had a life expectancy of 75 years) we might conclude that
2500 life-years (100 men X 25 years) had been lost.

Death is not the only outcome of concern in stroke. For many adults
the stroke results in disability over long periods of time. The quality-of-
life loss can occur even when life expectancy is unaffected. Quality-of-
life consequences of illnesses can be quantified and used to adjust length
of life for its quality. For example, a disease that reduces quality of life by
half will take away 0.5 QALYs over the course of one year. If it affects
two people, it will take away 1.0 QALYs (2 x 0.5) over a one-year period.
A medical treatment that improves quality of life by 0.2 for each of five
individuals will result in the equivalent of 1.0 QALY if the benefit is main-
tained over a one-year period. This system has the advantage of consider-
ing both benefits and adverse effects of interventions in terms of the
common QALY units.

' Concept of Relative Importance of Dimensions

Nearly all health-related quality-of-life measures have multiple di-
mensions. The exact dimensions vary from measure to measure. There is
considerable debate about which dimensions need to be included. For ex-
ample, the most commonly included dimensions are physical functioning,
role functioning, and mental health.
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Different dimensions might be used to record treatment adverse effects
as well as benefits. For example, a medication to control high blood pres-
sure might be associated with low probabilities of dizziness, tiredness, im-
potence, and shortness of breath. The major challenge is in determining
what it means when someone experiences an adverse effect. This requires
the effect to be placed within the context of the total health outcome. For
example, should a patient with insulin-dependent diabetes mellitus dis-
continue therapy because of skin irritation at the injection sites? Clearly,
local irritation is an adverse effect of treatment. But, without treatment the
patient would die. Often the issue is not whether treatment causes adverse
effects, but how we should place these effects within the perspective of to-
tal health. Ultimately, we must decide whether treatment produces a net
benefit or a net deficit in health status.

Many measures of health-related quality of life simply tabulate fre-
quencies for different symptoms or represent health status using profiles of
outcomes. Figure 1 is a representation of one such profile. 13The figure rep-
resents three hypothetical treatment profiles. It is common in the presenta-
tion of these profiles to connect the points even though increments on the
x axis are not meaningful. T-scores (y axis) are standardized scores with a
mean of 50 and a standard deviation of 10. Treatment 1 may produce ben-
efits for physical functioning but decrements for role functioning. Treat-
ment 2 may produce decrements for physical functioning but increments
for role functioning. This information may be valuable for diagnostic pur-
poses. However, ultimately, clinicians make some general interpretations
of the profile by applying a weighting system. They might decide that they
are more concerned about physical than role functioning, or vice versa. We
must recognize, however, that judgment about the relative importance of
dimensions is common. Physicians may ignore a particular test result or a
particular symptom because another one is more important to them. Typi-
cally, however, it is done arbitrarily. We suggest that the process by which
relative importance is evaluated can and should be studied explicitly.

There are a variety of conceptual and technical issues relevant to pref-
erence or utility, assessment. 17-20For example, different approaches to pref-
erence assessment can yield different results. However, these differences
might be expected because the different approaches are based on different
underlying conceptual models. As a result, the preference assessment tech-
niques ask different questions. The following sections attempt to elucidate
some of these conflicts.

I

' ' Concept of Utility
The concept of QALYs has been discussed in the literature for nearly

25 years. Perhaps the first application was suggested by Fanshel and
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Figure 1. Comparison of profiles from three hypothetical treatments. J3T-scores are standard-
.... ized scores with a mean of 50 and a standard deviation of 10. ,dk = treatment 1; [] = treatment

2; [] = treatment 3.

Bush. 21 Soon after, Torrance 22 introduced a conceptually similar model.
Since then, a variety of applications have appeared. Although most of
these models are conceptually alike, variations between the approaches
have led to some inconsistent findings, some of which are highlighted
later in the chapter.

