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ABSTRACT 
JEL Classification:  
D6, I1, Q0 
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transfer 

Many economists argue that willingness-to-pay (WTP) measures 

are most appropriate for assessing the welfare effects of 

health changes.  Nevertheless, the health evaluation 

literature is still dominated by studies estimating 

nonmonetary health status measures (HSMs), which are often 

used to assess changes in quality-adjusted life years 

(QALYs).  Using meta-analysis, this paper combines results 

from both WTP and HSM studies applied to acute morbidity, 

and it tests whether a systematic relationship exists 

between HSM and WTP estimates.  Building on previous work by 

Johnson, Fries and Banzhaf (JOHNSON ET AL.,1997), we analyze 

over 230 WTP estimates from 17 different studies and find 

evidence that QALY-based estimates of illness severity—as 

measured by the Quality of Well-Being (QWB) scoring system 

(Kaplan et al., 1989)—are significant factors in explaining 

variation in WTP, as are changes in the duration of illness.  

We also find that the average income and age of the study 

populations are significant explanatory factors.  In 

addition, we test and reject the assumption of a constant 

WTP per QALY gain.  We further test for differences between 

dimensions of illness severity and find larger and more 

statistically significant effects on WTP for physical 

activity and mobility dimensions.  We also demonstrate how 
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the estimated meta-regressions equations can serve as 

benefit transfer functions for policy analysis.  By 

specifying the change in duration and severity of the acute 

illness and the characteristics of the affected population, 

we apply the regression functions to predict average WTP per 

case avoided. 
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1. INTRODUCTION 

Economic evaluation methods—in particular cost-benefit analysis (CBA) 

and cost-effectiveness analysis (CEA)—are now widely used to analyze 

and set priorities for public health and safety programs.  Whereas CEA 

continues to be the method of choice for evaluating health care 

programs (AHRQ, 2001), CBA is often required in the U.S. for 

evaluating environmental, food safety, and other regulatory programs.1   

A primary difference between these two methods is the metric they use 

to evaluate changes in health risks or outcomes.  CBA requires that 

health changes be expressed in monetary terms.  Although placing a 

dollar value on human health is often controversial, welfare 

economists generally agree that willingness to pay (WTP) provides a 

conceptually appropriate monetary measure of health benefits.  In 

contrast, CEA stops short of monetizing health impacts and instead 

relies a wide variety of health-based effectiveness measures.  

Quality-adjusted life years (QALYs) in particular are now commonly 

used as a nonmonetary summary measure of effectiveness (HSPH, 2002).2

Because of CBA’s prominent role in evaluating public health and safety 

policies, it is essential for policy analysts in these areas to be 

able to consistently estimate WTP for avoided illness.  However, faced 

with inevitable time and resource constraints, analysts are typically 

limited in their ability to conduct primary health valuation research 

for specific policy initiatives.  Instead, they must rely on methods 

for transferring value information from existing studies to the policy 

setting being evaluated.  In other words, they must develop and apply 

“benefit transfer” methods that make best use of the available 

empirical literature on health preferences.  This literature can 

include QALY-based measures that, like WTP measures, are designed to 

represent individual preferences.   

A critical issue for CBA in public health policy is therefore whether 

information from QALY studies can be systematically used and combined 

with WTP studies to develop effective benefit transfer methods.  

                       
1Cost-benefit comparisons are specifically required by certain statutes (e.g., the 

Safe Drinking Water Act Amendments of 1996), and more generally they are required by 
executive order ( most recently EO 13258) for all major rules.  Major rules are 
defined as those expected to have an annual impact on the economy of more than $100 
million.  

2QALY-based CEAs are also commonly referred to as cost-utility analyses (CUAs). 
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Although primarily designed for CEA, can QALY-based estimates be used 

to support CBA? 

This paper uses meta-analysis to address this issue, as it applies to 

the valuation of avoided acute morbidity.  In several important 

respects, this study builds on a previous meta-analysis conducted by 

Johnson et al. (1997).  Johnson et al. based their analysis on 53 WTP 

estimates from five early (pre-1990) stated preference studies.  They 

found initial evidence that QALY-based estimates of illness severity—

as measured by the Quality of Well-Being (QWB) scoring system (Kaplan 

et al., 1989)—were significant factors in explaining variation in WTP, 

as were changes in the duration of illness.  In this study, we 

supplement the Johnson et al.  data with over 180 WTP estimates from 

12 more recent studies, and we include and control for a number of 

additional study characteristics through meta-regression.  

The results of our analysis confirm the findings of Johnson et al.  

with a high level of statistical significance, and they also extend 

beyond Johnson et al. in a number of important ways.  We find that the 

average income and age of the study populations are statistically and 

economically significant explanatory factors in explaining WTP 

variation, which provides support for the theoretical validity of the 

stated preference approach.  In addition, we explicitly test the 

assumption of a constant WTP per QALY gain.  The practice of placing a 

dollar value on a QALY has been used in several CBA applications 

(Cutler and Richardson, 1997; Zarkin et al., 1993); however, our 

results reject the restrictions implied by this assumption.  Finally, 

we test whether the different dimensions of illness severity, as 

measured by the QWB Scale—symptoms, physical activity, mobility, and 

social activity—have different effects on WTP.  We find larger and 

more statistically significant effects for the physical activity and 

mobility dimensions.  

By synthesizing information from over 200 WTP estimates, the estimated 

meta-regression equations can also serve as benefit transfer functions 

for policy analysis.  That is, by specifying the change in duration 

and severity (via the QWB Scale) of the acute illness and the 

characteristics of the affected population, the regression functions 

can be used to predict average private WTP per case avoided.  This 

application of the meta-regression results is demonstrated using a 

range of selected severity and duration levels to predict private WTP.   
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As noted in the discussion and conclusions, these results must be 

interpreted with a degree of caution.  In particular, the meta-

analysis only applies to avoided acute conditions and therefore cannot 

be reliably extrapolated for assessing WTP to avoid chronic 

conditions.  Furthermore, the analysis is based on estimates of 

private WTP to avoid illness (i.e., individuals’ WTP to improve their 

own health) because this is what is estimated in most of the existing 

empirical studies.  However, policy analysts conducting CBA must 

ultimately be interested in societal WTP.  This societal perspective 

should include both this private component and the externalized losses 

associated with illness, such as the potential costs imposed on 

employers, relatives, and taxpayers.  By excluding these externalized 

costs, estimates of private WTP may in some cases significantly 

underestimate the total social benefits of avoided illness.  

2. ANALYTICAL METHOD:  META-ANALYSIS 

Broadly speaking, meta-analysis refers to the practice of using 

statistical methods to synthesize the results from a well-defined 

class of empirical studies.  Although it has primarily evolved and 

been applied in the area of health sciences, it is increasingly being 

used in social science and economics (Stanley, 2001). 

Smith and Pattanayak (2002) provide a recent summary and evaluation of 

how meta-analysis has been used in nonmarket valuation, including 

health valuation.  They argue that meta-analyses in this field have 

generally served three main purposes: 

• research synthesis,  

• hypothesis testing, and  

• prediction.   

In this paper, we use meta-analysis to address all three of these 

objectives. 

As a method for synthesizing research findings, meta-analysis goes 

beyond most literature reviews by identifying quantitative measures 

that can be defined consistently across studies and providing 

statistical summaries of these measures.  In this case, we gather and 

standardize information on individuals’ WTP to avoid acute illness, 

and we summarize results across a range of studies.  The selected 
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studies and WTP estimates for this study are summarized in Section 5 

and in the Appendix.  

Hypothesis testing through “meta-regressions” takes the statistical 

analysis of meta-data one step further.  In the context of nonmarket 

valuation, the core hypothesis is whether observed variation in WTP 

estimates is consistent with theory.  For example, evidence that WTP 

varies significantly across studies with respect to average income and 

the size of the quality change (Smith and Osborne, 1996) supports the 

validity and credibility of the research area.  In Section 3 below, we 

describe a simple conceptual model of health valuation, and in Section 

4 we define a number of testable hypotheses based on this framework.  

Section 5 describes the data used in the analysis, and in Section 6 we 

describe the results of these tests based on meta-regression analyses.  

Depending on the statistical significance and explanatory power of the 

meta-regressions, meta-analysis results can also be used for 

prediction.  The ability to reliably predict WTP is an essential 

criterion for conducting benefit transfer.  Therefore, in this 

context, meta-regression equations can serve as benefit transfer 

functions.  In Section 7, we demonstrate and evaluate this application 

of meta-analysis results. 

3. CONCEPTUAL FRAMEWORK FOR HEALTH VALUATION 

To formalize the way in which individuals derive value from changes in 

health, one can begin with a simple conceptual framework that links an 

individual’s private utility (U) with his or her health status (H).  

This simple single-period framework, which assumes that H is 

exogenously determined and that there is no uncertainty regarding H or 

other determinants of utility, is summarized in the following utility 

function:   

 U = U(H, X) (1) 

In this function, X represents a vector of other goods that contribute 

to utility.  Individuals are assumed to maximize this utility function 

subject to the budget constraint Y = PX, where Y is exogenously 

determined income and P is a vector of prices corresponding to the X 

goods. 

The indirect utility function associated with this maximization 

process can be written as follows:   
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 V = V(H, Y, P) (2) 

The monetary value, or WTP, associated with an improvement in health 

from initial health, H0, to new health, H1, can be expressed by the 

compensating variation term (CV) in the following equation:   

 V(H0, Y, P) = V(H + ∆H, Y – CV, P) = V(H1, Y – CV, P). (3) 

CV represents the reduction in income that would exactly offset the 

increase in utility resulting from health improvement, such that there 

would be no net gain in utility.  Similarly, the WTP associated with 

avoiding a decline in health from H0 to H2 can be expressed by the 

equivalent variation term (EV) in the following equation:   

 V(H0 – ∆H, Y, P) = V(H2, Y, P) = V(H0, Y – EV, P). (4) 

EV represents the reduction in income that would reduce utility by 

exactly the same amount as the health decline.   

