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To compare the values regulators attach to different drug effects of oral
antidiabetic drugs with those of doctors and patients.

We administered a ‘discrete choice’ survey to regulators, doctors and
patients with type 2 diabetes in The Netherlands. Eighteen choice sets
comparing two hypothetical oral antidiabetic drugs were constructed with
varying drug effects on glycated haemoglobin, cardiovascular risk,
bodyweight, duration of gastrointestinal complaints, frequency of
hypoglycaemia and risk of bladder cancer. Responders were asked each
time which drug they preferred.

Fifty-two regulators, 175 doctors and 226 patients returned the survey.

Multinomial conditional logit analyses showed that cardiovascular risk
reduction was valued by regulators positively (odds ratio 1.98, 95%
confidence interval 1.11-3.53), whereas drug choices were negatively
affected by persistent gastrointestinal problems (odds ratio 0.24, 95%
confidence interval 0.14-0.41) and cardiovascular risk increase (odds ratio
0.49, 95% confidence interval 0.27-0.87). Doctors and patients valued these
effects in a similar manner to regulators. The values that doctors attached
to large changes in glycated haemoglobin and that both doctors and
patients attached to hypoglycaemia and weight gain also reached
statistical significance. No group’s drug choice was affected by a small
absolute change in risk of bladder cancer when presented in the context of
other drug effects. When comparing the groups, the value attached by
regulators to less frequent hypoglycaemic episodes was significantly
smaller than by patients (P = 0.044).

CONCLUSIONS

Regulators may value major benefits and risks of drugs for an individual
diabetes patient mostly in the same way as doctors and patients, but
differences may exist regarding the value of minor or short-term drug
effects.
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Introduction

There seems to be a gap between expectations about
regulating drugs and the decisions on drug approval. For
example, in the wake of pancreas-related adverse events
of incretin mimetics (glucagon-like peptide-1 agonists
and dipeptidylpeptidase-4 inhibitors), regulators were
criticized for not making clear why they approved these
drugs. Long-term benefits had not been demonstrated,
but serious potential risks were identified [1]. Earlier
critical reports on the regulatory oversight of another
oral antidiabetic drug, rosiglitazone, had also appeared
[2, 31.

A French review considered only four of 97 new drugs
approved in 2010 a therapeutic advantage, and stated
that regulators put companies’ short-term financial inter-
est above patients’ wellbeing. The authors called for
decision-makers to make patients’ wellbeing their top
priority [4].

Regulators base their decision to approve new drugs
on an assessment of the balance between benefits and
risks as determined in pre-approval studies at a population
level. Doctors make decisions for individual patients,
making use of population-level information. Patients may
value benefits and risks from a different perspective and
make a decision based on the information that they
receive from their healthcare provider and other informa-
tion sources, including the patient leaflet that contains the
most relevant information approved by the regulators.
Although regulators are likely to be blamed for being
overly tolerant to drug risk following any high-profile drug
safety issue, they have also been criticized for being exces-
sively risk averse, preventing important new drugs from
reaching the market in a timely manner [5].

An important question is whether regulatory decisions
take the clinical needs, perspective and reality of doctors
and patients sufficiently into account. It may be consid-
ered improper that patients, as the most relevant stake-
holders, are not included in licensing decisions, while
shared decision making is now common in daily clinical
practice. Our ultimate goal is to gain insight into how
involving patients and doctors in the regulatory process
might affect the decision making. For this, itisimportant to
evaluate similarities and differences in their evaluation of
drug effects. Several studies have evaluated how patients
and doctors value drug benefits and risks, for example in
the field of diabetes [6-9], but not in comparison to regu-
lator’s assessments. Their views could be different as a
result of making decisions at the population level instead
of the individual patient level, but it could also be that
regulators fundamentally value benefits and risks of drugs
in a different manner to other stakeholders.

To compare the drug preferences and values underly-
ing drug choices of regulators with those of doctors and
patients, we conducted a ‘discrete choice’ survey, where
these groups were asked which hypothetical oral
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antidiabetic drugs (OADs) with varying benefits and risks
they preferred for a typical patient with type 2 diabetes.

