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Health Outcome Models
for Policy Analysis
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The increasing therapeutic options in health care have created new dilemmas
because resources to pay for the new technologies are limited. Cost/effective-
ness and cost/utility models are required in order to evaluate the return on the
invested dollar for various health care technologies. The problem is that dif-

ferent technologies are often evaluated using very different outcome units.
The alternatives may range from liver transplantation to rehabilitation to pre-
ventive care. This article presents an overview of a general health policy
model that expresses the benefits of all programs in a common unit known as
the well-year--defined as the equivalent of 1 completely well year of life. The
model uses two data sources: life expectancy and health-related quality of life
during years prior to death. The quality-of-life component considers behav-
ioral scales for mobility, physical activity, social activity, and symptoms.
These dimensions are weighted by utility or preference to create a single scale

that ranges from 0 (for death) for 1.0 (for optimum health). The model also
considers duration of stay in each health state. Because all providers in health
care attempt to extend life expectancy and improve quality of life, very differ-
ent approaches in health care can be evaluated against one another. Prelimi-

nary analyses suggest that some behavioral interventions compete favorably
with traditional medical and surgical treatments in terms of cost/well-year of
life production. Various applications of the model are discussed.
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Public policy makers are faced with complex decisions that often involve
comparisons between very different alternatives. When these alternatives
are measured or described using different scales, decisions can be difficult,
if not impossible. Often, the confused decision maker gives in to the most
emotional appeal. In this article, I argue that general measurement models,
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MIs in the aspirin group and 18 fatal MIs in the placebo group. The next
section in Figure 1 (dark cross-hatched) summarizes the differences for fa-
tal stroke. There were 6 fatal strokes in the aspirin group and 2 in the pla-
cebo group. Although this yields a risk ratio of 3.00, the difference was not
statistically significant (p =. 16). The other components of the figure show
death due to ischemic heart disease, sudden death, other cardiovascular dis-
eases, and other cerebrovascular diseases. Although there were more fatal

MIs in the placebo group, there were actually more deaths due to stroke, is-
chemic heart disease, sudden death, and other cardiovascular categories in

the aspirin group. None of these differences, however, was statistically sig-
nificant. The total height of the bars in Figure 1 summarizes the differences
between groups for total cardiovascular mortality. There were exactly 44
deaths in the aspirin group and 44 deaths in the placebo group. In other
words, the total mortality from cardiovascular and cerebrovascular deaths
was identical in the two group.

Figure 2 shows cardiovascular deaths and nonvascular deaths versus
those participants in the study who were alive and healthy at the follow-up.
As the figure suggests, all causes of mortality are compressed toward the
bottom of the figure. The great majority of the participants (99% in each
group) were alive at the time the preliminary results were published. These
data hardly justify the bold claims made in the popular media about the
life-extending benefits of aspirin.

Although there was a significant benefit in terms of the relative risk ratio
with respect to one event--MI--the increment in survival benefit in the
Physicians Health Study was less than 1%. Even for the MI variable, statis-
tical detection of the effect was aided by an enormous sample size. A some-
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plex dilemma. It had a limited number of health care dollars and had to
choose between high-technology transplantation surgery and other alterna-
tives including prenatal care. After deliberation, the state decided to rank
funding of prenatal care higher than some organ-transplantation programs.
Many people argued that this was a foolish decision. Yet, systematic com-
parison of benefits was not possible because the outcomes of the services
were measured in quite different terms. How can we compare apples to or-
anges? In the next sections, I discuss models for thinking about these prob-
lems. Ultimately, I suggest that there are methods for quantifying health
benefits and that the use of these models might serve to challenge many of
our assumptions about health care. One of these assumptions is that we
benefit from greater expenditures in health care.

IS MORE BETTER?

One of the basic objectives in health care is to deliver service. Indeed, many
policy options are evaluated as to whether they provide service. We assume
that expenditure is an accomplishment. The more money allocated to a pro-
gram, the better we expect the outcomes to be. It is often assumed that the
states or countries that are doing the most important things in health are
those spending the most money.

Recently, substantial evidence has emerged suggesting that many unnec-

essary services are delivered by our health care system. Consider coronary
artery bypass surgery. The Office of Technology Assessment (1979) re-
ported that there are 19 such operations per million members of the French
population. In Austria, there are 150 per million in the population. In the
United States, there are nearly 800 operations per million (Rimm, 1985).
Approximately 200,000 procedures were performed in the United States in
1985--nearly twice as many as had been performed in 1980 (National Cen-
ter for Health Statistics, 1986). There are also large differences in the use of
other expensive interventions. For example, the number of people with end-
stage renal disease is believed to be approximately equal in Western coun-
tries. Yet, in the United Kingdom, fewer than 1 case per 1,000 was on renal
dialysis in comparison to 39 cases per 1,000 in the United States (Schroeder,
1987). As argued by a variety of analysts, there is no evidence that these re-
gional variations in use of procedures have substantial effects on health
outcomes. They do have systematic effects on health care costs.

Policy analysts are faced with difficult choices because they hope to
maximize health outcomes while maintaining control over costs. Western
countries differ in their rate of escalation of health care costs. The United

States now spends nearly 120/0 of its gross national product (GNP) on
health care, whereas other countries with high-technology medicine (e.g.,
Japan) spend only about 8%; Great Britain spends about 6%. It is not
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very different treatment interventions. For example, health care administra-
tors often need to choose between investments in very different alternatives.
They might need to decide between supporting liver transplantation for a
few patients versus supporting prenatal counseling for a large number of
patients. For the same cost, they may achieve a large effect for a few people
or a small effect for a large number of people. The treatment-specific out-
comes used in cost/effectiveness studies do not permit these comparisons.