Both Eqs. (3) and (4) can be rearranged to derive the following 

corresponding value functions:   

 CV = CV(H0, H1, P, Y) (3’) 

 EV = EV(H0, H2, P, Y). (4’) 

These equations represent “variation” or WTP functions with respect to 

a change in health status.  They provide a conceptual starting point 

for constructing and estimating meta-analytic functions of WTP for 

avoided illness.  Both CV and EV are considered to be conceptually 

correct private welfare measures for changes in health; however, even 

for equivalent gains or losses in health (i.e., holding ∆H constant), 
they will not necessarily have the same value.3  The potential 

differences between these two measures are described in more detail 

below.   

Although the CV and EV measures in Eqs. (3) and (4) are appropriate 

private welfare measures for health improvements, it is important to 

emphasize that they will underestimate societal welfare if some costs 

of illness are externalized to others.  As shown by, for example, 

                       
3CV can also be expressed as the increase in income that would exactly offset the 

utility loss associated with a decline in health (i.e., an individual’s minimum 
willingness to accept [WTA] compensation for a decline in health).  Although much 
attention has been devoted in the literature to discrepancies between WTP and WTA 
measures (see for example, Hanemann [1991] and Johansson [1995], in practice 
relatively few studies have estimated WTA values for health changes.  
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Harrington and Portney (1987), private WTP represented in Eqs. (3) and 

(4) should reflect and include individuals’ own avoided (1) direct 

costs of illness, such as medical expenses, (2) indirect costs such as 

lost income or household production, and (3) pain and suffering.  To 

the extent that portions of these costs are externalized to others, 

for example through public or private insurance or sick leave 

policies, they will not be reflected in individuals’ private WTP to 

avoid illness or improve health. 

The CV and EV measures in Eqs. (3) and (4) may also underestimate 

societal welfare by excluding altruistic values.  That is, individuals 

may gain utility and be willing to pay for the changes in others’ 

health.  In particular, parents are often willing to pay for 

improvements in their children’s health.  Although it is possible to 

develop CV and EV measures that incorporate altruistic values for 

others’ health (see, for example, McConnell [1997] and Johannson 

[1994]), their inclusion in CBA is often problematic (Bergstrom, 

1992).   

4. HYPOTHESES REGARDING DETERMINANTS OF WTP 

Based on logic represented in Eqs. (3’) and (4’), we expect WTP 

estimates for health improvements to be primarily influenced by the 

magnitude of changes in health outcomes, the characteristics of the 

study population (including income effects, health status, and other 

socio-demographic characteristics), and price effects.  From an 

empirical standpoint, we also expect value estimates to be influenced 

by the valuation method used.  Below we discuss how these determinants 

of health values can be measured and how they are expected to affect 

the magnitude of value estimates. 

4.1 Duration and Severity of Health Effects  

Although it is well understood that health outcomes are inherently 

complex and multidimensional, for the purposes of economic evaluation 

it is generally necessary to develop simplified and summary measures 

of health.  Therefore, we characterize acute conditions in two primary 

dimensions:  duration and severity. 

The primary expectation is that larger reductions in the duration 

and/or severity of illness will generate larger value estimates 

(positive first derivatives).  The test of this type of relationship 
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(i.e., between WTP and the size of the “commodity” being valued) is 

commonly referred to as a “scope test” (Smith and Osborne, 1996).  The 

primary challenge in testing for scope effects is therefore to define 

measures of duration and severity that can be applied consistently 

across the health effects being valued in the WTP studies. 

Specifying a continuous measure of duration for acute conditions is 

relatively straightforward.  For example, it can be expressed as the 

number of days during which one experiences the acute condition.  

However, it should be noted that in some instances the acute condition 

may be experienced as a single event lasting multiple days (e.g., an 

acute respiratory infection) and in other instances the acute 

condition may be experienced as multiple discrete events on separate 

days (e.g., angina or asthma attacks).  In both cases, in this paper 

we use the term duration to refer to the number of days with the acute 

condition. 

Measures of severity, by contrast, are inherently more complex.  

Fortunately, economists, psychometricians, and other health experts 

have developed a number of “generic” health status measures (HSMs) 

that can be used to characterize severity for a wide range of health 

outcomes.  These measures typically define a set of possible discrete 

health states, by defining specific health dimensions (e.g., physical, 

mental, and emotional domains) and discrete levels of health for each 

dimension.  In addition to these methods for categorizing health 

states, a number of survey-based scoring techniques have been 

developed for measuring and comparing the severity of health states.  

These techniques—in particular standard gamble (SG), time tradeoff 

(TTO), and visual analog scale (VAS) approaches—use preference 

elicitation methods to produce “utility weights” for each possible 

health state (see, for example, Johanneson [1996] for a summary and 

evaluation of these scoring techniques).  Typically these weights are 

constructed to vary between two extremes—0 (immediate death) and 1 

(perfect health).  

Multiattribute utility scales (MAUSs) represent a specific type of 

HSM.  They are of particular interest for quantifying severity of 

illness because they merge categorization of health states (HSM 

techniques) with utility measurement for health states.  In other 

words, they use SG, TTO, or VAS approaches to derive preference-based 

utility weights/scores (usually on a 0-1 scale) for a wide range of 
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well-defined health states.  The three most widely used MAUSs are the 

QWB Scale, the Health Utility Index (HUI), and the EuroQol.  Table 1 

compares some of the primary features of these three methods (see 

Brazier et al. [1999] for a more detailed summary of these methods).  

Each method has advantages; however, because of the way it specifies 

dimensions and levels of health, the QWB can be most readily applied 

as a severity index for acute illness.4   

One of the distinct features of the QWB Scale is that it provides 

separate scores for each of the four health dimensions that it covers—

symptoms, mobility, physical activity, and social activity.  The 27 

symptoms range in severity from eye irritation and shortness of breath 

to loss of consciousness and severe burns.  The mobility, physical 

activity, and social activity scales each primarily include two levels 

of impairment, one involving modest restrictions and other involving 

severe restrictions (e.g., hospitalization and unable to perform 

normal activities).  A crucial assumption in developing the composite 

(total) QWB score is that it is an additive combination of the four 

subcomponent scores.  If each of these subcomponents contributes 

equally to utility, then, as measures of changes in severity, they 

should also have the same impact on WTP.  Through a meta-analysis of 

WTP estimates, it is possible to test this restriction. 

QALYs take health measurement one step further, by combining 

information on severity (typically from MAUS or related utility 

scores) and duration in a very specific way.  According to the QALY 

framework, the health-related quality of life corresponding to any 

possible health state (i = 1 to N) can be represented by a single 

utility index or weight (qi) varying between 0 (death) and 1 (perfect 

health)5.  These “QALY weights” are typically derived from SG, TTO, or 

VAS scoring approaches or from MAUS methods that use these techniques.  

If Ti presents the number (or fraction) of life years spent in each 

health state, i, then the number of QALYs corresponding to a lifetime 

health profile can be expressed as  

 QALY = ∑
i=1

N
 qi * Ti. (5) 

                       
4Johnson et al. reached a similar conclusion and used QWB scores in their meta-

analysis as well. 
5In some instances, weights less than 0 (worse than death) are also considered. 
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When QALYs are used as a representation of individual preferences, 

they imply that the utility (or disutility) associated with time spent 

in any health state is directly proportional to the duration of the 

health state. 

The assumptions underlying the QALY model also define hypotheses 

regarding how changes in severity and duration should affect values.  

Under the most restrictive set of assumptions where QALYs are 

interpreted as a utility function and consumption is constant over 

time (Bleichrodt and Quiggin, 1999), WTP should increase in direct 

proportion to the gain in QALYs.  This implies the following 

expression: 

 WTP = α * (∆QALY)β, where β = 1. (6) 

In this expression, α can be interpreted as a constant value per QALY 
gain.  In practice, a constant value per QALY or “QALY valuation” 

approach has been frequently used (see, for example, Zarkin et al. 

[1993] and Cutler and Richardson [1997]) for valuing national-level 

health changes.  In most of these applications, the value per QALY is 

derived by annualizing empirical estimates of the value per statistical 

life (VSL) (see, for example, Viscusi, 1993), resulting in values of 

roughly $100,000 per QALY6.  

Maintaining the constant value per QALY assumption, if the QALY change 

is composed of a specific change in health related quality of life 

(∆q) over a specific time period (∆t), then Eq. (6) can be further 
decomposed into the following expression: 

 WTP = α * (∆q *∆t)β, where β =1 (7) 

This formulation implies that the elasticities of WTP with respect to 

∆q and ∆t are both equal to 1.  Through a meta-analysis of WTP 
estimates, it is also possible to test this hypothesis directly. 

As shown by Hammitt (2002) and Klose (2003), under somewhat less 

restrictive conditions, it is possible to include QALYs (or QALY 

weights) in a utility theoretic framework without imposing assumptions 

that imply a constant WTP per QALY.  In other words, QALY weights that 

                       
6In this case, the value per QALY is the same as what is often referred to as the 

“value per statistical life year (VSLY)” (e.g., Moore and Viscusi, 1988).  However, 
the VSLY is only meant to be applied when valuing different durations (quantity) of 
remaining life, whereas the value per QALY is meant to address differences in both 
quality and quantity of remaining life.  
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are invariant to wealth and longevity can be derived from plausible 

preference structures that include both health and consumption.  Under 

these conditions WTP is systematically but not linearly related to 

QALY gains.  In particular, under most plausible conditions, WTP per 

QALY gain is declining with respect to health status and the size of 

the QALY gain. 

4.2 Study Population Characteristics 

Values for health changes are also expected to depend importantly on 

the characteristics of the individual in question, in particular 

income, age, and health status. 

Income and wealth are primarily expected to have a positive effect on 

health values.  First, individuals’ WTP for health changes is 

constrained by their available budget; therefore, other things equal 

and as long as health is a normal good, it is expected that 

individuals with higher incomes will also have higher values for 

health changes.  Second, individuals’ WTP to avoid illness should in 

part reflect any avoided opportunity costs (e.g., lost wages or 

household production) associated with illness.  To the extent that 

higher incomes imply higher opportunity costs, there is further reason 

to expect a positive relationship between income and WTP for health.   

An individual’s age can also potentially affect his or her WTP for 

health improvements in a number of ways, but for avoided acute effects 

it is generally expected to have a positive effect.  First, in general 

terms, age is negatively related to health status.  To the extent that 

marginal utility for improved health status is declining ( 0
H2∂

), and 

age serves as an indicator (inverse) of health status, a positive 

relationship between WTP and age is expected.  Second, age may capture 

aspects of socio-economic status that are not captured by annual 

income measures.  For example, elderly individuals may have higher 

accumulated wealth relative to younger individuals with comparable 

income.  If wealth measures are not adequately controlled for, then 

age may increase WTP for health improvements through a wealth effect. 

