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Measuring Heart Patients’ Willingness to
Pay for Changes in Angina Symptoms
LAURAINE G. CHESTNUT, MA, L. ROBIN KELLER, PhD,
WILLIAM E. LAMBERT, PhD, ROBERT D. ROWE, PhD

Willingness-to-pay (WTP) measures of the effects of changes in health on a person’s welfare
are more comprehensive than traditional cost-of-illness (COI) measures, but they are some-
times difficult to obtain. The authors investigated two approaches for measuring heart pa-
tients’ WTP for changes in their angina symptoms. First, actual expenditures and perceived
angina episodes avoided were used to infer an averting-behavior measurement of WTP.
Second, a contingent-valuation approach was used to ask direct WTP questions regarding
a hypothetical medical treatment that could be purchased to avoid additional angina episodes.
The results indicated that although negligible COI changes were expected with small changes
in angina frequency, the subjects had significant WTP to avoid increases in angina. The

average WTP to avoid additional angina episodes revealed by the averting-behavior ques-
tions was comparable to the directly-elicited WTP, providing a test of the validity of the

contingent-valuation approach. Key words: willingness to pay; contingent valuation; cost of
illness; cost-benefit analysis; averting behavior; angina symptoms, welfare effects. (Med
Decis Making 1996;16:65-77)

Many health care and government agencies must de-
cide how to allocate their budgets for various pro-
grams that protect and improve public health. This
may involve making judgments about the importance
of preventing or reducing risks of various health prob-
lems. Monetary measures of the welfare benefits as-
sociated with preventing or reducing specific health
problems are useful for determining such judgments
and also for cost-benefit analyses of specific public
health programs.
One type of monetary measure that has been widely

used in examining the economic impact of health
problems is the cost of illness (COI). The COI approach,
described by Rice’ and Hartunian et al.,2 involves es-
timating the medical expenditures and productivity
(income) losses associated with a specific health con-
dition. But, it has long been recognized that COI mea-
sures do not reflect the full welfare effect of health

problems because the financial impact of an illness is
only part of the story. Health problems also typically
involve discomfort, inconvenience, and restrictions on

activity that have effects on human welfare beyond
what is reflected in medical expenditures and lost
income.

A more complete economic valuation of the effect
on welfare of a change in health is the amount the
individual is willing to pay to prevent a health problem
or to obtain an improvement in health. Willingness to
pay (WTP) measures the change in an individual’s in-
come that would cause the same change in utility
(well-being) for the individual as that caused by the
change in health. WTP is more appropriate than COI
for comparing the costs of public health policies, such
as pollution-control regulations, because WTP is a
monetary measure of the full effect on welfare of the

potential change in health.* However, WTP, although
theoretically more desirable for benefit-cost analysis,
is more difficult to estimate than COI. This paper pre-
sents a new approach for estimating WTP for changes
in health and compares results of an application with
heart patients using this and other approaches.
There are two general approaches for estimating

WTP for changes in health: the averting-behavior method
and the contingent-valuation method. The averting-
behavior method involves inferring WTP from real-life
situations where individuals are choosing a benefit or
cost that has a monetary value as a tradeoff for a change
in health.3 The averting-behavior method rests on the
economic presumption that averting expenditures will
be made up to the point where the marginal cost of

Received December 15, 1993, from Hagler Bailly Consulting, Boul-
der, Colorado (LGC, RDR), the Graduate School of Management,
University of California, Irvine, Califoima (LRK), and the New Mexico
Tumor Registiy, UNM Medical Center, University of New Mexico,
Albuquerque, New Mexico (WEL) Revision accepted for publication
June 20, 1995 Presented in part (as &dquo;Modeling Heart Patients’ Pref-
erences over Health States&dquo; at the TIMS/ORSA meeting m Denver,
Colorado Supported m part by U S Environmental Protection Agency
Cooperative Agreement No CR-812826 with the Umversity of Cah-
forma at Divine

Address correspondence and reprint requests to Prof Keller

Graduate School of Management, University of California, Irvine, CA
92717-3125

* It should be noted that there are situations where paid sick
leave, insurance, and public health programs that transfer the costs
of illness to others may result in underestimates of WTP if the
burden of these transfers is not taken into account

 at CALIFORNIA DIGITAL LIBRARY on June 18, 2011mdm.sagepub.comDownloaded from 

http://mdm.sagepub.com/


66 

additional averting efforts just equals the marginal
benefit of avoiding one more unit of the health prob-
lem. At this point, the marginal averting expenditure
is equal to the maximum WTP for the last unit of health
problem avoided. Expenditures for previous units of
,health problem avoided may understate WTP because
they lie on the marginal cost curve, not on the WTP
curve.

