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ABSTRACT
Purpose Present package information leaflets do not fulfil the needs of many patients. The objective of this study was to investigate
patients’ preferences towards content and presentation of drug information leaflets using prepared medication brochures in a discrete choice
experiment.
Methods 6 binary attributes relating to content and presentation of drug information were used to define and design alternative leaflets.
Choice sets between alternative leaflets were created based on an orthogonal design. 1,000 participants aged at least 50years were presented
8 choice sets of drug information leaflets in a personal interview. The reliability of choices was assessed with a duplicate of one original
choice. Regression analysis was used to model the impact of attributes on choices and interactions with responders’ age and education.
Results Participants slightly preferred colored over black-white leaflets, no visual presentation of side effects by the use of smilies, the pro-
vision of a brief summary, and general health tips, but no information on what-to-do in case of side-effects. All attributes except the "extent
of side-effects presented" significantly affected participants’ choices. Older and less educated participants preferred less information. Of the
repeated (duplicate) choices, 84% were replicates of the original choice. Interrater agreement was moderate (K=0.67, CI 0.6 - 0.7). 235 sub-
jects (23.5%) followed an optimization strategy and did not trade attributes, i.e., exhibited dominant preferences.
Conclusions In general, participants preferred condensed, plain information in a clear and moderately colored design, but preferences to-
wards drug information are affected by age and level of education. Copyright © 2011 John Wiley & Sons, Ltd.
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INTRODUCTION

Patients’ understanding of their medicines, benefits
and side effects has been identified as a prerequisite
for safe and effective drug therapy.1,2 Non-adherence
and errors regarding mode of administration, timing
and duration of therapy result in sub-optimal treatment
effects.3–5 Moreover, the majority of patients wants to
be well-informed and participate in decision-mak-
ing.6,7 Information about drugs is expected from the
prescribing physician or nurse, however, patients’ un-
derstanding and memory is frequently erroneous.8,9

On the other hand, pharmaceutical manufacturers are
obliged by national drug regulations to provide pack-
age information leaflets (PILs). Whereas the prescrib-
ing physician will inform the patient briefly and in an
individualized manner about the expected benefits
and some „noteworthy“ side effects,8 PILs include a
wealth of information about even very rare side
effects.10,11 Elderly patients with polypharmacother-
apy in particular need to be informed in a comprehen-
sive way, but are frequently confronted with long text
passages in small letters, non-comprehensible medical
terms 11 and risk figures, which are neither adapted to
their individual needs nor to their general “numer-
acy”.12 As a result, patients may feel alienated and
frightened. Reading of package inserts has been de-
scribed as a frequent cause for non-compliance. For
example, approximately one third of participants in a
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German survey on PILs stated that they stopped their
medications after reading about side effects in the
PIL, i.e., intentional non-compliance.13 Apparently,
present PILs do not fulfil the needs of many patients.
An alternative way to convey drug information to
patients is to generate additive medication brochures
that meet patients’ requirements and preferences and
improve patient education. The objective of this study
was to investigate consumers’ preferences towards
content and presentation of drug information leaflets.
A discrete choice experiment, an economic technique
for benefit estimation, was conducted among members
of the general public. Participants were presented se-
ries of choices between alternative drug information
leaflets to quantify the relative value of characteristics
of information provision and the trade-offs between
competing objectives.

METHODS

General design

To assess consumers’ preferences for drug information
leaflets, a discrete choice experiment (DCE) was con-
ducted. DCE is a preference measurement technique
rooted in economic theory. It rests on the premise that
goods and services can be described by a number of
attributes (e.g., ’waiting time’) and their levels (e.g.,
’1week’). The utility attached to a particular service is
a function of subjects’ preferences towards these attri-
butes and levels.14 Combinations of attributes and
levels are used to describe scenarios. Participants are
confronted with a series of hypothetical choices be-
tween alternative scenarios. As the levels of attributes
differ within choice sets respondents are required to
trade-off attributes each time they make a choice. By
observing multiple preference statements from each
individual the degree to which differences in attribute
levels influences choices becomes observable. One of
the main characteristics of DCEs is that subjects ex-
hibit their preferences towards holistic entities, and
the relative contribution of each attribute is decom-
posed and derived post hoc. DCEs have been applied
to measure preferences towards a wide range of
aspects of health care, e.g., surgical care provision15–
19. In conventional DCEs, participants are presented
theoretical descriptions of scenarios. Contrary, in our
study, attributes and levels were translated to alterna-
tive drug information leaflets, i.e., real products. That
is, participants chose between sets of prepared leaflets
rather than between descriptions of these leaflets. Low
dose acetylsalicylic acid served as example drug to
generate clinical information. Discrete choice analysis
involves the four steps of a) selecting the attributes and

