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This chapter provides an overview of the Quality of Well-Being (QWB) Scale
and the General Health Policy Model from which it was derived. Our group

ii'_rgues that a single, comprehensive expression of quality of life has many
desirable features for policy analysis, evaluation research and clinical
investigation. A recurrent theme in several of our previous publications is
that a single index of health status is both feasible and highly desir-
able.l,2,15,16,24,34-43

Health status measurement has been characterized by competing tradi-
tions; one of the major issues is disease specificity. Some investigators argue
that specific measures are required for each disease category, while others,
including our group, believe there are many advantages to a general
approach. Among those favouring the general approach to health status
measurement, some groups have focused on mortality while others have
focused on morbidity. Our approach is to integrate morbidity and mortality
into common units of health status. In this chapter we will elaborate each of
these issues.

General versus disease-specific health measures

Most health-related quality of life measures are designed for use with any

population. However, some investigators feel that it is necessary to develop
quality of life measures for specific diseases, for example, the RAND
Corporation has produced a series of booklets describing the conceptualiza-
tion and measurement of 'physiologic health' where each booklet describes
the problems in conceptualization and measurement of a specific condition,
such as anaemia, ache and vision impairment. The rationale underlying the

development of these measures is largely clinical. It suggests that medical
conditions have very specific outcomes. Thus, for example, diabetic patients
are evaluated according to blood glucose, while chronic obstructive lung
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disease patients are evaluated according to pulmonary function. Clearly
there are advantages to the clinician in considering outcomes relative to
specific diseases.

In addition to general physiological indicators, there are also quality of life
measures designed specifically for particular disease groups. For instance,
Meenafi and colleagues have developed a specific quality of life measure for
arthritis patients 5°and this is only one among many approaches to health
status assessment for this particular disease. 47

Disease-specific measures can produce follow-up information that will
necessarily fall within the error of more general measures. For instance, it may
be useful to know that a new treatment for burns generally allows hand burn
victims to regain sufficient finger dexterity to open a bag of potato chips,
while current treatments do not provide these benefits. Any general measure
that attempted to gather this wealth of detail would soon overwhelm
respondents with what might be considered ridiculously trivial questions.

Though useful for many purposes, these disease-specific measures have a
weakness from the policy point of view: their use precludes the possibility o _ :
comparing programmes that are directed at different populations or groups
suffering from different diseases. In addition, many health care interventions
affect outcomes that are not system-specific. For example, cigarette smoking
may increase the probability of coronary heart disease, peripheral artery
occlusion, cerebrovascular disease, and cancers of the larynx, lung, mouth,
oesophagus, bladder, pancreas and stomach; it is also the major cause of
chronic obstructive pulmonary disease. 25From this point of view, the impact
of smoking upon health is truly overwhelming, yet general health status
measures can provide a comprehensive summary of these heterogeneous
health effects. Policy analysis also requires a more general approach to health
status assessment.

Mortality

Mortality remains the major outcome measure in most epidemiological
studies and clinical trials. Typically, mortality is expressed in units of time. In
order for mortality data to be significant, they must be expressed in the form
of a rate, that is the proportion of deaths from a particular cause occurring in
some defined time interval (usually per year), and usually, mortality rates are
age-adjusted. Case fatality rates express the proportion of persons who died
of a particular disease divided by the total number with the disease (including
those who live).

There are many advantages to reporting mortality rates. They are hard
data (despite some misclassification bias), 57 and the significance of the
outcome is not difficult to comprehend. However, there are also som_
obvious limitations. Mortality rates consider only the dead and ignore the
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living, so many important health care services, including prevention, can be
expected to have little or no impact upon them. For example, each year there
are approximately 1.2 million cataract removal procedures performed in the
United States. 32 Although the procedure is essentially non-controversial,
cataract removal has little or no impact on mortality and is certainly
unrelated to infant mortality. An outcome measure that focused only on
mortality would miss the value of this surgery, which proves to have benefits
in as many as 95% of the cases.

Morbidity

The most common approach to health status assessment is to measure
morbidity in terms of function or role performance, and morbidity estimates
often include work days missed or bed disability days. Most approaches to
health status assessment are essentially morbidity indicators. Thus, the

: _ Sickness Impact Profile (SIP) 7 represents the effect of disease or disability
upon a variety of categories of behavioural function, while the RAND Health
Insurance measures include separate categories for the effects of disease or
health states upon physical function, social function and mental function.
These measures do not integrate morbidity and mortality, though as each
birth cohort ages, there is accrual of mortality cases. Death is a health
outcome and it is important that this outcome not be excluded from any
expression of health status.

To illustrate this, consider evaluating the effect of an integrated support
and treatment programme as opposed to no support or treatment, for
randomly assigned groups of very ill, elderly, nursing-home residents. Let us
suppose that the programme maintained them all at a very low level of
function throughout the year, while in the comparison group, the sickest 10%
died. Looking just at the living in the follow-up, one finds the comparison
group to be healthier, since the sickest have been removed by mortality. By
this standard, the programme of no support as treatment might be put forth
as the better alternative. With a measure that combined morbidity and
mortality, however, the story would be very different, with mortality effects
dragging overall health of the comparison group to a very low level. The
importance of mortality will be discussed more fully later in this chapter.

Well-years

Our approach is to express the benefits of medical care, behavioural
intervention, or preventive programmes in terms of well-years. Others have
chosen to describe the same outcome as Quality AdjuSted Life Years
(QALYs). 73Well-years integrate mortality and morbidity to express health
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status in terms of equivalents of well-years of life. If a cigarette smoker died of
heart disease at age 50 and we would have expected him to live to age 75, it
might be concluded that the disease caused him to lose 25 life-years. If 100

cigarette smokers died at age 50 (and also had life expectancies of 75 years),
we might conclude that 2500 (100 men by 25 years) life-years had been lost.