Despite the differences in approach, some important assumptions are
similar. For example, all of these approaches assume that one full healthy
year of life is scored 1.0. Years of life in less than optimal health are scored
as less than 1.0. The basic assumption is that two years scored as 0.5 add
up to the equivalent of 1.0 year of complete wellness. Similarly, four years
scored as 0.25 sum to the equivalent of 1.0 completely well-year of life. A
treatment that moves a patient from 0.5 to 0.75 produces the equivalent of
0.25 QALYs. If applied to four individuals, and the duration of the treat-
ment effect is one year, the effect of the treatment would be equivalent to
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1.0 completely well-year of life. The disagreement among most re-
searchers is not over the QALY concept but rather over how the weights
for cases between 0.0 and 1.0 are obtained. However, that is not to say that
there are no concerns about using QALYs in health policy decisions. 23-27
In addition Mehrez and Gafni 28.29 have proposed that the healthy-year
equivalent (HYE) is a more appropriate outcome measure than the QALY.
They assert that the HYE, like the QALY, combines both quality of life and
quantity of life; however, HYEs more fully represent individuals' prefer-
ences in the calculation of the trade-offs between quality and quantity of
life. A discussidn of these concerns is beyond the scope of this chapter.

HISTORY OF THE UTILITY THEORY

The history of the utility theory and its applications to health outcomes
assessment has been reviewed by Torrance and Feeny.!l Health utility as-
sessment has its roots in the work of yon Neumann and Morgenstern10 who
published their classic work a half century ago. Their mathematical deci-
sion theory characterized how a rational individual should make decisions
when faced with uncertain outcomes. They outlined axioms of choice that
have been formally evaluated and have become basic foundations of deci-
sion analysis in business, government, and health care. Their work has
been expanded upon by Raiffa 30 and others. 31.32Torrance and Feeny II em-
phasized that the use of the term "utility theory" by von Neumann and Mor-
genstern was unfortunate. Their reference to utility differs from the more
common uses by economists that emphasize consumer satisfaction with
commodities that are received with certainty. Nineteenth century philoso-
phers and economists assumed the existence of cardinal (or interval level)
utilities for these functions. A characteristic of cardinal utilities is that they
can be aggregated across individuals and used for utilitarian social policy.

By the turn of the century, Pareto challenged the value of cardinal util-
ities and demonstrated that ordinal utilities could represent consumer
choice. 33In a classic essay, this work was extended by Arrow and Debreu. 34
Arrow 35 had previously argued that there are inconsistencies in individual
preferences under certainty and that meaningful cardinal preferences can-
not be measured and may not even exist. As a result, most economists
maintain that averaged or aggregate preferences have little meaning.

There are several reasons why Arrow's work may not be applicable
to the aggregation of utilities in the assessment of QALYs. First, utility
expressions for QALYs are expressions of consumer preferenc e under un-
certainty. The traditional criticisms of microeconomists m-e directed to-
ward decisions under certainty rather than uncertainty. _ A second issue is
that Arrow assumed that the metric underlying utility was not meaningful
and not standardized across individuals. Substantial psychometric evi-
dence now suggests that preferences can be measured using scales that
have meaningful interval or ratio properties. When cardinal (interval) util-
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ities are used instead of rankings, many of the potential problems in the
Impossibility Theorem are avoided. 36,37

It is also important to recognize that different approaches to the calcu-
lations of QALYs are based on very different underlying assumptions. One
approach considers the duration someone is in a particular health state as
conceptually independent from the utility for the state._2._5 The other ap-
proach merges duration and utility. _1This distinction is central to the un-
derstanding of the difference in approaches and the required evidence for
the validity of the utility assessment procedure.

In the approach advocated by Kaplan and Anderson 12 and Weinstein
and Stason, _5utilities for health states are obtained at a single point in time.
For example, persons in a particular health state, such as confinement to
wheelchair, who performed no major social role are asked to assess the util-
ity of that health state. Suppose that this state is assigned a value of 0.5.
Then, patients in this state are observed over the course of time to empiri-
cally determine their transitions to other states of wellness. If they remain
in the state for one year, then they would lose the equivalent of 0.5 well-
years of life. The key to this approach is that the preferences only concern
a single point in time and that the transition is determined through obser-
vation or expert judgment. The alternative approach emphasized by Tor-
rance and Feeny _ and Nord 38 obtains preference for both health state and
for duration. These approaches also consider the more complex problems
of uncertainty. Thus, they are consistent with the yon Neumann and Mor-
genstern's_O notion of decision under uncertainty in which probabilities and
trade-offs are considered explicitly by the judge.

