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ABSTRACT
Objectives: To conduct the benefit–risk assessment
of 3-hydroxy-3-methyl-glutaryl (HMG) coenzyme A
reductase inhibitors (statins) using a discrete choice
experiment, based on 3 major stakeholders’
perspectives including patients, experts and
policymakers in Thailand.
Design: A discrete choice experiment questionnaire
survey in three stakeholders’ perspectives.
Setting: Public hospitals in Thailand.
Participants: A total of 353 policymakers, experts
and patients.
Outcomes: Stakeholders’ preferences for assessment
criteria (stroke reduction, myocardial infarction
reduction, myalgia and hepatotoxicity). Statins’ ranking
and maximum acceptable risk in all perspectives were
also calculated.
Results: For any perspective, the most and least
important criteria were the risk of hepatotoxicity and
the benefit of myocardial infarction reduction,
respectively. Patients and experts agreed on the order
of importance for myalgia and stroke reduction, but
policymakers had different order of importance in
these criteria. Overall, results showed that the highest
and lowest chances of being chosen were atorvastatin
and rosuvastatin, respectively. Only patients’ ranking
order was different from others. Maximum acceptable
risk of hepatotoxicity was lower than that of myalgia,
reflecting the greater concern of all perspectives to
statin consequence on liver.
Conclusions: The results of benefit–risk assessment
from every perspective were somewhat consistent. This
study demonstrated the feasibility of applying a discrete
choice experiment in the benefit–risk assessment of
drugs and encouraged the engagement of multiple
stakeholders in the decision-making process.

INTRODUCTION
Among healthcare interventions, drugs play
important roles in curing and preventing dis-
eases. More than 25 000 drugs were registered
in Thailand and approximately US$3057
million were spent per year for imported and
locally manufactured drugs.1 More drugs
mean more complexity and require resources

to evaluate in drug approval and treatment
selection because an improper decision
would eventually impact people in various
forms including adverse drug reactions
(ADRs), toxicities and economic burdens. For
instance, the costs of ADRs, requiring hospita-
lisations per case of ADRs in 2013, ranged
from US$180 to US$7038 in Thailand.2

Nationally, there are two major drug assess-
ments in Thailand: drug registration and
drug selection to the National List of
Essential Medicines (NLEM). In the registra-
tion process, the Thai Food and Drug
Administration (FDA) evaluates drugs on the
basis of their efficacies and safeties3 and
would approve them if they have good effi-
cacy and safety profiles. However, only
certain approved drugs are listed in the
NLEM since it is used for rational drug use
and reimbursement purpose. In the drug
selection process, the NLEM committee uses
an ISafE score, which is a tool for grading
each drug from four dimensions, including
information, safety, compliance and efficacy,
to aid their decision-making.4 Drugs with

Strengths and limitations of this study

▪ To the best of our knowledge, this is the only
study that examined patients’, clinicians’ and pol-
icymakers’ perspectives on the benefit–risk
assessment (BRA) of drugs by applying the dis-
crete choice experiment method, which can be a
good example for various countries.

▪ This study focused only on the clinical benefits
and risks of drugs because the aim is to provide
an example of adopting a type of systematic BRA
to the decision-making process. However, it is
always possible to include more or different
criteria.

▪ The participants in this study might not be repre-
sentative of the overall Thai population because
most of them, especially patients, resided in the
southern part of Thailand. More data are needed
to generalise the results.
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more benefits and less risks would be more potentially
listed.
Even though the ISafE score has been used for more

than a decade in this process, there are some criticisms.
First, the efficacy and safety scores are calculated from a
few tertiary information sources, including Micromedex
DRUGDEX, Medscape Druginfo, Micromedex Drug
Interaction Database, and Clinical Pharmacology
CD-ROM.4 It could be difficult for new drugs to get high
scores since their available information is usually
limited. Second, every dimension of the ISafE score is
treated with equal importance and it may not be always
appropriate in real-world cases. In addition, the process
has not included various stakeholder, especially patient,
perspectives to make a comprehensive judgement.5