V2
<

∂

4.3 Price Effects 

At least two price effects are potential factors influencing WTP:  

wages and prices of mitigating goods.  As previously discussed with 
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regard to income effects, wages can represent opportunity costs of 

illness.  Prices of mitigating goods, such as medication and 

treatment, can affect the direct cost of illness.  Consequently, 

higher wages and prices for mitigating goods are both expected to 

increase the WTP to avoid or reduce morbidity.  It is important, 

however, to emphasize that these prices may be partially or totally 

covered by employers or health insurers, in which case the marginal 

effect of these prices on private WTP should be smaller. 

4.4 Valuation Method 

The magnitude of value estimates for changes in health is also expected 

to depend on the way in which they are estimated.  All of the WTP 

estimates included in our analysis are based on stated preference (SP) 

methods (either the contingent valuation method [CVM] or conjoint 

analysis).  Even so, there are a number of methodological differences 

that have the potential to influence WTP. 

One potentially significant difference is the type of value 

elicitation format used—open-ended (OE) or dichotomous choice (DC).  

The relative advantages of these formats have been widely discussed 

and analyzed.  Carson (2000), for example, argues in favor of the DC 

format.  He suggests that individuals will tend to understate their 

WTP with the OE format because respondents do not have the incentive 

and are not accustomed to conditions where they have to “find” their 

maximum point.  However, if respondents are answering questions 

strategically, OE responses may overstate or understate WTP (Smith, 

2000).  Therefore, the expected direction of this effect is 

indeterminate, but meta-analysis offers an approach for testing 

whether systematic differences do exist between DC- and OE-based 

estimates of health values. 

Another potentially important difference has to do with how the health 

change (i.e., the “commodity”) is described.  As previously discussed, 

the valuation context can be framed as either WTP to improve health 

(CV) or WTP to avoid a decline in health (EV).  Even for equivalent 

sized gains or losses in health (i.e., holding ∆H constant), they will 
not necessarily have the same value.  In particular, if the marginal 

utility of health decreases with H ( 0
H2
V2

<
∂

∂ ) or if the marginal utility 

of income increases with H ( 0
H*Y

V2

>
∂∂

∂ ), EV is generally expected to be 

greater than CV.   
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Nonetheless, for small changes in health, the two measures should be 

roughly equivalent.  Large differences between CV and EV are possible, 

but they may also indicate deviations from the standard utility model, 

such as the loss aversion and reference dependence models proposed by 

Tversky and Kahneman (1991).  According to this alternative framework, 

individuals value changes with respect to a reference point (such as 

their status quo condition) and place a much higher (negative) weight 

on losses than they do on equivalent gains.7

5. DATA 

As Smith and Pattanayak (2002) note in their review of meta-analyses 

in nonmarket valuation, “Synthesis requires the ability to define a 

common concept to be measured” (p. 274).  The number of empirical 

health valuation studies has increased significantly over the last 10 

to 15 years, but there is also significant heterogeneity in terms of 

the valuation approaches used and health effects evaluated across 

these studies.  To define a meaningful common concept for meta-

analysis, we used a similar approach to Johnson et al.   

In particular, we selected WTP values if  

• they were estimated for well-defined acute health effects, 

• they represented adults’ private values for improving their own 
health8,  

• they were estimated using SP methods,  

• the severity of the acute health effect could be expressed as and 
converted to a QWB score, and  

• the change in duration of the acute effect could be quantified in 
terms of discrete days or episodes of illness.   

We began by selecting the 53 observations included in the Johnson et 

al.  study.  These values were taken from five CV studies conducted in 

the United States in the late 1970s and 1980s.  The studies were 

predominantly conducted for cardio-respiratory health effects 

associated with air pollution.   

                       
7Note that with a standard utility model an individual’s WTP to avoid a loss from H0 to 

H2 (EV in Eq. [2.4]) should be identical to his or her WTP for an increase in health 
(CV) going from H2 to H0.  However, with reference dependence—shifting the status 
quo from H0 to H2—the gain may be treated differently from the avoided loss. 

8For example, estimates of altruistic values, such as parental values for protecting 
their children’s health, were purposefully not included. 

 



Valuing Avoided Morbidity Using Meta-Analysis:  What Can Health Status Measures and 
QALYs Tell Us about WTP? 13 

We then conducted an extensive and detailed search and review of the 

health valuation literature to identify additional studies to include 

in the analysis (see RTI [2003a, 2003b] for more detailed summaries of 

the literature reviewed).  Using the results from this literature, we 

identified 183 additional value estimates ( from 12 other studies), 

which expands the estimation sample by a factor of more than four.  

These additional studies were, for the most part, conducted after 

1990, and they include research conducted both in the United States 

and in other countries.  Appendix A provides more detailed 

descriptions of some of the key characteristics of these studies, 

including the valuation methods used, the health effects valued, the 

country studied, and the number of value estimates included in the 

meta-analysis. 

As is commonly done in meta-regressions analyses, we did not define 

overly restrictive quality criteria for including or excluding studies 

from the analysis.  Rather, we followed the recommendation of Stanley 

(2001) who writes “when in doubt, it is best to err on the side of 

inclusion….  Differences in quality, data, or methods do not provide a 

valid justification for omitting studies [from meta-analysis]” (p. 

135).  Excluding studies based on quality would require making 

judgments that might introduce more bias into the results than it 

would avoid.  Moreover, to the extent possible, we have included 

explanatory variables in the analysis to control for methodological 

differences. 

For the 236 selected values, Tables 2 and 3 describe and summarize the 

main variables that we used in the meta-analysis.  WTPACUTE was the 

key variable of interest.  It represents individuals’ WTP to avoid or 

to reduce the number of days with a specific acute condition over the 

course of a year.  All WTP estimates were converted to 2000 dollars 

using the consumer price index (CPI), and, if they were originally 

measured in a foreign currency, we first converted the estimates to 

dollars using the purchasing power parity (PPP) index.  Most of the 

selected studies estimate and report average WTP values.  If only 

median WTP values were reported, we included these estimates in 

WTPACUTE.   

Following the approach used by Johnson et al., we characterized the 

change in acute health outcomes associated with each WTP value in two 

main dimensions.  First, we created the variable ∆DAYS to capture 
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changes in the duration of the health effect.  In most cases, this 

variable represents the reduction in the number of days, over the 

course of a year, that one experiences a given condition, such as 

shortness of breath, nausea, or headache.  In a relatively small 

number of cases (N = 17), this variable represents a change in health 

that was expressed as a reduction in the number of acute events, such 

as asthma, angina, or allergy attacks.  We assumed that each of these 

events was roughly equivalent to a day of acute illness.9

Second, we used the QWB Scale to characterize the severity of the 

acute health effect.  The QWB Scale characterizes health outcomes in 

four dimensions—symptoms, mobility, social activity, and physical 

activity—each of which can be scored separately.  Using the health 

effect descriptions from the valuation studies, we assigned each 

health effect to a defined level for all four dimensions.  We then 

used the premeasured QWB weights (from Kaplan et al. [1989]) to assign 

a numerical score to each level.   

The resulting four scores were captured in the variables QWBSYMSCORE, 

QWBMOBSCORE, QWBSACSCORE, and QWBPACSCORE.10  A higher score in each of 

these cases indicates a more severe condition.11  As shown in Table 3, 

the symptom scores are on average higher than the other three, but the 

standard deviation of this score is slightly less.12   

The variable ∆QWB provides a summary measure of the reduction in 
severity of the health effect.  It was calculated as the sum of the 

four scores.  This additive assumption is somewhat arbitrary, but it 

                       
9In statistical tests of the regression results, the effect of ∆DAYS on WTP was not 

found to be significantly different for these observations. 
10For example, Johnson et al. (2000) describe a condition as one day of “coughing, 

wheezing, shortness of breath” and “cannot leave your house, go to work, go to 
school, do housework, participate in social or recreational activities, and you have 
some physical limitations (trouble bending, stooping or doing vigorous activities) 
because of this health condition, but you can care for yourself.”  Using the QWB 
system, this corresponds best with symptom category 11 (QWBSYMSCORE= 0.257), 
mobility scale category 4 (QWBMOBSCORE=.062), physical activity scale category 3 
(QWBPACSCORE=0.060), and social activity scale category 1 (QWBSACSCORE=0.106) and 
∆DAYS=1.  Adding the individual QWB scores for this condition, the composite score 
becomes ∆QWB=0.166. 

11The absolute values of the weights are used in the analysis.  They represent the 
amount that is deducted from 1.0 (perfect health) to arrive at the specified level 
of health. 

12For one study (Liu et al., 2000), the health effect of interest could not be mapped 
into the four separate scores, but an overall QWB score was estimated in the study.  
As a result, one observation is missing for each of the four scores. 
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is consistent with the way a total QWB score is typically estimated 

for a specified health condition.13   

Expanding beyond the Johnson et al. approach, we also collected data 

from each study and included variables to control for other factors 

that might influence WTP estimates.  The variables INCOME, AGE, %MALE, 

and US were included to account for potentially influential 

characteristics of the study population.14   

The dummy variable WTPAVOID was specified to distinguish between WTP 

values that were estimated for avoiding a decline in health, as 

opposed to those for improving health from current conditions.  A 

positive effect for this variable would be consistent with declining 

marginal utility of health.  However, a large positive effect for this 

variable may also indicate deviations from the standard utility model, 

such as the loss aversion and reference dependence models proposed by 

Tversky and Kahneman (1991).  

The remaining dummy variables were included to control for study 

design effects and for potential publication bias.  Finally, we 

included SAMPLE SIZE, not as an explanatory variable, but as a 

weighting variable, so that WTP estimates based on larger samples 

could be given more weight in the regression analysis.  The results of 

including these variables in meta-regressions are described below. 

Other factors not specifically included in our list of variables may 

also influence WTP.  For example, prices for medical care, wages 

(opportunity cost of sick time), and average education are all 

potentially influential factors.  Unfortunately, the amount of 

information reported in the original studies is not adequate to 

include these factors in the analysis.  However, the income variable 

may capture part of the wage effect, and the U.S. dummy may serve as a 

proxy for differences in medical costs between the U.S. and other 

countries. 