, Methods for Assessing Utility

CUA requires an assessment of utilities for health states. A variety of
different techniques have been used to assess these utilities. These tech-
niques will be summarized briefly. Then, comparisons between the tech-
niques will be considered. Some analysts do not measure utilities directly.
Instead, they evaluate health outcome by simply assigning a reasonable
utility. 39 However, most current approaches have respondents assign
weights to different health states on a scale ranging from 0 (for dead) to
1.0 (for wellness). The most common techniques include category rating
scales, magnitude estimations, the standard gamble, the time trade-off,
and the equivalence person trade-off. Each of these methods will be de-
scribed briefly.

]" RATING SCALES

Rating scales require the respondent to assign a numeric value to ob-
iects. There are several methods for obtaining rating scale information.
The category scale, exemplified by the familiar 10-point rating scale, is
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efficient, easy to use, and applicable in a large number of settings. Typi-
cally, the subjects read the description of a case and rate it on a 10-point
scale ranging from 0 for dead to 10 for asymptomatic optimum function.
The endpoints of the scale are typically well defined.

Another common rating scale method is the visual analog scale. The
visual analog method shows a subject a line, typically 100 centimeters in
length, with the endpoints well defined. The subject's task is to mark the
line to indicate where their preference rests for one or more health states
in relation to the two poles.

Appropriate applications of rating scales reflect contemporary devel-
opments in cognitive sciences. Judgment-decision theory has been domi-
nated by the belief that human decisions follow principles of optimality
and rationality. A considerable amount of research has challenged the nor-
mative models that have attempted to demonstrate rational choice. The de-
velopment of cognitive theories, such as information integration theory,40
provide better explanations of the cognitive process of judgment. Informa-
tion integration theory includes two constructs: integration and valuation.
A large body of evidence indicates that rating scales provide meaningful
metrics for the expression of these subjective preferences. 4° Although there
have been some challenges to the use of rating scales, most biases can be
overcome with the use of just a few simple precautions, such as clear def-
initions of the endpoints and preliminary practice with cases that make the
endpoints salient. 4°

' MAGNITUDE ESTIMATION

Magnitude estimation is a common psychometric method that is be-
lieved by psychophysicists to yield ratio scale scores. In magnitude esti-
mation, a specific case is selected as a standard and assigned a particular
number. Then, other cases are rated in relation to the standard. Suppose, for
example, the standard is assigned the number 10. If a case is regarded as
half as desirable as the standard, it is given the number 5. If it is regarded
as twice as desirable, it is given the number 20. Ratings across subjects are
standardized to a common metric and aggregated using the geometric
mean. Advocates for magnitude estimation argue that the method is mean-
ingful because it provides a direct estimate of the subjective ratio. Thus,
they believe, the magnitude estimate has the properties of a ratio scale.
However, magnitude estimation has been challenged on several grounds.
The method is not based on any specific theory of measurement and gains
credibility only through face validity. 40 Further, the meaning of the scores
has been challenged. For example, the values are not linked directly to any
decision process. What does it mean if one case is rated as half as desirable
as another? Does it mean that the respondent would be indifferent between
a 50-50 chance of the higher valued outcome and a certainty of the alter-
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Healthy(19)

- Dead (1 - p)
B

State i

Figure 2. Standard gamble for a chronic health state, i ----chronic health state; p = probability
of achieving perfect health.

native valued as half as desirable? These issues have not been systemati-
cally addressed in the health status literature.

STANDARD GAMBLE

Category rating and magnitude estimation are methods commonly
used by psychometricians. Typically, the tasks emphasize wellness at a par-
ticular point in time and do not ask subjects to make trades or to consider
aspects of uncertainty. Several methods more explicitly consider decisions
under uncertainty. The standard gamble offers a choice between two alter-
natives: choice A living in health state i (a chronic health state between
perfect health and death) with certainty, or choice B taking a gamble on
a new treatment for which the outcome is uncertain. Figure 2 shows this
trade. The respondent is told that a hypothetical treatment will lead to per-
fect health with a probability of p or immediate death with a probability of
1 -- p. They can choose between remaining in state i that is intermediate
between wellness and death or taking the gamble and trying the new treat-
ment. The probability is varied until the subject is indifferent between
choices A and B. For example, if a subject is indifferent between choices
A and B when p -- 0.65, the utility of state i is 0.65.

