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Abstract

The use of a threshold for cost-utility studies is of major importance to health authorities for making the best allocation
decisions for limited resources. Regarding the increasing number of studies worldwide that seek to establish a value for a
quality-adjusted life year (QALY), it is necessary to review these studies to provide a global insight into the literature. A
systematic review on willingness to pay (WTP) studies focusing on QALY was conducted in eight databases up to June 26,
2020. From a total of 9991 entries, 39 studies were selected, and 511 observations were extracted for the meta-analysis using
the ordinary least squares method. The results showed a predicted mean empirical value of $52,619.39 (95% CI 49,952.59;
55,286.19) per QALY in US dollars for 2018. A 1% increase in income led to an increase of 0.6% in the WTP value, while
a l-year increase in respondent age led to a decrease of 3.3% in the WTP value. Sex, education level and employment status
had significant effects on WTP. Compared to face-to-face interviews, surveys conducted by the internet or telephone were
more likely to have a significantly higher value of WTP per QALY, while out-of-pocket payment tended to lower the value.
The prediction made for the province of Quebec, Canada, provided a QALY value of approximately USD $98,450 (CAD
$127,985), which is about 2.3 times its gross domestic product (GDP) per capita in 2018. This study is consistent with the
extant literature and will be useful for countries that do not yet have a preference-based survey for the value of a QALY.
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Introduction

Quality-adjusted life year (QALY) gain is a very common
unit used to measure the effectiveness or clinical profitability
of an intervention in health [1-3]. Namely, a QALY pro-
vides the utility value associated with a given health state
for 1 year [4] and can be calculated in many ways [5]. The
utility value of a QALY is equal to one in perfect health and
to zero in case of death. Considering the limited resources
in healthcare, it is important to determine a threshold below
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which a health intervention is considered cost-effective and
a maximum threshold beyond which an intervention should
be rejected. Several studies have proposed a threshold for the
monetary value of a QALY [6-8], and several methods have
been used to estimate this value [9].

A first way to give monetary value to a QALY is to con-
sider the opinion of experts in the field. This relatively sim-
ple method consists of choosing, for a country, the value of
a QALY based on the literature and the opinions of experts
in the field. Starting with this method, several authors have
provided a cost-effectiveness threshold value for a QALY
in certain countries. Laupacis et al. [7] originally pro-
posed a range value of CAD $20,000 to CAD $100,000 for
Canada based on the work of Kaplan and Bush [6] for the
United States. Menon and Stafinski [8] proposed a more
recent value of USD $50,000, which seems to come from
Laupacis [10]. However, this method remains criticized in
the sense that it appears arbitrary and does not necessarily
reflect the real monetary value of a QALY. In particular, it
does not consider the preferences of society (i.e., in its role
of taxpayer).
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A second way to establish these threshold values is based
on the human capital theory, which postulates that the sta-
tistical value of a life (SVL) corresponds to the contribution
of what an individual brings to society [11, 12]. It consists
of using an equivalent value to the gross domestic product
(GDP) per capita. Therefore, the value of the remaining life
of an individual would be the present value (discounted)
of his or her future income. However, it is argued that the
SVL goes well beyond an individual’s simple economic
contribution, which is why some authors have postulated
using multiples of the GDP per capita to assess the value
of a QALY [13, 14]. For the World Health Organization
(WHO), this value increase up to three times the GDP per
capita, especially in developing countries [15, 16]. However,
it should be noted that if the value of the GDP per capita
reflects an individual’s economic contribution, it does not
reflect the individual’s net contribution to the extent that
everyone consumes a large number of goods and services
during his or her lifetime. Therefore, Weisbrod [17] pro-
posed using the net income from consumption. Regardless of
the method used, the human capital theory approach presents
several limitations. For instance, besides the justification of
the income discount rate, this method does not consider the
pain and suffering from disease, the reduction or cessation
of leisure activities, or the contribution of unpaid domestic
and volunteer activities [11].

A third and more appropriate way to determine a thresh-
old value is to make the assessment directly within the gen-
eral population [18]. In this setting, the preferences of indi-
viduals allow to reach the theoretical foundations of utility
and economic well-being [19] and to ensure the effective
allocation of health resources to maximize the population’s
health. Although this method seems to be the most appropri-
ate and could consider the value of unpaid activities [20],
it is not free of the bias that could impact survey methodol-
ogy and the understanding of a questionnaire. There are two
possible approaches used in the direct assessment method
[15, 21]. First, there is the perspective that one is willing to
gain a year of life in perfect health (QALY = 1. From this
perspective, the threshold value is evaluated based on what
one is willing to pay, i.e., the willingness to pay (WTP. The
other perspective is that one is willing to take a risk for his
or her health (to degrade the quality of his or her health, in
such a case, the utility value of a QALY is strictly less than
1. From this perspective, the threshold value is evaluated
based on what amount of money one would receive as com-
pensation or payment for risk taking, i.e., the willingness
to accept (WTA. These two approaches produce different
results with higher values when evaluating how much one
is willing to accept [22-24], thereby implying that the mon-
etary value of a QALY is different depending on whether the
choice is for an investment or a disinvestment [25]. Gener-
ally, the monetary value of a QALY is close to one times the
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GDP per capita when it is assessed according to the WTP
method, with the ratio varying from 0.05 to 5.40 [26]. How-
ever, when assessed according to the WTA approach, this
ratio varies from 3 to 20 [9]. The disparity of this ratio can
be explained by the experiment, the subjects, the standard
of living, etc. [1, 27-32]. Considering the strong differences
that exist between countries in terms of the monetary value
assigned to a QALY, it appears that considering a thresh-
old value that may not reflect the preferences of individuals
could lead to over- or underinvestment in health [33]. It is
therefore important to determine, for each country, what is,
in its specific context, the value that its population assigns
to 1 year of life in perfect health.