                       
13The total QWB score is typically calculated as 1 – QWBSYMSCORE – QWBMOBSCORE – 

QWBSACSCORE – QWBPACSCORE, such that a higher index represents better health.  
Therefore, ∆QWB is equal to 1 – the total QWB score. 

14Most studies report summary statistics for these characteristics, but this 
information is not always reported for the specific subsample that is used to 
calculate the WTP value.  When the subsample information was not available, we used 
summary statistics for the full study sample. 
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6. META-REGRESSION MODELS AND RESULTS 

Tables 4 and 5 describe the regression results for several model 

specifications, all of which share the same basic structure.  We 

included a measure of WTP in all models as the dependent variable.  

Measures of the change in duration and severity of the corresponding 

health effect were included as explanatory variables.  Additional 

explanatory variables include characteristics of the study population, 

valuation method, study design, and publication outlet. 

6.1 Model Specification 

To explore the robustness of the results across model specifications, 

eight sets of results are reported in these tables.15  Two model 

specification issues in particular—functional form and health index 

specification—are addressed in the regression results tables.  In 

addition, two model estimation issues—regression weights and 

clustering effects—were addressed in the meta-regressions and are 

incorporated in the results tables.  Each of these issues is described 

briefly below. 

Functional Form.  To evaluate the robustness of model results, we 
applied linear, semi-log, and log-linear specifications to analyze the 

data.  Although all of these approaches are reasonable for 

approximating the relationship between WTP estimates and the other 

variables described in Table 2, the log-linear approach has a few 

conceptual advantages.  First, it implies that, as changes in severity 

and duration of illness (and income) approach zero, WTP also 

approaches zero.  Second, it implies that the marginal effect of 

income on WTP and the marginal effects of the severity and duration 

changes on WTP are not mutually independent.  So, for example, the 

additional WTP associated with a larger health improvement is not 

assumed to be independent of an individual’s budget.  Third, as 

discussed in more detail below, the log-linear form allows for a more 

explicit statistical test of the QALY-based valuation approach. 

Health Index Specification.  All of the results reported in these 
tables rely on the QWB Scale to describe the severity of acute 

illness.  However, using the composite QWB Scale by itself implies 

                       
15The robustness of the results described in these tables is confirmed by the fact 

that the size and statistical significance of the key variables change very little 
when the two highest WTP estimates (over $1,000 each) are excluded from the 
regression analysis.   
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that the four subcomponent scores—the symptoms, mobility, social 

activity, and physical activity scores—each have the same marginal 

effect on WTP.  A less restrictive specification allows the four 

scores to enter the functional relationship separately and 

independently.  In this way it is possible to test directly the simple 

additive assumption underlying the composite QWB score. 

Regression Weights.  Treating each value estimate equally in the 
regression is likely to be too restrictive because it does not account 

for the fact that some estimates are based on larger sample sizes.  

Larger samples are likely to contribute more “information” to the 

analysis.  Therefore, in contrast to the approach used by Johnson et 

al., which used equal weighting, we weighted each observation in 

direct proportion to its sample size.  Although there is no explicit 

test of these alternative approaches, we believe that the assumptions 

underlying this weighting approach are inherently more defensible than 

an equal weighting approach. 

Panel Data Clustering Effects.  To account for the panel nature of the 
data, we estimated all of the models using clustered robust regression 

(StataCorp, 2003).  Because the data used in the analysis are 

characterized by multiple observations from individual studies, they 

are likely to violate the ordinary least squares assumptions of 

independent and identically distributed errors.  Therefore, we used 

the Huber-White method to correct the standard error estimates in a 

way that accounts for error correlation within study clusters and 

unequal variance of errors across clusters.16

6.2 Model Results 

The meta-regression results are summarized in Tables 4 and 5.  The two 

sets of regressions differ primarily with respect to the health index 

specification. 

6.2.1 Results with a Composite QWB Score 

Table 4 reports results for linear, log-linear, and semi-log 

specifications of WTPACUTE with respect to ∆DAYS and the single 
composite QWB score (∆QWB).  All of the models show a reasonably good 

                       
16As shown in the appendix, the meta-analysis included information from 17 studies, 

but three of these studies reported distinct WTP estimates in two separate 
publications.  Consequently, the total number of publications is 20. 
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fit, with R-squared statistics between 45 and 65 percent.  More 

importantly, several of the coefficients have the expected sign and 

are statistically significant. 

The results indicate that the WTP estimates “pass” the scope test.  

The coefficients for ∆DAYS and ∆QWB, in both linear and log forms, are 
consistently positive and predominantly significant across 

specifications at a 0.05 level.  In other words, average WTP to avoid 

acute effects increases with the number of days or acute episodes 

avoided and with the severity of the conditions avoided.  The 

coefficients for the linear specification indicate that WTP increases 

by an average of $4.80 for each additional day of acute illness 

avoided.  Therefore, although statistically significant, the estimated 

marginal WTP for reduced duration of illness is quite small in the 

linear specification.  Unlike the log-linear model, this specification 

does not restrict WTP to be zero when ∆DAYS is zero, nor does it allow 
marginal WTP to decline with respect to ∆DAYS.  Consequently, marginal 
WTP may be underestimated for low levels of ∆DAYS.  In this model, WTP 
is estimated to increase by $16 for each 0.01 change (between 0 and 1) 

in the total QWB Scale.  Using a linear specification implies that 

these marginal values for ∆DAYS and ∆QWB are constant and independent 
of one another; therefore, these estimates are best interpreted as 

average effects across the range of ∆DAYS and ∆QWB.  The log-linear 
specification discussed below relaxes these restrictions. 

As expected, income also has a consistently positive and, for the most 

part, reasonably significant effect on WTP.  The income coefficient in 

the log-linear specification can be interpreted as an elasticity of 

WTP with respect to income.  The elasticity estimate is 0.7, which 

implies that income has a positive but relatively inelastic effect on 

WTP.  Notably, controlling for this income effect, the dummy variable 

for studies done in the United States does not have a significant 

effect (at a 0.05 level) on WTP in any of these specifications. 

The average age of the sample also tends to have a positive effect, 

although the significance of this variable varies across 

specifications.  To the extent that the age is an inverse proxy for 

health status, this result is consistent with declining marginal 

utility of health.  In other words, this result suggests that older 

and less healthy individuals are willing to pay more for an increment 

in health.  The estimated size of this age effect is surprisingly 
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large, however.  In the log-linear specification, the elasticity of 

WTP with respect to age is 2.56. 

The coefficient on WTPAVOID is generally not statistically 

significant.  Its sign varies across specifications, although it is 

more often positive.  Therefore, these results do not indicate the 

presence of loss aversion or strong reference effects.   

None of the other variables characterizing the study approach show 

significant effects on WTP.  However, in a few specifications, the 

JOURNAL coefficient is negative and significant at a 0.10 level, which 

suggests that values published in peer-reviewed journals are generally 

lower.   

6.2.2 Results with a Decomposition of the QWB Score 

Table 5 reports results for four similar specifications; however, the 

main difference is that the QWB score is decomposed into its four 

components—scores for symptoms, mobility, social activity, and 

physical activity.  

For the most part, the results using the four QWB scores continue to 

show significant scope effects.  The estimated coefficients for the 

scores are mostly positive and, particularly for the mobility score, 

are often statistically significant.  For example, the results of the 

first specification in Table 5 indicate that average annual WTP 

increases by $24 and $29 for each 0.01 increment in the physical 

activity and mobility scores respectively. 

The decomposition of ∆QWB in these specifications also allows us to 
test one of the underlying assumptions of the QWB Scale (i.e., that 

each of the four separate dimensions of the index contribute equally 

to utility [and thus WTP]).  In the linear specification and the 

semilog specification using ln(WTP) as the dependent variable ∆QWB is 
linearly decomposed.  Separate coefficients are estimated for each of 

the four scores.   

The results of the decomposed model indicate that the mobility score 

and the physical activity score have larger and consistently 

significant and positive effects on WTP.  The symptom score and, to a 

lesser extent, the social activity score have lower and generally 

insignificant effects on WTP.  It is worth reemphasizing that the 

regressions estimate the marginal effects of these scores on private 
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WTP.  If individuals are directly compensated for lost work time 

through sick leave policies, then the additional WTP of employers or 

society to avoid these conditions is not captured by these measures.  

If, in contrast, the costs of lost work time were to be fully 

internalized by the individuals experiencing the health effect, then 

it is likely that the mobility, physical activity, and social activity 

scores would have a larger effect on private WTP.  It is also possible 

that the relative effects of these scores would be different (e.g., 

social activity restrictions might have a larger effect on WTP 

relative to physical activity restrictions). 

This finding—that the different scores have different effects on 

individuals’ utility and WTP—contradicts the implicit assumptions of 

the composite ∆QWB score.  F-tests of the restriction that all four of 
the scores have the same marginal effect on WTP can be rejected at a 

0.05 level for each of these specifications.   

A comparable analysis of the other specifications is somewhat more 

complicated.  In these cases, a linear decomposition of ∆QWB results 
in nonlinear models.  For example, the simple log-linear model can be 

written as 

 ln(WTP) = β*ln(∆QWB) + α*X, (8) 

where X represents the vector of all the other explanatory variables.  

When ∆QWB is linearly decomposed, it results in the following 
nonlinear form: 

 ln(WTP) = β*ln(η1*QWBSYMSCORE + η2*QWBMOBSCORE + 

 η3*QWBSACSCORE + η4*QWBPACSCORE ) + α*X,  (9) 

We estimated the nonlinear models using the QWB subcomponent scores 

using maximum likelihood estimation and report the results in Table 5.  

In each of these specifications, one of the η coefficients (in this 
case η4) is restricted to be equal to one.  This restriction implies 
that, if the marginal effects of the four scores on WTP are the same, 

then the other three η coefficients will also equal one.  Furthermore, 
if these coefficients are all equal to one, then the specification in 

Eq. (9) simplifies to Eq. (8). 