The standard gamble has been attractive because it is based on the
axioms of utility theory. The choice between a certain outcome and a gam-
ble conforms to the exercises originally proposed by yon Neumann and
Morgenstern. _0Although the interval properties of the data obtained using
the gamble have been assumed, they have not been empirically demon-
strated._7 A variety of other problems with the gamble also have become
apparent. For example, it has often been stated that the standard gamble has
face validity because it approximates choices made by medical patients. 4z
However, treatment of most chronic diseases does not approximate the
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Healthy 1.0 Alternative 2

Alternative 1
State i h i

Dead 0

x t Time

Figure 3. Time trade-off for a chronic health state, h_ -----x + t, where h_ ----preference value or
utility for state i; state i = chronic health state; t = life expectancy for an individual with
chronic health state i; and x = time at which respondent is indifferent between alternatives 1
and 2.

gamble. There is no known product that will cure a patient with arthritis
nor is there one that is likely to 1011her. In other words, the decision-
making experience of the patient is not likely to include an option that has
a realistic gamble. Further, the cognitive demands of the task are high.

TIME TRADE-OFF

The concept of probability is difficult for most respondents and re-
quires the use of visual aids or props to assist in the interview. Thus, an al-
ternative to the standard gamble, which is also consistent with the yon
Neumann and Morgenstem_0 axioms of choice, uses a trade-off in time. 42
Figure 3 demonstrates the trade-off for a chronic disease state. Here, the
subject is offered a choice of living in health state i (chronic health state
considered better than death but less desirable than perfect health) for time
t (life expectancy for an individual with chronic health state i) or perfect
health for time x. Time x and t are followed by immediate death. Time x is
varied until the respondent is indifferent between the two alternatives. Pre-
sumably, all subjects would choose a year of wellness versus a year with
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some health problem. However, by reducing the-time of wellness and leav-
ing the time in the suboptimal health state fixed (such as one year), an in-
difference point can be determined (hi = x- t) (hi is the utility or
preference value for chronic health state i). For example, a subject may rate
being in a wheelchair for two years as equivalent to perfect wellness for
one year (1 -- 2 = 0.5). The time trade-off is theoretically appealing be-
cause it is conceptually equivalent to a QALY.

i

- PERSON TRADE-OFF

Finally, a person trade-off technique allows comparisons of the num-
bers of people helped in different states. For example, respondents might
be asked to evaluate the equivalencies between the number of persons
helped by different programs. They might be asked how many persons in
state B must be helped to provide a benefit equivalent to helping one per-
son in state A. From a policy perspective, the person trade-off also directly
seeks information similar to that required as the basis for policy decisions.

, ' Differences Between the Methods

Several papers in the literature have compared utilities for health states
as captured by different methods. These differences have been reviewed by
Nord. 43 In general, standard gamble and time trade-off methods give higher
values than rating scales in most, but not all studies. In about half of the
studies reported, time trade-off yields lower utilities than standard gamble.
In one of the earlier studies, Patrick et al. 44 found that person trade-off
methods gave the same results as rating scales. However, these findings
were not confirmed in more recent studies.a8 Magnitude estimation has
produced results that are highly inconsistent across studies. 43

The variability of health state utilities in comparisons of different stud-
ies is hardly surprising. The methods differ substantially in the questions
posed to respondents. In summary, there is substantial debate about which
technique should be used to acquire utility information. Results obtained
from different methods do not correspond, although they typically have a
high degree of similarity in the ranks they assign to outcomes. However,
the differences in preferences yielded by different methods can result in
different allocations of resources if the preferences are not obtained on a
linear or interval response scale. For example, suppose that the difference
between the effect of a drug and a placebo is 0.05 units of well-being as as-
sessed by rating scales and 0.02 as measured by magnitude estimation. The
benefit would have to last 20 years to produce 1.0 QALY if rating scale util-
ities were used, and 50 years if magnitude estimation utilities were used.
Aggregation of benefits necessarily requires an underlying linear response
scale in which equal differences at different points along the response scale
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are equally meaningful. For example, the differences between 0.2 and 0.3
(0.1 QALY if the duration is one year) must have the same meaning as the
difference between 0.7 and 0.8. A treatment that improves a patient's con-
dition from 0.2 to 0.3 must be considered of equal benefit to a treatment
that improves it from 0.7 to 0.8. Confirmation of this scale property has
been demonstrated for rating scales but not for other methods. 4°.45

