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ABSTRACT 
 

Background: Several medicines are known to potentially impair patients’ driving 
fitness. Appropriate communication towards patients about this risk can be supported 
by the use of package warning labels. Objective: To compare the effectiveness of a 
standing practice yellow/black label—with written warning—with a newly 
developed rating model in communicating risk on driving-impairing medicines 
(DIMs). Furthermore, the added value of a side-text in the rating model was 
determined. Setting: Community pharmacies in the Netherlands. Method In a cross-
sectional study, patients with a first dispensing of a DIM were asked by their 
community pharmacists (n = 38) to fill out a written questionnaire to compare each 
of the three warning labels. A 2 [yellow/black label vs. rating model (pair 1) and 
rating model with side-text vs. rating model without side-text (pair 2)] × 3 [category 
of driving-impairment: I = minor risk, II = moderate risk, III = severe risk] design 
was used. The category of driving-impairment varied per respondent, depending on 
the DIM the patient collected. Main outcome measure: (1) estimated level of driving 
risk valued by patients (2) intention to change driving behaviour after seeing the 
warning label. Results: An estimated number of 992 patients were approached. As 
298 questionnaires were analysed, the net response rate was 30 %. With the 
yellow/black label, respondents considered DIMs of all three categories of driving-
impairment to equally impair driving fitness, while with the rating model the 
estimated risk was higher when the category referred to a higher level of driving-
impairment. Addition of a side-text to the rating model resulted in a significantly 
higher estimated level of driving risk and a significant increase in intention to change 
driving behaviour. Only 8.0 % of the patients using a category III DIM estimated the 
level of driving risk correctly when seeing the yellow/black label, while this was 26.7 
% for the rating model and 43.0 % for the rating model with side-text. Conclusion: 
The yellow/black label, which is standing practice in the Netherlands, is less 
effective in terms of estimated risk and intention to change driving behaviour, 
compared to a newly developed rating model. This model is even more effective 
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when a side-text is added. Implementation of the rating model in clinical practice 
should be considered. 

IMPACTS OF FINDINGS ON PRACTICE 

• The use of warning labels on the package of driving-impairing medicines 
(DIMs) in the Netherlands can be improved. A newly developed pictogram 
seems to be more effective in terms of estimated risk and intention to change 
driving behaviour than the yellow/black label. 

• Proper warning labels can be useful as a support tool to provide tailor-made 
information to patients consuming DIMs. Both patients and pharmacists will 
benefit. 

INTRODUCTION 
More than seven hundred medicines are known to potentially impair patients’ driving 
fitness (referred to as DIMs, driving-impairing medicines) [1]. The main groups that 
have been identified as such include benzodiazepines, opioid analgesics, 
antidepressants and first-generation antihistamines [2–8]. Most recent categorization 
system is a system developed within the Driving under the Influence of Drugs, 
Alcohol and Medicines (DRUID) project [9], in which nearly all DIMs available in 
the European Union have been classified into three categories of driving-impairment 
(referred to as categories). Category I DIMs have minor influence on driving fitness. 
For category II and III DIMs this influence is moderate and severe, respectively [1]. 
Appropriate communication about the potential risk of these DIMs is essential 
towards patients who are willing to participate in traffic. Risk communication is 
important for effective decision making in healthcare settings [10–14] as it stimulates 
patients to weigh the benefits and risks of a treatment choice or behavioural change 
[11, 15]. As such, risk communication contributes to informed patient consent [13, 
14]. The community pharmacy is the most suitable place to communicate this risk, as 
it usually is the last opportunity for patients to be informed by healthcare 
professionals before indeed starting treatment. Furthermore, in the past few years 
pharmacists are expected to play a more central role in providing information to 
patients at time of dispensing [16]. Although communication on risk of driving under 
the influence of DIMs is relevant for patients, this issue will be part of a counselling 
practice in which concerns, expectations and beliefs about their medicines are to be 
discussed. It is unclear how more emphasis on DIMs will affect pharmacy practice if 
pharmacists have to comply with time constrains and increased patient centeredness. 
In the Netherlands, a warning label is used on the package of DIMs since 1973 
(referred to as the yellow/black label). This yellow label contains a warning in black 
writing (Fig. 1). It does not make any distinction between the three categories of 
driving-impairment. Furthermore, there is no visual expression by familiar symbols 
as in pictograms, while patients’ understanding of risk has been found to increase by 
visual display of information [13, 17]. Moreover, previous studies showed that the 
majority of patients did not change their intention to drive a car while using a DIM 
that was delivered with the yellow/black label [18, 19]. As such, there is room for 
improvement concerning risk communication on the package of DIMs in the 
Netherlands. 
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[FIGURE 1] 