levels to characterize scenarios; b) generating scenar-
ios (combinations of attribute levels); c) preference
measurement, and d) data analysis.

Attributes and assigned levels

The selection of attributes and levels was based on a
literature review and prior qualitative research.20 We
conducted six focus groups with patients with diabe-
tes, arterial hypertension and hypercholesterolemia to
elicit their wishes for written drug information. Attri-
butes and levels were derived by content analysis in
a multidisciplinary team including patients. Six attri-
butes, four relating to content of drug information leaf-
lets and two relating to presentation of information,
were identified to be of great importance: Use of color
to accentuate important information, use of symbols to
signal quantitative estimates of risk of side-effects, in-
clusion of a summary of main drug characteristics, ex-
tent to which information about side-effects is
included, inclusion of a "what to do in case of side-
effects" section, and inclusion of disease-specific
non-drug related health tips ( Table 1).

Generation and presentation of scenarios

The number of attributes and levels results in 64 possi-
ble scenarios. As this number is not manageable in a
survey, the experimental design software SPEED was
used to produce an orthogonal fractional factorial,
main effects design.21 This resulted in 8 scenarios.
To create choice sets, each of these 8 scenarios was
paired with its foldover.22 A foldover is obtained by
shifting the levels of each attribute of the original sce-
nario such that the levels are reversed. This technique
resulted in a 100% efficient design. All attributes are
uncorrelated, have minimal overlap, i.e., no attribute
appears with the same level within a choice set, and
all levels occur with equal frequency.23 In addition to
the 8 choice sets constructed this way, we included
an extra choice set that exactly replicated one of the
original sets to test the reliability of choices. This
duplicate was selected at random for each individ-
ual participant. The sequence of choice sets and
the orientation of scenarios within choice sets were
also randomly rotated to avoid order effects. In
summary, each participant was presented 9 choices
(8 from the original orthogonal design and 1 ran-
dom duplicate).

Preference measurement

The 16 combinations of attributes and levels were used
to prepare different drug information leaflets. For each

d. l. b. schwappach ET AL.

Copyright © 2011 John Wiley & Sons, Ltd. Pharmacoepidemiology and Drug Safety, (2011)
DOI: 10.1002/pds



attribute level, textual or visual elements were com-
posed with the help of clinicians and visual design
experts. These elements were combined to create alter-
native and realistic leaflets. For example, a color com-
position was developed and applied to all leaflets that
should be colorized (attribute 1). An example leaflet
is presented in figure 1. The choice task was presented
within a personal interview. Trained research assis-
tants used customized preference elicitation protocols
for each participant. The protocols included the
arrangements and order of showcards, the number of
the choice to be duplicated, and its position. Partici-
pants were presented the nine binary choices between
leaflets. They were asked to imagine that they were
prescribed the new medicine by their doctor and that
they could choose between two types of drug informa-
tion leaflets. It was clearly stated that this leaflet would
come as a supplement to the package insert. Partici-
pants were then asked to select the leaflet they person-
ally would prefer. Participants were also asked a
number of questions relating to their demographic
background. Data were recorded on prepared sheets
and entered to a database.