Calculating WTP with the averting-behavior method
using actual expenditure data can be difficult because
instances of observable tradeoffs between money and

health are rare. In addition, analysis is often difficult
due to the complexities of most health-related behav-
iors and multiple motives for expenditures. A signifi-
cant analytic difficulty in applying the averting-be-
havior method is in determining the specific health
benefit obtained as a result of the behavior or ex-

penditure. The novel approach developed in this study
simplifies this task by asking subjects what they per-
ceive the health benefit to be. Although this may not
be the most accurate way to determine the actual

benefit, it is an appropriate way to interpret the im-
plied WTP, because WTP choices will be based on
perceived benefit.
The contingent valuation method involves asking

people to estimate the maximum amount they would
be willing to pay to obtain or prevent a hypothetical
specified change in health. Direct WTP questions used
in contingent valuation must be carefully framed be-
cause participants often resist the idea of trading dol-
lars for health. Also, a subject’s budget constraint af-
fects the WTP. Further, it is generally assumed for the
subsequent analysis that a person’s utility function
over money is linear in the relevant range. In the arena

of clinical treatment or public health care, willingness-
to-pay studies are described and commented on by
Donaldson,4 Gafni,~ Golan and Shechter,s Johannes-
son,’ Johannesson and J6nsson,’ Thompson,910 and
Thompson et al.ll
A significant concern about the results of the con-

tingent-valuation approach is whether subjects re-

spond accurately to hypothetical payment questions.
There is suspicion that what subjects say they would
pay and what they actually would pay may be differ-
ent. This study examined this issue by comparing the
results of direct WTP questions with results obtained
using a perceived-averting-behavior approach. This
study also compares the results of two types of con-
tingent-valuation questions: open-ended WTP ques-
tions and yes/no questions for specific dollar amounts.
We designed a survey instrument to obtain both COI

and WTP information for evaluating the prevention of
potential increases in the frequency of angina pectoris,
the chest pain and complex of symptoms associated
with myocardial ischemia. The instrument was de-
signed to obtain information from patients with is-

chemic heart disease (IHD) who have experienced an-

gina symptoms. Averting-behavior questions about
actual tradeoffs subjects make between expenditures
and perceived reductions in angina symptoms, direct
WTP questions, and yes/no WTP questions were asked.
Methods for estimating WTP for changes in mor-

bidity are in developmental stages, and our study con-
tributes to this development effort. Our most impor-
tant contributions include the development of a
contingent-valuation instrument for obtaining WTP es-
timates from a previously unexamined but large pa-
tient group (500,000 Americans died fi~om IHD’2 in 1989),
and the development of a new averting-behavior pro-
cedure based on the subjects’ perceptions of the health
benefits of a given expenditure. The study also allowed
the comparison of results using two different WTP
estimation approaches, and illustrated some of the
limitations of the COI approach.
We conducted this study as part of research funded

by the U.S. Environmental Protection Agency on the
effects of carbon monoxide in ambient air on heart

patients with angina.’3 Inhaled carbon monoxide binds
to hemoglobin, resulting in less oxygen being delivered
to the heart muscle, which can exacerbate angina pec-
toris. Although carbon monoxide exposure has been
associated with faster onset of angina symptoms in
patients with IHD,&dquo; it has not been determined to be
a cause of IHD itself. 15

Methods 

z

STUDY PARTICIPANTS

Fifty men with a history of chest pain and a phy-
sician’s diagnosis of angina pectoris served as volun-
teer subjects. They were part of a pool of 127 angina
patients who had been treated at the UC Irvine Medical
Center or the Long Beach Veterans Administration

Hospital. The 50 men participating in the study rep-
resented a wide range of angina experiences. Forty-
three subjects were currently experiencing angina, and
all subjects had experienced angina within the pre-
vious two years. Seven subjects no longer experienced
angina and attributed the relief largely to bypass sur-
gery. Twenty-three subjects had undergone coronary
artery bypass surgery. Thirty-four subjects had expe-
rienced at least one heart attack, and the median time
since their last attacks was two to three years.

Fifteen subjects were currently employed. Their
household incomes (in 1985) ranged from less than
$5,000 to more than $60,000, with a mean of $22,000.
The ages of the subjects ranged from 44 to 83 years,
with a mean of 61.5 years. Thirty-nine of the subjects
were eligible for health services from the Veterans
Administration. The majority of subjects supple-
mented their VA coverage with private insurance or
Medicare. In general, subjects had complete coverage
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for physician office charges, emergency room fees, and
hospitalization expenses.

INSTRUMENT DESIGN

The survey instrument combined several types of

questions to examine the welfare implications of po-
tential changes in the frequency of angina symptoms
for IHD patients. The questions were designed to elicit
information about COI, lifestyle changes and attitudes,
averting behaviors and expenditures related to avoid-
ing angina symptoms, and contingent-valuation esti-
mates of WTP.

Cost of illness. Information was obtained to estimate
annual COI associated with all aspects of IHD and to
estimate COI associated with incremental increases in

the number of angina episodes, as might be expected
to occur with worsening coronary atherosclerosis or
with an increase in aggravating environmental factors.
Since most of the subjects were Veterans Administra-
tion patients, they were unable to provide medical cost
information, because they never receive the bills.