Pictograms and DIMs 
The European Union suggested in 2005 to introduce a harmonized pictogram in all 
Member States. The United States Pharmacopoeia (USP) describes pharmaceutical 
pictograms as “standardized graphic images that help convey medication 
instructions, precautions, and/or warnings to patients and consumers” [20]. A new 
model (Fig. 2) was developed within the DRUID project (referred to as the rating 
model) [8, 21]. This pictogram reflects all possible levels of risk in a horizontal bar 
of four boxes: 0 (no impairment; green), 1 (minor risk; yellow), 2 (moderate risk; 
orange) and 3 (severe risk; red), thus clarifying the relevance of the different levels 
of risk. A triangle with a black car inside is shown in the box which represents the 
category of the dispensed DIM. In order to provide action-oriented guidance to 
patients, a side-text can be added to the rating model (Fig. 2). The side-text used in 
this study is derived from the French model for indicating DIMs and adjusted by 
DRUID partners [1, 21, 22]. 

[FIGURE 2] 
Studies on the use of warning labels on the package of DIMs in other countries such 
as Spain, Australia and France showed that it can enhance patients’ understanding 
and influence patients to reduce their driving frequency [23, 24]. Furthermore, a 
previous study of our research team showed that the DRUID pictogram is understood 
better by respondents than the current French pictogram [21]. However, the DRUID 
pictogram has not yet been compared to current practice in the Netherlands: the 
yellow/black label. 

Aim of the study 
The aim of this study was to evaluate and compare the effectiveness of the 
yellow/black label and the DRUID rating model in communicating risk on DIMs, to 
patients initiating the use of a DIM. Furthermore, the added value of a side-text in the 
rating model was determined. Effectiveness was aimed to be determined in terms of 
estimated level of driving risk and intention to change driving behaviour. 

Ethical approval 
In this study patients were only asked for their interpretation of warning labels in a 
general context. Therefore no approval of the medical ethics committee is needed in 
the Netherlands. All community pharmacists and patients participated voluntarily 
and anonymously and were well-informed by the research team beforehand. 

METHOD 

Design 
In this cross-sectional study, patients with a first dispensing of any DIM classified in 
category I, II or III were asked to fill out a written questionnaire by their community 
pharmacist during a 7-week period. All community pharmacists in the Netherlands 
received an online invitation to participate in the study. Conditions for participation 
were: (1) using the yellow/black label on the package of DIMs of all categories, and 
(2) ability to select patients with a first dispensing of a DIM from their pharmacy 
dispensing software. 
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Patient inclusion criteria were: (1) possession of a driving license, and (2) driving a 
car at least once in the previous 6 months. The pharmacist checked these criteria with 
the patient and, as an extra check, these questions were also asked in the 
questionnaire. Patients were asked to return the questionnaire to the research team 
within 2 weeks. After the study period, about half of the participating pharmacists 
reported the number of questionnaires they distributed to patients. Their answers 
were used to estimate the net response rate and the total number of distributed 
questionnaires. 

Questionnaire 
Different versions of the questionnaire were made for category I, II and III DIMs. 
The questionnaire started with questions about socio-demographic characteristics. 
Next, respondents were asked identical questions for all three warning labels 
included in the study, corresponding to the category of the dispensed DIM. As 
patients were confronted with the yellow/black label on their medicine package in 
the community pharmacy (as standing practice), it was considered to be logical to 
pose questions on this label first in the row of three. Questions on the other two 
labels (rating model with and without side-text) were alternated to avoid answering 
bias caused by the order in which the warning labels were posed, resulting in two 
different versions of the questionnaire for each category of driving-impairment. 