Specifically, the assessments are mostly based on the pol-
icymakers’ perspective at the national level, which may
be different from other stakeholders’ perspectives. From
these reasons, this drug assessment process could be
improved and was the focus of this study.
The US FDA and European Medicines Agency (EMA)

suggested a systematic benefit–risk assessment (BRA) in
the drug assessment process.6 7 BRA is the drug evalu-
ation concept, which systematically focuses on benefits
and risks of drugs. There are several BRA methods,
including multicriteria decision analysis (MCDA) and
maximum acceptable risk (MAR), using a discrete choice
experiment (DCE), which have grown rapidly in the
healthcare literature due to their strong theoretical
grounds and features. Therefore, a study was designed to
apply both methods for the BRA of drugs in Thailand.
This article is the MAR using the DCE part of the study.
Owing to limited resources, only 3-hydroxy-3-methyl-glu-

taryl (HMG) coenzyme A reductase inhibitors (statins)
were chosen as a case study. There were various support-
ing reasons for choosing statins. First, statins have been
widely used for reducing the level of plasma low-density
lipoprotein cholesterol, which is an important target for
cardiovascular risk management in coronary heart disease.
Second, choices for selection were available since there
were several statins—atorvastatin, fluvastatin, lovastatin,
pravastatin, rosuvastatin and simvastatin—with different
efficacies, health risks and prices in the Thai healthcare
market. Another reason was that they were a member in
the high-expenditure drug groups in Thailand.8 IMS
Health Thailand reported that statins alone cost the
country approximately US$154 million or accounted for
5% of total drug expenditure in 2008.9 Specifically, the
objective of this study was to quantify the benefits and
risks of statins by using DCE, based on perspectives of
patients, clinical experts and policymakers. The results
from the application of this method could be used as an
initial step for improving the drug selection process.

METHODS
DCE is one of the recommended methods for the BRA
of drugs because of its ability to quantify the importance

of each drug criterion and ability to measure the trade-
offs among those criteria.7 10 It was used to measure the
preferences of respondents for various treatment alter-
natives from well-designed choice sets.11 Each choice set
contains various alternatives. Each alternative is com-
posed of the same assessment criteria with different
levels. Respondents are asked to choose among alterna-
tives and/or no treatment (opt-out) option in each
choice set. On the basis of the Random Utility Theory,
DCE uses these decision data to estimate the trade-offs,
which respondents are willing to make between alterna-
tive criteria, and which results in assigning relative
weights to those criteria.12 In this study, the benefit and
risk attributes of statins were used as drug criteria in
DCE and their relative weights were used for quantifying
the maximum risk of drugs that respondents were
willing to accept in exchange for increasing drug effi-
cacy.13 In order to increase validity of the study design
and results, the study closely followed two DCE
guidelines.14 15

Criteria and level identification
To identify the assessment criteria of statins, interviews
were separately conducted in policymakers, clinical
experts and patients. The policymaker group comprised
physicians and pharmacists, who were members of the
Pharmacy and Therapeutic Committee (PTC) and
experienced the process of drug selection in secondary
or tertiary care public hospitals in Songkhla Province.
Physicians and pharmacists, who took care of patients
using statins at those hospitals, were in the expert group.
The patient group comprised those patients who experi-
enced use of any statin for >6 months in order to ensure
their knowledge and experiences of statins. In-depth
and focus group interviews were used with the policy-
maker and expert groups, and patient groups (5 patients
each), respectively. After six individual interviews in both
the policymaker and expert groups and three patient
focus groups were conducted, data were saturated. The
data were transcribed and analysed along with statin lit-
erature16–22 and a previous DCE study.8 The benefit and
risk criteria were chosen on the basis of their relevance,
understandability and applicability, and they needed to
be mutually exclusive.23 The chosen criteria included
stroke reduction, myocardial infarction (MI) reduction,
myalgia and hepatotoxicity. The drug interaction was fre-
quently mentioned as an important criterion, but this
study intended to include only direct harms from each
statin. The think-aloud technique with three patients was
used to test patients’ understanding of these criteria.
From studies of previous statins, the clinical parameters
of four chosen criteria of six statins were gathered from
minimum to maximum possible levels to represent and
cover the characteristics of statins. In each criterion par-
ameter, the lowest and highest levels were selected and
ensured to contain these minimum and maximum clin-
ical parameters. The levels between the lowest and
highest levels in each criterion were then selected by
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spacing evenly. The descriptions of criteria and levels
used in this study are in table 1.