Therefore, the costs of medical treatment were esti-
mated using self-reports of treatment. Treatment sce-
narios were assembled under the guidance of a staff
cardiologist from the University of California, Irvine,
Medical Center. The costs of a typical emergency room
visit, hospitalization for complaint of chest pain or
myocardial infarction, and surgical procedures were
estimated using accounting records furnished by UC
Irvine Medical Center. The instrument also included

questions about work loss due to angina and other
IHD symptoms. Patients currently working were asked
to estimate work loss days and paid sick leave due to
all IHD symptoms. Subjects younger than retirement

age who were not working were asked whether they
had ceased work because of IHD and what they had
previously earned. This allowed estimation of income
lost due to IHD.

Because this analysis focused not on changes in the
incidence of IHD but on changes in the frequency of
angina symptoms for patients who already had IHD,
it was necessaiy to estimate the change in COI that
could be expected with small changes in angina fre-
quency. The subjects were therefore asked to give es-
timates of expenditures, treatments, and work losses
associated with their most recent angina episodes.
Averting activities and actual expenditures. The sub-

jects were asked a series of questions regarding ex-
penditures (other than medical expenses) taken to avoid
or reduce angina symptoms. This line of questioning
served two purposes: to help the subjects think about
actual situations in which they might spend money
to reduce angina, and to obtain information to esti-
mate averting behavior based on actual expenditures
and perceived angina avoided.
A series of questions probed whether an individual

had hired help for chores, such as lawn mowing or
housecleaning, which he would otherwise have done
himself had he not been trying to avoid angina symp-
toms. The subject was asked to identify the most fre-

quent type of help hired, if any, and to estimate the
cost and the number of angina episodes he believed
he avoided each year by making the expenditure. Ex-

penditures were recorded only if the subject said that
he would prefer to do the work himself if his health
permitted. This tended to minimize, although not
eliminate, the problem of joint benefits from the ex-
penditure. In addition, the subjects were asked to list
all expenditures made for services or goods to avoid
angina, so a total averting expenditure estimate could
be developed for each subject. Additional descriptive
information was also obtained about changes made
in activities due to the heart problem.

Lifestyle changes, attitudes, and descriptive infor-
mation. Using open-ended questions, the subjects were
asked to describe recent typical, mild, and severe an-
gina episodes. Closed-ended questions, Likert scales,
and open-ended questions were used to assess the
significances of various problems associated with a
potential increase in angina, including pain, medical
costs, lost income, activity restrictions, and worry about
heart attacks. The subjects were asked whether they
thought angina symptoms indicated actual damage to
the heart. These questions provided a characterization
of the perceived impact of angina symptoms on the
patient, and also prompted the subject to think about
how a change in these symptoms might affect him.

Direct WIP questions. Subjects were asked their WTP
to avoid additional angina symptoms. This question
is in an equivalent-variation format because it asks

subjects how much they would pay to maintain their
current health levels, avoiding a possible worsening
of angina. Since some subjects were currently expe-
riencing no angina, although they had experienced it
in the past, we could not frame the question in a
compensating-variation format, which would ask will-
ingness to pay to bring about an improvement in health
by reducing angina frequency. The format of the ques-
tions assumes the existence of a &dquo;contingent market&dquo;
in which a medical treatment could be purchased to
avoid additional angina. This hypothetical market
mimics a market for a private good in which the pur-
chaser reaps the full benefit of the purchase.
Two types of contingent-valuation questions were

asked concerning a potential increase in angina symp-
toms. Closed-ended questions asked whether subjects
would pay specific monetary amounts to prevent a
specified increase in angina. If the subjects said that
they would pay the first monetary amount, they were
asked whether they would pay a specified higher
amount, and if they responded &dquo;yes&dquo; again, they were
asked whether they would pay a third higher amount.
These repeat dichotomous-choice questions were fol-
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Table 1 . Attitudes and Responses to Angina

lowed by an open-ended question in which subjects
were asked to give an estimate of the maximum amount
they would be willing to pay to prevent the hypoth-
esized increase in angina. The decision to use both
types of questions was made after some preliminary
interviews, in which the subjects found the open-ended
WTP questions alone difficult to answer. It appeared
to be easier to give a monetary amount after being
asked to consider a few specific amounts suggested
by the interviewer. Because it was possible that the
amounts suggested in the closed-ended questions could
bias the responses to the open-ended question, sub-
jects were randomly assigned to receive different sets
of three dollar amounts, ranging from $5-$50-$200 to
$100- $400- $1,000.
To determine whether the WTP amount per episode

would change if different numbers of episodes were
anticipated, approximately half of the subjects were
asked about a potential angina increase of four epi-
sodes per month and the other half were asked about
a potential increase of eight episodes per month. The
numbers of episodes were selected as small enough
to be realistic, but large enough to be significant to
the individual. The current average frequency of an-

gina episodes in the sample was four or five per month,
although this ranged from none to three times a day
or more. We anticipated that there might be decreas-
ing marginal utility over number of episodes avoided.
Follow-up questions were used to probe refusals to

respond, answers of zeros, responses of very large WTP
amounts, and apparent inconsistencies. For large WTP
amounts and other apparent problems, the inter-
viewer simply asked for an explanation. Interviewers
also recorded any comments made by the subjects.