Data analysis

DCE data are analyzed under the framework of ran-
dom utility theory. The observed choices between sce-
narios (binary dependent variable) are interpreted as
resulting from the difference in utility associated with
the scenarios that in turn can be explained by differ-
ences in attribute levels (independent variables)24. As
each respondent provided multiple choices, a random
effects model was estimated to account for the corre-
lated error structure:

ΔUi,t=b1ΔColort+b2ΔSymbolt+b3ΔSummaryt
+b4ΔSidet+b5ΔWhatt+b6ΔTipst+ui+vi,t

ΔU denotes the difference in utility between scenar-
ios of a choice set which is observed indirectly via the
choice of the respondent. The subscripts i and t refer to
the individual and the number of choice set respec-
tively. ΔColor, ΔSymbol, ΔSummary, ΔSide, ΔWhat,
ΔTips are the differences in attribute levels within each
choice set. ui is the individual specific error term
whereas vi,t is the random error term due to differences
amongst observations. Alternative models (e.g., condi-
tional fixed effects logit, random parameter logit) were

Table 1. Attributes, their levels and codings

Label Attribute Levels Example of textual presentation Codings

Color Accentuation of important
information by colour or typeface

Black-white presentation;
boldface and underlining of

text for emphasis

-- 0

Use of colored text and
symbols

-- 1

Symbol Use of "smilie" language to
quantify side-effects

No -- 0
Yes -- 1

Summary Summary of main drug
characteristics included

No No text 0
Yes Numbered key words relating to special chapters in the

brochure to ease navigation: 1. Details on the drug: active
agent, indications; 2. What you should know before drug-
usage: contraindications, interactions; 3. Information about
drug taking, over dosage and omitted doses; 4. Possible

side effects; 5. General health tips

1

Side-
effects

Extent to which information about
side-effects is included

All common but only serious,
rare side-effects

Common side effects: Less than one out of 10 treated
persons. Stomach ache, nausea, vomiting, diarrhea.

Serious rare side effects: Less than one out of 1,000 treated
persons. Gastric bleeding, rapid heartbeat, breathlessness.

0

All side-effects
(including individual cases)

Common side effects: Less than one out of 10 treated
persons. Stomach ache, nausea, vomiting, diarrhea.

Serious rare side effects: Less than one out of 1,000 treated
persons. Gastric bleeding, rapid heartbeat, breathlessness.
Rare but not serious side effects: Increased value of uric

acid, attack of gout, skin rash.

1

What to
do

"What to do in case of side-effects
or adverse drug reactions"

paragraph included

No No text 0
Yes Call an emergency doctor immediately in case of

respiratory distress, tachycardia or when your stool is
black colored.

1

Tips General health tips provided No No text 0
Yes You should exercise for half an hour a day and avoid salt

in your diet. Stop smoking and avoid stress.
1

preferences for drug information
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also estimated but did not result in superior fit. In an
extended model, the influence of sociodemographic
characteristics of respondents on choices was investi-
gated. Since sociodemographic attributes do not vary
but are constant across choices for any individual these
variables are entered as interactions with the attribute
variables.25 These interactions reflect differences in at-
tribute preferences across subpopulations. The regres-
sion model was used to predict hypothetical choices
for combinations of attribute levels.

Reliability of choices was assessed by comparing
participants’ original choices with the results of the du-
plicate choice. Agreement of choices was assessed us-
ing Cohen’s Kappa K. In logistic regression analysis,
participants’ characteristics as well as the position of
the original choice in the sequence of choices were
used to identify predictors for reliable choices. We
also examined whether participants had dominant pre-
ferences for any attribute, i.e., always choose as to
maximize or minimize one attribute irrespective of

Figure 1. Example scenario presented to study participants (German original)
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the levels of all other attributes. Hypothetical choice
paths for dominant preferences towards single attri-
butes were created. For each attribute, a choice se-
quence was recorded that an individual with
dominant preferences for this attribute would have
chosen. For example, a respondent with a dominant
preference for colored leaflets would chose the colored
leaflet in set 1 (e.g., alternative 1), the colored leaflet in
set 2 (e.g., alternative 1), the colored leaflet in set 3 (e.
g., alternative 2), etc. Actual choice sequences were
then compared to these hypothetical paths and the
number of respondents with dominant preferences
was calculated.

SAMPLE

As we aimed to elicit preferences of those most af-
fected by frequent drug usage, we aimed to sample
subjects aged 50years and older. Research assistants
recruited elderly citizens in public spaces in several
cities in North Rhine-Westphalia and asked for partic-
ipation. Subjects willing to participate were asked
about their age and those aged at least 50 were invited
to take the interview. Participants were offered a soft
drink and a voucher. A sample size of 1,000 was
approached .26 The study was approved by the ethics
committee of the university of Witten/Herdecke.