The results of these nonlinear specifications again cast doubt on the 

assumption underlying the composite QWB score.  The coefficients on 
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the mobility and physical activity scores are distinctly larger than 

for the other two QWB scores.  To test the restrictions implied by 

using the sum of the four scores (∆QWB) as a composite index, in these 
cases we can compare the log-likelihood values for the restricted 

models (in Table 4) with those for the unrestricted models (in Table 

5).  Based on likelihood ratio tests, the restricted models can all be 

rejected at a 0.05 level of significance.   

In the models reported in Table 5, the effects of duration income, 

age, and other variables are, for the most part, consistent with the 

previous results.  The coefficients on ∆DAYS (linear and log form) are 
virtually unchanged and consistently positive and significant.  The 

effect of LN(INCOME) is also consistently positive and significant, 

although the coefficient is somewhat larger.  The final specification 

in Table 5 implies an income elasticity of almost 0.9.  The estimated 

elasticity of WTP with respect to age continues to be positive and 

significant, and once again it is surprisingly large (i.e., greater 

than 3 in Table 5).  The effect of gender composition (%MALE) 

continues to be negative but is somewhat larger (in absolute value) 

and more significant. 

6.2.3 Testing the QALY Valuation Assumptions  

The results of the log-linear specifications in both Table 4 and Table 

5 can also be used to test the assumptions of the QALY valuation 

approach for estimating morbidity values.  The results do not support 

these assumptions. 

According to the QALY valuation approach, WTP is assumed to increase 

in direct proportion to the gain in QALYs.  As previously discussed, 

it is often assumed that the value per QALY is approximately $100,000.  

Under less restrictive assumptions, the relationship between WTP and 

QALYs can be expressed as  

 WTP = α * (∆QALY)β. (6’) 

In other words, the QALY valuation approach restricts β to be equal to 
one.  If β is greater than or equal to one, then WTP will increase more 
or less than proportionately with respect to QALY gains.   

If we assume that the QWB Scale is an appropriate health utility 

index, and we assume that the QALY gain of interest is brought about 
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by avoiding a health effect of specific duration and severity, then 

Eq. (6’) can be expanded as follows: 

 WTP = α * (∆DAYS/365 * ∆QWB)β. (10) 

In this expression, the QALY gain is expressed as the constant per-

period utility gain (from less than 1 to 1) times the duration of the 

utility gain (converted to years).  In log-linear form, this equation 

becomes 

 ln(WTP) = ln(α) + β*ln(1/365) + β*ln(∆DAYS) +  

 β*ln(∆QWB). (11) 

This expression implies that, with a log-linear model, the 

restrictions imposed by the QALY valuation approach can be tested 

directly.  The null hypothesis is that coefficients on ln(∆DAYS) and 
ln(∆QWB) are both equal to one.  An F-test of this restriction for the 
log-linear specification in Table 4 can be strongly rejected (p – 

value < 0.001).  In the last specification, the coefficient estimate 

for ln(∆DAYS) is considerably less than one (0.5), and the coefficient 
estimate for ln(∆QWB) is considerably greater than one (1.97).  
Therefore, even the less restrictive assumptions implied by Eq. (6’)—

that coefficients on ln(∆DAYS) and ln(∆QWB) are equal to one another 
(but not necessarily equal to one)—can be strongly rejected (p – value 

= 0.026). 

The results of the log-linear specification indicate that WTP 

increases less than proportionately with respect to changes in 

duration, as measured by ∆DAYS.  This result is consistent with a 
declining marginal disutility with respect to duration of illness.  

Furthermore, the coefficient for ln(∆QWB) implies that WTP increases 
more than proportionately with the severity of illness.  This result 

is consistent with a decreasing marginal utility with respect to 

health status. 

The final (log-linear) specification in Table 5 can also be used to 

test the restrictions implied by the QALY valuation approach.  By 

replacing ∆QWB in Eq. (11) with a reweighted composite score based on 
the results in Table 5 (η1*QWBSYMSCORE + η2*QWBMOBSCORE + 
η3*QWBSACSCORE + 1*QWBPACSCORE), it is again possible to test the 
restriction that the coefficient for LN(DAYS) is equal to the β 
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parameter.  Using a likelihood ratio test, this restriction can again 

be rejected at a 0.05 level of significance.   

7. IMPLICATIONS FOR POLICY ANALYSIS 

The overall goodness of fit and statistical significance of the models 

reported in Tables 4 and 5 suggest that they provide a reasonable 

foundation for constructing a predictive WTP function.  In other 

words, the models can be used to develop and test alternative benefit 

transfer functions.   

The advantage of being able to specify a WTP function is that it can 

be used to extrapolate beyond the existing set of WTP estimates in the 

literature.  That is, it can be used to estimate values for any number 

of avoided acute illnesses, as long as these illnesses can be 

described according to their severity (in this case, using the QWB 

classification system) and their duration.  In addition, depending on 

the model specification and econometric results, it can be used to 

tailor WTP estimates according to the socio-demographic 

characteristics of the affected population (e.g., average age, gender 

composition, and/or average income).17

To demonstrate and evaluate how the results can be used to predict WTP 

for avoiding acute effects under specific conditions, we selected two 

specifications—the log-linear specification using the composite QWB 

score (last specification in Table 4) and the log-linear form using 

the four separate scores (last specification in Table 5).  We selected 

these specifications because, as argued previously, they are most 

defensible from an a priori standpoint and because they provide strong 

empirical results in terms of goodness of fit and statistical 

significance.   

In both cases, we conducted specification tests and dropped the least 

significant variables.  The revised specifications are reported in 

Table 6 as BT Function 1 and BT Function 2, respectively.  For BT 

Function 1, the three variables related to survey method (OPEN ENDED, 

PAYMENT CARD, and IN PERSON) and the gender proportion variable 

(%MALE) were dropped from the original specification.  Based on an F-

test, the coefficients for these four variables were jointly not 
                       
17Developing value estimates that vary according to income levels can raise difficult 

ethical issues.  Nonetheless, it may be useful, for example, to estimate WTP for a 
person with average income or to estimate how average WTP will be affected by growth 
in per-capita income levels. 
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significantly different from zero.  For BT Function 2, only the three 

survey method variables were dropped from the original specification.  

Using a likelihood ratio test, a restricted model that also held the 

%MALE coefficient at zero could not be rejected at a 0.05 level of 

significance. 

Before evaluating the out-of-sample implications of these models, it 

is informative to compare the fitted model with the estimation sample.  

Figures 1 and 2 plot the 236 WTP estimates used to estimate BT 

Function 1 against their respective ∆DAYS and ∆QWB values.  Although 
there is some clustering of ∆DAYS and ∆QWB on specific values, the 
plots show a reasonably good dispersion of data in both cases (on the 

logarithmic scale).  There is also a loose but notable upward trend in 

WTP with respect to both ∆DAYS and ∆QWB.  Both figures also include a 
fitted regression line based on the parameter estimates for BT 

Function 1.  The dark line in Figure 1 shows the model predicted value 

for ln(WTP) with respect to ln(∆DAYS), holding all other explanatory 
variables at their respective means.18  A similar approach is used in 

Figure 2 for ln(WTP) and ln(∆QWB).  Both of these lines can be 
compared to the dotted line, whose slope represents unit elasticity 

(i.e., the assumed elasticity under the QALY valuation approach).  The 

fitted slope of ln(WTP) with respect to ln(∆DAYS) is clearly less than 
unit elasticity, and the opposite is true for the fitted slope of 

ln(WTP) with respect to ln (∆QWB). 

To explore the implications of the BT functions under selected out-of-

sample conditions, we applied each function to predict average 

individual WTP for four selected acute conditions.  As shown in Table 

7, each of the selected acute conditions corresponds to a different 

severity description, which is defined using the QWB health dimensions 

and scores.  The symptom descriptions vary from relatively minor 

(“breathing unpleasant air”) to relatively severe (“sick, vomiting”), 

and the three functional restrictions—mobility, physical activity, and 

social activity—are alternatively moderate or severe.  For each of the 

four conditions, the duration of illness avoided (∆DAYS) is also 
evaluated at either 1 or 10 days.   

For both BT Function 1 and BT Function 2, Table 7 shows the mean 

predicted WTP and corresponding 95 percent confidence interval (C.I.) 

                       
18For ease of interpretation, ln(∆DAYS) and ln(WTP) are shown without logarithmic 

transformation on their respective axes.  A similar approach is used in Figure 2. 
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for each condition and duration (eight combinations).  Each predicted 

value is estimated using the specified duration and QWB scores.  The 

values of the other explanatory variables are held constant across the 

eight scenarios.  In all cases, INCOME is set to $45,000 per year, AGE 

is set at 45 years, and for BT Function 2 the %MALE is 50 percent.  

The values are all estimated for the U.S. population (US = 1) and for 

avoiding health declines (WTPAVOID = 1).  Furthermore, assuming that 

values published in peer-reviewed articles are most defensible, we set 

JOURNAL equal to one as well.   

For BT Function 1, the predicted mean WTP values range from $45 (95% 

C.I.:  $39 – $51) for avoiding one day poor air and moderate 

functional restrictions to $706 (95% C.I.:  $345 – $1067) for avoiding 

10 days of sickness and vomiting with severe functional restrictions.19  

For each condition, the 10-fold increase in duration has a positive 

but closer to 3-fold effect on predicted WTP.  In contrast, increasing 

total ∆QWB by a factor of two (between conditions 1 and 2) increases 
predicted WTP substantially, by a factor of roughly 5.   

For BT Function 2, the predicted mean WTP values show less variation.  

They range from $124 (95% C.I.:  $68 – $181) to $689 (95% C.I.:  $227- 

$1150).  As expected based on the parameter estimates for this 

function, predicted WTP is somewhat less sensitive to differences in 

the duration of illness.  Predicted WTP is also less sensitive to 

variations in severity using BT Function 2.  For the least severe 

condition, predicted WTP is nearly three times as large as the WTP 

estimate based on BT Function 1; however, it is roughly the same of 

the most severe condition.  In particular, BT Function 2 is relatively 

less sensitive to changes the QWB symptom scores (holding the 

functional restriction scores constant, as between conditions 1 and 2 

and between conditions 3 and 4). 