The objective of this paper was first to conduct a review
of the literature on the WTP for a QALY (WTPQ) and sec-
ond to propose a method for predicting the monetary value
of a QALY. Our contributions are multiple. First, we revised
and updated the previous empirical literature [26, 34—-36].
Second, we made an econometric estimation aiming to high-
light the relation between WTPQ and study settings such as
the country or region context, the utility elicitation method
(UEM), and the WTP elicitation method (WEM). We also
used the sample characteristics such as age, sex, education,
and income of respondents. This econometric estimation
included more variables than other studies (e.g., [37-42]
while maintaining a consistent sample size. Third, we pre-
dicted the monetary value of a QALY using the population
of the province of Quebec (Canada), for an application of
the method, with the estimated coefficients.

The rest of the paper is structured as follows. The research
methodology and the selection process are presented. Then,
we describe the studies included and the data used for the
regression. After that, a meta-regression is performed to
predict the monetary value of a QALY based on the studies’
characteristics. Finally, we extrapolated this value for the
Quebec population.

Materials and methods
Research strategy

Based on a protocol research strategy, a systematic review
of the literature with meta-regression was conducted.
We consulted the APA PsycINFO, Cumulative Index to
Nursing and Allied Health Literature (CINAHL), Med-
line EBSCO, EconlLit, Scopus, ScienceDirect (Elsevier),
PubMed, and the Cochrane Library databases. We also
conducted research on relevant studies in the gray litera-
ture (i.e., various website). We completed our review by
searching the reference list of previous works cited in
the introduction section [26, 34-36], and the references
of identified studies. The research was conducted using
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a combination of keywords in either English or French.
The keywords used were as follows: Quality-adjusted
life year, QALY, Willingness to Pay, WTP, Willingness
to Accept, WTA. We did not use the restriction of any
elicitation method. The article searches took place over
an unrestricted period until June 26, 2020. The research
strategy is available in the appendix.

Study selection and data analysis

The selection of studies was based on the criteria that the
study must include the monetary value of a QALY calcu-
lated through a stated preferences method and should not
be a literature review. Thus, only primary studies were
included in this review. In the case that we found a system-
atic review, we considered the included primary studies to
complete our selection. The selection process was indepen-
dently performed by two evaluators after reading the titles
and abstracts of the studies. After that, the studies were
fully read and selected if they met the inclusion criteria.
Studies were excluded if they did not explicitly calculate a
WTPQ or they did not allow us to perform the calculation
ourselves based on the data presented. However, authors
were contacted to obtain additional information if neces-
sary. We had no restriction regarding the target population
or geographic location. One evaluator extracted data in a
grid format, and the second validated the data. In case of
disagreement between the evaluators, arbitration by a third
evaluator was planned. Our focus was to extract data that
could allow us to perform a meta-regression. Particularly,
in addition to WTPQ and annual income, we sought infor-
mation for region, country, health status, UEM, WEM, pay-
ment vehicle, and socioeconomic variables such as age, sex,
employment status, marital status, education, etc.

We first performed a descriptive analysis of the data. We
extracted and reported the cost data in 2018 US dollars and
US international dollars (parity purchasing power). We used
inflation and exchange rate data from the World Bank and
International Monetary Fund website [43, 44]. For Taiwan
(Republic of China, Taiwan), we used data from the National
Statistics and Economy Watch (Economy Watch, Statistics Tai-
wan). For studies that did not report the cost year, authors were
contacted, and when we did not get answers, we took the year
before the publication date as the reference. We grouped the
socioeconomic data by category if such data were available.
The quality of each study was evaluated using the NIH Quality
Assessment Tool [45] and the checklist from Xie et al. [46].
Then, we conducted a regression using ordinary least squares
(OLS). Our dependent variable was the monetary value of a
QALY in parity purchasing power, and the independent vari-
ables were the study characteristics and socioeconomic data of
the sample. Based on coefficients from the meta-regression and

population characteristics, a QALY value prediction was made
for the province of Quebec.

Theoretical framework for the meta-regression

For each study that calculated a WTP using a stated preference
method, the value found was dependent on how the utility and
willingness to pay were elicited and on the socioeconomic char-
acteristics of the sample. Our theoretical framework is based on
this evidence from the literature.

Let f'be a function of WTPQ defined by two components s
and r, where s represents the study characteristics and 7 repre-
sents the respondents’ characteristics. Therefore, f (wtpq)=f
[(s, r)]. The study characteristics could be assessed as the study
settings, for example, the utility and willingness-to-pay elicita-
tion method, the mode of survey, the type of outcome presented
in the scenarios, etc. The respondents’ characteristics include
income, age, sex, marital status, education level, health status,
area of residence, etc. Our assumption is that ex ante, the study
characteristics have no influence on the respondents’ character-
istics. The design of a study cannot influence the characteristics
of the people for whom it is intended. However, when a study
is designed for a specific sample, the authors of the survey con-
sider the context of the respondents when choosing and adapt-
ing the scenario, bid values, administration mode (e.g., face
to face, internet, telephone), etc. Therefore, it is possible that
the respondents’ characteristics could have an influence on the
study settings, even if we cannot measure this magnitude. We
could then specify that f(wtpq)=f[s(r)]. On the other hand, ex
post, the respondents, while eliciting their preferences, integrate
the study’s characteristics (e.g., QoL gained, payment vehicle,
duration, and severity of scenario) to maximize their utility at
the best price (or cost). By doing so, the study’s characteris-
tics, which are exogenous ex ante, become endogenous ex post.
Therefore, the respondents integrate the study’s characteristics
and their own characteristics to give their best response. We
could then specify that f (wtpq)=f[R(s), r)], where R corre-
sponds to all the responses given to the WTP question by the
respondents based on the study’s characteristics.