RESULTS

During a period of 11weeks, 1,000 interviews with
participants aged 50 and over were conducted. Drug
intake was prevalent among responders with nearly
three quarters reported regular use of medicines on a
daily basis. Use of antihypertensive drugs was
reported with highest frequency. 40% reported intake
of 4 or more different tablets per day. Table 2 reports
participants’ characteristics.
The descriptive analysis of choices between scenar-

ios made by participants indicates that overall, per-
ceived differences within sets seem not to have trig-
gered clear preference patterns across the entire
population. For all choice sets, participants’ choices
were nearly equally split across the two choices within
a set. Among the eight sets, the largest difference ob-
served was 20%, with 40% opting for one scenario,
and 60% opting for the foldover. However, the analy-
sis of patterns of dominant preferences reveals that a
considerable number of participants had dominant pre-
ferences for either attribute, i.e., did always optimize
one level of one specific attribute, irrespective of all
other attributes (Table 3). The attributes for which
the highest frequencies of dominant preferences were

observed were "presentation of side-effects" and
"what-to-do information". The type of optimization
strategy followed (minimization or maximization)
was nearly equally split. Overall, 235 subjects
(23.5%) followed an optimization strategy for one spe-
cific attribute, i.e., did not trade attributes against each
other.

Table 2. Sample characteristics (n=1,000)

Characteristic n (%)

Age, years (mean (SD)) 66.1 (9.1)
50-59 26.6
60-69 35.6
70-79 29.6

80 and above 8.2
Female gender 54.6
German not as first language 3.7
School education

Lower education level (primary education) 42.3
Intermediate education level (secondary education) 24.6

Higher education level (tertiary education) 33.1
Regular use of drugs

Never 13.7
Seldom 9.2

Occasionally 3.3
Weekly 1.7
Daily 72.1

Medication utilized for treatment of *
Hypertension 49.8

Hypercholesterolemia 20.3
Cardio-Prevention 16.6

Diabetes 10.5
Pain 15.2

Any of the above 66.5
Number of different tablets taken regularly on a daily basis

None 25.5
1-2 tablets 34.4
3-4 tablets 24.3
5-7 tablets 11.6

8 or more tablets 4.1

*Multiple responses allowed.

Table 3. Number (%) of responders exhibiting dominant preferences
(n=1,000)

Optimization strategy*

Minimizing Maximizing Either
Color 4 (0.4) 33 (3.3) 37 (3.7)
Symbol 17 (1.7) 15 (1.5) 32 (3.2)
Summary 3 (0.3) 7 (0.7) 10 (1.0)
Side-effects 30 (3.0) 29 (2.9) 59 (5.9)
What to do 32 (3.2) 31 (3.1) 63 (6.3)
Tips 1 (0.1) 33 (3.3) 34 (3.4)

*The numbers refer to identified subjects that made a choice sequence as if
they based their choice only on the level of one single attribute, i.e., did
not trade attributes against each other. For example, 1.5% always chose
the alternative with symbols in the 8 choice sets while 1.7% systematically
opted for the alternatives without symbols, irrespective of the levels of all
other attributes. See methods section for detailed information.
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Of the 1,000 duplicate choices, 84% were exact
replicates of the original choice, i.e., responders chose
the same alternative when presented the same choice
set a second time. Interrater agreement was moderate
(K=0.67, CI 0.6 - 0.7). Logistic regression analysis
revealed that some choice sets were significantly more
likely to be affected by non-reliable choices, that is,
choices were harder to reproduce by participants. For
example, the odds ratio for providing a replicate choice
was 0.50 (p=0.044) if set 2 was duplicated compared to
choices in which set 1 was reproduced, irrespective of
its position in the sequence of choices. The position of
the original choice relative to its duplicate, i.e., whether
the duplicate set replicated choices earlier or later in the
sequence, nearly reached statistical significance (OR=
1.1, p=0.060). The closer original and duplicate choices
were located relative to each other, the more likely were
choices to be reliable. Among personal characteristics,
only education was a significant predictor for a repro-
duced choice (OR for intermediate/higher compared to
lower educational level: 1.64, p=0.007).
Table 4 reports results of the base regression model