Methods

Study participants

We performed a survey to estimate the relative value that
regulators, doctors and type 2 diabetes patients assign
to different drug effects. All 65 clinical and pharmaco-
vigilance assessors and 14 members of the Dutch Medi-
cines Evaluation Board were sent an e-mail containing a
link to the survey website and unique login information.
After 2 and 3 months, an e-mail reminder was sent to
nonresponders. Doctors included were general practition-
ers and internists practising in diabetes care. A randomly
selected list of 593 general practitioners was obtained
from the Dutch institute of research in healthcare (NIVEL).
A list of 252 internists practising in diabetes care was com-
piled from the websites of all Dutch hospitals. These
doctors were sent a paper-based questionnaire including
an option to respond electronically through a secure
website. Two months later, nonresponders were reminded
to fill in the questionnaire. Patients between the age of 60
and 75 years, receiving at least one prescription of an OAD
in the preceding 4 months, were identified from pharma-
cies in the northern part of The Netherlands. Pharmacy
interns contacted these patients by telephone and
requested permission to send a questionnaire. Two weeks
after the questionnaire was sent, the interns telephoned
again to follow up on nonresponders. A waiver was
obtained from the medical ethical committee of the Uni-
versity Medical Center Groningen for this survey.

Study design

A discrete choice experimental design was used, where
participants were asked to choose between several pairs of
hypothetical OADs. The method incorporates a trade-off
to elicit participants’ willingness to accept certain risks in
exchange for a certain amount of benefit [10]. We followed
a step-wise approach in designing and conducting our
discrete choice experiments [11]. We first identified the
relevant drug effects to create the hypothetical OADs.
To that end, we performed 22 in-depth interviews (six
patients, three nurses, nine doctors, three regulators and a
pharmacist). In addition, an informal review of the litera-
ture (including studies into patient preferences for certain
drug effects) [6-9], regulatory requirements and product
labelling of OADs was conducted. The effects selected
(Table 1) were as follows.

« Control of diabetes, the efficacy parameter used in trials
for market authorization applications.

*Impact on cardiovascular outcomes. Controlling blood
glucose levels should ultimately lead to a decreased car-
diovascular (CV) risk, but an increase in risk was shown
with rosiglitazone [12].

Br) Clin Pharmacol / 79:6 /[ 979
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Table 1

Drug effects and levels as used for the hypothetical drugs

Drug effect Levels

Glycated Small decrease from 8.5 to 8.0% (too small)
haemoglobin Intermediate decrease from 8.5 to 7.5% (suboptimal)
Large decrease from 8.5 to 6.9% (optimal)

Cardiovascular An increased (4%) risk; 4 instead of 3 of 100 patients

disease Unchanged (3%) risk; 3 of 100 patients
A decreased (2%) risk; 2 instead of 3 of 100 patients
Effect on 5% (4.5 kg) weight gain
bodyweight No influence on weight

10% (9 kg) weight loss
Mild nausea, Throughout the use of the drug
vomiting During the first 2 weeks of use of the drug
or diarrhoea No stomach complaints
Hypoglycaemia More than 2 times per month
1-2 times per month
None
Increased (0.06%) risk; 6 instead of 4 of 10 000 patients
Unchanged (0.04%) risk; 4 of 10 000 patients

Risk of cancer

* Impact on weight [6-9].

« Duration of gastrointestinal (Gl) complaints [common
adverse drug reaction (ADR) of various OADs] [8, 9].

+ Risk of hypoglycaemia (common ADR of various OADs)
[8, 9].

« Risk of bladder cancer, a serious but rare ADR that has led
to debate about the safety of pioglitazone [13-15].

In a second step, we defined the levels of variation of
these drug effects for the hypothetical drugs (Table 1). We
selected levels of variation that were considered to be
plausible and representative of existing OADs.

Finally, we defined the choice tasks to elicit preferences
of study participants.

Participants were presented several sets of two hypo-
thetical OADs and asked each time to choose between
these two (Figure 1). Each set differed on at least two drug
effects. An orthogonal algorithm (Orthoplan, SPSS v.19;
SPSS Inc., Chicago, IL, USA) was used to select the minimal
number of choice sets needed to enable the estimation of
all main effects. The final selection comprised 18 choice
sets. Regulators received all choice sets. To minimize the
burden for patients and doctors, they received a random
set of six choice sets each. This approach is considered
appropriate when at least 60 responses per group (doctors
and patients) are received for each scenario. An example of
a choice set is shown in Figure 1.