Another difference between methods is the inclusion of information

about uncertainty in the judgment process. Time trade-off, standard gam-
ble, or person trade-off all theoretically include some judgment about du-
ration of stay in health state. Magnitude estimation and rating scales
typically separate util,ity at a point in time from probability. Considerably
more theoretical and empirical work will be necessary to resolve these dif-
ferences of approach.

Nord 46 recently argued for quality assurance standards for QALY cal-
culations. These recommendations were based on a review that revealed

inconsistency in the methods used to assess utilities. According to Nord,
the utility assessment typically lacked a theoretical or empiric basis. Ap-
parently, this refers to inattention to economic theories. However, others
have noted that some utility assessment approaches are based on different
theoretical models and empiric results. For example, advocates for the use
of rating scales offer evidence that the methods found theoretically and em-
pirically justified by economists fail to meet the basic requirements for an
interval response scale. 47 Nord et al. 48 suggested that the person trade-off
be used as the standard against which other methods are compared. How-
ever, they did not offer evidence that data obtained using the person trade-
off meet standards of reliability, validity, and interval scale property. The
person trade-off does not meet the face validity criterion of being a direct
estimate of a QALY. However, it is not clear that subjects do not make other
cognitive errors when applying the method. This is likely to remain an area
of active debate into the near future.

Whose Utilities or Preferences Should be Used?

Choices between alternatives in health care necessarily involve pref-
erence judgment. For example, the inclusion of some services in a basic
benefits package and the exclusion of others is an exercise in value, choice,
or preference. There are many levels at which preference is expressed in
the healthcare decision process. For example, an older woman may decide
to cope with the symptoms of upset stomach in order to gain relief from the
discomfort of osteoarthritis. A physician may order pelvic ultrasound to en-
sure against missing the very low probability that a 40-year-old woman has
ovarian cancer. Or, an administrator may decide to put resources into pre-
vention for large numbers of people instead of devoting the same resources
to organ transplants for a smaller number.
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In CUA, preferences are used to express the relative importance of var-
ious health outcomes. There is a subjective or qualitative component to
health outcome. Whether we prefer a headache or an upset stomach caused
by its treatment is a value judgment. Not all symptoms are of equal im-
portance. Most patients would prefer mild fatigue (an adverse effect of
treatment) to a severe headache (the symptom eradicated by treatment).
Yet, providing a model of how well treatments work implicitly includes
these judgments. Models require a precise numeric expression of this pref-
erence. CUA explicitly includes a preference component to represent these
trade-offs.

Some models obtain preferences from random samples of the general
population. 37 It is recognized that administrators ultimately choose be-
tween alternative programs. Community preferences may represent the
will of the general public and not those of administrators. Yet there is con-
siderable debate about technical aspects of preference assessment. Some
of the debate has to do with whose preferences are considered.

In most areas of preference assessment, it is easy to identify differences
between different groups or different individuals. It might be argued that
judgments about net health benefits for white men should not be applied to
Hispanic men who may give different weight to some symptoms. Prefer-
ences for movies, clothing, or political candidates differ for social and cul-
tural groups; it is assumed that these same differences extend to health
states. Allocation of resources to Medicaid recipients, for example, would
be considered inappropriate when the preferences came from both Medic-
aid recipients and nonrecipients: 9 Other analysts have suggested that pref-
erence weights from the general population cannot be applied to any
particular patient group. Rather, patient preferences from every individual
group must be obtained.