and the model with interactions.
The overall model is significant at the 0.01 level

according to model chi-square and the non-significant
Hosmer-Lemeshow statistic. In the base model, all
attributes except the extent of side-effects presented,
significantly affected participants choices. Participants
slightly preferred colored over black-white leaflets, no
visual presentation of quantification of side-effects
("smilies"), the provision of a brief summary and gen-
eral health tips, but no information on what to do in
case of side-effects. Overall, the relation between attri-
butes and choices was rather weak and model fit was

limited. Dropping data from respondents that exhib-
ited dominant preferences did not change results.
There were significant interactions between age and
presentation of what-to-do information, summary,
and side-effects, and between education, what-to-do
recommendations, and extent of information about
side-effects. When interactions were included, the im-
portance of the what-to-do information attribute in-
creased considerably and the main effect of the side-
effects attribute reached significance.
Older participants had a stronger preference towards

less information. Higher educated participants valued
inclusion of information about all side-effects and
what-to-do information higher compared to indivi-
duals with lower educational attainment. Participants’
choices for a number of hypothetical leaflets were pre-
dicted taking the significant interactions between attri-
butes and age and education into account. Figure 2
shows that while education has a considerable impact
on choice probability this rarely results in different
choices predicted for participants of the same age but
different levels of education, scenario 3 being an ex-
ception. Scenario 3, which differs from the reference
in only that more side-effects were reported, was fa-
vored by younger, higher educated participants and
less likely to be chosen by older subjects with lower
education, while older participants with higher educa-
tion and younger respondents with lower education
were indifferent. Contrary, scenarios 4–8 clearly show
the age-divide in preferences, irrespective of educa-
tional level. With additional information elements pro-
vided, choice probability relative to the reference
scenario rises for younger participants and declines
for older interviewees. Only in higher educated, older

Table 4. Results of Random effects logit regression models

Basic model Interaction model

Variable Odds ratio CI p Odds ratio CI p
Color 1.10 1.02,1.15 <0.001 1.10 1.05,1.15 <0.001
Symbol 0.93 0.89,0.97 0.002 0.93 0.89,0.97 0.002
Summary 1.06 1.02,1.11 0.008 1.59 1.14,2.21 0.005
Side-effects 0.97 0.93,1.02 0.208 1.39 0.98,1.98 0.063
What to do 0.95 0.91,0.99 0.034 2.68 1.88,3.80 <0.001
Tips 1.21 1.16,1.27 <0.001 1.22 1.17,1.28 <0.001
Age x What-to-do 0.98 0.97,0.99 <0.001
Age x Summary 0.99 0.99,1.00 0.014
Age x Side-effects 0.99 0.99,1.00 0.004
Education x What-to-do 1.10 1.00,1.20 0.045
Education x Side-effects 1.24 1.13,1.36 <0.001
No of individuals 8,000 7,976
No of observations 1,000 997
Log-likelihood function �5,486 �5,428
Model chi2 0.000 0.000
Hosmer-Lemeshow test 0.60 0.16
McFadden pseudo R2 0.01 0.02
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individuals, this preference for less information can be
compensated by presenting information in color, and
inclusion of general health tips.

DISCUSSION

We investigated patients’ preferences for presentation of
information about drugs using a discrete choice design.
Differences between the base model for the entire popu-
lation and the interaction model indicate that prefer-
ences towards drug information are strongly affected
by age and level of education. While older and less ed-
ucated individuals preferred less over more information,
younger and higher educated participants were inter-
ested in more information about side effects and addi-
tional advice on what to do in case of side-effects.
Ende et al. assessed patients’ desire for information
and their wish for decision making presenting different
vignettes.27 In concordance with our findings, younger
age and higher level of education were the only factors
with a significant influence on information seeking be-
havior. Interestingly, other sociodemographic and mor-
bidity-associated factors did not predict patients’
behavior and desire. The fact that 84% of original
choices were replicated indicates the robustness of
our approach. However, choice reliability was affected
by education. Whether this is due to task complexity or
less stable preferences remains unclear. The fraction of
responders that exhibited dominant preferences, i.e.,