Deatl_ is not the only outcome of concern in heart disease. Many adults
suffer myocardial infarctions leaving them somewhat disabled over a longer
period of time. Although they are still alive, the quality of their lives has
diminished. Our model permits various degrees of disability to be compared
to one another. A disease that reduces the quality of life by one half will take

away 0.5 well-years over the course of one year. If it affects two people, it wilt
take away 1.0 well-year (equal to 2 x 0.5) over a one-year period. A medical
treatment that improves the quality of life by 0.2 for each of 5 individuals will
result in a production of one well-year if the benefit is maintained over a one-
year period. Using this system, it is possible to express the benefits ofvarious
programmes by showing how many equivalents of well-years they produce.
However, not all programmes have equivalent costs. In periods of scarce
resources, it is necessary to find the most efficient use of limited funds. The :
well-year approach provides a framework within which to make policy
decisions that require selection between competing alternatives. Preventive
services may in this way compete with traditional medical services for the
scarce health care dollars and moreover can be competitive in such analyses.
Performing such comparisons requires the use of a general health decision
model. In the next section, the general model of health status assessment and

benefit-cost/utility (BCU) analysis will be presented. 2

THE GENERAL MODEL

Building a Health Decision Model

The Health Decision Model grew out of substantive theory in economics,
psychology, medicine and public health. These theoretical linkages have
been presented in several previous papers. 2,15,16,24Building a health decision
model requires at least five distinct steps.

Step 1: Defining a function status classification

During the early phases of the Health Index Project, a set of mutually
exclusive and collectively exhaustive levels of functioning were defined.
After an extensive, specialty-by-specialty review of medical reference works,
all of the ways that disease and injuries can affect behaviour and role
Performance were listed. Without considering aetiology, it was possible to
match a finite number of conditions to items appearing on standard health
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surveys, such as the Health Interview Survey (National Center for Health

Statistics), the Survey of the Disabled (Social Security Administration), and
several rehabilitation scales and ongoing community surveys. These items fit
conceptually into three scales representing related but distinct aspects of
daily functioning: mobility, physical activity, and social activity. The mobility
and physical activity scales have three levels, while social activity has five
distinct levels (see Appendix, p. 305). Several investigators have used this
functional status classification (or a modified version of it) as an outcome
measure for health programme evaluation. 7° However, the development of a
truly comprehensive health status indicator requires several more steps.

Step 2: Classifying symptoms and problems

There are many reasons a person may not be functioning at the optimum
Ievel. Subjective complaints are an important component of a general health

measure because they relate dysfunction to a specific problem. Thus, in
: : addition to function level classifications, an exhaustive list of symptoms and

problems has been generated. Included in the list are 21 complexes of
symptoms and problems representing all the possible symptomatic com-
plaints that might inhibit function. These symptoms and problems are shown
in the Appendix, p. 306.

Step 3: Preference weights to integrate the QWB Scale.

We now have described the three scales of function and 21 symptom/
problem complexes. With these, all we can do is compare populations in
terms of frequencies for each scale step (and, if necessary, symptom/problem
complex) as shown for the mobility scale in Table 3.1. Although comparison
of frequencies is common in health services research, our system offers a

strategy for integrating the frequencies into a single comprehensive expres-
sion. Comparing frequency distributions for different groups can be difficult
and confusing. If our intent is to say which of these distributions is 'better' off

and which 'worse', simple frequency distributions may not be able to help
much. Is Group 1 better or worse than Group 5, and by how much? Also, this
is only one scale; how can one make such decisions when there are three
scales and the symptom/problem complexes to consider.9

Table 3.1 Exampleof mobilityscale frequencydistributionsfor QWB
Scales

ScaleStep Group1 Group2 Group3 Group4 Group5

MOB
5 80 75 75 78 85
4 15 20 22 22 5
2 5 5 3 0 10
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Another step is necessary to integrate the three scales and the symptom/
problem complexes in a manner that will allow a single numerical expression
to represent each combination of steps on the scales and symptom/problem
complexes. The empirical means of accomplishing this is measured prefer-
ences for the health states. As noted earlier, the Health Decision Model

includes'the impact of health conditions upon the quality of life. This requires
that the desirability of health situations be evaluated on a continuum from
death to completely well. An evaluation such as this is a matter of utility or
preference, and thus, functional level-symptom/problem combinations are
scaled to represent precise degrees of relative importance.

Human judgement studies are needed to determine weights for the
different states. We have asked random samples of citizens from the
community to evaluate the relative desirability of a number of health
conditions. Random sample surveys were conducted in the San Diego
community during two consecutive years. The probability sample included
867 respondents ethnically representative of the population. When neces-
sary, interviews were conducted in Spanish. From a listing of all possible iJ :)
combinations of the scale (mobility, physical activity, and social activity), we
drew a stratified random sample of 343 case descriptions (items) and divided
them into eight sets of computer-generated booklets. All respondents were
assigned randomly to one of the eight booklets, creating eight sub-groups of
approximately 100 respondents each. In a series of studies, a mathematical
model was developed to describe the consumer decision process. The
validity of the model has been cross validated with an R 2 of 0.94 (Ref. 40).

These weights, then, describe the relative desirability of all the function states
on a scale from zero (for death) to 1.0 (for asymptomatic optimum function).
Thus, a state with a weight of 0.50 is viewed by the members of the
community as being about half as desirable as optimum function or about
halfway between optimum function and death.

Using these weights, one component of the general model of health is
defined. This is the QWB scale, which is the point in time component of the
Health Status Index. 24,39The QWB score for any individual can be obtained
from values associated with his/her function level, adjusted for symptom or
problem.