Most studies do not support the common belief that preferences differ.
Some small, but significant differences between demographic groups have
been observed. 50 Studies have found little evidence for preference differ-
ence between patients and the general population. For example, Balaban
et al. 5_ compared preference weights obtained from patients with arthritis
with those obtained from the general population in San Diego. They found
a high degree of correspondence for ratings of cases involving patients
with arthritis. Similar results were found by Hughes et al. 52 among HIV-
infected patients. Studies of patients with cancer have had comparable
findings (unpublished study: Nerenz DR, Golob K, Trump DL. Preference
weights for the Quality of Well-Being Scale as obtained from ontology
patients. Henry Ford Hospital, Detroit, MI, 1990). Studies also have shown
a high degree of similarity in preferences provided by men versus women,
the medically insured versus the uninsured, those ever in wheelchairs
versus those never in wheelchairs, British versus Americans, citizens of
Oregon versus those of California, and residents of three different Euro-
pean communities. 53
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It would be incorrect to say that there are never any mean differences
in preference, since significant differences in preferences have been ob-
served in several studies. However, these differences were typically small. 53
Further analysis will be required to determine whether these differences af-
fect the conclusions of various analyses.

A related problem is the assumption that all people in the same health
state should get the same score. Most approaches to utility assessment use
the mean preference for a particular case to represent all individuals who
meet a common definition. For example, suppose that the average utility
for being in a wheelchair, limited in major activities, and having missing
limbs is 0.50. The models would assign the same number to all individu-
als who occupy that state. However, there is substantial variability in how
individuals view their own health. If individual preferences are used, there
might be significant variation in scores across people with identical objec,
tive descriptions: 4 Despite the appeal of individualized preferences, they
rarely lead to different treatment decisions than would be obtained from the
use of aggregate preferences: 5

Multiattribute Health Status Classification Systems

Although it is important to understand the various approaches to the
measurement of health state utilities/preference values, some pharma-
coeconomic researchers conducting a CUA will not measure health state
utilities directly. They may use one of the existing multiattribute health
status classification systems for which the utility functions have been em-
pirically derived. Two such instruments developed in North America are
the Quality of Well-Being Scale (QWB) developed at the University of
California-San Diego, La Jolla, CA, and the Health Utilities Index (HUI)
developed at McMaster University, Hamilton, Ontario, Canada.

The QWB is a general quality-of-life instrument that includes symp-
toms or problems plus three dimensions of functional health status: mobil-
ity, physical activity, and social activity. Standardized preference weights
for the QWB have been measured (using the category rating scale method)
and validated on a general population in San Diego. 56 Other investigators
have reweighted the symptoms/problems and function levels of the QWB
in specific populations, such as patients with arthritis 5_ and HIV-infected
subjects, 52 and have found the generalizability of the original weights to be
very high.

The HUI is another general instrument that describes the health status
of a person at a point in time in terms of ability to function on a set of
attributes or dimensions of health status. The original version (Mark I) of
the HUI consists of four attributes and a formula to calculate utilities. 57

The second version (Mark II) consists of seven attributes and formulas
for the calculation of utilities and preference values. 58The measurement of
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the preferences/utilities for the health status classification system were
made with visual analog scales and the standard gamble technique. The
most recent and potentially most useful version, Mark III, has eight attrib-
utes: vision, hearing, speech, ambulation, dexterity, cognition, pain and
discomfort, and emotion.59 The utility/preference functions are not yet
available, but those for the Mark II can be used in the interim.a

Two additional potentially useful multiattribute health status systems
in the latter stages of development in Europe are the EuroQo160 and the In-
dex of Health-Related Quality of Life. 61 The EuroQol was developed con-
currently in five languages (Dutch, English, Finnish, Norwegian, and Swedish)
by a multidisciplinary team of European researchers.60 (Spanish and Cata-
lan translations are now available and French, German, and Italian versions
are in preparation.) The EuroQol instrument was designed to be self-
administered and short enough to be used in conjunction with other mea-
sures. It has two parts: a visual analog scale on which patients rate their own
health on a scale of 0 to 100, and a questionnaire that classifies subjects
into one of 243 health states. The current EuroQol health status classifica-
tion system has five dimensions: mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression. Each dimension has three levels.
An earlier version of the instrument had six dimensions and classified indi-
viduals into three levels of mobility, self-care, and pain, and into two levels
of main activity, family/leisure activity, and anxiety/depression. 62 The
EuroQol is truly an instrument in development and a great deal of research
is ongoing, and necessary, to demonstrate its use and usefulness. 63-65