Cost/utility approaches use the expressed preference or utility for a
treatment effect as the unit of outcome. As noted by the World Health Or-

ganization (1984), the goals of health care are to add years to life and to
add life to years. In other words, health care is designed to make people live

longer (increase life expectancy) and to live a higher quality of life in the
years prior to death. Cost/utility studies use outcome measures that com-
bine mortality outcomes with quality-of-life measurements. The utilities are
the expressed preferences for observable states of function on a continuum
bounded by 0 for death to 1.0 for optimum function (Kaplan, 1985a,
1985b; Kaplan & Anderson, 1988a, 1988b; Kaplan & Bush, 1982). In recent
years, cost/utility approaches have gained increasing acceptance as meth-
ods for comparing many diverse options in health care (Russell, 1986;
Weinstein & Stason, 1977; Williams, 1988).

THE GENERAL HEALTH POLICY MODEL

Our approach to these problems is reflected in a general health policy
model.

Quality of Well-Being Scale

The Quality of Well-Being Scale outcome measure is part of a general health
policy model (Kaplan & Anderson, 1988a). The purpose of the system is to
express benefits and side effects of the program in terms of equivalents of
completely well-years of life. The years-of-life figure is adjusted for dimin-
ished quality of life produced by disease or disability. Scores on the Quality
of Well-Being Scale are obtained by classifying people into one step in each
of the scales described in Table 1. In addition, subjects indicate the symp-
tom or problem that bothered them most on a particular day (Table 2). Each
of these steps is associated with a weight derived from community surveys to
reflect social preference or utility for the state on a scale ranging from 0

(dead) to 1.0 (for optimum functioning). (See Tables 1 and 2.) A score of
.64, for example, suggests that an individual was in an observable state for

which the societal preference was 64O7oof the distance between optimum
functioning and death. The person remaining in this state for 1 year would
have lost .36 (or 1.0 - .64) well-years. Prognoses in the model are defined by
transitions among observable states over time. These are represented in all
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TABLE1 (Continued)

Calculating Formulas"

Qualityof
Well-Being Step Definition Weight
MOB-5 Nolimitations. -.000
PAC-I In bed, chair, or couchfor most or all of the day,health related. - .077
SAC-2 Performedno major role activity,health related,but did perform

self-care. - .061

W = 1 + (-.257) + (-.000) + (-.007) + (-.061) = .605.

Formula 2: Well-years(IVY) as an output measure:

WY = [Numberof Personsx (CPXwt+ MOBwt+ PACwt+ SACwt)Ix Time.

aFunction scales, with step definitions and calculating weights.

calculations of well-years. Using this system, it is possible to estimate the
number of well-year equivalents produced by a program. Dividing the cost
of the program by the well-year production results in an estimate of the

cost/utility of the program. The cost/utility ratio can be used to compare
the relative value of different programs, thereby providing a common metric
for comparison of programs with different specific objectives.

Applications

The general health policy model has been used to evaluate outcomes in a
variety of settings. Unfortunately, I do not have the opportunity to review
each of these applications in detail here. Suffice to say that different inves-
tigators have estimated the expected well-year benefits of competing inter-
ventions. Figure 3 summarizes many of these studies with adjustments to
1988 dollars. As the figure suggests, some interventions, such as coronary
artery bypass surgery for patients with ejection fractions less than 20°7o,
cost nearly $500,000 to produce the equivalent of 1 well-year. Traditional
medical interventions in prevention, such as cholesterol and blood pressure
reduction, are much less expensive to produce the equivalent of 1 well-year.
However, some nontraditional interventions, including smoking-cessation
programs, are even more cost-effective. Interestingly, our estimate suggests
that the most cost-effective program has nothing to do with traditional
health care. It involves passing laws that require the use of seat belts.

The use of the general health policy model requires many heroic assump-
tions. The data for Figure 3 come from a variety of different studies. In
many of these cases, the health benefits were estimated using expert judg-
ment. The accuracy of these estimates without detailed follow-up is un-
known. Furthermore, there are important assumptions in the application of
the model that include the discount rate and the reliability of the estimate
of treatment effectiveness. Despite these limitations, I believe that the gen-
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FIGURE 3 Cost per well-year for various programs, in 1988U.S. dollars. CABG l Ves-
sel = coronary artery bypass surgery (data from Weinstein & Stason, 1982), Total Hip
= total hip replacement (data from Liang et al., 1986), CABG 2.Vessel(data from Wein-
stein & Stason, 1982), Rehab COPD = chronic obstructive pulmonary disease (data
from Toevs, Kaplan, & Atkins, 1984), Gold Arthritis = oral gold medication in rheuma-
toid arthritis (data from Thompson, Read, Hutchins, Paterson, & Harris, 1988), Hyper-
tension = screening and treatment for 40-year-old men with diastolic blood pressure of
90 to 100 mm Hg (data from Weinstein & Stason, 1977), PKU Screening = phenylke-
tonuria (data from Bush, Chen, &Patrick, 1973), Pneum Vaccine = pneumoccal vaccine
for older adults (data from Office of Technology Assessment, 1979), Seat Belt Laws
= laws requiring mandatory seat belt use (data from Kaplan, 1988).

eral health policy model provides a new, unique way of thinking about al-
ternatives in health care. I hope to see more systematic experimental trials

that employ structured measures such as the Quality of Well-Being Scale.
As more data accumulate, I hope to provide a stronger data base for com-

paring different alternatives in health care.
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