For comparative purposes, Table 6 also includes value estimates based 

on a simple QALY valuation approach (using QWB as the health utility 

index) for each scenario.  In five of the eight scenarios, these QALY-

based estimates are higher than one or both of the BT function 

estimates.  They are particularly large compared to the BT function 

estimates when the duration change is large (e.g., 10 days) and/or 

                       
19To appropriately transform the model prediction of mean WTP in logarithmic form to 

mean WTP in nonlogarithmic form, we applied a smearing factor to the model-predicted 
values (Duan, 1983).  The smearing factor is equal to the average of the 
exponentiated residuals for the 235-6 observations in the estimation sample. 
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when the severity of illness is lower.  These differences are 

consistent with the different slopes shown in Figures 1 and 2.  They 

occur because the QALY-based approach assumes that values increase in 

direct proportion to duration and to severity, whereas the BT 

functions have a lower elasticity (<1) with respect to duration and a 

larger elasticity (>1) with respect to severity.   

8. CONCLUSIONS 

Given the increasing importance placed on CBA for evaluating public 

health and safety policies, policy makers need to be able to 

consistently estimate WTP for avoided illness.  New primary research 

in health valuation is always desirable, but as this study shows, much 

can be learned from the existing body of empirical research.  

The results of the meta-analysis indicate that WTP estimates for 

avoided acute effects vary in systematic and expected ways with 

respect to key explanatory variables.  We find a strong statistical 

relationship between the value estimates and corresponding measures of 

the severity (using the QWB Scale) and duration of the health effects.  

In addition, we find generally positive and significant income effects 

and age effects.  Positive income effects support the hypothesis that 

health is a normal good, and positive age effects are consistent with 

declining marginal utility with respect to health status. 

The meta-analysis results also provide a simple but informative test 

of the assumptions underlying the QALY valuation approach for 

assessing morbidity values.  The results strongly reject the 

assumption of a constant value per QALY and the assumption that the 

duration and the severity of illness have equivalent and proportional 

effects on WTP.   

The results also indicate that the four health utility scores 

underlying the QWB Scale have statistically different effects on WTP.  

The mobility and physical activity dimensions were found to have 

stronger effects on WTP than the symptoms or social activity 

dimensions.  This finding contradicts the equal weighting assumption, 

which is typically used in constructing the composite QWB health 

status index. 

A key issue is therefore what these results imply for benefit 

transfer.  First, the results cast doubt on the QALY valuation 
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approach for predicting and transferring health benefits, at least for 

acute conditions.  This result is consistent with the findings of 

others who have been critical of the approach, particularly for 

valuing changes in acute illness (Bala and Zarkin, 2000).  Second, the 

strong explanatory power, robustness, and statistical significance of 

the meta-regressions provide general support for their use as benefit 

transfer functions.  In the absence of WTP studies that specifically 

match the policy effects of interest, these equations provide a 

systematic and empirically based approach for predicting WTP.  BT 

Function 2 in particular provides a transfer tool that can 

differentiate values according to the underlying dimensions of the 

health condition (i.e., symptoms, mobility, and activity). 

Some caution is required, however, in interpreting and using the meta-

analysis results.  First, and most importantly, they only apply to 

acute conditions.  Through our search of the health valuation 

literature, we determined that the number of WTP studies for chronic 

conditions is currently not adequate to support a comparable meta-

analysis of these values.  For chronic conditions, there are 

additional challenges in developing appropriate measures of duration 

and severity of illness.  Second, the size of the estimated marginal 

effect of age on WTP in the meta-regressions, although statistically 

significant and reasonably robust across functional specifications, 

seems unreasonably high.  Further investigation of the age effect on 

WTP is warranted, particularly as more WTP studies become available. 

Third, it is important to emphasize that the meta-analysis function 

only includes estimates of adults’ private WTP to avoid morbidity 

outcomes.  As a result, it may not include all of the value components 

that are of potential interest to policy makers.  To the extent that 

costs of illness are externalized to other members of society, for 

example through social insurance, this analysis will not capture the 

benefits of avoiding these externalized costs.  Moreover, the meta-

analytic functions cannot be applied to specifically estimate values 

for protecting children’s health because, by design, none of the 

included WTP estimates address altruistic (i.e., parental) values. 

Fourth, it should be emphasized that the strength of these results 

depends in large part on the strength of the underlying WTP estimates 

and QWB scores.  It is encouraging that the convergent validity of the 

two measures is supported by the finding that WTP is positively and 
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significantly related to QWB scores.  Nevertheless, the results would 

be weakened if either of these two preference measures includes 

systematic biases.  Although the empirical accuracy and reliability of 

both methods have been questioned (see Hausman, [1993] for a critique 

of CVM methods and Brazier et al. [1999] for a review of QWB 

evaluations), there is no conclusive evidence that such systematic 

biases exist. 

 



Valuing Avoided Morbidity Using Meta-Analysis:  What Can Health Status Measures and 
QALYs Tell Us about WTP? 29 

REFERENCES 
Agency for Healthcare Research and Quality (AHRQ).  2001.  Focus on 

Cost-Effectiveness Analysis at the Agency for Healthcare Research 
and Quality.  Fact Sheet.  AHRQ Pub. No. 01-PO23. 

Alberini, A., and A. Krupnick.  1998.  “Air Quality and Episodes of 
Acute Respiratory Illness in Taiwan Cities:  Evidence from Survey 
Data.”  Journal of Urban Economics 44(1):68-92. 

Alberini, Anna, Maureen Cropper, Tsu-Tan Fu, Alan Krupnick, Jin-Tan 
Liu, Daigee Shaw, and Winston Harrington.  1997.  “Valuing Health 
Effects of Air Pollution in Developing Countries:  The Case of 
Taiwan.”  Journal of Environmental Economics and Management 
34:107-26. 

Bala, M.V., and G.A. Zarkin.  2000.  “Are QALYs an Appropriate Measure 
for Valuing Morbidity in Acute Diseases?”  Health Economics 
9(2):177-180. 

Bala, Mohan V., Lisa L. Wood, Gary A. Zarkin, Edward C. Norton, Amiram 
Gafni, and Bernie O’Brien.  1998.  “Valuing Outcomes in Health 
Care:  A Comparison of Willingness to Pay and Quality-Adjusted 
Life-Years.”  Journal of Clinical Epidemiology 51(8):667-676.   

Bergstrom, Theodore C.  1992.  “When Is a Man’s Life Worth More Than 
His Human Capital?”  In The Value of Life and Safety, M.W. Jones-
Lee, ed., pp. 3-26.  New York:  North-Holland.  

Bleichrodt, H., and J. Quiggin.  1999.  “When is Cost-Effectiveness 
Analysis Equivalent to Cost-Benefit Analysis?”  Journal of Health 
Economics 18:681-708. 

Brazier, J., M. Deverill, C. Green, R. Harper, and A. Booth.  1999.  
“A Review of the Use of Health Status Measures in Economic 
Evaluation.”  Health Technology Assessment 3(9)1-158. 

Carson, R.T.  2000.  “Contingent Valuation:  A User’s Guide.”  
Environ. Sci. Technol. 34:1413-1418.   

Chestnut, Lauraine G., Steven D. Colome, L. Robin Keller, William E. 
Lambert, Bart Ostro, Robert D. Rowe, and Sandra L. Wojciechowski.  
1988.  Heart Disease Patients’ Averting Behavior, Costs of 
Illness, and Willingness to Pay to Avoid Angina Episodes.  Final 
report prepared for U.S. Environmental Protection Agency.  
Document No. EPA-230-10-88-042. 

Chestnut, Lauraine G., L. Robin Keller, William E. Lambert, and Robert 
D. Rowe.  1996.  “Measuring Heart Patients’ Willingness to Pay 
for Changes in Angina Symptoms.”  Medical Decision Making  16:65-
77. 

Cutler, D.M., and E. Richardson.  1997.  “Measuring the Health of the 
U.S. Population.”  Brookings Papers on Economic Activity:  
Microeconomics. 



30 RTI Working Paper 04_01 Van Houtven et al. 

Dickie, M., and V. Ulery.  2002.  “Parental Altruism and the Value of 
Child Health:  Are Kids Worth More Than Parents?”  Report 
prepared for U.S. Environmental Protection Agency. 

Dickie, M., S. Gerking, G. McClelland, and W. Schulze.  1988.  
“Contingent Valuation:  The Value of Formation Process.”  
Unpublished manuscript. 

Duan, N.  1983.  “Smearing Estimate:  A Nonparametric Retransformation 
Method.”  Journal of the American Statistical Association 
78(383):605-610.   

Hammitt, J.K.  2002.  “How Much is a QALY Worth?  Utility Functions 
for Health and Wealth.”  Unpublished manuscript.   

Hanemann, W. Michael.  1991.  “Willingness to Pay and Willingness to 
Accept:  How Much Can They Differ?”  American Economic Review 
81(3):635-647.   

Harrington, Winston, and Paul R. Portney.  1987.  “Valuing the 
Benefits of Health and Safety Regulation.”  Journal of Urban 
Economics 22:101-112. 

Harvard School of Public Health (HSPH), Harvard Center for Risk 
Analysis.  “Catalog of Preference Scores.”  The CEA Registry:  
Standardizing the Methods and Practices of Cost-Effectiveness 
Analysis.  Boston, MA.  Harvard Center for Risk Analysis, Harvard 
School of Public Health.  
<http://www.hsph.harvard.edu/cearegistry/> or 
<http://www.hcra.harvard. edu/pdf/preferencescores.pdf>.  As 
obtained on November 7, 2002. 

Hausman, J.A.  1993.  Contingent Valuation:  A Critical Assessment.  
Amsterdam:  Elsevier Science B.V. 

Jacobs, R. Jake, Ronald J. Moleski, and Allen S. Meyerhoff.  2002.  
“Valuation of Symptomatic Hepatitis A in Adults.”  
Pharmacoeconomics  20(11):739-47. 

Johannesson, Magnus.  1996.  Theory and Methods of Economic Evaluation 
of Health Care Dordrecht, The Netherlands:  Kluwer Academic 
Publishers   

Johansson, Per-Olov.  1994.  “Altruism and the Value of Statistical 
Life.”  Journal of Health Economics 13:111-118.   

Johansson, Per-Olov.  1995.  Evaluating Health Risks:  An Economic 
Approach.  Cambridge, MA:  Cambridge University Press.   