Because we performed a meta-regression in this study,
we could not directly observe the bias in the respondents’
answers. However, we considered the fact that in each study,
the authors were aware of these issues and tried their best to
address them. Additionally, considering the great number
of observations from the different types of studies, these
biases would potentially be neutralized and thus allow us to
perform our estimation.

We used ordinary least squares to estimate the coeffi-
cients. Due to potential heterogeneity and heteroscedastic-
ity in the data, we used a robust estimator. Due to missing
values in some of the respondents’ variables, we used official
databases (Ministere de I’Economie et des Finances, France,
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2020; [44, 47-49] to fill in the missing values to have a com-
plete database to perform the estimates.

Regarding potential endogeneity issues, we think that
the final value of the WTPQ observed has no impact on
the studies or respondents’ characteristics. Consequently, it
is unlikely to have a reverse causality (simultaneity) issue.
Regarding the omitted variables, we remain aware that it
is not possible to have a regression model that includes all
explanatory variables. In this model, we included all the
variables we found relevant according to the literature and
our goal. The third and last possible possibility of endogene-
ity is measurement error. To account for this problem, we
reported the data from studies as they were given. Since this
study was a meta-regression, we did not have access to the
primary data. Therefore, if we suppose that the authors for
each paper adequately reported the data from their studies,
then the measurement error should be resolved. Some data
were missing or not reported for certain respondents, espe-
cially for education, age, income, and employment status.

Results
Characteristics of studies included
The PRISMA diagram flow Fig. 1 presents the selection pro-

cess of the studies. In total, 9991 articles were identified and
screened. Among them, 9894 articles were excluded, and 97

Identification

Records identified through
database search

Additional records identified
through other sources

(n=9,967) (n=24)
w Records screened
< (n=9,991)
f=4
CD
4
S
wv
Records excluded after titles
——— or abstracts were screened
(n=9,894)
Full-text articles assessed for
> eligibility
= (n=97)
Qo
o
w Full-text articles excluded
for various reasons
—,
(n=58)
E Studies included
2 (n=39)
£

Fig.1 PRISMA flow diagram for the selection of studies, June 26,

2020
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articles were fully read. We finally selected 39 studies and
excluded 58 for various reasons. Reasons for excluding stud-
ies that were fully read were the following: the study did not
provide a WTPQ value (n=14),the study did not provide full
information (n = 1); the study was a duplicate study (n=7);
the study did not use a stated preference method (n=06);
the study was not a WTPQ study (n=20); the study was a
literature review (n="7); the study was an editorial (n=1);
the study was in Spanish (n=1) or Japanese (n=1).

The year of publication ranged from 1998 to 2020, with
82% (n=32) of the studies published since 2010 and 48%
(n=19) published since 2015 Table 1. The studies cover 4
continents, namely, America (n=5), Asia (n=15), Europe
(n=18), Oceania (n=1), and 24 countries, two studies
(n=2) concerned several countries located on different con-
tinents [41, 50]. In the majority of the studies, the sample
respondents were drawn from the general population (n=27)
or patients (n=28), and four studies (n=4) focused on both
patients and non-patients [51-54]. The sample size varied
from 40 to 5008, with a mean of 955 respondents. Various
survey modes were used to interview respondents. One study
combined internet and telephone surveys [53], one study
combined internet and face-to-face surveys [55], and one
study combined internet and mail surveys [56]. The most
used survey methods were face to face (n=23) and inter-
net (n=13). All studies used the contingent valuation (CV)
method to assess the WTPQ. Double-bounded dichotomous
choice (n=28) and close-ended (n=8) were the most used
WTP elicitation methods. Some studies used a combination
of two CV methods, generally payment card, card sorting,
payment scale, or single- or double-bounded dichotomous
choice (DBDC), followed or not with an open-ended ques-
tion. For the utility elicitation methods, most studies used
a direct method (n=17), seven studies used an indirect
method, and others used a combination of direct and indirect
methods (n=15). Most of the common direct methods were
used: standard gamble (SG) (n=3), time trade-off (TTO)
(n=3), visual analog scale (VAS) (n=35), and a combination
of SG, TTO, VAS, and rating scale (RS) (n=5). One study
used a combination of TTO and discrete choice experiment
(DCE) [57]. Indirect methods were also applied using multi-
attribute utility instruments (MAUI), such as the EQ-5D,
SF-6D, HUI, and QWB. Among the seven studies that used
only an indirect method, EQ-5D was used six times alone
and one time in combination with SF-6D [54]. Among the
fifteen studies that used a combination of direct and indi-
rect methods, the most commonly indirect method used was
EQ-5D (n=12), and the most used direct method was VAS
(n=12).

Improving the quality of life (QoL) was the most used
outcome in the included studies (n=12), while other studies
focused on life extension (n=15), and some used a combi-
nation of the two outcomes (i.e., improving QoL and life
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extension) (n=6). Other studies used other outcomes, such
as perfect health, income gain and lifesavings. The large
majority of the studies used out of pocket as the payment
vehicle (n=36), two combined out of pocket and taxes [58,
59], and one used income variation [60]. More than 3 out of
4 studies used an individual perspective (n =230, four used
a patient perspective and another four used a societal per-
spective, finally, one study used both individual and societal
perspectives [61]. The WTPQ values ranged from $992 [62]
to $3,363,338 [56] (2018 US dollars). Overall, the included
studies were of good quality, with quality scores of 73% and
63.7%, which were calculated using the NIH grid [45] and
the Xie et al. checklist [46], respectively.