Survey instructions

At the start of the survey, the participants were presented
with a description of a hypothetical diabetes patient; the
patient vignette. This patient was a 67-year-old male,
weighing 90 kg, using metformin, antihypertensive medi-
cation and a statin. His blood glucose was poorly con-
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trolled and he was in need of a second drug in addition to
the metformin. The regulators were asked to indicate
which of the two OADs they felt was more appropriate for
the patient. Doctors were asked to imagine that they were
treating this patient and base their choices on their treat-
ment preferences for that patient. The patients were asked
to imagine being this patient and to indicate which drug
they preferred based on their own preference. The sce-
nario also read that all drugs had a similar impact
on microvascular outcomes. The patient vignette was
repeated above each choice question.

Additional data collection

At the end of the survey, a number of general questions
were included. Regulators were asked their gender and
how many years they had worked for the Dutch Medicines
Evaluation Board (MEB). Doctors were asked their gender,
whether they were general practitioners or specialists and
how many years they had been registered as practitioners.
Patients were asked their gender, age, highest completed
education and the year when they were diagnosed as
having diabetes.

Analyses

We present descriptive analysis of which hypothetical
drug was preferred per choice set by each of the responder
groups. We evaluated the choices that were made by the
respondents to check whether respondents made the
same choices each time. For modelling of the data from
the discrete choice experiments, we used multinomial sta-
tistical models, in which one of the levels for each drug
effect is set as reference level [16].

The following levels were chosen as reference: a small
decrease in glycated haemoglobin (HbA1c) level, no
change in CV risk, no effect on weight, no stomach com-
plaints, no episodes of hypoglycaemia and no change in
risk of bladder cancer. The main effect model included 11
dummy variables, because five of the drug effects varied
on three levels and one drug effect on two levels. We
performed conditional (fixed-effects) logistic regression
analysis to detect which variables influenced choice for
the groups of regulators, doctors and patients separately
(STATA 13.1 Special Edition; Statacorp, College Station,
TX, USA). We used seemingly unrelated estimation
(postestimation command suest) to test (Chow test) for
statistical differences between odds ratios (ORs) between
regulators vs. patients and regulators vs. doctors.

Results

Respondents

The survey using hypothetical drugs to elucidate
what values regulators, doctors and patients attach to
OAD benefits and risks was returned by 52 (66%) regula-
tors, 175 (21%) medical doctors and 226 (72%) patients.



Medicine A
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Medicine B

Glycated
haemoglobin

Decreases from 8.5% to 7.5%

60 65 7.0 75 8.0 85

Glycated

haemoglobin

9.0 9.5%

Decreases from 8.5% to 7.5%

60 65 7.0 75 8.0 85
FEE .

9.0 9.5%

Glycated

haemoglobin

Cardiovascular
disease

Unchanged (3%) risk;
3 out of 100 patients

An increased (4%) risk;
4 instead of 3 out of 100 patients

Weight 5% (4.5 kg) weight gain

No influence on weight

Mild nausea,
vomiting or
diarrhoea

During the first 2 weeks of use

No stomach complaints

Hypoglycaemia

“hyop’s” 1-2 per month

None

Unchanged (0.04%) risk;

Bladder cancer 4 out of 10 000 patients

Increased (0.06%) risk; 6 instead of
4 out of 10 000 patients

My preference goes to:

Medicine A l:’

Figure 1

Example of a discrete choice task

The regulators had a median work experience of 5 years
[interquartile range (IQR) 3-11 years] and comprised a
mixture of clinical and pharmacovigilance assessors as
well as seven independent members of the MEB. The
doctors comprised a group of 130 general practitioners
and 45 internists, of whom 49% had >20 years of experi-
ence in clinical practice. The median age of the patients
was 67 years (IQR 64-71 years); 48% were women, and

Medicine B I:I

they had median disease duration of 7.5 years (IQR 3-13
years; Table 2). The participants were most outspoken in
their preferences in sets 6, 8, 9, 10 and 13 (Figure 2). We
manually checked for respondents who answered only A
or only B and found only two such cases, both by patients.
Few respondents (two of 52 regulators, one of 175
doctors and nine of 226 patients) provided partly com-
pleted or not completed surveys. Excluding these cases,
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Table 2

Demographic characteristics of responders

Number (%)