The example in the Appendix, p. 307, shows a state for which a weight of
0.605 has been obtained. Using the symtom/problem adjustment, the Index
becomes very sensitive to minor top-end variations in health status. For

example, there are symptom/problem complexes for wearing eyeglasses,
having a runny nose, or breathing polluted air. These symptom adjustments
apply even if a person is in the top step in the other three scales. For example,
a person with a runny nose receives a score of 0.83 on the QWB scale when
he is at the highest function level. 39Thus, the Index can make fine as well as
gross distinctions.

Mathematically, the QWB score may be expressed as
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l
1

where

W is the symptom standardized time-specific QWB score,
indexes the function levels [_ = 1,... l]

W_ is the QWB (weight, utility, relative desirability, social preference) for
each function level, standardized (adjusted) for all possible symptom/
problem complexes,

N_ is the number of persons in each function level, and
N is the total number of persons in the group, cohort, or population.

Thus, QWB is simply an average of the relative desirability scores assigned

to a group of persons for a particular day or a defined interval of time.
Several of our studies attest to the reliability 4° and validity 39 of the QWB

scale. For example, convergent evidence for validity is given by significant
:: positive correlations with self-rated health and negative correlations with

age, number of chronic illnesses, symptoms and physician visits. However,
none of these other indicators was able to make the fine distinction between

health states which characterize the QWB scale. These data support the

convergent and discriminant validity of the scale. 39

Step 4: The well-life expectancy

QWB is only one of the two major components of the Health Decision
Model. The other component requires consideration of transitions among
the levels over time. Consider the health situation described in the Appendix,
p. 000. Suppose that this condition described two different individuals - one
who was in this condition because of participation in a marathon race and
another because of arthritis. The fact that these individuals are in these

conditions for different reasons is reflected by different expected transitions
to other levels over the course of time. The marathon rmmer probably is sore
from her ordeal, but is expected to be off and running again within a few days.
However, the arthritis sufferer will probably continue to convalesce at a low
level of function. A Health Decision Model must consider both current

functioning and probability of transition to other function levels over the
course of time. When transition is considered and documented in empirical
studies, the consideration of a particular diagnosis is no longer needed. We
fear diseases because they affect our current functioning, symptoms, or pain
either now or at some time in the future. A person at high risk for heart
disease may be functioning very well at present, but may have a high

probability of transition to a lower level (or death) in the future. Cancer
would not be a concern if the disease did not affect current functioning or the

probability that functioning would be affected at some future time.
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When weights have been properly determined, health status can be

expressed precisely as the expected value (product) of the preferences
associated with the states of function at a point in time and the probabilities of
transition to other states over the remainder of the life-expectancy. Quality of
well-being (W) is a static or time-specific measure of function, while the well-
life expectancy (E) also includes the dynamic or prognostic dimension. The
well-life expectancy is the product of QWB times the expected duration of
stay in each function level over a standard life period, and can be expressed as

E=_W_Y_

where

E is the symptom-standardized well-life expectancy in equivalents of
completely well-years, and

Y is the expected duration of stay in each function level or case type

estimated with an appropriate statistical (preferably stochastic) model.

An example computation of the well-life expectancy is shown in Table 3.2.: !
Suppose that a group of individuals was in a well state for 65.2 years, in a state
of non-bed disability for 4.5 years and in a state of bed disability for 1.9 years
before their deaths at an average age or 71.6 calendar years. In order to make
adjustments for the diminished quality of life they suffered in the disability
states, the duration of stay in each state is multiplied by the preference
associated with the state. Thus, the 4.5 years of non-bed disability become
equivalents of 2.7 well-years when we adjust for the preferences associated
with inhabiting that state. Overall, the well-life expectancy for this group is
68.5 years. In other words, disability has reduced the quality of their lives by
an estimated 3.1 years.

Table 3.2 Illustrative computation of the weighted life expec-
tancy

State Y_ W,, IV,, Y,_

Well A 65.2 i.00 65.2

Non-beddisability B 4.5 0.59 2.7
Bed disability C 1.9 0.34 0.6

Total 71.6 68.5

(Reproduced from Ref. 38, with permission.)

l
Weightedlifeexpectancy= _ I I,V,Y_= 68.5 well-years

K=I

l
Current lifeexpectancy= I_. Y_= 71.6 calendar-years

g=l
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Step 5: Estimating the benefit-costutility ratio

The San Diego Health Index Group has shown in a variety of publications
how the concept of a well or weighted life expectancy can be used to evaluate
the effectiveness of programmes and health interventions. The output of a
programme has been described in a variety of publications as Quality
Adjusted Life Years, 1' Well-years, Equivalents of Well-years, or Discounted
Well-years. 15Weinstein 72,73has popularized the concept and calls the same
output Quality Adjusted Life Years (QALYs), and this has been adopted by
the Congressional Office of Technology Assessment. 58It is worth noting that
the Quality Adjusted Life Years terminology was originally introduced by
Bush, Patrick and Chen, 59 but later abandoned because it had surplus
meaning. The term wellness or well-years implies a more direct linkage to
health conditions. Whatever the term, the Index shows the output of a
programme in years of life adjusted by the quality of life which has been lost
because of disease or disability.

By comparing experimental and control groups on a general health status
measure, it is possible to estimate the output of a programme in terms of the

well-years it produces. This is shown as the area between curves representing
the two groups in Figure 3.1. Dividing the cost of the programme by the well-
years it yields, gives the BCU ratio.

Well

1.0--

With the treatment or programb_
0.75_

I

Mean output for

o. 0N ?_ -- _
0.25

Without the treatment

orprogram
0.0

to
Death Time

Figure 3.1 Theoretical comparison of treated and untreated groups. The area

between the two curves is the output or benefit of a programme in well-year units.