Descriptive results

The mean WTP per QALY (in USD PPP 2018) was
$103,618.2 (sd 396,417.5) Table 2. This value was increased
by the inclusion of three studies [56, 63, 64]. When the
three studies were dropped, the mean value was estimated
at $34,282.86 (sd 31,630.76). In all cases, the median WTP
value was below $35,000 per QALY.

By looking at the WTPQ values by continent, we found
that America and the Far East (China, Japan, Malaysia,
Republic of Korea, Taiwan, Thailand, Vietnam) had almost
the same value, while Oceania (Australia) had the highest
value of WTPQ Fig. 2. The Middle East (Iran, Kingdom
of Saudi Arabia, Palestine) had the lowest value of WTP
per QALY, which was almost one-third of the values of
America, Europe and the Far East, and one-quarter of the
value of Oceania. These differences could be explained
by methodological setups and the context of each study
and country. Many reasons may explain the differences
in the monetary value of a QALY, from the health utility
measures used [65, 66], to methodological issues [67] and
other reasons previously stated in the introduction section.

Since we have 24 countries from all the studies included
in this review, it seemed more appropriate to group coun-
tries by categories. We chose geographical criteria instead
of economic (e.g., low-, middle-, high-income country)
because we think that when it comes to value non-market
goods like environment, and health in this case, the social
and cultural context and habits have more importance than
the economic. And the most appropriate way to capture

Table 2 Mean and median

. . All studies (N=39)
estimates of WTP per QALY (in

Without [56, 63, 64] (N=36)

USD 2018) WTP WTP (PPP) WTP WTP (PPP)
Mean (sd) 104,023.7 (422,457.4) 103,618.2 (396,417.5) 30,583.5 (24,973.4) 34,282.86 (31,630.76)
Median  27,429.35 28,207.69 25211.89 27,456.13

Some studies had calculated more than one WTP per QALY. We have used all these values and aggregated
them for the calculation of the WTP per QALY in this table (n = 73 for all studies, n = 70 without the

three studies); SD standard deviation

Fig.2 Willingness to pay per
QALY by continent (without
the three studies)

60,000
50,000
40,000 37,495.47
30,000

20,000

10,000
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WTP per QALY by continent (USD PPP 2018)
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these contexts and habits is the geographical localisation
of the country.

Since it is important to empirically determine which
variables are more susceptible to influencing the monetary
value of a QALY, we conducted an econometric meta-
regression of WTPQ based on the studies and samples’
characteristics.

Meta-regression data and econometric specification

From the 39 studies selected in the review process, we
extracted 511 weighted aggregated observations since most
studies offer more than one estimate of WTPQ. We excluded
three studies [56, 63, 64] because they provided very high
WTPQ values that are very unlikely to be considered by
decision-makers and society for resource allocation. The
first two studies were quite similar and used a variation in
foodborne risk, while the other study used variation in health
risk to elicit WTPQ. For the last study, the authors used a
large variation in QALY gain applied to a road traffic injury
that could be permanent. While the 36 other studies used
variation in common health risk to elicit WTP, these three

Table 3 Description of variables used in the meta-regression

studies used somewhat particular methods that may lead to
very high values. Table 3 shows the details of the variables
used for the estimation. Variables were selected based on
many criteria. First, they should have a potential relation-
ship with the WTP as shown in the included studies (e.g.,
[37-42]. Then, their availability in the studies selected and
included in this review. Finally, since it is a meta-regression,
we used many fixed effects to control for potential multiple
heterogeneity across the studies.

The general model for the meta-regression is specified
as follows:

In WTPQ,;=R(X)+S(X)+u,

For the respondents’ regression, we included three more
variables from the study characteristics (i.e., continent,
country, respondent). Being from a specific continent or
country has an indirect effect on the standard of living and
the health status, which could affect the willingness to pay
for a QALY. Additionally, the fact that the respondent is
a patient or not (general population) could influence the
perception of a year spent in perfect health. Therefore, we
think that these three variables are relevant for assessing

Variable Label Mean (sd)/proportion/frequency Description of variables used in the regression
WTPQ Willingness to pay per QALY 32,294.2 (24,318.26) WTPQ (USD PPP 2018) is used to express the
monetary value for a QALY

INC Income 37,237.28 (21,086.56) Mean annual individual income (USD PPP 2018)
AGE Age 41.39 (6.03) Mean age of the respondents (years)
FEM Female 50.74 (7.89) Proportion of women in the sample (%)
EDUC Education 11.40 (1.66) Mean years of schooling
UNEM Unemployment 9.01 (5.61) Proportion of unemployed (%)
SUR Survey mode Face to face: 31.65 Mode of survey used to collect data

Internet: 67.93 (% of total)

Telephone: 0.42
PAY Payment vehicle Income variation: 1.27 Mode of payment for the WTPQ

Out of pocket: 97.68
Out of pocket and taxes: 1.05

PERS Perspective Individual: 90.08
Patient: 2.11
Societal: 7.81
RES Respondent General population: 93.04
Patient: 6.96
CONT Continent America: 5.06
Asia, Middle East: 9.49
Asia, Far East: 16.67
Europe: 68.14
Oceania: 0.63
CNTY Country 24 countries
UEM Utility elicitation method 16 utility elicitation methods
WEM WTP elicitation method 19 WTP elicitation methods
ouT Outcome 11 outcomes

(% of total)

Study perspective (% of total)

Sample respondent (% of total)

Region where data were collected

Countries where data were collected
Combination of utility elicitation methods
Combination of WTP elicitation methods
Combination of outcomes

For variables we do not list categories, they can be found in detail in Table 1
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how respondents’ characteristics can have an impact on their
willingness to pay per QALY.

where a is a constant and b represents the coefficients for
the explanatory variables; the subscript “i” represents the
observation. The dependent variable is the logarithm of the
WTPQ in USD PPP 2018.