Johnson, F.R., E.E. Fries, and H.S. Banzhaf.  1997.  “Valuing 
Morbidity:  An Integration of the Willingness-to-Pay and Health-
Status Index Literatures.”  Journal of Health Economics 16:641-
665. 

Johnson, F.R., Melissa R. Banzhaf, and William H. Desvousges.  2000.  
“Willingness to Pay for Improved Respiratory and Cardiovascular 
Health:  A Multiple-Format Stated-Preference Approach.”  Health 
Economics 9:295-317.  

 



Valuing Avoided Morbidity Using Meta-Analysis:  What Can Health Status Measures and 
QALYs Tell Us about WTP? 31 

Kaplan, Robert M., Anderson, John P., Wu, Albert W., Mathews, W.C., 
Kozin, Franklin, and David Orenstein.  1989.  “The Quality of 
Well-Being Scale:  Applications in AIDS, Cystic Fibrosis, and 
Arthritis.”  Medical Care 27(3)Supplement:S27-S43. 

Kartman, Bernt, Fredrik Andersson, and Magnus Johannesson.  1996.  
“Willingness to Pay for Reductions in Angina Pectoris Attacks.”  
Medical Decision Making  16(3):248-253.   

Keith P.L., et al.  2000.  “A Cost-Benefit Analysis Using a WTP 
Questionnaire of Intranasal Budesonide for Seasonal Allergic 
Rhinitis.”  Ann Allergy Asthma Immunol  84:55-62. 

Klose, Thomas.  2003.  “A Utility-Theoretic Model for QALYs and 
Willingness to Pay.”  Health Economics.  12(1):17-31. 

Lee, Patrick Y., David Matchar, Dennis Clements, Joel Huber, John 
Hamilton, and Eric Peterson.  2002.  “Economic Analysis of 
Influenza Vaccination and Antiviral Treatment for Healthy Working 
Adults.”  Annals of Internal Medicine  137(4):225-31. 

Liu, Jin-Tan, et al.  2000.  “Mother’s WTP for Her Own and Her Child’s 
Health:  A Contingent Valuation Study in Taiwan.”  Health 
Economics  9:319-26. 

Loehman, E.T., S.V. Berg, A.A. Arroyo, R.A. Hedinger, J.M. Schwartz, 
M.E. Shaw, R.W. Fahien, V.H. De, R.P. Fishe, D.E. Rio, W.F. 
Rossley, and A.E.S. Green.  1979.  “Distributional Analysis of 
Regional Benefits and Cost of Air Quality Control.”  Journal of 
Environmental Economics and Management 6:222-243. 

McConnell, K.E.  1997.  “Does Altruism Undermine Existence Value?”  
Journal of Environmental Economics and Management  32:22-37 

Moore, Michael J., and W. Kip Viscusi.  1988.  “The Quantity-Adjusted 
Value of Life.”  Economic Inquiry 26:369-388. 

Navrud, Stale.  2001.  “Valuing Health Impacts from Air Pollution in 
Europe.”  Environmental and Resource Economics 20:305-329. 

Ready, Richard, Stale Navrud, Brett Day, Richard Dubourg, Fernando 
Machado, Susana Mourato, Frank Spanninks, and Maria Xose Vazquez 
Rodriguez.  1999.  “Benefit Transfer in Europe:  Are Values 
Consistent Across Countries?”  Working Paper. 

Ready, Richard C., Stale Navrud, and W. Richard Dubourg.  2001.  “How 
do Respondents with Uncertain Willingness to Pay Answer 
Contingent Valuation Questions?”  Land Economics  77(3):315-26. 

Rowe, Robert D., and Lauraine G. Chestnut.  1985.  Oxidants and 
Asthmatics in Los Angeles:  A Benefits Analysis.  Final report 
prepared for U.S. Environmental Protection Agency.  Document No. 
EPA/230/7-85/010. 

RTI.  2003a.  Valuation of Morbidity Losses:  Meta-Analysis of 
Willingness-to-Pay and Health Status Measures.  Final Report, 
Prepared for the U.S. Food and Drug Administration. 



32 RTI Working Paper 04_01 Van Houtven et al. 

RTI.  2003b.  Valuation of Morbidity Outcomes:  A Summary of the 
Empirical Literature. Revised Draft Report, Prepared for the U.S. 
Environmental Protection Agency (www.epa/gov/ow/economics). 

Smith, V. Kerry, and Laura L. Osborne.  1996.  “Do Contingent 
Valuation Estimates Pass a ‘Scope’ Test?  A Meta-analysis.”  
Journal of Environmental Economics and Management 
31(November):287-301. 

Smith, V.K., and S.K. Pattanayak.  2002.  “Is Meta-Analysis the Noah’s 
Ark for Non Market Valuation?”  Environmental and Resource 
Economics 22(1-2):271-296. 

Smith, R.D.  2000.  “The Discrete-Choice Willingness-to-Pay Question 
Format in Health Economics:  Should We Adopt Environmental 
Guidelines?”  Medical Decision Making 20:194-206.   

Stanley, T.D.  2001.  “Wheat from Chaff:  Meta-Analysis as 
Quantitative Literature Review.”  The Journal of Economic 
Perspectives 15(Summer):131-150. 

StataCorp.  2003.  Stata Statistical Software:  Release 8.0.  College 
Station, TX:  Stata Corporation.  

Tolley, George, Lyndon Babcock, et al.  1986.  “Valuation of 
Reductions in Human Health Symptoms and Risk.”  In Vol. 3:  
Contingent Valuation Study of Light Symptoms and Angina.  Final 
report prepared for U.S. Environmental Protection Agency. 

Torrance, George, Vallery Walker, Ronald Grossman, Jayanti Mukherjee, 
David Vaughan, Jaques La Forge, and Noel Lampron.  1999.  
“Economic Evaluation of Ciprofloxacin Compared with the Usual 
Antibacterial Care for the Treatment of Acute Exacerbations of 
Chronic Bronchitis in Patients Followed for 1 Year.”  
Pharmacoeconomics  16(5 Pt. 1):499-520. 

Tversky, Amos, and Daniel Kahneman.  1991.  “Loss Aversion in Riskless 
Choice:  A Reference-Dependent Model.”  Quarterly Journal of 
Economics 106:1039-1061.   

Viscusi, W. Kip.  1993.  “The Value of Risks to Life and Health.”  
Journal of Economic Literature 31:1912-1946. 

Zarkin, Gary A., Nancy Dean, Josephine A. Mauskopf, and Richard 
Williams, Jr.  1993.  “Potential Health Benefits of Nutrition 
Label Changes.”  American Journal of Public Health 83(5):717-724. 

 



Valuing Avoided Morbidity Using Meta-Analysis:  What Can Health Status Measures and 
QALYs Tell Us about WTP? 33 

Table 1.  Comparison of three commonly used multiattribute utility scales.  

MAUS Health Dimensions 
Levels/Dimens

ion 

Total Number 
of Health 
States 

QWB 3 functioning dimensions:  
mobility, physical activity, 
social activity  

3 1,170 

 + 27 symptoms/problems 2  

HUI-III 8 dimensions:  vision, hearing, 
speech, ambulation, dexterity, 
emotion, cognition, 
pain/discomfort 

5 to 6 972,000 

EuroQol 5 dimensions:  mobility, self-
care, usual activity, 
pain/discomfort, 
anxiety/depression 

3 243 

Source:  Adapted from Brazier, J., M. Deverill, C. Green, R. Harper, and A. Booth.  
1999.  “A Review of the Use of Health Status Measures in Economic Evaluation.”  
Health Technology Assessment 3(9). 
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Table 2.  Descriptions of variables used in the meta-analysis.  

Variables Description 

WTPACUTE Mean WTP for health change (in 2000 dollars)a 

∆DAYS Reduction in number of days with acute effect 

∆QWB 
Improvement in health-related quality of life on affected 
days (= 1 – total QWB Scale) 

QWBSYMSCORE QWB symptom score (27 symptoms) 

QWBMOBSCORE QWB mobility score (3 levels) 

QWBSACSCORE QWB social activity score (3 levels) 

QWBPACSCORE QWB physical activity score (3 levels) 

INCOME Mean household income (in 2000 dollars)a 

AGE Mean age  

% MALE Percent male 

US = 1 if study was conducted in the U.S. 

WTPAVOID = 1 if value was stated for avoiding a decrease in health 

OPEN ENDED = 1 if an open-ended value elicitation method was used 

PAYMENT 
CARD = 1 if a payment card value elicitation method was used 

IN PERSON = 1 if survey was conducted as an in-person interview 

JOURNAL = 1 if publication was published in a peer-reviewed journal 

SAMPLE SIZE Number of respondents used to estimate the WTP value 

aConverted to dollars using the PPP index if in foreign currency; median WTP used if 
mean value not reported.   
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Table 3.  Summary statistics for variables used in the meta-analysis.  

Variables N Mean SD Min Median Max 

WTPACUTE 236 
270.2

2 
322.06 2.70 

145.6
2 

2,927.
69 

∆DAYS 236 11.9 20.5 1 5 90 

∆QWB 236 0.37 0.11 0.17 0.36 0.57 

QWBSYMSCORE 235 0.26 0.03 0.17 0.257 0.30 

QWBMOBSCORE 235 0.03 0.03 0 0 0.09 

QWBSACSCORE 235 0.05 0.04 0 0.061 0.11 

QWBPACSCORE 235 0.03 0.03 0 0 0.08 

INCOME 236 
46,34

8 
13,618 21,891 

47,06
7 

88,020 

AGE 236 45.2 6.8 35.4 44.5 68 

% MALE 236 49.25 14.74 0 47.7 100 

US 236 0.39 0.49 0 0 1 

WTPAVOID 236 0.88 0.33 0 1 1 

OPEN ENDED 236 0.14 0.35 0 0 1 

PAYMENT CARD 236 0.29 0.46 0 0 1 

IN PERSON 236 0.42 0.49 0 0 1 

JOURNAL 236 0.67 0.47 0 1 1 

SAMPLE SIZE 236 
316.0

4 
151.91 20 399 832 
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Table 4.  Weighted least squares meta-regression results with total QWB score.  