(ReproducedfromRef.38withpermission).

There are many attractiveelements of general health statusmeasures. We

arguethattheultimatepurposeof healthcareand preventionisdirected

toward two simple objectives:investments in health care are aimed at
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extending the duration of life, and health care programmes should improve
the quality of life while individuals are alive. A comprehensive expression of
health status can determine the effects of a programme using a unit that
simultaneously considers risks and benefits. As Mosteller 54 has suggested,
specific measures of health outcome often ignore the side-effects of treat-

ment. A treatment for hypertension, for example, may cause gastric irrita-
tion, nausea and bed disability. Health benefits of treatment can be expressed
in well-year units, as can health side-effects (costs).

CLINICAL EXAMPLES

This section provides several examples describing how this system might be
used to evaluate pharmaceutical products or medical technology. Examples
describing the use of the system for the evaluation of health policy alterna-
tives are available, z,ll

It is important to emphasize that the QWB scale is the measurement :::!_
system for a General Health Policy Model. Ultimately, we hope that clinical i
trials will incorporate these measures so the estimates of treatment effects
can be Obtained in well-year units. Many of the analyses presented in this
section depend upon estimates of QWB scores rather than the actual
measurements, but are presented to emphasize the potential for utilizing
quality of life measures for policy studies.

The tight control of insulin-dependent diabetes mellitus

Several studies have suggested that degree of hyperglycaemia is associated

with the long-term risk of diabetic complications. 65 However, there is no
strong experimental evidence confirming that reduction in blood sugar leads
to a parallel reduction in diabetic complications. The most frequently cited
study purporting to show the benefits of the tight control of diabetes 33has
been aggressively criticized because there were many therapeutic crossovers,
data were incomplete, and the difference in blood glucose between experi-
mental and control participants was not large. 61 Other studies have failed to
show reversals of microvascular diabetic complications with intensive

therapy. 6
The question of tight control of diabetes was considered ambiguous

enough for the US National Institutes of Health to begin a prospective
clinical trial to evaluate the benefits of tight control versus ordinary care. The

trial, known as the Diabetes Control and Complications Trial (DCCT), will
include approximately 1400 subjects treated over a 10-year period. A
portion of the DCCT subjects will be evaluated using the General Health
Policy Model, which may well have substantial advantages for estimating
treatment benefits. In addition to mortality, diabetes may be associated with



THE QUALITYOF WELL-BEINGSCALE 61

poor outcomes in a variety of organ systems. For example, poor control
might lead to differential rates of retinopathy, kidney failure and foot
infections. The difficulty is in finding one common expression for these

outcomes, when some patients may have foot infections that result in amputa-
tions while others have eye problems that result in blindness. One purpose of
our system is to aggregate these outcomes with death to provide a single

expression of the impact of poor control. Diabetic coma receives a score of
approximately 0.287 on our scale, while vision impairment that interferes
with driving a car and work, but does not interfere with self-care might receive
a score of 0.610. This tells us that two days of diabetic coma add up to less than
one day of vision impairment, but a treatment that eliminates diabetic coma

(averaged across the duration of the coma) might be considered more
valuable than one that reduces vision impairment. The objective is to
eliminate any sort of impairment; however, our system does provide for some
weighting of the very different outcome measures used in the study.

The system also includes the capability of integrating side-effects and
: "?enefits of treatment in the same unit. For example, suppose that the

treatment reduces the probability of retinopathy by 25%. We will assume
that 40% of the patients will eventually get serious retinopathy. 44Suppose
further that the retinopathy begins at age 55 and continues until death at age
75, and the weight associated with blindness or serious vision impairment
might be 0.5. Our sytem might suggest that the equivalent of 0.4 chances of

developing serious retinopathy multiplied by 0.5 as the average decrease in
well-being for 20 years, times 0.25 reduction in severity resulting from treat-
ment would equal 1.0 well-year. In other words, the improved treatment of
diabetes might add the equivalent of one healthy year to the life expectancy.

Now, we must consider the consequences or side-effects of tight control.
For the sake of argument, assume that the intensive treatment begins at age
30. One-third of the patients experience nausea and weakness associated
with tight control on half of the days. The duration is 75 - 30 --- 45 years,
divided by the number of days in which there are symptoms, 0.5 × 45 = 22.5
years, multiplied by the weight associated with the symptom of sick or upset
stomach which is 0.75. The net side-effects are 0.33 of all patients X 22.5

years X 0.25 average decrease in QWB (i.e. 1.0-0.75), which totals 1.87
years. In this example the side-effects might cause a loss of the equivalent of
1.87 years while the benefits produce a benefit of 1.0 year, although the
benefits for other aspects of treatment must also be considered; so, for

example, we would also consider the altered probability of kidney disease,
heart disease, etc. With these added the benefits would most likely outweigh
the side-effects.

Ultimately, the net effects of a treatment are expressed in QALY units. The
next question concerns determination of the costs to produce a quality
_djusted or well-year unit, from which comparison of health care pro-

grammes with very different specific objectives may be made.
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Auranofin treatment for patients with rheumatoid arthritis