Thus, the general model can be written as follows:

InWTPQ; =a + by (In INC;)
+ bageAGEi + by FEM;
+ bepyucEDUC; + bynpvpUNEMP,
+ beontCONT; + bgpspRESP;
+ bsyrvSURV; + by PAYM
+ bprrspPERSP.1;

and the predicted WTPQ based on the study characteris-
tics is as follows:

In WTPQ, =a + beonyCONT; + bpggpRESP;
+ bgurySURV, + bpaynPAYM,
+ bpgrspPERSP, + v,.

Based on the information found in the literature review
and as stated in the theoretical framework, the predicted
WTPQ based on respondents’ characteristics could be esti-
mated as follows:

In WTPQ; =a + bmc(ln INCi) + b,geAGEQ
+ bppyFEM,; + bppycEDUC, (1)
+ bynempUNEMP; + ¢;

The variables Country, Outcome, Utility EM, WTP EM,
were included as specific fixed effects.

S(X) = {Continent, Country, Respondent, Survey mode,
Payment vehicle, Perspective, Outcome, Utility EM, WTP
EM}.

where R(X) and S(X) are sets of variables for respondents
and studies, respectively.

R(X) = {Income, Age, Female, Education, Unemploy-
ment}; and,

Estimation results

The results of the estimations are shown in Table 4. Columns
1 and 4 are the estimations based on the respondents’ char-
acteristics, columns 2 and 5 are based on the studies’ char-
acteristics, and columns 3 and 6 are the overall estimations,
including all the characteristics. In the first regression (col-
umn 1), we could see that the American respondents have
significantly lower WTPQ values than those of the Ocean-
ian and Far East respondents. The difference between the

@ Springer

American and European WTP values is very small. Patients
have a greater WTP than the general population, but this
was not statistically significant. A 1% increase in individual
income was shown to lead to an increase of 0.6% in the
WTPQ value, in contrast, a 1-year increase in respondent’s
age was shown to lead to a decrease of 3.3% in the WTPQ
value. Female respondents tended to have a lower WTPQ
than that of male respondents. The more the respondents
were educated, the less they were willing to pay for a QALY.
In contrast, unemployment tended to increase WTP.

The second regression (column 2) shows the great value
of patients’ WTP in comparison to that of the general
population. Compared to face-to-face interviews, a survey
conducted by internet or telephone is more likely to have
a statistically significant higher value of WTPQ. This out-
come may indicate that, depending on whether the inter-
viewer is near the respondent will affect the value of the
responses given. Studies using out of pocket and taxes as
payment vehicles tend to have lower WTP in comparison
to a variation in the respondents’ income. Studies with a
patient perspective have lower WTP values than those with
an individual perspective; however, the societal perspective
is not statistically significant.

Overall (column 3), we found that most of the explanatory
variables have significant effects on the value of the WTPQ.
The more people earn, the more they are willing to pay for
a QALY. In contrast, educated respondents are less willing
to pay. Internet and telephone surveys have a statistically
significant positive effect on WTP values compared to face-
to-face surveys. The design setup of a study, such as the
mode of survey, the payment vehicle, and the perspective,
also has a statistically significant effect on the final WTPQ
value obtained.

Including all the studies in the regressions led to a some-
how different result. It is also important to highlight the large
coefficient variations in the regressions including all studies.
The large gap between the mean WTPQ with and without
these three studies could explain the large variations in the
estimated coefficients.

From the regressions, we predicted the mean WTPQ
value based on the estimated coefficients Table 5. The pre-
dicted mean value was obtained by taking the retransfor-
mation of exponential value of the predicted value of the
dependent variable:

~ <82> —~
Y= exp - exp(logy),

with 62 is the unbiased estimator of o2, the variance of the
error terms.

The predicted value for a QALY, namely the monetary
value estimated through the studies and respondents’
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Table 4 Estimation results

Excluding three studies All studies
(1) Respondents (2) Studies (3) Overall (4) Respondents (5) Studies (6) Overall
Continent
America - - - - - -
Europe 0.440" 0.412" 0.385 — 1.534™ —0.644" -0.818™
[0.259] [0.239] [0.244] [0.337] [0.358] [0.306]
Oceania 1.169" 0.714™ 1.186™ —0.895™ —1.067° —0.579"
[0.273] [0.227] [0.240] [0.350] [0.320] [0.304]
Asia, Middle East —0.237 —0.530" —0.220 —2.084™" —1.812" - 1.7777
[0.260] [0.233] [0.253] [0.360] [0.351] [0.342]
Asia, Far East 0.900"" —0.0990 0.390 —1.0117 —1.095" —0.902"
[0.273] [0.260] [0.319] [0.363] [0.370] [0.395]
Respondent
General population - - - - - -
Patients 0.104 0.410" 0.488™ —1.158™ —0.589 —0.397
[0.378] [0.245] [0.221] [0.311] [0.360] [0.287]
Income 0.645™" 0.329" 0.590"" 0.0197
[0.0451] [0.0668] [0.0545] [0.0823]
Age —0.0331"" 0.0153 0.00367 0.0618""
[0.0126] [0.0117] [0.0137] [0.0100]
Female —0.0197"™ —0.00984" —0.0130" 0.00597
[0.00600] [0.00509] [0.00700] [0.00606]
Education —-0.107"" —0.168"" —0.0427 —0.132""
[0.0334] [0.0343] [0.0392] [0.0405]
Unemployed 0.0218" 0.0215™ 0.0380""" 0.0491""
[0.00862] [0.00962] [0.0106] [0.0116]
Survey
Face to face - - - - - -
Internet 0.568"" 0.727" 1.079" 1.557°"
[0.144] [0.146] [0.172] [0.180]
Telephone 1.104™ 1.165™ 1.265™ 0.603
[0.274] [0.348] [0.415] [0.392]
Payment vehicle
Income variation - - - - - -
Out of pocket —1.274™ —0.684™ 0.0297 0.0333
[0.279] [0.305] [0.414] [0.399]
Out of pocket and Taxes —3.448"™ —3.172" — 1.394™ —3.271"™
[0.536] [0.616] [0.578] [0.652]
Perspective
Individual - - - - - -
Patients —1.755"" — 1.754™ —0.888" — 1727
[0.384] [0.419] [0.471] [0.362]
Societal 0.108 —0.0624 —0.0446 —0.419"
[0.133] [0.158] [0.241] [0.229]
Constant 6.157" 11.16™ 8.309™ 6.010" 9.579™ 7.484™
[0.462] [0.663] [0.884] [0.861] [0.887] [1.331]
Country Yes Yes Yes Yes Yes Yes
Outcome No Yes Yes No Yes Yes
Utility EM No Yes Yes No Yes Yes
WTP EM No Yes Yes No Yes Yes
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Table 4 (continued)