Demographics Median (IQR)
Regulators (n = 52)
Gender [female; n (%)] 24 (48%)
Experience at the MEB [years; median (IQR)] 5(3-11)
Doctors (n = 175)
Gender [female, n (%)] 69 (39%)
General practitioners [n (%)] 130 (73%)
Years of experience [n (%)]
<1 year 3 (2%)
1-5 years 12 (7%)
5-10 years 24 (14%)
10-20 years 50 (28%)
>20 years 87 (49%)
Patients (n = 226)
Gender [female; n (%)] 108 (47.8%)
Age [years; median (IQR)] 67 (64-71)
Duration of diabetes [years; median (IQR)] 7.5 (3-13)

Abbreviations are as follows: IQR, interquartile range; MEB, Dutch Medicines
Evaluation Board.

in a sensitivity analysis, did not affect our analyses (data
not shown).

Values attached to drug effects

A reduction in CV risk was the drug effect that positively
affected the choice of the regulators [OR 1.98, 95% confi-
dence interval (Cl) 1.11-3.53], whereas persistent Gl prob-
lems (OR 0.24, 95% Cl 0.14-0.41) and CV risk increase (OR
0.49, 95% Cl 0.27-0.87) were considered as significant
negative drug effects. Also, doctors and patients valued CV
risk decrease positively [OR 4.40 (95% Cl 2.44-7.94) and OR
1.74 (95% Cl 1.06-2.86), respectively]; and CV risk increase
negatively [OR 0.37 (95% Cl 0.22-0.65) and OR 0.47 (95% Cl
0.28-0.78), respectively]. Likewise, persistent Gl problems
affected drug choice negatively for both doctors (OR 0.20,
95% C10.12-0.32) and patients (OR 0.16, 95% CI 0.10-0.25),
whereas temporary Gl effects did not affect drug choice for
any responder group (Figure 3). While weight gain as a
negative drug effect was only marginally significant for the
regulators’ choices (OR 0.64, 95% Cl 0.41-1.00) and doctors
(OR 0.62, 95% Cl 0.41-0.94), it had a more pronounced
significant value for patients (OR 0.39, 95% Cl 0.26-0.59).
The occurrence of episodes of hypoglycaemia did not sig-
nificantly affect the drug choice of regulators, whereas it
did affect the choices of doctors and patients. Frequent
hypoglycaemias (OR 0.16, 95% Cl 0.07-0.37) affected the
choice of doctors, and both frequent hypoglycaemias (OR
0.24, 95% C1 0.11-0.51) and less frequent hypoglycaemias
(OR 0.50, 95% CI 0.28-0.90) affected the choice of the
patients. Regarding HbA1c, there was no significant
impact of either intermediate or large decreases in HbA1c
for the regulators’ or patients’ choices, but doctors pre-
ferred OADs with a large decrease in HbA1c levels (OR 3.24,
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95% Cl 1.25-8.43). Regulators were in agreement with
doctors and patients regarding the lack of importance of
changes in risk of bladder cancer (Figure 3).

In the analyses in which regulators were compared
with doctors or with patients, we observed that the value
attached by regulators to less frequent hypoglycaemic
episodes was smaller than by patients (P = 0.044). The
value attached to individual drug effects did not differ sig-
nificantly between regulators and doctors.

Discussion

To our knowledge, our study is the first to compare the
value that regulators, doctors and patients attribute to
drug benefits and risks. The results indicate that regulators
value drug effects of OADs mostly in the same way as
doctors and patients when a benefit-risk assessment is
made for a patient with type 2 diabetes. Regulators, as well
as both doctors and patients, valued the long-term cardio-
vascular benefits and symptomatic ADRs as more impor-
tant for the drug choice than effects on bodyweight or an
increase in bladder cancer risk. However, less frequent epi-
sodes of hypoglycaemia were considered less important
by regulators than patients.