Interview procedures. Telephone interviews that
lasted an average of 45 minutes were conducted be-
tween February and July 1986. Prior to the telephone
interviews, the subjects were sent a copy of the ques-
tionnaire so they could review the questions before
the interview and refer to them during the interview.
The complete questionnaire is available in Chestnut
et al.’3

Results

COST OF ILLNESS

Annual out-of-pocket medical expenditures by the
subjects averaged $256, and were primarily for trans-
portation and medication. (All costs are in 1986 dol-
lars.) The estimated medical costs (based on reported
treatment) paid by insurance (including the VA) for the
past year averaged $4,523. Total medical costs for the
previous year varied widely across the sample, de-
pending largely on whether the individual had been
hospitalized in the past year. Fifteen subjects had been
hospitalized, and the average estimated costs of hos-
pitalization for these subjects was $10,607.

Fifteen of the subjects were currently employed at
an average annual wage of $19,400. Days lost from their
normal work schedule due to angina and other IHD-
related problems had an average wage value of $347,
of which more than 95% was not covered by paid sick
leave. Six of the employed subjects said that they were
working an average of half-time, but would work full-
time if they did not have a heart problem. Average
annual income lost for these six was $3,973. Another
13 subjects said they had quit working within the past
five years due to IHD; the mean annual income before

they quit was $34,615. Assuming all 13 would work if
they could, the average annual income lost due to sick
days and partial and full loss of employment due to
IHD was $9,581 for all 50 subjects. Combining total
medical costs and income lost, the average COI for the

sample in the previous year was $14,359.
We used two different procedures to determine how

COI might change if angina frequency changed by a
small amount, and we found in both cases that the

expected change in COI would be negligible. First, we
asked the subjects to estimate what their out-of-pocket
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Table 2 o Responses to the Closed-ended Willingness-to-pay Questions

expenses had been for a recent &dquo;typical&dquo; angina epi-
sode. Over 95% of the subjects said there had been
none. Second, we did a regression analysis of the total
COI for the past year for each subject on income, an-
gina frequency, and whether the subject had had a
heart attack or bypass surgery in the past year. The
coefficients for heart attack and surgery were statis-

tically significant, but the angina frequency coefficient
was not.

LIFESTYLE CHANGES AND ATTITUDES

Knowledge, attitudes, and behaviors related to an-
gina were assessed, and selected data are presented
in table 1. Physical exertion and emotional stress were
most often identified as triggers of angina; however,
environmental factors, including cold temperature, air
pollution, and cigarette smoke, were also identified as
causing attacks of angina. Nine of the 50 subjects (18%)
reported that they made no change in their activities
on days when they felt that they were more likely to
have an angina episode. A majority of subjects re-
ported that they avoided physical exertion such as
housework or yard work, slept or rested more, and
avoided emotional stress. Thirty-four percent of sub-
jects reported that they pursued the same activities,
but at a slower pace, on the days when they perceived
themselves to be at higher risk of angina. For individual
angina episodes, the subjects were asked about their
beliefs of the extent of harm caused by the episode.
Most subjects believed that their heart was probably
not harmed and instead the angina was a warning to
slow down. Thirty-si~c percent of the subjects believed
some small amount of harm to the heart was associ-

ated with each angina episode, and half of these sub-
jects believed the small amount of damage associated
with an individual episode did not heal.

AVERTING ACTIVITIES AND EXPENDITURES

Twenty-one of the subjects said they had hired ser-
vices (e.g., yard work, plumbing, car maintenance) or
purchased goods (e.g., lawnmowers, household ap-
pliances, and new automobiles) for the primary pur-
pose of avoiding additional angina. These 21 subjects
had paid an average annual cost of $2,151 for these
purchases. Sixteen of these subjects estimated the
number of angina episodes they perceive they avoid
each year as a result of the service they hire most
frequently (or their largest purchase) to avoid angina.
In the past year, these subjects had spent an average
of $603 for these services or goods. The average ex-
penditure per perceived angina episode avoided was
$38, ranging from $3.50 to $140 per perceived angina
episode avoided.

CLOSED-ENDED WTP RESPONSES

The responses to the closed-ended WTP questions
are summarized in table 2 and separated according
to question sequence. As expected, the percentage of
&dquo;yes&dquo; responses declined as the amount increased. For
all amounts under $200, more than half of the re-

sponses were &dquo;yes.&dquo; At $200, the split was 50/50, and
for all amounts above $200, half or more of the re-

sponses were &dquo;no.&dquo; fi
Two subjects refused to answer the closed-ended

WTP questions. One of these subjects also refused to
answer all income and financial questions. Another
subject said that he could not decide whether he would
be willing to pay the amount asked. Six subjects said
they would not pay the first amount asked. The same
six subjects also answered the open-ended WTP ques-

t For $500, five of the respondents said &dquo;yes&dquo; and five said &dquo;no &dquo;
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tion by saying they would not pay any amount to
prevent an increase in angina. The refusals and zero
responses are further discussed in the next section.