Excluding three studies

All studies

(1) Respondents (2) Studies (3) Overall (4) Respondents (5) Studies (6) Overall
N 474 474 474 511 511 511
2 0.614 0.632 0.719 0.489 0.607 0.676

sk

Standard errors are in brackets; “ p<0.10, * p <0.05,

p<0.01; dependent variable is log(WTP) in USD (PPP) 2018

Table 5 Mean WTPQ predicted Model

Excluding three studies

All studies

Respondents
Studies
Overall

59,932.06 [57,179.28; 62,684.83]
56,665.18 [54,144.14; 59,186.23]
52,619.39 [49,952.59; 55,286.19]

90,910.75 [82,222.32; 99,599.18]
102,011 [89,996.92; 114,025]
95,901.69 [83,822.37; 107,981]

Calculated from Table 4, in USD (PPP) 2018, 95% confidence interval in brackets

characteristics, was estimated at USD $52,619.39 when
excluding the problematic three studies (model 3 in Table 4.
The respondents’ and studies’ estimates show practically the
same value of WTPQ. When including all the studies, there
is a gap of more than USD $40,000,the overall estimate of
the WTPQ in this case is more than USD $95,901.69.

Predicted value of a QALY for Quebec

We used the estimated coefficients from Eq. (1) to calculate
a theoretical value of a QALY for Quebec. To do so, we used
the average characteristics of the population of Quebec in
2018 taken from the website of Statistics Quebec (Statistics
Quebec). The mean age was 49.45 years for the adult popu-
lation (i.e., those more than 18 years old), the total popu-
lation was approximately 50.13% women, and the average
income was estimated at CAD $52,874 (USD $40,672). The
mean years of schooling was estimated at 10.67, and 5.5% of
the active population was unemployed. Hence, we multiplied
those values by their corresponding coefficients in model 3
Table 4 to predict the final value of a QALY for Quebec.

We obtained a predicted value of USD $98,450 (CAD
$127,985) per QALY. This value seems plausible since com-
pared to the sample, Quebec had almost the same respond-
ents’ characteristics (education and women proportion) but
a lower unemployment rate and a higher age and average
income Table 3.

Discussion

Through this review, we aimed to synthetize the large lit-
erature on the monetary value of a QALY to provide global
insights on this topic and actualize the previous reviews
to provide updated information. Since, to the best of our

@ Springer

knowledge, there is no previous empirical study that elic-
ited the WTP for a QALY in Quebec, this review made the
first attempt at estimating this value based on the empirical
evidence. We initially aimed to review WTP and WTA in
this article, but it was impossible to find studies that elicited
the preferences of people regarding accepting payment to
take a risk for their health. Therefore, we focused on WTP
studies only.

The selection of only studies containing stated prefer-
ences for this review is supported by the fact that the WTP
values elicited through these methods are the most likely
to represent population preferences. Our methodology for
searching studies and reporting results was consistent with
the PRISMA guidelines [68]. We found many differences in
the studies selected. Studies across countries used different
utility and health state elicitation methods, with the most
preferred being EQ-5D, VAS and TTO. The way in which
people were exposed to the WTP question also varied largely
across studies. From these findings, we derived two possible
ways to predict the WTPQ using the respondents’ and/or
the studies’ characteristics. Our results in the “respondents”
model confirmed a statistically significant effect of income,
education, age, and sex on the WTPQ. This result confirmed
the previous results found by Van Houtven et al. [36]. The
coefficients signs were as expected for income and age, but
we cannot make conclusions about the signs of the coef-
ficients associated with sex, education, and unemployment.
However, we found that women had lower WTP values than
men. This finding needs to be confirmed by further empiri-
cal studies. Our results also showed that the respondents
tend to report a higher WTPQ value when they are not near
the interviewer. This result is contrary to the “social desir-
ability bias” stated by Ethier et al. [69]. “Social desirability
bias occurs when individuals provide different responses
in the presence of an interviewer in an attempt to appear
more socially acceptable”. In our study, the respondents



Willingness to pay for a quality-adjusted life year: a systematic review with meta-regression 291

Table 6 Mean WTPQ predicted
(without fixed effects)

Model

Excluding three studies

All studies

Respondents
Studies
Overall

61,133.84 [58,442.18; 63,825.51]
53,240.5 [51,088.04; 55,392.95]
52,049.93 [49,364.57; 54,735.29]

93,175.66 [84,165.55; 102,185.8]
100,208 [88,417.9; 111,998]
90,274.73 [79,437.8; 101,111.7]

from internet or telephone surveys had higher WTPQs than
did those from face-to-face surveys. The robustness estima-
tion made using studies cluster standard errors showed that
our results remain consistent Table 8 in Appendix). Fur-
thermore, when removing all regressions fixed effects, the
predicted WTP per QALY gave values close to the main
results, which strengthen our findings Table 6.