The Index of Health-Related Quality of Life is a measure of social,
psychological, and physical functioning that is in development in the UK. 61
It is based on a five-level multidimensional classification system and pro-
vides a health profile as well as a unidimensional health index value (0 to
1). The health index value or global score is comprised of three primary
dimensions: disability, physical discomfort, and emotional distress. The di-
mensions are further subdivided into attributes, then scales, then descrip-
tors. The complex and multilevel valuation approach, which incorporated
both standard gamble and category rating techniques, is addressed else-
where. 66 The validity, reliability, and usefulness of the instrument is yet to
be determined.

Cost-Utility Analysis and Healthcare Interventions
Figure 4 presents a graphic representation of a hypothetical case in

which treatment has increased both the quantity and quality of life for a

_For further information on the QWB contact: Robert M. Kaplan, PhD, Division of Health Care Sci-

ences, School of Medicine, 9500 Gilman Dr, University of California-San Diego, La Jolla, CA 92093.

For further information on the HUI contact: George W. Torrance, PhD, Health Sciences Centre 3H IC,
McMaster University, 1200 Main St West, Hamilton, Ontario, Canada L8N 3Z5.
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i', Figure 4. Representation of quality-adjusted life-years (QALYs) gained through a hypothetical
treatment.

patient or group of patients. The area between the curves would be calcu-
lated to measure the QALYs gained. To complete the CUA, the incremen-
tal cost of providing the treatment would be measured and divided by the
QALYs gained. Table 1, adapted from Detsky and Naglie, 67 illustrates the
different elements that are needed to conduct CEA and CUA when com-
paring two alternative interventions. An assumption in the table is that
quality of life (utility) remains constant over the full life expectancy.

Table 1. Economic Analysis of Two Alternative
Treatment Interventions 67

EFFECTIVENESS

COST (LIFE EXPECTANCY) HEALTH STATE
INTERVENTION ($) (y) (UTILITY) QALYs

Treatment A 20,000 4.5 0.60 2.7
Treatment B 10,000 3.5 0.72 2.5

$20,000 -- $10,000

Incremental cost-effectiveness ratio = 4.5 y -- 3.5 y = $10,000 per life-year gained

$20,000 -- $ I0,000

Incremental cost-utility ratio = 2.7 QALYs -- 2.5 QALYs = $50,000 per QALY gained

QALY = quality-adjusted life-year.
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Table 2. Quality-Adjusted Life-Years Gained:
Some Tentative Estimates 2

C OS T/QA LY
INTERVENTION (£)*

Cholesterol testing and diet therapy only (all adults, aged 40-69 y) 220
Neurosurgical interventions for head surgery 240
General practitioner advice to stop smoking 270
Neurosurgical intervention for subarachnoid hemorrhage 490
Antihypertensive therapy to prevent stroke (ages 45-64 y) 940
Pacemakerimplantation 1,100
Valvereplacement for aortic stenosis 1,140
Hipreplacement 1,180
Cholesterol testing and treatment 1,480
Coronary artery bypass graft (left main vessel disease, severe angina) 2,090
Kidneytransplant 4,710
Breast cancer screening 5,780
Heart transplantation 7,840
Cholesterol testing and treatment (incrementally) of all adults 25-39 y 14,150
Homehemodialysis 17,260
Coronary artery bypass graft (one vessel disease, moderate angina) 18,830
Continuous ambulatory peritoneal dialysis 19,870
Hospitalhemodialysis 21,970
Epoetin alfa therapy for anemia in patients undergoing dialysis

(assuming a 10% reduction in mortality) 54,380
Neurosurgical intervention for malignant intracranial tumors 107,780
Epoetin alfa therapy for anemia in patients undergoing dialysis

(assuming no reduction in mortality) 126,290

QALY = quality-adjusted life-year.
"British pounds as of August 1990.