Questionnaire development
From chosen criteria and levels, there were 108 possible
alternatives (4×3×3×3) and it was not feasible to include
all of them in a questionnaire. An orthogonal design (a
fractional factorial design) was used to randomly draw a
subset of all combinations by Ngene software (V.1.1.1).
Finally, 36 choice sets were generated and divided into
six blocks by the software. All choice sets were checked
to avoid the duplication of alternatives. Each question-
naire comprised six choice sets from each block.
Therefore, there were six different questionnaire ver-
sions. Each choice set consisted of two unlabelled alter-
natives describing hypothetical statins and one opt-out
alternative as illustrated in figure 1. The purpose of
adding the opt-out alternative was to simulate the real-
world situation in which participants did not have to
choose any alternative if they were not satisfied. Another
choice set, which contained a dominant alternative
(highest benefits and lowest risks), was added to every
questionnaire for a validity check. The questionnaire
also included questions on respondents’ characteristics,
descriptions of all assessment criteria, and detailed
instructions with an example showing how to choose an
alternative in a choice set.
Three patients and three pharmacy faculty members

were asked to check the content validity of the question-
naire. It was then piloted with only the patient group
(N=30) due to the limited numbers of policymakers and
experts that needed to be reserved for the main study.
No major change was made.

Data collection
The questionnaires were purposively given to three
groups of stakeholders who were not involved in the
interview step. These participants randomly received dif-
ferent questionnaire versions, but the total number of

participants in each perspective per questionnaire
version was similar at the end of the study.
While the policymaker group included physicians and

pharmacists, who were PTC members at public hospitals
or members of the NLEM cardiology and endocrinology
working groups, the clinical expert group included
those who had experience in statins use with patients.
The patient group consisted of patients who continu-
ously used statins for at least 3 months. Since the choice
sets used in this study were unlabelled choices, there was
no specific sample size calculation formula.24 By rule of
thumb, the sample size should not be <200 in any per-
spective.25 Owing to the limited number of policymakers
and clinical experts, the sample size of these two per-
spectives was adjusted to at least 60 participants, which
was the sample size of healthcare practitioners used in
previous studies.26–28 However, these sample sizes were
only initially estimated. Data collection continued until
all criteria became statistically significant, as a suggestion
from previous literature for obtaining meaningful DCE
results.29 The questionnaires were directly administered
to all respondents and their oral consent was
asked before they started. All questionnaires were col-
lected immediately after they finished. Owing to the
limited budget, only clinical experts and policymakers
received US$5.6 per person as incentive for their study
participation.

Data analysis
Data from three stakeholder groups were separately ana-
lysed. The selected alternatives were coded as ‘1’ and
other alternatives were coded as ‘0’. By using Nlogit,
multinomial logit models were developed to estimate
respondents’ utility or preference models. According to
McFadden’s random utility theory, utility (U) of each
individual (n) for alternative (i) could be described by
each criterion as the equation shown below.30

Uin ¼ X1ib1n þ X2ib2n þ X3ib3n þ X4ib4n þ 1in

where X1i, X2i, X3i and X4i were the levels of stroke, MI,
myalgia and hepatotoxicity in alternative (i), respect-
ively; β1n, β2n, β3n and β4n were the estimated coefficients
of stroke, MI, myalgia and hepatotoxicity criteria of indi-
vidual (n), respectively; and εin were error terms, which
had independent identically distributed (IID) property
and extreme value type I distribution. All X1i, X2i, X3i

and X4i were continuous variables in this model. All
models did not include any alternative specific constant
since the alternatives used in this study were generic or
they were unlabelled alternatives.31