Clinical trials for treatments of rheumatoid arthritis have considered a wide

variety of endpoints. The traditional approach has been to review clinical
outcomes such as degree of synovitis. This is typically assessed through
tender or swollen joints, grip strength, time to walk 50 feet, or duration of
stiffness upon rising in the morning. At an international conference on
outcome measurement in arthritis, it was suggested that comprehensive
assessments of quality of life outcomes were highly desirable. 8 In a recent
clinical trial involving 14 centres, more than 300 patients were randomly
assigned to therapy with oral gold (auranofin) or a placebo, A wide variety of
traditional and non-traditional measures were used to assess outcome, and
among the non-traditional measures was the QWB scale. The outcome using
the QWB is shown graphically in Figure 3.2. There was essentially no change
in QWB function for the placebo group while the group receiving auranofin
showed a mean improvement of 0.023 and this difference was statisticalL
significant beyond the 0.005 level. Auranofin does not reach pharmaco
logically effective levels for about two months, and QWB scores for the
treatment and placebo groups begin to diverge at about this time. Consider-
ing the many measures used in the trial, the percentage of variance accounted
for with the QWB measure was among the most significant (see Figure 3.2).
Outcomes measured using traditional, clinical measures, such as the 50-foot
walk and duration of morning stiffness, were not statistically significant,
although they did favour the auranofin group. In addition, simple self-ratings
by both patients and physicians failed to detect the significant effect.
However, a significant network of associations emerged suggesting that the
QWB was associated with other similar measures of general functionY

The clinical significance of a difference of 0.023 must be considered, and
although this appears to be small, the QWB provides a direct translation into
clinically relevant units. A difference of 0.023 translates into 2.3 QALYs for
each 100 patients who maintain the difference for 1 year. Also, although
0.023 appears to be a small change, the entire continuum from death to
optimal health is represented on the 0 to 1.0 scale. The differences observed
in the auranofin trial are quite respectable in comparison to those obtained
through other medical treatments.

One of the most important aspects of the QWB is its capability of
quantifying side-effects as well as benefits. Many of the specific scales used
for the auranofin trial were not capable of detecting the general effect of the
intervention upon health status, yet, gold preparations are known to cause
significant adverse effects including diarrhoea, headache, rashes, digestive
problems and abdominal pain. In fact, 59% of the auranofin treatment
patients experienced diarrhoea at some point in comparison to 19% of tt
placebo treated group. The General Quality of Life Assessment System
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Figure 3.2 Outcome of patients treated with auranofin (A A) or placebo
(o--o) assessed by traditional and non-traditional measures. (Reproduced from
Ref. 9 with permission)

allowed these side-effects tobe integrated with benefits in order to provide a
comprehensive expression of net treatment efficacy. In the near future, the
auranofin cooperation group will release data on the BCU of auranofin
therapy.

Coronary artery bypass grafts or CABG

Despite some controversy, 1°,14,31coronary artery bypass graft (CABG) has
become a major treatment for symptomatic coronary artery disease. The
number of procedures performed in the United States has steadily grown to
in estimated 110,000 procedures in 1980 at an estimated cost of S15,220
per operation. 45A 1981 forum sponsored by the National Center for Health
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Care Technology concluded that the cost per surgery ranged from $11,000
to $25,000 and that the annual cost to the nation was near $2 billion. 56The
significance of the procedure and the expenses associated with it, led
Weinstein and Stason 72to conduct a systematic evaluation of the literature
on CABG using a cost-utility model with the data provided by clinical
reports, systematic longitudinal data banks, and clinical trials, including the
major trials conducted by the European Coronary Surgery Group and the
Veterans Administration (VA) Cooperative Study.

The analysis considered the benefit for a 55-year-old male population,
since 55 years is approximately the median age for receipt of CABG. The

analysis considered only those men who would be deemed operable by
cardiologists on the basis of clinical characteristics and angiography, and was
done separately for men with obstruction (defined as 50% or more) of 1, 2 or
3 coronary arteries or left main coronary artery disease. In each of the cases,
ventricular function was good, with at least a 40% ejection fraction. The
analysis for patients with poor ventricular function will not be considered
here.

In order to calculate QALYs, Weinstein and Stason needed to integratc
morbidity and mortality information. They used data about symptomatic
relief from the European study 22,23and from the Montreal Heart Institute, 13
and also simulated the benefit results, using a variety of quality iudgements
for observed levels of fTanctioning and symptomatic angina.

The approach used by Weinstein and Stason uses data from different
sources. Data from the VA study and the European trial differed in their
evaluation of the benefits of surgery for one-vessel and two-vessel disease:
the VA data suggest that surgery may be detrimental in these cases, while the

•European data indicate there will be benefits. Results from these two trials,

and other data, were merged to obtain central assumptions that are operative
in the analysis, although the analysis can also consider differing assumptions,
and the impact these assumptions have upon quality adjusted life expectancy.

Under the assumptionl that the preference for life with angina is 0.7 (on a
scale from 0-1), Weinstein and Stason estimated the benefits of surgical
treatment over medical treatment for the various conditions. They found that
the benefits in quality adjusted life years would be 0.5, 1.1, 3.2 and 6.2 years
for one, two and three vessels, and left main artery disease respectively.

Next, Weinstein and Stason estimated the cost of the surgery and evaluated
cost-utility under the central assumptions. Assuming that surgery relieves
severe angina, the estimates ranged from $30,000 per year for one vessel
disease to $3,800 per year for left main artery disease. Weinstein and Stason

performed these analyses under a variety of assumptions, and in doing so,
they revealed the impact of considering quality of life. One assumption
ignored quality of life and considered only life expectancy, but the cost-

effectiveness of bypass surgery for one vessel disease under this assumptio
cmmot be estimated, since surgery has no effect upon survival. However,
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many of the benefits of surgery are directed toward the quality of life rather
than survival. If the surgery is performed to relieve mild angina, the cost-

utility for vessel disease exceeds $500,000 (1986). A model that did not
integrate mortality and morbidity would have missed the benefits for some
types of surgery.

In summary, the Weinstein and Stason 72analysis demonstrates that the
BCU of CABG differs according to the characteristic of disease state, but the
cost-utility figures compare favourably with those from other widely-

advocated medical procedures and screening programmes.