OPEN-ENDED WTP RESPONSES

Responses to the open-ended WTP question are
plotted in figure 1, with the horizontal axis compacted
for the larger monetary amounts. These responses re-
flect adjustments made after evaluating the refusals
and zero responses. One group of subjects was asked
the maximum amount they were willing to pay to
avoid four additional episodes each month. The other
group was asked the same question for eight episodes
per month. Two major patterns of response were ob-
served. First, the two groups were willing to pay similar
amounts to avoid additional angina. Among those who
gave a specific dollar amount, the average WTP for
avoiding eight additional episodes ($218) was only $15
more than the average WTP to avoid four additional

episodes ($203). The median WTP was $100 for each
group. Second, a sizable number of subjects (7 of 50
= 14%) said they would not pay to avoid the increased
angina, while another group (7 of 50 = 14%) said they
would give everything they had (an unspecified &dquo;very
high&dquo; amount) to avoid additional angina episodes.
After considering the explanations given by the six

subjects who said they would not pay to avoid in-
creased angina, all the zero responses were retained
as valid because the subjects said either that the spec-
ified change in angina would not matter to them or
that they could not afford to pay. One of the subjects
further explained, &dquo;I would mortgage my house and

pay $100,000 to be rid of all my angina, but I would

not pay anything to avoid eight episodes.&dquo; An addi-
tional subject’s response was changed from a refusal
to a zero because he said &dquo;no&dquo; to the specific dollar
amounts and also said that the change in angina would
not be worth paying for. Most of these seven subjects
reported having angina once a day or more, and ap-
parently several felt that an increase of four or eight
episodes a month would not be worth paying to pre-
vent, although several of them added that a significant
improvement in their overall condition would be worth
a great deal.
Seven subjects said they would pay an unspecified

&dquo;very high&dquo; amount to prevent the specified increase
in angina. In open-ended probing of these responses,
several of these subjects acknowledged that there would
be a limit to the amount of money they could actually
pay, but many of them explicitly said that they would
sell or mortgage their houses. All of these subjects said
&dquo;yes&dquo; to every specified dollar amount asked in the
previous question. They emphasized in their expla-
nations that they placed a very high value on pre-
venting an increase in angina. In contrast to the sub-
jects who said &dquo;zero,&dquo; only one of these subjects
currently had one or more angina episodes a day.
Thus, an increase of four or eight episodes a month
represented a substantial worsening of the angina
condition for most of these subjects. All of the very
high responses appeared to be sincere indications of
a very large WTP to prevent additional angina, reflect-
ing that such an increase would have a very large
impact on these individuals.
Four subjects refused to give a dollar response to

the open-ended question. After evaluation, one re-
sponse was retained as a refusal and the other three

FIGURE 1. Willingness to pay to prevent an additional four or eight episodes of angina N = total number of subjects responding
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Table 3 o Mean Responses* to the Open-ended Willingness-to-pay (WTP) Questions

* Standard error of the mean in parentheses to the nght of the mean

were recorded as some dollar amount.$
A comparison between responses to the open-ended

and closed-ended WTP questions revealed five sub-
jects who gave lower responses to the open-ended
question than the highest amount they had said &dquo;yes&dquo;
to in the closed-ended question. Four of these subjects
offered the explanation that they really could not af-
ford the higher amount. The other said he would pay
the higher amount if he really had to and the treatment
worked. It appeared there might be a tendency for
some subjects to go along with a higher amount when
the question was asked in a yes/no format. In the sub-
sequent analysis of the open-ended responses, the
lower amount given was used. This appears to be a
more accurate estimate of the maximum WTP for these

subjects.
Mean WTP responses to the open-ended question

were calculated with three different treatments (table

3) for the unspecified very high responses:

MEAN1: The unspecified very high responses were
treated as missing.

MEAN2: The highest value the subject had agreed
to pay in the previous closed-ended ques-
tion was used for the unspecified very high
responses.

MEAN3: The subject’s reported monthly household
income was used for the unspecified very
high responses.

MEAN2 incorporates the very high responses in a con-
servative way, and the result of $42 per episode is very
close to the $40 per episode from MEAN1, which left

the very high responses out of the calculation. MEAN3
is about twice as large as the other two and gives an
upper bound to the extent that potential payments
are limited by current household income. MEAN3 sug-
gests that if the subjects who said they would pay an
unspecified very high amount are taken into account,
an average WTP value per episode is likely to be well
in excess of $40. Illustrating the skewed distribution
of responses, a person giving the median WTP re-
sponse of $100 would have a WTP per episode of $25
if he responded for four episodes or $12.50 if he re-
sponded for eight episodes. So, half the participants
had relatively low WTP amounts, but the average WTP
was pulled upwards by the other half of the re-

sponders.

REGRESSION ANALYSIS OF OPEN-ENDED RESPONSES

Regression analysis was used to identify and quan-
tify relationships between the open-ended WTP re-
sponses and potential explanatory factors, including
personal characteristics and survey instrument factors
(table 4). The dependent variable is the amount per
month the respondent said he would be willing to pay
to prevent an additional four or eight angina episodes
per month. Respondents who said they would pay an
unspecified very high amount are not included. T’he
sample for the WTP regression analysis is reduced

from 42 to 35 subjects due to non-response to some

questions, primarily income or perceived angina ben-
efits of averting expenditures.
The R-squared statistic indicates that the explana-

tory variables account for about half of the variation
in the open-ended WTP responses, which is reason-
ably good for a small sample. The strongest relation-
ships (p < 0.05) are seen with:

. Household income. The estimated income elasticity
is 1.25, meaning a 1% higher income is associated
with a 1.25% higher WTP response.