The criterion coefficients reflected the preference of
stakeholders for those four criteria and were used to cal-
culate the probability of being chosen of each statin in
each perspective. The probability of each statin being
chosen in each statin was calculated by the ratio between
the exponential utility of each statin and the summation
of the exponential utilities in all statins. The utility of

Table 1 Study criteria and levels16–22

Criteria Definition

Selected

levels (%)

Stroke Percentage of stroke event

reduction, compared with

placebo

5, 15, 25, 35

MI Percentage of MI event

reduction, compared with

placebo

10, 40, 70

Myalgia Percentage of myalgia

event, compared with

placebo

0, 15, 30

Hepatotoxicity Percentage of

hepatotoxicity event,

compared with placebo

0, 3, 6

MI, myocardial infarction.
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each statin in each participant was calculated by the
summation of the multiplications between each criterion
coefficient and that statin’s criterion parameter. The
probability (P) of each individual (n) choosing any
statin (i) was calculated by using a formula shown
below.32

Pni ¼ eðX1ib1nþX2ib2nþX3ib3nþX4ib4nÞ=
X

i

eðX
0
jbnjÞ

where X1i, X2i, X3i and X4i were the levels of stroke, MI,
myalgia and hepatotoxicity of each statin (i=atorvastatin,
fluvastatin, lovastatin, pravastatin, rosuvastatin or simvas-
tatin), respectively; all X1i, X2i, X3i and X4i were
obtained from previous studies,16–22 as detailed in
online supplementary appendix 1; β1n, β2n, β3n and
β4n were the estimated coefficients of stroke, MI, myal-
gia and hepatotoxicity criteria of individual (n), respect-

ively;
P
i
eðX

0
jbnjÞ was the summation for all statins.

On the basis of the four criterion coefficients from
each stakeholder model and their levels of each statin
from the literature, the probabilities of all statins were
calculated and ranked across perspectives. The statin
that had the highest probability was ranked as the most
preferred statin and lower probability statins were
ranked as the second, the third and so on. However,
there were uncertainties in the study because the coeffi-
cients from DCE analysis were the estimated results with
variability and the clinical parameters obtained from the
literature also had variability. One-way sensitivity analyses
were conducted to examine the impact of parameter
uncertainties in ranking results in each perspective by
varying two major parameters, criterion coefficients and
levels. The coefficient of each criterion was varied one
by one from the lowest to highest possible values across
all stakeholder groups. The level of each criterion was
also varied one by one from the lowest to highest pos-
sible criterion levels of six statins,16–22 as previously
shown in table 1.
For MAR, the maximum level of each risk criterion

(myalgia and hepatotoxicity), which participants were
willing to accept in order to increase 1 unit level of effi-
cacy (stroke and MI), was demonstrated by calculating

ratios between benefit and risk coefficients. The MAR
results from all perspectives were used to measure
acceptable risk level in each statin by multiplying the
performance benefit level of each statin with MAR each
benefit criterion related to. The comparisons between
estimated risk levels and actual statin risk levels were
made after the calculation to demonstrate the accept-
able statins, which had their myalgia and hepatotoxicity
levels lower than the MAR levels in each perspective.

RESULTS
Participants’ characteristics
The questionnaires were collected from 63 experts, 67
policymakers and 240 patients. In the patient group,
only 223 questionnaires were used in the analyses
because 17 patients chose the wrong alternative in the
choice set for validity check. The characteristics of stake-
holders are shown in table 2. Most of the participants in
each group were women (50.7–66.7%). The average age
was 51.2 years for patients, 32.9 years for experts and
41.5 years for policymakers. In the patient group, 89.7%
of patients had an education background lower than a
bachelor’s degree, 71% had comorbidity, and 70% were
covered by universal coverage health insurance scheme.
The percentages of physicians in expert and policy-
maker groups were 49% and 60%, respectively. For the
expert group, the average working year in their special-
ties was 6.1 years. For the policymaker group, the
numbers of year that they were the members of PTC
and NLEM committee were on average 9.3 and 7.9
years, respectively.