 
Dependent Variable:  WTPACUTE  

(N = 236) 
Dependent Variable:  LN(WTPACUTE) 

(N = 236) 

Explanatory 
Variable Coef. t-stata Coef. t-stata Coef. t-stata Coef. t-stata

∆DAYS 4.78 3.59   0.02 4.36   

LN(∆DAYS)   97.40 4.48   0.50 12.59

∆QWB 1,613.27 2.82   7.23 4.89   

LN(∆QWB)   454.20 2.23   1.97 3.26

INCOME 0.00 0.57   0.00 1.82   

LN(INCOME)   197.20 1.61   0.70 2.13

AGE –0.96 –0.05   0.09 2.20   

LN(AGE)   –58.22 –0.08   2.56 1.78

%MALE –2.90 –0.70 –1.61 –0.58 –0.03 –2.05 –0.01 –1.36

US 18.87 0.14 –41.88 –0.38 –0.19 –0.64 –0.41 –1.48

WTPAVOID –122.39 –0.34 –43.27 –0.15 0.75 0.99 0.78 1.33

OPEN ENDED 51.77 0.28 93.63 0.84 0.33 0.85 0.20 0.76

PAYMENT CARD –15.06 –0.16 31.94 0.51 –0.06 –0.22 –0.02 –0.09

IN PERSON –42.98 –0.33 –124.55 –1.08 –0.11 –0.32 –0.47 –1.28

JOURNAL 43.13 0.26 7.91 0.05 –0.54 –1.37 –0.71 –1.88

CONSTANT 
–256.01 –0.22 –

1,168.54
–0.31 –1.75 –0.64 –10.34 –1.29

R2 44.47%   48.00%   57.19%  64.48%  

aBased on robust standard error estimates, corrected for clustering by study.   
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Table 5.  Weighted least squares meta-regression results with four-dimensional QWB 
scores.  

 
Dependent Variable:  WTPACUTE 

(N = 235) 
Dependent Variable:  

LN(WTPACUTE) (N = 235) 

Explanatory 
Variable Coef. 

t-
stata Coef. 

t-
stata Coef. 

t-
stata Coef. 

t-
stata 

∆DAYS 4.66 3.70   0.02 4.67   

LN(∆DAYS)   95.09 4.22   0.49 13.15

βb   289.81 1.65   1.18 1.61

QWBSYSCORE –88.88 –0.11 0.50c 0.86 1.09 0.39 0.47c 0.95

QWBMOBSCORE 
2,896.
72 

5.86 2.78c 1.34 10.94 9.93 2.73c 3.92

QWBSACSCORE 880.54 1.15 0.31c 0.93 4.88 1.24 0.45c 1.24

QWBPACSCORE 
2,380.
64 

1.86   10.49 3.65   

INCOME 0.00 0.62   0.00 2.08   

LN(INCOME)   240.60 1.86   0.88 2.46

AGE 1.93 0.10   0.10 2.70   

LN(AGE)   52.72 0.07   3.04 2.16

%MALE –5.47 –1.39 –3.87 –1.33 –0.04 –3.84 –0.03 –3.51

US 40.36 0.30 –24.52 –0.21 –0.12 –0.40 –0.35 –1.27

WTPAVOID 
–

205.62 
–0.55 –65.84 –0.22 0.30 0.43 0.57 1.03

OPEN ENDED 40.00 0.22 121.37 1.13 0.33 0.98 0.33 1.48

PAYMENT CARD 10.67 0.12 63.47 0.99 0.08 0.29 0.14 0.68

IN PERSON 
–14.55 –0.11 –

119.09
–0.91 0.02 0.04 –0.43 –1.07

JOURNAL 44.73 0.29 19.41 0.12 –0.50 –1.31 –0.65 –1.79

CONSTANT 

209.85 0.17 –
1,978.

06 

–0.52 0.22 0.09 –13.58 –1.59

R2 47.07%  NA  59.46%  NA  

aBased on robust standard error estimates, corrected for clustering by study.   
bSee Eq. (9) for interpretation of this coefficient.   
cRefers to η coefficient in Eq. (9).   
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Table 6.  Benefit transfer function estimates.  

 BT Function 1a BT Function 2b 

Explanatory 
Variable 

Coefficie
nt t-statc 

Explanatory 
Variable 

Coefficie
nt t-statc 

LN(∆DAYS) 0.501 13.07 LN(∆DAYS) 0.477 12.93 

LN(∆QWB) 2.339 6.23 βd 1.239 2.22 

   QWBSYSCORE (η1)d 0.357 1.31 

   QWBMOBSCORE (η2)d 2.120 4.45 

   QWBSACSCORE (η3)d 0.476 2.22 

   QWBPACSCORE (η4)d 1.000  

LN(INCOME) 0.777 3.01 LN(INCOME) 0.833 3.96 

LN(AGE) 2.591 2.06 LN(AGE) 2.987 2.49 

   %MALE –0.017 –2.61 

US –0.181 –1.52 US –0.101 –0.73 

WTPAVOID 0.799 1.72 WTPAVOID 0.516 1.25 

JOURNAL –0.357 –2.05 JOURNAL –0.382 –1.96 

CONSTANT –12.031 –1.66 CONSTANT –13.293 –2.02 

R2 63.50%  NA 

N 236  235 

aEstimated with Weighted Least Squares Regression (SAMPLE SIZE weight). 
bEstimated with Weighted Maximum Likelihood Regression (SAMPLE SIZE weight).  
cBased on robust standard error estimates, corrected for clustering by study. 
dSee Eq. (9) for interpretation of coefficient.   
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Table 7.  Illustrative out-of-sample WTP predictions.  

 Acute Condition 1 Acute Condition 2 Acute Condition 3 Acute Condition 4 

DESCRIPTION         

Duration

∆DAYS 
1 10 1  10 1 10 1  10

breathing smog or 
unpleasant air 

cough, wheezing, 
shortness of 

breath 
headache or 
dizziness sick, vomiting 

Severity:  Symptoms 

QWBSYSCORE 
0.101 0.101 0.257 0.257 0.244 0.244 0.29 0.29 

Severity:  Functional 
Restrictions moderate moderate severe severe 

QWBMOBSCORE 0.062 0.062 0.062 0.062 0.09 0.09 0.09 0.09 

QWBSACSCORE 0.06 0.06 0.06  0.06 0.077 0.077 0.077 0.077

QWBPACSCORE 0.061 0.061 0.061 0.061 0.106 0.106 0.106 0.106

Severity:  Total

∆QWB 
0.284 0.284 0.44  0.44 0.517 0.517 0.563 0.563

VALUATION  

BT Function 1a,b         

95% C.I. Lower $38.78 $129.94 $88.59  $264.25 $109.01 $318.47 $119.68  $345.19

Predicted WTP/Case 
Avoided 

$44.94 $142.51 $125.12  $396.73 $182.43 $578.49 $222.68  $706.10

95% C.I. Upper $51.10 $155.07 $161.64  $529.22 $255.86 $838.51 $325.68 $1,067.0
2 

BT Function 2a,b         

95% C.I. Lower $67.54 $227.59 $100.26  $257.74 $110.91 $263.63 $102.08  $226.85

Predicted WTP/Case 
Avoided 

$124.11 $371.86 $158.32  $474.39 $218.80 $655.58 $229.83  $688.66

95% C.I. Upper $180.67 $516.13 $216.39  $691.04 $326.68 $1,047.5
3 

$357.58 $1,150.4
6 



 
4
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QALY Valuation Estimatec 
$77.81 $778.08 $120.55 

$1,205.4
8 

$141.64 
$1,416.4

4 
$154.25 

$1,542.4
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aConfidence intervals calculated using the estimated asymptotic variance of the WTP functions. 
bAll WTP predictions assume the following values for the other explanatory variables:  INCOME=$45,000, %MALE=50, AGE=45, 
US=1, WTPAVOID=1, JOURNAL=1. 

c(∆DAYS/365) * (∆QWB) * $100,000.   
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Figure 1.  Observed and Fitted WTP Estimates with Respect to Duration of Illness 
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aβD = ∂ln(WTP)/∂ln(∆DAYS). 
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Figure 2.  Observed and Fitted WTP Estimates with Respect to Severity of Illness 
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aβQ = ∂ln(WTP)/∂ln(∆QWB). 
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APPENDIX A.   

Table A-1.  Summary of Studies Included in the Meta-Analysis of WTP Estimates* 

Study 
Number Study Name 

Valuati
on 

Method 
Health 

Effect/Change Country 

Number 
of  

WTP Obs 

1 
Alberini and 
Krupnick 
(1998)  

CVM Acute respiratory 
symptoms Taiwan 3 

1 Alberini et 
al. (1997) CVM Acute respiratory 

symptoms Taiwan 2 

2 Bala et al. 
(1998)  CVM Pain from 

shingles US 1 

3 Chestnut et 
al. (1996)  CVM Angina attacks US 2 

3 
Rowe and 
Chestnut 
(1985) 

CVM Asthma attacks US 1 

4 Dickie and 
Ulery (2002) CVM Acute symptoms US 15 

5 
Johnson et al. 
(2000)  Conjoin

t 

Acute 
symptoms/activity 
restrictions 

Canada 67 

6 Kartman et al. 
(1996)  CVM Angina attacks Sweden 12 

7 Keith et al. 
(2000) CVM Allergic rhinitis US 1 

8 Liu et al. 
(2000) CVM Cold Taiwan 1 

9 Ready et al. 
(2001) CVM Acute symptoms Norway 10 

9 Ready et al. 
(1999) 

CVM Acute symptoms Norway, 
Netherlands, 

Portugal, Spain, 
England 

27 

10 Navrud (2001) CVM Acute symptoms Norway 18 

11 Lee et al. 
(2002) 

Conjoin
t 

One day of 
influenza 
symptoms 

US 3 

12 Torrance et 
al. (1999) 

CVM Acute 
exacerbation of 
chronic 
bronchitis 

Canada 2 

13 Jacobs et al. 
(2002) CVM Hepatitis A US 1 

14 Chestnut et 
al. (1988) CVM Angina attacks US 2 

15 Dickie et al. 
(1988) CVM Acute symptoms US 12 
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16 Loehman et al. 
(1979) CVM Acute symptoms US 36 

17 Tolley et al. 
(1986) CVM Acute symptoms US 20 

       Total 236 

* publications shown in bold font were include in the Johnson et al. (1997) meta-
analysis.   
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