Our findings do not support the assumption that regu-
lators have fundamentally different views from other
stakeholders when valuing individual drug benefits and
risks but illustrate that differences may exist regarding the
relative value of specific, minor drug effects. Trade-offs
between long-term benefits and symptomatic ADRs are
expected to be context and disease dependent. Parents of
children with cancer were more likely to accept serious
ADRs than parents of children with less serious diseases
[17]. Input of the most relevant stakeholders, patients and
their healthcare providers could offer valuable support for
regulatory authorities in decision making. Some argue that
patients may push for earlier availability of drugs for life-
threatening diseases; however, research by the European
Medicines Agency (EMA) does not support this [5, 18];
here, it was found that patient organizations such as
EURORDIS (representing patient organizations for more
than 4000 different rare diseases) stress the need for well-
conducted clinical studies rather than opt for unproven
off-label drug use [5, 18]. Our data complement findings of
a small study by Britten et al. that showed patients can
interpret a US Food and Drug Administration (FDA)
summary of drug benefits and risks [19]. This pilot study
suggested that a more direct involvement of patients in
regulatory decisions is feasible. The level of agreement on
the benefit-risk evaluation of hypothetical drugs observed
in our study indicates that involvement of patients in regu-
latory decisions does not necessarily result in different
decisions. It could, however, result in a better understand-
ing and acceptance of the decisions made. Still, when
making specific choices between two hypothetical drug
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all responders preferring the hypothetical drug A in a given choice set. B, regulators; I, doctors; M, patients

options, patients may have different preferences. In terms
of transparency, European regulators have taken the view
to disclose full clinical trial data supporting drug applica-
tions in the near future [20]. Maybe now is also the time to
expand the involvement of patients in regulatory decision
making, by routinely presenting them with a summary of
key benefit-risk information as available at the time of the
final decision making by the US FDA or EMA and ask
whether a drug should be approved. Patient involvement
and participation in the postapproval process has already
been implemented in the pharmacovigilance risk assess-
ment committee [21].

Frequent hypoglycaemic events significantly affected
drug choice by doctors and patients, but not by regula-
tors. The difference between patients and regulators
reached statistical significance for the less frequent epi-
sodes, although this may be a chance finding due to mul-
tiple testing. It seems, however, that the regulators may
be more willing to accept hypoglycaemia as a pharmaco-
logically inevitable ADR of some OADs. Doctors and
patients may have real experience with hypoglycaemia
and its effects on quality of life and put more value on this
ADR when choosing a drug for a specific patient [8, 9, 22].
Nevertheless, it remains surprising that regulators did not
attach much value to drugs causing hypoglycaemic
events, because the EMA diabetes guideline even speci-
fies detailed analyses of occurrence and severity of
hypoglycaemic events [23]. All groups valued changes in
CV risk as important, considering this effect as one of the

principal aims of OAD treatment [24]. Whether this also
implies that CV benefits need to be demonstrated before
approval in view of the respondents cannot be answered
with our survey. It is, however, of note to learn that
two recently approved second-line OADs, which were
approved based on their glucose-lowering effects, were
not able to show cardiovascular benefit in their dedicated
outcome studies [25, 26] Neither regulators nor patients
placed a significant weight on changes in HbATc in rela-
tion to the other included drug effects, whereas doctors
did. The regulators’ choice may seem surprising, because
HbA1c is the efficacy parameter based on which new
OADs are approved. However, this finding may be
explained by recent evidence that more aggressive
glucose-controlling strategies do not always translate into
better long-term patient outcome; i.e. micro- and/or
macrovascular benefit [27, 28]. While the scenario read
that all drugs had a similar impact on microvascular out-
comes, the simultaneously presented effects of our hypo-
thetical drugs on CV risk may have influenced this finding.
These effects are usually not known when the drug
receives market approval [29, 30]. A previous study that
showed patients did consider HbA1c an important drug
effect did not test the effect of changes in HbA1c in the
context of a beneficial effect on CV risk [9].

Regulators placed similar values on persistent Gl com-
plications to doctors and patients, acknowledging the dis-
ruptive effect that persistent symptomatic ADRs can have
on the patients’ quality of life and, most probably, treat-
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Figure 3