Stakeholders’ preferences and ranking
All estimated coefficients, as described in table 3, were
in line with the meanings of benefit and risk.
Preferences for benefit and risk criteria increased and
decreased when their levels were raised by 1%, respect-
ively. All coefficients were statistically significant
(p<0.001) and all prediction models fitted well with the
data (McFadden’s R2 of 0.176, 0.286 and 0.284 for
patient, expert and policymaker models, respectively).
While hepatotoxicity was the most important criterion,
MI was the least important criterion from all

Figure 1 Choice set example.

MI, myocardial infarction.
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perspectives. The patient and expert groups agreed that
having myalgia was more important than preventing
stroke, while the policymakers thought differently.
The coefficients in each perspective were used to

determine statin ranking. In table 4, atorvastatin had the
highest chance of being chosen among all perspectives
with the probability ranging from 0.221 to 0.279, while
rosuvastatin had the lowest chance with the probability
ranging from 0.097 to 0.120. Pravastatin and simvastatin
were ranked the same in all perspectives while fluvastatin
was ranked higher than lovastatin in all perspectives,
except the patient’s perspective.
The results of sensitivity analyses are presented in

online supplementary appendix 2a–c. When each

criterion’s coefficient was varied, the most sensitive cri-
terion was MI prevention in most statins being chosen,
except rosuvastatin, which was mostly affected by stroke
prevention in any perspective and pravastatin in only the
expert’s perspective. Overall, the coefficients of risk cri-
teria made relatively minor changes. For the criteria-
level part, varying MI prevention level had the most
impact on probability of being chosen in most statins,
except atorvastatin, fluvastatin and rosuvastatin in the
patient’s perspective, in which hepatotoxicity level had
the most impact. In the patient’s perspective, myalgia
level had the least impact on pravastatin and rosuvasta-
tin, while stroke level had the least effect on other
statins. In the expert’s perspective, stroke prevention
level had the least impact on atorvastatin and lovastatin,
while myalgia level had the least effect on other statins.
In the policymaker’s view, myalgia level had the least
impact on all statins.

Maximum acceptable risk
The MAR levels in myalgia and hepatotoxicity, which sta-
keholders were willing to accept in order to trade for
1% incremental level in reducing stroke or MI events,
are shown in table 5. For every perspective, the MAR of
hepatotoxicity ranged from 0.084 to 0.135 and from
0.067 to 0.115 for stroke and MI reductions, respectively.
These were lower than the MAR of myalgia that ranged
from 0.633 to 1.123 for stroke reduction and from 0.502
to 0.965 for MI reduction. These reflected lower accep-
tances in having a higher chance of liver toxicity than
chance of myalgia to trade off with higher benefit levels
of either stroke or MI reductions. In other words, higher
importance in stroke reduction was reflected by higher
MAR because stakeholders would accept more risk for
more benefit level in stroke reduction.
The MAR of each statin is presented in table 6.

Comparing between risk parameters of each statin and
the maximum possible risk level in all perspectives, the
levels of myalgia in every statin were acceptable because
the myalgia level in each statin did not exceed the
maximum possible risk level. While the levels of hepato-
toxicity of fluvastatin, lovastatin and pravastatin exceeded
the acceptance levels in some perspectives, the level of
this criterion in rosuvastatin exceeded the acceptance
levels in every perspective. On the basis of MAR results,
only atorvastatin and simvastatin were therefore accept-
able in all perspectives.