. Bypass surgery history. Having had bypass surgery

$As discussed above, one refusal was recorded as zero based on
the subject’s explanatory comments Two of the remaining subjects
answered the closed-ended question and said they would be willing
to pay something but they did not know how much One said &dquo;yes&dquo;
to $25, $100, and $300, but when asked the open-ended WTP ques-
tion he said that $300 was too much His response was therefore
recorded as $100 The second subject said &dquo;yes&dquo; to $25 and $100,
but &dquo;no&dquo; to $300 His response was also recorded as $100
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Table 4 o Willingness-to-pay (WTP) Results for Dependent Variable of Open-Ended WTP/Month to Avoid Angina Episodes (n = 35

Participants)* *

* R2 = 0 55; F = 3 54

is associated with a significantly higher WTP re-
sponse ; but the response is less for subjects who
have had surgery and now have frequent angina, and
negative for those who have had surgery and now
have more than 20 angina episodes per month.

Averting expenditures. Respondents who report
spending more to prevent angina episodes also give
higher WTP responses to prevent potential addi-
tional episodes. The coefficient suggests nearly a one-
to-one relationship between averting expenditures
per past episode avoided and WTP responses per
new episode avoided.

· WTP starting point. If a higher amount was asked in
the first closed-ended question then a higher WTP
response was given to the open-ended question.

Current frequency of angina episodes shows a posi-
tive, but less significant (p < 0.10) relationship with
the WTP responses. Combined with the bypass sur-
gery coefficients, this suggests that for subjects who
have not had surgery, greater current frequency is as-
sociated with a higher WTP. For subjects who have
had bypass surgery, lower current angina frequency
is associated with higher WfP.

Coefficients for the number of additional angina ep-
isodes (four or eight) that would be avoided and the
subjects’ level of concern about heart attack or bypass
surgery if angina were to increase show the expected

signs, but are not statistically significant. Normalizing
four or eight episodes as a percentage of current an-

gina frequency also showed no statistically significant
relationship with WTP responses.
Out-of-pocket medical expenses and income loss

(due to all heart disease related problems) in the past
year were not related to the WTP responses; this is

consistent with the finding that COI estimates are not
significantly related to angina frequency.

Discussion and Conclusions

Our analyses indicate that very small changes in
total COI related to IHD are to be expected with rel-
atively small changes in angina frequency.§ Such

changes in angina frequency, however, are not insig-

§ Regression analyses of the COI associated with angma for the
pnor year were most strongly influenced by the costs associated
mth heart attack and bypass surgery Typically, both events require
extensive time m hospital and physician follow-up On the other
hand, angma frequency was not found to be predictive of COI in
the pnor year This may be attributed to the small cost of medi-

cations and the ability of patients to control their angma through
hfestyle changes Indeed, over 95% of the subjects reported no out-
of-pocket expenses associated with a recent typical angma episode
To assign a near-zero cost-of-illness value to incremental episodes
of angina, m our opinion, is incorrect Instead, the probability of
infrequent yet costly treatments (e g , bypass surgery) must be con-
sidered in the valuation of the incremental costs of angina episodes
It is beyond the scope of the study to estimate such a probability
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nificant to patients with IHD, and they are willing to
pay to avoid additional angina episodes. Estimates of
WTP to avoid angina from contingent valuation ques-
tions were of the same general magnitude as estimates
calculated from patient reports of actual expenditures
and the perceived episodes avoided. This suggests that
carefully framed contingent valuation questions can
elicit accurate estimates of WTP, consistent with actual
behavior. Note, however, that the alternative measures
for valuing angina effects varied in their frame of ref-
erence. The COI data generally reflect expenditures to
improve health, but can include expenditures to avert
worsening health. The averting behavior expenditures
are generally to avoid to reduce angina episodes (a

compensating variation measure), and our willing-
ness-to-pay questions were framed as amounts to pay
to avoid additional angina episodes (an equivalent var-
iation measure).
The relation of episodes of angina pectoris to IHD

is not unlike the acute phases of other chronic disease
conditions such as asthma or multiple sclerosis. Like
angina, asthma attacks or exacerbations of MS have
severe impacts on the quality of life and raise anxieties
about future health states, and many decisions of

everyday life may include considerations for avoidance
of these episodes. While conventional COI approaches
are good at providing estimates of the major financial
impacts of medical expenditures and lost income, WTP
measures are well suited to assessing more subtle wel-
fare effects related to day-to-day activities such as pain
and discomfort, inconvenience, activity restrictions, and
a patient’s concern about the worry or inconvenience
caused for family and friends. The angina patients in
this study were less concerned about decreased ability
to work at a job or medical expenses than they were
about such day-to-day welfare effects. This ordering
of concerns is consistent with those reported for asth-
matics.19 The promising results from this application
to IHD patients suggest further methodologic devel-
opment is warranted.