Adherence to antihypertensive medications

Hypertension is a major public health problem because of its high prevalence
and its association with heart disease and stroke. Many people are unaware

• that they have hypertension, and many of those who are aware are unwilling
: b take the necessary actions to control the condition.

Weinstein and Stason have calculated the cost-utility for programmes
screening severe hypertension (diastolic > 105 mmHg) to be $4850 per well-
year, while the corresponding figure for mild hypertension screening pro-

grammes (diastolic 95-104 mmHg) was $9800 per year (1976). 71
However, their analysis also considered a variety of factors that influence

these cost-utility ratios. One of the most important factors is adherence to
the prescribed medical regimen once cases have been detected. The figures
given above assume full adherence to the regimen, but substantial evidence
reveals that full (100%) adherence is rare. 19 Compliance with antihyperten-
sive medications is of particular interest because taking the medication does
not relieve symptoms; in fact, medication adherence can increase rather than
decrease somatic complaints. More studies have been devoted to compliance
among hypertensive patients than to compliance in any other disease
category, and some of these suggest that behavioural intervention can be very
useful in increasing adherence to prescribed regimens. 27

In their analysis, Weinstein and Stason considered the value of pro-
grammes designed to increase adherence to antihypertensive medication.
Two separate problems were considered, namely there are drop-outs from
treatment, and there is failure to adhere to treatments that have been

prescribed. The two cases may differ in their cost. One extreme is the patient
who fails to see a physician and purchase medication; here the cost would be

very low. The other extreme would be the patient who remains under medical
care, purchases medications, but does not take them; in this case, the costs
would be high. Weinstein and Stason refer to these as the maximum cost

'ssumption and the minimum cost assumption. Under the minimum Cost
assumption patients do not receive the full benefits of medication because of

incomplete adherence, but they also do not spend money. Thus, according to
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Weinstein and Stason, the cost-effectiveness under this assumption is very
similar to full adherence in which patients receive the benefits of medication
but make full expenditures. Under the maximum cost assumption, the effect
of incomplete adherence is substantial, particularly for those beginning
therapy beyond the age of 50. Earlier, it was noted that the costs to produce a
well-year for a national sample (US) were $4850 for those with pretreatment
diastolic blood pressure greater than 105 mmHg. With incomplete adher-
ence, these values increase to $6400 under the minimum cost assumption
and $10,500 under the maximum cost assumption. For mild +hypertensive

screening (diastolic blood pressure 95-104 mmHg), the $9800 per well-year
under the full adherence assumption rose to S12,500 under the minimum

cost assumption and $20,400 under the maximum cost assumption.
Since adherence under the maximum cost assumption appears to have a

strong effect upon cost-utility, it is interesting to consider the value of
behavioural interventions to improve adherence. Several studies have shown
the value of behavioural interventions and it is reasonable to assume that _
successful behavioural intervention will improve adherence rates by 50' :
(Ref. 27). Weinstein and Stason considered the cost-utility of interventions
that would improve adherence by 50% under the maximum cost assumption.
Their analysis of hypothetical programmes that would reduce diastolic blood
pressure from 110 mmHg to 90 mmHg suggests a differential expected cost-
utility for programmes designed for males and for females. As Figure 3.3
shows, the intervention would improve the cost-utility for both males and
females and at each age of therapy reveals the finding from epidemiological
studies that blood pressure is better controlled in women than in men. In
summary, the analysis demonstrates that even an expensive programme can
improve cost-utility because it produces substantial improvements in
outcome relative to its costs.

In the Weinstein and Stason monograph, a variety of other hypothetical
conditions were considered. Under the assumption that the programme
improves adherence by 50%, a significant benefit of the programme
remained under the maximum cost assumption. However, under the
minimum cost assumption the hypothetical adherence intervention would
have a significant benefit if it increased adherence by 50% but no significant
effect if it increased adherence by only 20%.

Other assumptions in the Weinstein and Stason analysis need to be
considered. For example, they make (and discuss) many other assumptions
about the relationship between hypertension and outcome, the linear
relationship between adherence and outcome, and the effect of adherence
programmes, but provide some data to support the reasonableness of each of
these assumptions.

Figure 3.3 shows how very different programmes can be compared usir
the system, and summarizes the two Weinstein and Stason studies discusse.
above.
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Figure 3.3 Comparison of cost/utility a of CABG: surgery and behavioural interventions for increasing adherence u with antihypertensive
medications for men and women

(Data for comparisons come from Ref. 72, left panel and Ref. 71 for centre and right panels)
a All cost/utility figures adjusted to 1986 dollars

b Adherence analyses assume that the programme will increase medication adherence by 50%. These calculations were made under the maximum cost assumption
¢ Severe angina is defined as well-being score of 0.7 on 0-1.0 scale. Mild angina is defined as 0.9 on the same scale.
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Screening for colon and rectal cancer

Colorectal cancer has become one of the most common cancers in the

United States. As a cause of death from cancer, it is preceded only by lung
cancer in men and by breast and lung cancer in women, and there will be
approximately 140,000 new cases of colorectal cancer diagnosed with an
estimated 60,000 deaths caused by this disease in the United States in
1986.12 The relative 5-year survival rate is 40-50%, and this has not
changed for the past 25 years. 12It has been estimated that survival can be
improved to 81% if the lesion is discovered early, while the patient is
asymptomatic and the lesion is still localized. 62Thus, as the 10-year survival
approximates the 5-year survival, the value of early diagnosis and treatment
is clearly indicated.

Two screening procedures are commonly in use for detection of asympto-
matic cancer and precancerous polyps: (i) the faecal occult blood test
(FOBT), where the individual is instructed to ingest high-fibre foods t
irritate an existing but as yet asymptomatic tumour or polyp, producing
bleeding which is subsequently detected in the stool; and (ii) flexible fibre-
optic sigmoidoscopy, where the distal 35-65 cm of inner intestine wall is
directly observed for lesions.