DISCUSSION
This study intended to assess the benefits and risks of
statins, based on the perspectives of patients, experts
and policymakers, by using DCE as a BRA tool. The
study started with identifying the benefit and risk criteria
of statins. Even though these criteria were available in an
existing DCE study,8 they could not be directly applied
to this study context owing to various reasons. For
instance, the previous study included inputs from only

Table 2 Participants’ characteristics

Patients (N=223)

Age, years, mean (SD) 51.2 (0.8)

Female, N (%) 137 (61.4)

Education level: lower than Bachelor’s

degree, N (%)

200 (89.7)

Had a history of vascular disease, N (%) 24 (10.8)

Monthly income, US$, mean (SD) 470.6 (29.8)

Comorbidities, N (%)

Hypertension 54 (24.2)

Diabetes mellitus 47 (21.1)

Others 59 (26.4)

Health plan, N (%)

Universal coverage 156 (70)

Others 67 (30)

Duration of treatment, years, mean (SD) 3.15 (0.3)

Experienced adverse events from statins, N (%):

Myalgia 4 (1.8)

Rash 2 (0.9)

Clinical experts (N=63)

Age, years, mean (SD) 32.9 (0.7)

Female, N (%) 42 (67)

Experience in specialties, years, mean (SD) 6.1 (0.6)

Hospital level, N (%)

Community 24 (38)

Provincial 27 (43)

Regional 12 (19)

Policymakers (N=67)

Age, years, mean (SD) 41.4 (1.2)

Female, N (%) 34 (51)

Experience in PTC (N=59), years, mean

(SD)

9.3 (0.9)

Hospital level, N (%)

Community 25 (43)

Provincial 26 (44)

Regional 8 (13)

Experiences in working groups for NLEM

(N=8), years, mean (SD)

7.9 (3.4)

Working group category, N (%)

Cardiology 6 (75)

Endocrinology 2 (25)

NLEM, National List of Essential Medicines; PTC, Pharmacy and
Therapeutic Committee.
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experts and patients, and had no latest data on some
statins. The participant interviews were used to confirm
the inclusion of important criteria in those perspectives
and to verify patients’ understanding about terms in the
benefits and risks of statins. However, the results showed
that these criteria were consistent with those in the pre-
vious DCE study with minor changes in measuring units
and definitions and they also aligned with those criteria
in previous clinical studies of statins.16–22 This study used
the same measuring unit for the levels of all attributes.
It allowed the comparisons among the relative effects of
all criteria on stakeholders’ preferences. The study ques-
tionnaire included only important four benefit and risk
criteria to minimise the cognitive burden on respon-
dents.14 Similarly, the numbers of levels in each criterion
were kept as simple as possible by selecting three to four
levels in each criterion and they also allowed orthogonal
design.33

The results from DCE demonstrated that every stake-
holder group placed the highest emphasis on the hep-
atotoxicity risk of statins. Conversely, MI event reduction
was the least important to them. These results were con-
sistent with the previous studies’ results.8 34 However, the
results of other criteria varied across perspectives. The

second important criterion was myalgia risk in the
patient and expert groups, but it was stroke event reduc-
tion in the policymaker group. These results implied
that patients and experts had more concerns on the
harmful effects of drugs when they chose drugs from
the same group. Previous DCE studies also tended to
show that risks were more important than benefits.11 35 36

One of the reasons could be that patients did not want
any additional harm since they already suffered from an
existing disease. Similarly, the experts had direct experi-
ences with patients and they did not want to suffer any
bad consequence from their treatment decisions. For
patients, hepatotoxicity, especially as compared with
myalgia, might also sound more life-threatening to
them, which could lead to hospital admissions, work
absences or losing incomes. On the other hand, one of
the reasons for the different orders of importance across
drug criteria in the policymaker group could be that
they might base their decisions on broader views and
they could only focus on major risks and benefits, which
were hepatotoxicity and stroke reduction in this case.
Interestingly, according to the participants’ preferences,
the results of probability of each statin being chosen
showed the same ranks for the highest and lowest pre-
ferred statins, atorvastatin and rosuvastatin, respectively.
The patient group disagreed with the expert and policy-
maker groups for only the ranks of fluvastatin and
lovastatin.
The results from MAR reflected the lowest acceptance

for trading off between raising risk and benefit among
respondents. Intuitively, every stakeholder group would
have a higher MAR level for myalgia than for hepatotox-
icity. More interestingly, these results showed that the
patient group had a lower MAR level for both myalgia
and hepatotoxicity than the expert and policymaker
groups did, regardless of stroke or MI event reductions.
In other words, the patient group seemed to be more
sensitive to the risks than the expert and policymaker
groups. It was possible that they did not know how much
those risks would affect them. On the other hand, since
the expert and policymaker groups knew them, they