The predicted value for a QALY based on the Quebec
population’s characteristics showed that it could be USD
$98,450 (CAD $127,985), which represents more than 2
times Quebec’s GDP per capita in 2018. This value is con-
sistent with the literature from Nimdet et al. (2015), who
found that “the ratio between WTP per QALY and GDP
per capita varied widely from 0.05 to 5.40”, depending on
the study settings. Furthermore, this value is consistent
with those suggested by other authors [7, 8, 10]. Impor-
tantly, the result presented in this review relies on our
methodology and on the characteristics of the included
studies and their econometric estimation methods. To the
best of our knowledge, no study was conducted in Quebec
to assess the value of a QALY. Our meta-analysis thus
provides a broad overview of what could be this value
based on what is already known: the literature and the
characteristics of the Quebec population.

The results obtained from the econometric regressions
showed some consistency with the previous literature on
WTP. Respondents with higher income tend to be will-
ing to pay more while the payment amount have a nega-
tive effect on the willingness to pay [70-72]. While WTP
decreases with age, another study did not find an associa-
tion with education and occupation [71]. Theses authors
also found that self-payment (out-of-pocket) tend to be
rejected by individuals and lower the WTP. Finally, even if
we did not have these variables in our estimates, it is worth
to precise that some studies found pain and risk reduction
to be associated with higher willingness to pay [73, 74].

Because the studies included in this review come from
different settings and countries, it is also important, while
interpreting the results to remember that all these hypo-
thetical scenarios were implemented in countries which,
for the majority, have health insurance plans. Studies

included in this review comes from different healthcare
system types which are generally classified into four cat-
egories: the Beveridge model, the Bismarck model, the
national health insurance model, and the out-of-pocket
model or the private insurance model [75]. Although we
do not know how this may affect our results since mixed
models may coexist, this may be investigated in future
research. Indeed, each country has somehow adapted
a general model to his own convenience. For example,
United States and China have an out-of-pocket healthcare
system, but a part of the population in the US is covered by
a national health insurance system (Medicare) and another
part by a Beveridge system (for veterans) and finally a Bis-
marck system (employer-based health care). The Bismarck
system is widely used in Germany, Japan, Netherlands, and
France. The United Kingdom and Spain used a Beveridge
system; and finally, the national health insurance system
is used by Canada and South Korea [75, 76].

During this review, we selected studies that met our
inclusion criteria yet also gave us as many details as pos-
sible about their design and respondents’ characteristics.
Including more studies than have been included in previ-
ous systematic reviews [26, 35] gave us more observations
and allowed us to obtain more precision in the regres-
sion results. Including variables such as utility elicitation
method, willingness to pay elicitation method, outcome
and survey mode also led to us having more precision in
our estimates. There was no significant difference between
the willingness to pay value obtained for Quebec and those
obtained from the studies included in this paper. The qual-
ity of studies included in this review was acceptable, with
mean scores above 64%. The three studies excluded were
from Sweden [56, 64] and the United States [63]. The
fact that after inclusion, America became the region with
the highest QALY value may be due to the higher weight
given to the United States than that for Sweden. These
three studies were excluded because the scenarios they
used were very different which may have led to very high
QALY values ranging from USD $900,000 [64] to more
than USD $3.3 million [56]. Two of them used a food-
borne risk to assess the value of a QALY, while one used
a road accident injury.
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Overall, combining all these studies to estimate the mon-
etary value for a QALY potentially leads to some concerns,
especially the lack of some variables that could have helped
to explain the WTPQ more precisely. The underreporting of
these variables could bias the estimates. In addition, having
health status measured with different tools is a key concern
in this review, but we addressed this issue using fixed effects
to capture this heterogeneity. Furthermore, the perspective of
the study, being societal or individual, could have an impact
on the WTPQ. Finally, the way in which the respondents
were asked to pay (i.e., the payment vehicle) may have
impacted the results. Indeed, payment via out of pocket or
via taxes would have some effect on the WTP [77]. The
duration of the scenario is also a key point. Scenarios includ-
ing many possibilities, such as improving QoL, extending
life or simply saving a life could lead to varied effects on
the WTP. It is, of course, hardly possible to consider all
these details in a review where the data are limited by what
previous authors reported in their primary studies. Our aim
herein was to have the maximum variables to use without
constraining the sample estimation.

Even if the QALY values were converted into purchasing
power parity, they remain widely unbalanced, probably due
to country context. Obviously, countries with high incomes
tend to have high QALY values, while low-to-middle income
countries have lower values. The prediction we obtained for
Quebec could be used as evidence of this. The exclusion
of the three studies with extremely high QALY values [56,
63, 64] did not affect the general finding of this systematic
review, as Ruen and Svensson (2015) did by excluding one
of these studies. Including these studies merely raised the
mean estimate value without calling into question the overall
results. The precision of the results outlined herein depends
on the precision of the primary data reported by each study
included in this review. Hence, one should keep this in mind
while interpreting the results. It is also worthwhile to recall
that, as stated by Van Houtven et al. [36], all the estimated
WTP values in the included studies were for adult respond-
ents. No study has focused on children or teenagers.

Considering all this heterogeneity in the data, it could
not be possible to use this model as a standard in the meta-
regression of QALY studies. However, the model used
provided insight into how we could model and predict the
monetary value of a QALY based on evidence from studies.

@ Springer

Obviously, the model would be much more efficient with
homogenous data samples.