Part of the benefit of each procedure lies in early detection of cancerous
lesions, and part in the identification of polyps for removal. Arguments for
and against either procedure have been made on a number of grounds, 64but
no properly quantified assessment had yet been made regarding which of
these screening methods was most cost-effective. In a recent paper,
Anderson and colleagues used the QWI3 and General Health Policy Model
(GHPM) to go beyond the verbal pro and con arguments for each type of
screening. 3 They assessed the comparative BCU of the two screening
methods using five different rates of positive findings: three taken from the
reported literature for FOBT, three for sigmoidoscopy, with the fourth
(artificially high) and the fifth (artificially low) shared by both methods (see
Refs 18, 26, 28, 29, 46, 48, 49, 51, 60, 66, 74, 76, 77). The occult blood
examples were (1) 3% positives, (2) 1% positives, (3) 5% positives, (4) 1%
positives, all cancer, and (5) 7.5% polyps, no cancers. For flexible fibre-optic
sigmoidoscopy, the examples involved (1) 7.5% polyps, 0.5% cancer, (2) 2%
polyps, 0.5% cancer, (3) 12% polyps, 0.5% cancer, (4) 1% cancer, no polyps,
and (5) 7.5% polyps, no cancer ....

A number of assumptions were made about the imaginary population to be
screened. It was assumed that a person who is 50 years old has the average
remaining life-expectancy (28.1 years) for all Americans, 67 The average
yearly salary (for calculation of salary savings) was taken from the mot"
current available figures for all races from the Bureau of Labor Statistics.'
Also, it was assumed that the age of retirement for all persons is 65 years, and
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thus the number of earning years left for a person 50 years old was taken to be
15 years.

Several assumptions were made regarding the screening protocols and
tests. First, it was assumed that flexible sigmoidoscopic examination by a
primary care provider will cost S120. A $5 charge for the FOBT was kept
constant whether the patient had one or six examinations. The frequency of

true positives (50%) has been kept constant throughout the range (1-5%) of
FOBT positive exams. Of the 50% true positives, 12% are assumed to be

cancers and 38% polyps. This figure of 50% is based on the work of large
prospective studies which show a 50-60% false-positive rate, and differs
significantly from a previously published benefit-cost analysis since it
reflects the false-positive rate for cancers and polyps rather than blood loss
based on chromium-labelled red blood cells. 2°,3°,63Some of these latter false-

positives reflect real pathology (gastritis, ulcers, diverticulosis, etc.), but in at
least 20% of patients who are FOBT-positive, no pathology is found despite
an extensive examination. 3°,68The non-tumour pathology mentioned is, by

; .definition, asymptomatic. No screening protocol has been shown to be
effective for these conditions and they are neglected in this study.

Use of a 65-cm flexible sigmoidoscope by a skilled examiner is assumed,
with a false-negative rate of zero. It is further assumed that there are no

concurrent polyps or cancers should the sigmoidoscope find a single polyp.
No out-of-hospital treatment costs are calculated. Most of the above
assumptions bias the analysis in favour of FOBT.

The analysis assumes a single evaluation at age 50, and it further assumes
the frequency of polyps and cancer and the positive and negative predictive

values for FOBT are the same at age 50 as the average of the study
populations (usually 40 to 70). It has been assumed 5% of all-polyps will
progress to become a cancer and that this polyp to cancer transition takes an
average of 10 years. 7,21,52,53,ssThe noted increase in the 5-year survival for
patients diagnosed with colon cancer by screening, as opposed to those
diagnosed at the times symptoms present, is not an artifact of lead-time bias.

This is supported by the relative levelling-off in mortality after 5 years. 68,75
The traditional method for comparing avalue to be received in the future

(e.g. medical expenses averted) with a value to be given at the present time
(e.g. the cost of screening and treatment for colorectal neoplasms with occult
blood or flexible sigmoidoscopy) is that of discounting. With the aim of
looking at future gains and comparing them with the amount of money
currently at hand, compound discount-rate multipliers were included in

these analyses - for6% at 10 years (0.558), and for 6% at 15 years (0.417).
These discount multipliers were also used with the number of well-years
produced (e.g. in looking at mortality prevented and well-years produced in
persons with polyps and cancer), since cancer will not be the only cause of
death in these persons.

Terms were included in the analysis for (a) screening and treatment costs
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(dollars, well-years) for sigmoidoscopy and FOBT; (b) costs (dollars, well-
years) of complications for persons undergoing colonoscopy and sigmoidos-
copy; (c) FOBT screening costs (dollars, well-years) due to false-negative
results; (d) symptoms prevented (well-years) for people with polyps and
cancer; (e) prevented hospitalization costs (dollars, well-years) due to
screening and polypectomy; (f) mortality prevented (well-years) and salary
loss averted due to screening and polypectomy, and (g) mortality prevented
(well-years) and salary loss averted owing to cancers discovered by
screening.

Final results for all examples for both screening and treatment pro-
grammes are given in Table 3.3. For FOBT examples 1-3, well-years are
being produced for between S114,103 per well-year and S!33,710 per well-
year_The figure for FOBT example 4 (1% positive, all cancers) is $41,884
per well-year. The final FOBT example loses both well-years and dollars.

For the flexible fibre-optic sigmoidoscope method, well-years are being
produced for between S1489 per well-year and $5045 per well-year in
examples 1-3. Example 4 was $5718 per well-year, while example 5 was
producing both dollar savings and well-years.