did not trade attributes but based their choice on one
single attribute (23%), is comparable to that observed
in other studies.28,29 These individuals may have ex-
posed very strong preferences or simply used decision
heuristics in response to task complexity.
The information about what to do in case of side

effects was not generally favored. This may point to “de-
cision making” which has clearly to be differentiated
from “information seeking” and is possibly not wanted
by many patients.27 This is underlined by the fact, that
this additional information was preferred only by par-
ticipants with higher education. Presentation of ad-
verse events (AE) has been discussed frequently.12 It
is unequivocally accepted that percentages as well as
verbal expressions such as “this adverse event occurs
rarely” are misunderstood in their true incidence,
depending on the severity of the AE, own experiences,
and framing. It has therefore been suggested, to sup-
plement numerical information with figures and charts,
where icon displays and bar charts have been proven
to be comprehensible and accepted.30,31 In a random-
ized trial in patients aged 65 and above self-reported
adherence to drug prescriptions increased when PILs
with graphically displayed information of side effects
were provided. However, there was no preference for
icons or bar graphs.32 We thus choose an icon display
with happy and sad faces expressing the number of
patients with and without side effects. Apparently, this
was not favored by the majority of responders. This
may be explained by the fact, that the pictogram was
not ideal and augmentation of the area with the un-
happy smilies would have been necessary.33 Perhaps
our written explanation did already provide a compre-
hensible denominator and the pictogram did not offer
additional benefit. Moreover, to understand graphs a
higher educational level might be necessary, which is
also underlined by our results.30 With respect to the
overall presentation of the scenarios, we used font size
11, serif type, short sentences and paragraphs for all sce-
narios and avoided expert terms. Thus, our scenarios al-
ready mirrored many recommendations regarding
PILs.34–36 This may explain why design features such
as colors and additional icons played only a minor role
for participants’ choices. The majority of participants
preferred a colored over a black-white scenario. The
literature is inconclusive regarding patients’ prefer-
ences towards colored PILs. Bernardini et al. found
that most of the patients, primarily the lower educated,
did not like a colored PIL, while other studies report
patients’ desire for color.37,38 Experts recommend the
conservative use of only dark colors.35,39 Participants
also preferred important information in form of a short
summary, similarly to Lee et al.40
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Some aspects limit the generalisability of our find-
ings. First, we used prepared leaflets rather than theoret-
ical descriptions of scenarios to measure preferences.
Low dose acetylsalicylic acid served as example drug
to operationalize information. While this has the advan-
tage that patients rated realistic situations rather than
ambiguous constructs, interactions between type of drug
and preferences towards attributes may exist and it is un-
clear whether our results also apply to other drugs.
Second, a considerable fraction of participants in our
sample seemed to exhibit dominant preferences, coun-
teracting the theoretical premises of DCE. Furthermore,
due to the methodology, we were able to investigate
only a limited number of attributes and levels.
Finally, subjects aged 80 and above account only for

a small fraction in our sample probably due to our
recruiting strategy. This may limit the generalisability
our results since these patients are those with most fre-
quent and multiple drug use.
Despite these limitations, our study has important

implications for future improvement of PILs. Even
among the already restricted age group above 50 years,
significant differences between age groups were ob-
served emphasizing the need for age-specific adapta-
tion of the extent of drug information. Much more re-
search is needed to reach the oldest old, who are
probably not the readers of websites. Our results em-
phasize the importance of education and proof, that more
general information is required especially by higher edu-
cated people. Our findings can be useful for manufac-
turers adapting their websites for consumers41 as well
as for independent (such as NICE in UK, IQWiG in
Germany) drug information sources.42,43
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KEY POINTS

• Participants preferred colored over black-white
leaflets, no visual presentation of quantification
of side-effects, the provision of a brief summary,
and general health tips, but no information on
what to do in case of side-effects.

• There is a strong age and education divide in pre-
ferences with older and less educated participants
favoring less information.

• Participants’ preferences were duplicated in a re-
peated choice task and thus seem reliable.
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