Table 3 Estimated parameters of multinomial logit models

Patients (N=223) Clinical experts (N=63) Policymakers (N=67)

Criteria Coefficient* SE Coefficient* SE Coefficient* SE

Stroke 0.026 0.004 0.050 0.009 0.049 0.009

MI 0.021 0.002 0.037 0.004 0.042 0.004

Myalgia −0.041 0.004 −0.061 0.008 −0.044 0.007

Hepatotoxicity −0.308 0.020 −0.367 0.043 −0.368 0.041

L-L0 −1426.439 −406.292 −433.501
Pseudo R2

† 0.176 0.286 0.284

Number of observations‡ 4014 1134 1206

*Coefficient with p<0.001.
†McFadden’s pseudo R2.
‡Numbers of observations for each stakeholder group.
L-L0, log-likelihood; MI, myocardial infarction.

Table 4 Probability of each statin being chosen and

ranking, separated by perspective

Probability of each statin being chosen

(ranking)

Statins Patients

(N=223)

Clinical

experts

(N=63)

Policymakers

(N=67)

Atorvastatin 0.221 (1) 0.262 (1) 0.279 (1)

Fluvastatin 0.156 (4) 0.173 (3) 0.185 (3)

Lovastatin 0.160 (3) 0.160 (4) 0.146 (4)

Pravastatin 0.147 (5) 0.113 (5) 0.103 (5)

Rosuvastatin 0.120 (6) 0.097 (6) 0.098 (6)

Simvastatin 0.196 (2) 0.196 (2) 0.190 (2)
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agreed on the level of MAR for hepatotoxicity when they
needed to trade it off with stroke event reduction.
Another lesson learnt from the study results was that the
policymaker group tended to accept a higher level of
MAR, as compared with the other two groups. This con-
firmed that the inclusion of the perspectives of patients
or experts who directly provided cares for patients could
improve the decision-making process since they might
not be the same as the perspective of policymakers.
When MAR was applied to statins that were available

in Thailand, there were only two acceptable statins, ator-
vastatin and simvastatin, in the patients’ perspective.
Even though lovastatin or fluvastatin has higher efficacy
levels, patients rejected them because of their high-risk
levels. These results were in line with the ranking results
showing that atorvastatin and simvastatin were ranked
the first and second, respectively. On the basis of the
MAR results, the expert group could tolerate the risks of
fluvastatin and pravastatin and accepted them in

addition to atorvastatin and simvastatin. On the other
hand, since the policymaker group tended to accept
higher levels of MAR to trade for therapeutic effects,
they could therefore accept almost every statin, except
rosuvastatin. In their perspective, rosuvastatin had an
unacceptable hepatotoxicity risk level, as relatively com-
pared with its stroke prevention level. These results
simply confirmed the importance of patient engagement
to the healthcare decision-making process. Traditionally,
patient engagement, especially at the drug selection
level, has been negligible in Thailand since policymakers
are doubtful about patients’ knowledge and competency,
and tend to believe that patients may try to persuade
towards less-restricted or irrational decisions. The results
of this study indicated that if patients were well informed
about the benefits and risks of drugs, they could make
similar or more conservative decisions.
Sensitivity analysis was conducted to examine the

uncertainty of the parameters used in this study. Two

Table 6 MAR of each statin, separated by perspective

Level of risk parameters of each statin19–22 MAR of each statin for each benefit criterion

Statins Myalgia (%) Hepatotoxicity (%) Perspective Myalgia (%) Hepatotoxicity (%)