A common method of summarizing and comparing the results of
CUAs is in the form of a league table. Table 2 shows a league table com-
piled by Maynard. 2 There are many concerns regarding the manner in
which league tables are constructed and applied. 68,69As observed by Ma-
son et al. 68 the source studies in league tables often use various means of
calculating QALYs and different years of origin, discount rates, settings,
and types of comparison programs. For example, a study by Hornberger et
al. 70 compared six methods for deriving cost/QALY data for patients re-
ceiving in-center hemodialysis. Results from the 58 patients in their study
demonstrated a range of $34,893 to $45,254 per QALY gained based on
the Sickness Impact Profile 7j and standard gamble technique, respectively.
Nevertheless, Mason et al. 68 concluded that although league tables have
serious limitations, the systematic comparisons that league tables provide
are preferable to the alternative: the reliance on the informal, unsystematic
assessments made in the absence of data.
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ii iiii

IMPACT OF PHAR1VIACEUTICAL INTERVENTIONS

For pharmaceuticals, as with most other healthcare interventions, the
ultimate therapeutic endpoint or outcome is the enhancement of quality of
life and/or length of life. Therefore, in theory, the most appropriate outcome
measure would be QALYs. There are a number of published studies that
have used QALYs and the cost-utility approach to evaluate the economic
efficiency of healthcare programs/interventions. 72-74 However, there are
very few published reports of the impact of pharmaceutical interventions in
which QALYs were an outcome measure. In addition, those studies that
have been published are limited by their methodologic approach to the mea-
surement of QALYs. In some cases, QALYs are estimated/modeled from
cross-sectional data rather than measured prospectively.

A number of examples of the use of CUA in the evaluation of cancer
chemotherapy have appeared in the literature. 75-77 The study by Smith
et al. 77 illustrates the importance of adjusting length of life/survival for
quality. The authors compared the incremental costs per QALY for surgery
plus adjuvant chemotherapy versus surgery alone in patients with colon
cancer. They estimated that 2.4 unadjusted life-years were gained from the
addition of chemotherapy; however, after adjusting for quality of life, only
0.4 QALYs were gained. The costs of surgery alone and surgery plus
chemotherapy were $6000 and $13,000 per patient per 12 months of treat-
ment, respectively. Since the incremental cost of adding the chemotherapy
was $7000, the calculated cost per life-year gained was $2916 and the cost
per QALY gained was $17,500. The findings are limited by the study's
small sample size and other methodologic weaknesses (e.g., measurement
of QALYs). However, it demonstrates the potential power of appropriately
conducted CUAs in evaluating the outcomes of pharmaceutical interven-
tions more comprehensively than through other approaches (e.g., CEA).

ii

..... Summary

In a society in which healthcare resources are limited, it is essential that
the resources available are used efficiently and equitably. However, for this
system to function effectively, data about costs and outcomes are essential.
Resources should be used for programs that produce the greatest benefit
for the greatest number of people. The lack of good information about
input-output relationships in health care has lead to enormous variations
in costs and clinical practice patterns) There has been little consensus on
what constitutes good clinical practice. The integration of data on the qual-
ity of life with corresponding data on life expectancy yields a single index
of health benefit, expressed in terms of QALYs. Our interest in life ex-
pectancy and quality of life arises from the fact that health care can influ-
ence either or both of these.
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It is likely that the use of CUA will increase as the need to evaluate the
benefits derived from very different healthcare interventions increases.
This type of analysis will assist in ensuring that resources are allocated as
efficiently as possible to serve health outcome goals. Resources will never
be sufficient to provide all the health care that might be given; there are
finite resources and potentially infinite demands. CUA provides a system-
atic approach to comparing ways of using the resources most efficiently in
the process of meeting those demands.

Pharmaceutical interventions are a critical component of health care.
Pharmaceuticals can produce QALYs by lengthening life, improving the
quality of life, or both. As seen in the cancer treatment example, chemother-
apy can be a double-edged sword: it can lengthen life while decreasing its
quality. However, it is more common for pharmaceuticals to be prescribed
to improve the quality of life in people who have non-life-threatening but
potentially debilitating conditions (e.g., arthritis, glaucoma). If conducted
properly, CUA can be a powerful tool to more comprehensively evaluate
the overall impact of pharmacotherapy. This type of research is needed to
document the relative value of pharmaceuticals when compared with other
medical interventions and to inform decisions as to the most efficient use of
finite healthcare resources.

I
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