THE PERCEIVED-AVERTING-BEHAVIOR METHOD

The novel averting-behavior procedure applied in
this study, based on the subjects’ perceptions of health
benefits obtained for a given expenditure, appears to
be a useful approach for estimating WTP. This ap-
proach has two advantages over the use of an objective
measure of the health benefits of an averting expendi-
ture. One is that an individual’s behavior is based on

his perceived benefit of a given action, even if this

differs from the actual benefit. Second, by avoiding the
need for estimating the relationship between the avert-
ing action and the health outcome based on secondary
data, the averting behavior analysis is much simpler
and the situations to which the procedure can be
applied are more varied.
The results of the averting behavior approach and

the contingent valuation results corroborate one an-
other. The mean estimated averting expenditure per
angina episode avoided was $38 for the 16 subjects
who provided sufficient information to derive such an
estimate. For the same group of subjects, the mean
direct WTP response was $28 per additional episode
avoided, using a contingent valuation scenario of pay-
ing for medical treatment to avoid additional angina.
Both of these mean estimates are based on incremen-

tal changes in angina frequency for subjects with IHD,
and can be reasonably interpreted as approximations
of marginal value for an angina episode avoided.~ The
regression analysis of the direct WTP responses also
suggests an approximately one-to-one relationship be-
tween averting expenditures and WTP responses per
episode. These findings are based on a relatively small
sample and need to be further verified in future re-
search.

We are optimistic about the novel perceived-avert-
ing-behavior procedure presented here because it has
some important strengths relative to the contingent-
valuation approach. Because the averting-behavior
procedure is based on the respondents’ actual be-
haviors, the answers are potentially more credible than
those obtained using the contingent valuation ap-
proach. Important limitations remain, however. One
of these is the problem of how to treat joint benefits.
Most expenditures of this nature are likely to provide
more than one perceived benefit to the individual, and
this needs to be addressed further, since it can lead

to overestimation of true willingness to pay. Second,
the interview listed manual chores for which people
typically would hire help or purchase goods, so some
subjects might have had expenditures they did not
recall. Since this analysis used an individual subject’s
expenditure per each perceived episode avoided for
the chore most often avoided, the potential problem
of missing some expenditures was muted. Another
important problem is simply the limited circumstan-
ces in which this type of expense occurs. It is not

possible to identify such averting expenses for every
type of health condition.

THE CONTINGENT-VALUATION METHOD

Although the consistency of results for both WTP
estimation methods is reassuring with regard to the
credibility of the contingent-valuation estimates, sev-
eral concerns remain. These concerns about contin-

1[The mean averting expenditure does not precisely match the
margmal cost of the last angma episode avoided, it represents the
average cost of the last few episodes avoided and not the maximum
WTP for the last episode avoided It is important to recognize that
this average averting expenditure is made m addition to the pur-
chase of medical care However, the average averting expenditure
may approximate the margmal cost of worsening angma (or the last
episode avoided), because most persons probably seek medical
treatment as their first option to reduce angina
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gent-valuation estimates fall into three categories: 1)
WTP starting point influences, 2) similar WT’P re-

sponses for different numbers of episodes, and 3) a
tendency to give WTP responses at the extremes of $0
or &dquo;veiy high.&dquo; These concerns are not unique to this
study; similar concerns have arisen in prior contingent
valuation studies.

Starting bid and yea-saying influences. The regres-
sion analysis of the WTP responses to the open-ended
contingent valuation questions reveals a significant
starting point bias. This is consistent with previous
findings of starting point bias in iterative bidding pro-
cedui,es.&dquo; A similar tendency is found in the closed-
ended results; respondents appear more likely to say
&dquo;yes&dquo; to a given dollar amount if it is the first amount
asked. Perhaps due to the small sample size of the
study, this result is not statistically significant in a
simple comparison of responses. With larger sample
sizes, the probability of responding &dquo;yes&dquo; to each dol-
lar amount could be evaluated in terms of the order

in which the amount was asked (e.g., first, second,
third) and characteristics of the individual, such as
income level and angina frequency. This raises an im-
portant issue in the selection of W I’P elicitation pro-
cedures in contingent valuation studies. Open-ended
valuation questions will avoid a starting point bias, but,
as noted in the pretesting of the instrument, open-
ended questions are sometimes difficult to answer.
This is a problem in some contingent-valuation sur-
veys that can result in a high rate of non-i-esponse. 17
Closed-ended (yes/no) procedures have been rec-