Stroke MI Stroke MI

Atorvastatin 5.60 1.25 Patients* 15.83 19.07 2.11 2.55

Experts† 20.21 23.12 3.38 3.87

PM‡ 28.09 36.69 3.34 4.37

Fluvastatin 4.40 2.55 Patients* 13.30 21.58 1.78§ 2.88

Experts† 16.97 26.16 2.84 4.38

PM‡ 23.59 41.52 2.81 4.94

Lovastatin 2.40 1.90 Patients* 31.00 9.04 2.62 1.21§

Experts† 25.06 10.95 4.19 1.83§

PM‡ 34.83 17.38 4.15 2.07

Pravastatin 1.00 1.20 Patients* 8.86 11.04 1.18§ 1.47

Experts† 11.32 13.38 1.89 2.24

PM‡ 15.73 21.24 1.87 2.53

Rosuvastatin 2.80 2.20 Patients* 6.33 18.07 0.85§ 2.41

Experts† 8.08 21.90 1.35§ 3.66

PM‡ 11.23 34.76 1.34§ 4.14

Simvastatin 3.70 1.00 Patients* 15.20 13.05 2.03 1.74

Experts† 19.40 15.82 3.24 2.65

PM‡ 26.96 25.10 3.21 2.99

*Patients (N=223).
†Clinical experts (N=63).
‡PMs (N=67).
§Unacceptable risk level.
MAR, maximum acceptable risk; MI, myocardial infarction; PM, policymaker.

Table 5 MAR for each risk criterion for 1% incremental benefit level, separated by perspective

MAR level (%) for 1% incremental benefit level

Perspective Myalgia (%) Hepatotoxicity (%)

Stroke MI Stroke MI

Patients (N=223) 0.633 0.502 0.084 0.067

Clinical experts (N=63) 0.808 0.608 0.135 0.102

Policymakers (N=67) 1.123 0.965 0.134 0.115

MAR, maximum acceptable risk; MI, myocardial infarction.
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potential parameters, clinical parameters and estimated
coefficients that could affect the results, were varied.
The results showed that the uncertainty of clinical para-
meters had higher effects, while the effects from esti-
mated coefficients were negligible. These confirmed
that input data for the decision-making process are
important and should be cautiously obtained. On the
other hand, the uncertainty from DCE estimations,
which might also include sample size and other statis-
tical assumptions, should not be a reason for not adopt-
ing this type of BRA.
This study had limitations. First, while the study results

showed the possibility of using DCE in BRA for the drug
evaluation and selection process, DCE is a relatively new
tool to the healthcare environment in Thailand. One of
the major weaknesses is that it can include a certain
number of drug criteria. It needs to coincide with partici-
pants’ cognitions and/or their cognitive burdens to obtain
valid results. Second, this study focused only on the BRA
of clinical benefits and risks of drugs while there are other
important criteria for drug evaluation and selection that
were not included. For instance, other assessment criteria
of the ISafE score include the route of administration and
frequency or the economic evaluation of drugs includes
the cost criterion. However, this study only intended to
provide an example of adopting this type of systematic
BRA to the decision-making process. It could be used as a
supplemental tool since it allows more engagements from
other stakeholders besides policymakers. Third, this study
assumed the homogeneity of preference and independ-
ence of observed choices in the analyses. Although there
were strict assumptions, they were widely used in DCE and
the scope of this study was only to explore the application
of DCE to the BRA context. Moreover, the test of hetero-
geneity requires a larger sample size, which was not pos-
sible for the expert and policymaker groups. Another
limitation was that the participants in this study might not
be representative of the overall Thai population because
most of them, especially patients, resided in the southern
part of Thailand. More data collection is needed to gener-
alise the results.

CONCLUSION
This study intended to use DCE to assess the benefits
and risks of statins, based on different stakeholders’ per-
spectives, including patients, experts and policymakers.
All stakeholders placed the most and least emphasis on
the risk from hepatotoxicity and the benefit from MI
prevention, respectively. The importance of myalgia and
stroke prevention was weighted differently among the
three perspectives. Patients tended to have the lowest
acceptance of risk levels, which reflected their highest
worries in risk criteria of statins. Atorvastatin and simvas-
tatin were the two most preferred statins, which were
consistent with the decisions made in the current NLEM
in Thailand. The study demonstrated the feasibility of
applying DCE in the BRA of drugs.
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