Perceived value of drug effects by regulators, doctors and patients (odds ratios and 95% confidence intervals). An odds ratio >1 indicates that responders
are more inclined to choose a drug with a specific drug effect and level. Vice versa, responders are less inclined to choose drug effects and levels with an

odds ratio <1

ment compliance. Our finding that persistent ADRs are
seen as more important than transient ADRs is in line with
other studies [8, 9]. Regulators, doctors and patients also
agreed in the limited value they attached to changes in
bodyweight, although patients were less inclined than
others to choose drugs that resulted in weight gain. This
may be explained by the fact that regulators look at
bodyweight as an indicator of metabolic control, while
patients may already have struggled with losing weight as
a means to control their diabetes or because of social pres-
sure to be thin [31]. Finally, an interesting observation was
that regulators, doctors and patients agreed in the lack of
value they attached to an increased risk of bladder cancer.
It could be that they interpreted that risk as less relevant in
view of the low absolute risk. We displayed the risk in abso-
lute terms, and not as a relative risk, giving a more accurate
picture of the clinical relevance of this drug effect, which
may have contributed to its interpretation [32]. The dura-
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tion of use of the OAD was not defined, although from the
context it was clear that it was intended for long-term use.
Thus, the increased risk presented in our choice sets would
also be in line with current knowledge that bladder cancer
is related to the cumulative pioglitazone dose received
[33]. We cannot but speculate whether a general risk of
cancer, or a more publicized risk, such as pancreatic cancer
that is linked to glucagon-like peptide-1 agonists, would
have resulted in a different effect [1]. It is known, however,
that media attention may amplify perceived risks [34].

Limitations

The results of a discrete choice model are inherently sub-
jective to the drug effects and levels chosen. When larger
differences in levels are presented, different effects on
preferences may result [35]. We selected levels that are
plausible and representative of what is known about real
OADs to minimize this effect. By focusing on OADs, we



could include a range of different drug effects. However,
for other drug classes with other drug effect profiles the
results might have been different. Nonetheless, similar
results could be expected for other preventive treatments,
such as for antihypertensive drugs, for which short-term
risk reduction, long-term benefits and symptomatic ADRs
also need to be considered when making drug choices.
Drug scenarios were presented in various ways. Some of
the effects were depicted only with text and numbers,
others with coloured pictures, hence being more notice-
able. The design of the scale figure used to describe
changes in HbA1c is based on a previous discrete choice
study [9]. The design of the ‘smiley-face’ matrix used to
describe changes in risk of CV events was intended to
make the proportions presented understandable to all
groups of respondents [36]. The results show that most
value was attached to a drug effect (persistent Gl prob-
lems) that were presented with text only, indicating that
this difference in presentation did not lead respondents to
disregard those drug effects.

We used a typical 67-year-old diabetes patient, for
whom a drug choice had to be made. A different patient
vignette, e.g. an elderly patient, might have changed the
responses. Gastroenterologists valued ADRs as less impor-
tant when presented with a vignette of an elderly patient
than of a younger patient [37]. However, the aim of the
present study was to assess differences between groups
when presented with the same patient. The patient popu-
lation was selected from pharmacies in the northern part
of The Netherlands and might not necessarily represent
patients from outside The Netherlands. The patients
selected for the study were 60-75 years of age and might
differ in their preferences or values from those older or
younger. However, this criterion should also facilitate the
patient imagining himself or herself as the ‘typical’ patient
for whom a drug choice had to be made. Likewise, the
doctors and regulators selected for this study were
working in The Netherlands and could have different
values from those working in other countries.

The low response rate of doctors is a limitation, but
respondents were representative in terms of gender and
location in The Netherlands [38]. A low response by
doctors has been more often reported and we cannot
exclude the possibility that it may have biased our results
in the sense that doctors who are especially interested in
diabetes treatment may be overrepresented. There is no
indication, however, that more interested doctors would
value drug effects differently. The relatively high response
rate among patients, in contrast, suggests that they found
the task interesting. This is encouraging because it sug-
gests a certain willingness to participate in the drug
decision-making process.

Implications for policy and practice
In conclusion, our results show that regulators may value
major long-term benefits and risks of drugs in the same
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way as doctors and patients but may differ on the value of
other drug effects. As such, the input of these other stake-
holders could support regulators in making decisions that
sufficiently reflect the clinical needs of doctors and
patients. So far, to a limited extent they are involved in
regulatory activities in Europe, such as by participation in
scientific advisory groups, but it has been suggested that
their role needs further strengthening [39]. Britten et al.
showed that patients can interpret information about
drug benefits and risks at a population level as provided in
the regulatory process [19]. The input of doctors and
patients may be helpful especially for decisions that are
not that straightforward and may provoke debate, such as
regarding the impact of small risks for serious adverse
effects or of uncertain benefits.
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