Policy space for benefit-cost/utility (BCU) analysis

A two-dimensional health policy space (Figure 3.4), where costs (C) are
subtracted from benefits (B) (to establish consistency in signs), provides a
useful analytical framework for analysing resource allocation and related
problems. Net dollar returns (R) per person, where (R ----B -- C) are plotted
on the X-axis, and well-years gained or lost per person (Y') are plotted on the
Y-axis. Any alternative action (whether treatment, programme, or policy)
can be located in this space according to its dollar return and well-years
produced or lost.

Alternatives with net economic benefits (B > C) fall in the right half of the
plane, while programmes with net costs (C > B) fall in the left half. Medical
treatment and social policies with positive effects (+ Y) fall in the upper half
of the plane, while alternatives (policies or practices) with negative health
consequences (- Y) fall in the lower half.

The left upper quadrant (-, +) represents the area for standard BCU
analysis, where dollars are being spent to produce well-years, and the
negative ratios represent the relative efficiency of the programmes. In the
absence of interdependencies and other non-linear constraints, the simple
BCU algorithm identifies the optimal set of alternatives within a single
budget limit. The left lower quadrant (-, -) represents unsatisfactory alter-
natives where dollars are being spent and well-years are being lost. While
unusual, this would include ineffective treatments or practices that incm
expense and actually do harm in some cases.
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Table 3.3 Benefit-cost/utility results of colorectal Cancer screening analysis --4
"r

S/well-year m
Well-year S benefits minus benefit-cost Well-years lost E)c

benefits-costs S costs Well-years gained utility ratio of and dollars lost >
total total anddollarsgained programmes byprogramme r'-

--4
-<

Occult 0
1 0.6119143 --71,842 --117,405 "-n

2 0.2039692 --27,281 --133,751
3 1.021003 --116,005 --114,009 rrl

r-
4 --28.086800 --164,005 --6,373 r-
5 13.51552 --86,134 28.0869 + 165,130 t_

FlexSig

1 29.16264 --73,114 --2,507
2 18.55154 --93,592 -5,045 GO
3 37.84445 --56,360 -- 1,489 0

4 19.98241 127.174 19.98241+ 127,174
5 14.24024 --81,426 --5,718 m
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co]orecta] cancer screening programmes



THEQUALITYOF WELL-BEINGSCALE 73

The right lower quadrant (+, -) represents trade-offs of economic benefits
for health, as in studies involving nuclear power, pollution control, occupa-
tional, environmental and consumer product safety, highway speed limits,
the construction of overpasses and aircraft runways. Analytically, society is
willing to sacrifice some well-years in return for substantial economic
benefits. The Gen6ral Health Policy Model can contribute to the analysis of
such issues.

All alternatives in the right upper quadrant of policy space (+, +) produce
not only well-years but also net dollar returns. The ratio of costs to benefits
makes sense in the left upper and fight lower quadrants of the policy space,
but not in the fight upper and left lower, where the outcomes are in a general

sense additive (dollar returns plus well-years in the fight upper quadrant,
dollar costs in addition to well-year losses in the left lower).

Figure 3.4 shows that most options for colorectal cancer screening fall in
the upper left quadrant; sigmoidoscopy with 7.5% positives, all polyps, falls
in the upper right. Under these conditions, sigmoidoscopy not only produces
lealth benefits, it also saves money. Under the same conditions, however,
occult blood falls into the lower left quadrant. Here there are lost resources in
addition to health consequences.

Though further study is needed to assess the effects of repeated (yearly)
evaluations, the clinical implications of this study are fairly clear: Sigmoidos-
copy should be the primary means for screening for colorectal cancer, with
FOBT used in the patients with a negative sigmoidoscopy to check for
cancers and polyps beyond the reach of the sigmoidoscope. Even though
FOBT is the less expensive screening measure, the effects of occult blood

false-negatives (missing existing polyps and cancers) is devastating from the
BCU point of view.

SUMMARY

This chapter summarizes some of our current thinking on the potential for a
general health policy model. We believe the system can be used as an aid for
understanding clinical problems. In our previous work we have documented
the validity 39and the reliability 4 of the measurement system, and systematic
evaluations of the question structure and reliability of administration have
also been performed. _ Although some authors 18 suggest that the interview
procedure is long and tedious, there is substantial evidence that the extra
effort results in greater precision of the instrument. _

Quality of life is clearly a multi-dimensional construct. However, there is
still considerable debate about whether or not multi-dimensional measures

Lre required. Some approaches, such as the SIP, represent the multi-

dimensionality by providing quality of life profiles. Other approaches,
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including our own, attempt to map the multi-dimensional contruct of well-
being onto a uni-dimensional scale of preference or desirability. The choice
of a uni-dimensional versus a multi-dimensional approach depends on the

purpose of the study. Multi-dimensional approaches may provide more
clinical diagnostic information about areas in which there are specific
problems, for example, the clinician may learn that arthritis patients have
difficulty in ambulation but not in sleep. The uni-dimensional approach is
better suited for policy analysis and comparisons of very different alterna-
tives in health care. A related issue is the specificity of the measure. Some

investigators prefer measures specific to the symptoms associated with a
particular disease. However, we favour the more general approach because it
captures both benefits and side-effects (both expected and unexpected) in a
single, comprehensive unit. Clearly, debate about the specifics of measure
construction will continue. Future research is required to identify the
reliability of preference weights, the value of general versus specific
measures, and the desirability of interviewer administered versus self-
administered questionnaires. The inclusion of general quality of lif i:: -
measures in systematic clinical trials will help elucidate many of these issues.

In this chapter we offer several suggestions for the use of the QWB in
clinical studies. Current research is often divided between measurement

studies and policy analysis. The General Health Policy Model includes the
measurement system described here. When taken in clinical studies, QWB
measurements can be used directly in policy analysis; however, few clinical
studies have taken QWB measures directly. We hope to see wider application
of quality of life measurement in future clinical studies.
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