ommended by some, 17 but it appears from this evi-

dence that these procedures may suffer a &dquo;yea-saying&dquo;
problem similar to a starting bid bias in the older
iterative bidding approaches. This occurs even if the
first dollar amount is varied, possibly due to a greater
propensity to respond positively to the first amount
asked. One anonymous reviewer made the good sug-
gestion of dividing the sample and giving half of the
subjects questions in the usual ascending order, with
the rest getting questions in descending order. Fur-
ther, these closed-ended approaches require either
repeated questions to a single person with varying
amounts (similar to iterative bidding approaches) or
single questions to different people requiring much
larger sample sizes for the same estimator effi-
cienCy.7 18 An alternative may be to use a payment card
with a range of values listed from which the respon-
dent can choose, with values ranging from very small
to veiy large to minimize influences on the responses.
The value per angina incident. The mean WTP re-

sponses for the varying amounts of angina prevention
were not statistically significantly different, suggesting
that an additional four or eight episodes were not
viewed as significantly different by the subjects in this
between-subjects design. Similar results have been
found in other contingent valuation studies, such as

when subjects would pay the same to have one lake
cleaned up or ten lakes cleaned up. This needs to be

further explored in future applications. In this study,
it is possible that relative to the wide range of angina
frequency experienced by the subjects, the difference
between an additional four or eight episodes per month
may have been lost in the WTP measurement error.
For subjects currently having angina twice a day, the
difference between four or eight episodes a month
may seem insignificant. However, for subjects having
angina once a month, four or eight added episodes
would be a significant increase. Restructuring the
question for two or twenty additional added monthly
episodes may have altered this finding. Possibly, some
of the respondents are given WTP responses that in-
dicate how bad they think additional angina would
be, but the level of uncertainty in the response does
not allow a clear differentiation between four and eight
additional episodes. Some subjects also implied that
they may have been focusing more on what they could
afford to pay than on the additional angina episodes
being hypothesized. This needs to be further explored
in studies where each subject is asked W’I’P questions
for several different levels while the thought process
behind the WTP responses is elicited. Interviews ask-

ing participants to &dquo;think aloud&dquo; as they respond should
shed more light on how they construct their willing-
ness to pay responses. This would provide another
route to determine whether a person would exhibit

decreasing marginal utility over the number of angina
episodes avoided. Schkade and Payne’o used this ver-
bal protocol analysis approach in asking willingness
to pay to save migratory waterfowl.
Answers at the extremes of the distribution. It may

seem paradoxical that some angina patients indicated
they would pay nothing to avoid additional angina
attacks, while others said they would pay everything
they have, implying a very high amount. However, le-
gitimate differences in perspectives among respon-
dents about how detrimental the hypothesized in-
crease in angina would be may account for the

differences in responses. The fact that respondents
with few current episodes often cited high WTP while
respondents with frequent episodes often cited low
WTP to avoid a few episodes is consistent with mar-
ginal damages of one additional episode increasing at
a decreasing rate as the number of episodes increases.
This is also consistent with a finding of W I’P to avert
eight episodes only slightly larger than W 1’P to avert
four episodes.
Both the tendency to answer at the extremes of the

distribution and the similarity of the responses re-
garding four or eight additional episodes may have
been aggravated by the complexity of angina. Because
angina is one symptom of a very serious health prob-
lem (IHD), it may have been difficult for some subjects
to focus on an incremental change in angina frequency
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in isolation from their overall conditions. A subject’s
response includes his willingness to pay to avoid all
aspects of some additional angina episodes, including
pain, discomfort, anxiety about risk of heart attack or
death, limitation of activity, etc. If the underlying con-
cern with regard to an increase in angina is the as-
sociated risk of heart attack and death, then some

subjects may have been focusing on the small prob-
ability of death associated with each angina episode
and editing the problem structure by considering this
probability to be virtually zero. Other subjects may
have been anchoring on the possible loss (severe pain,
total incapacitation, or death) and on how much they
would be willing to pay to avoid this loss, then ad-
justing downward (but not all the way) to account for
the low probability of this loss in association with a
small increase in angina. Future research might reveal
more about this phenomenon by further examining
the relationship between the individual’s personal
health history and attitudes and the tendency to give
very low or very high responses. Although personal
health histories were available for these subjects, the

sample size was too small to draw any concrete con-
clusions regarding health history and attitudes and
the tendency to answer at the extremes of the distri-
bution. Future studies should include structured

questions to follow up both extremely low and high
responses. They should also elicit household wealth
as well as income.

Another aspect of the disease that might be impor-
tant to consider is that over time patients may adjust
to the restrictions their disease imposes, thereby re-
ducing the bothersomeness of the restrictions. For ex-
ample, some subjects who no longer work indicated
this was no longer troubling, though it did bother them
in the past. The framing of the WTP questions, how-
ever, assumes the benefit of preventing additional an-
gina is constant. Keller and Lambert¿l discuss the

problem of measuring habitual behaviors via decision-
based questions, such as WTP questions. Future ap-
plications might be able to consider where the subject
is in this adjustment process and how that influences
responses. Whether the pre-adjustment or post-ad-
justment effect on the individual is more appropriate
for evaluating health policies is a question that needs
further consideration.

The authors thank their collaborators on the project, Steven D. Col-
ome, Bart Ostro, and Sandra L. Wojciechowski, and they thank Ann
Fisher for helpful comments and support throughout the project The
comments of two anonymous referees are greatly appreciated.
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APPENDIX

Averting Behavior Questions
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