Finally, we believe that this review, even if it has some
weaknesses, as highlighted by the issues cited above, could
be useful in many ways. First, it provides a new and updated
systematic review and a meta-regression using stated prefer-
ence studies. Including more studies and more observations
in this review led to us obtaining more efficient and precise
estimates. Second, in a context where decision-makers need
up-to-date information to make the best decisions possible,
it would be useful for them to have an overview of what is
going on in the literature about WTPQ. Third, a country
that does not have yet a monetary value for a QALY could
predict a theoretical value using the estimated coefficients,
as we did for Quebec. Even if this estimation would not be
totally accurate, it could provide a first idea based on the
population characteristics.

Conclusion

Knowing the monetary value that a population assigns to
one QALY is very useful information for health authorities.
This information allows them to make effective decisions
regarding choosing between different health technologies,
treatments, or medicines. In this article, we reviewed the
literature on studies concerning the WTP for a QALY. Based
on the included studies, we calculated a mean estimate of the
value for a QALY by continent. We performed regressions
using a generalized least squares method with fixed effects to
control for heterogeneity in the data. The results confirmed
a strong and significant relationship between socioeconomic
variables, study characteristic variables, and the WTP for a
QALY. The predicted value made for Quebec showed that
the outcome was consistent with the values found in the lit-
erature. Although this study may have some weaknesses, we
are confident that it is methodologically rigorous and could
help to estimate the monetary value of a QALY elsewhere.

Appendix

See Tables 7, 8.
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Table7 Bibliographic research Database Combination of keywords Entries
methods on June 26, 2020
PubMed 2807
Quality-Adjusted life year AND willingness to pay 2370
Quality-Adjusted life year AND willingness to accept 437
MEDLINE (EBSCO) 2059
Quality-Adjusted life year AND willingness to pay 2049
Quality-Adjusted life year AND willingness to accept 10
Scopus 2558
Quality-Adjusted life year AND willingness to pay 2536
Quality-Adjusted life year AND willingness to accept 22
Science Direct (Elsevier) 414
Quality-Adjusted life year AND willingness to pay 386
Quality-Adjusted life year AND willingness to accept 28
Cochrane Library 994
Quality-Adjusted life year AND willingness to pay 766
Quality-Adjusted life year AND willingness to accept 228
APA PsycINFO 191
Quality-Adjusted life year AND willingness to pay 189
Quality-Adjusted life year AND willingness to accept 2
CINAHL 871
Quality-Adjusted life year AND willingness to pay 865
Quality-Adjusted life year AND willingness to accept 6
EconLit 73
Quality-Adjusted life year AND willingness to pay 72
Quality-Adjusted life year AND willingness to accept 1
Total 9967
Table 8 Estimation made with studies cluster standard errors
Excluding three studies All studies
(1) Respondents (2) Studies (3) Overall (4) Respondents (5) Studies (6) Overall
Continent
Europe 0.440 0.412 0.385 —1.534 —0.644 - 0.818
[0.690] [0.498] [0.502] [1.322] [1.202] [1.029]
Oceania 1.169 0.714 1.186™ —0.895 —1.067 - 0.579
[0.769] [0.553] [0.564] [1.372] [1.103] [1.014]
Asia, Middle East -0.237 —0.530 —0.220 —2.084 - 1.812 - 1777
[0.675] [0.496] [0.490] [1.295] [1.141] [1.087]
Asia, Far East 0.900 —0.0990 0.390 - 1.011 —1.095 —0.902
[0.727] [0.491] [0.601] [1.325] [1.189] [1.109]
Respondent
Patients 0.104 0.410 0.488 —1.158 —0.589 -0.397
[0.501] [0.383] [0.380] [0.712] [0.797] [0.673]
Income 0.645™" 0.329™ 0.590"" 0.0197
[0.0746] [0.103] [0.0937] [0.188]
Age —-0.0331" 0.0153 0.00367 0.0618™
[0.0171] [0.0193] [0.0348] [0.0291]
Female -0.0197" - 0.00984 -0.0130 0.00597
[0.00849] [0.00888] [0.0134] [0.0116]
Education -0.107" -0.168""" -0.0427 -0.132
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Table 8 (continued)

Excluding three studies

All studies

(1) Respondents (2) Studies (3) Overall (4) Respondents (5) Studies (6) Overall
[0.0557] [0.0555] [0.0891] [0.0869]
Unemployed 0.0218 0.0215 0.0380 0.0491
[0.0136] [0.0199] [0.0248] [0.0403]
Survey
Internet 0.568 0.727" 1.079" 1557
[0.372] [0.242] [0.593] [0.471]
Telephone 1.104™ 1.165" 1.265 0.603
[0.451] [0.634] [0.992] [0.817]
Payment vehicle
Out of pocket —1.274" -0.684 0.0297 0.0333
[0.557] [0.525] [0.949] [0.837]
Out of pocket and Taxes —3.448" —3.172" - 1.394 -3271°
[1.010] [1.068] [1.276] [1.632]
Perspective
Patients - 1.755"" - 1.754" -0.888 - 1.727°
[0.609] [0.639] [0.823] [0.854]
Societal 0.108 —0.0624 —0.0446 -0.419
[0.292] [0.380] [0.515] [0.538]
Constant 6.157" 11.16™ 8.309"" 6.010" 9.579"" 7.484™
[1.391] [1.221] [1.899] [2.483] [2.287] [2.682]
Country Yes Yes Yes Yes Yes Yes
Outcome No Yes Yes No Yes Yes
Utility EM No Yes Yes No Yes Yes
WTP EM No Yes Yes No Yes Yes
N 474 474 474 511 511 511
r2 0.614 0.632 0.719 0.489 0.607 0.676
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