Estimated level of driving risk 
Respondents were asked “How dangerous would you value driving a car if this 
warning label was affixed to your medicine box?”. A 4-point scale was used to 
estimate this risk (1 = harmless to 4 = very dangerous). Answers were coupled with 
categories to determine the number of respondents who estimated the risk correctly: 
category I: 2 = low danger; category II: 3 = dangerous; category III: 4 = very 
dangerous. Option 1 = harmless was not coupled with one of the categories since this 
answer represents medicines without any influence on driving fitness. 

Intention to change driving behaviour 
To express respondents’ intention to change their driving behaviour, patients were 
asked how likely they would change their driving behaviour if the warning label was 
affixed to their medicine box. Answers ranged from 1 = very unlikely to 5 = very 
likely. Furthermore, respondents were asked how often they would drive after 
dispensing of the DIM. Answers ranged from 1 = driving equally to 5 = not anymore. 

Socio-demographic characteristics 
Gender, age and education level were assessed. The different education levels were 
reduced to three levels: low (no education, primary school, lower secondary 
education, lower vocational education), intermediate (intermediate secondary 
education, intermediate vocational education) and high (higher vocational education, 
university degree). 

Analysis 
A 2 [yellow/black label vs. rating model (pair 1) and rating model with side-text vs. 
rating model without side-text (pair 2)] × 3 [category of driving-impairment: I, II and 
III] design was used for conducting analysis. Respondents who failed to answer a 
question or provided more than one answer were excluded from the analyses for that 
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question. To assess differences in the composition of the patient population for the 
different categories of DIMs in terms of gender, age and educational level, Chi 
square tests and one-way ANOVA analyses were used. To determine differences 
between the warning labels on estimated risk and intention to change driving 
behaviour, paired t tests were conducted. Additionally, one-way ANOVA analyses 
(with post hoc Bonferroni tests) were performed to determine the difference between 
categories on these items, with estimated risk and intention to change driving 
behaviour as dependent variables and the categories as factors. P values lower than 
0.05 were considered to be statistically significant. 

RESULTS 
Thirty-eight community pharmacies were enrolled in the study. A total of 321 
patients returned the questionnaire, 23 of whom were excluded as they did not 
possess a driving license (n = 19) or did not participate in traffic recently (n = 4). Of 
the analysed questionnaires, 49 (16.4 %) concerned category I DIMs, 110 (36.9 %) 
category II DIMs and 139 (46.6 %) category III DIMs. Twenty-three pharmacies 
reported the number of distributed questionnaires after the data collection was 
finished. After correction for the non-responding pharmacies, the estimated number 
of distributed questionnaires was 992, resulting in a net response rate of 30 %. 
Respondents’ characteristics are summarized in Table 1. The study population 
included more women than men (n = 182; 61.3 % female) and the mean age was 53.6 
(±15.0) years. Respondents in the different categories did not differ on gender and 
education level, but respondents who used a category I DIM were significantly 
younger compared to those who used a DIM within the two other categories. 

[TABLE 1 ] 

Estimated level of driving risk 
With the yellow/black label, respondents estimated the level of driving risk about the 
same for all categories of DIMs (P = 0.50), while for the rating model this risk was 
significantly higher when the category of driving-impairment was more severe (P < 
0.001, Fig. 3a). Addition of side-text to the rating model resulted in significantly 
higher levels of estimated risk in all three categories, ranging from low danger (P = 
0.03) to dangerous (P < 0.001, Fig. 3b). 

[FIGURE 3] 
Regardless of the warning label, most of the patients using a category I DIM 
estimated the potential risk correctly (ranging from 67.3 to 75.5 %). When seeing the 
yellow/black label, only 8.0 % of the respondents using a category III DIM estimated 
this risk correctly, while this was 26.7 % for the rating model and 43.0 % for the 
rating model with side-text (Fig. 4). 

[FIGURE 4] 
As an alternative analysis patients using a category III DIM were considered to be 
right when they judged the driving risk as either 3 = dangerous or 4 = very 
dangerous. In that case 44.5 % estimated the risk correctly with the yellow/black 
label, while these values were 80.0 and 67.4 % for the rating model with and without 
side-text, respectively. 
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Intention to change driving behaviour (likelihood) 
Regardless of the warning label, respondents’ intention to change driving behaviour 
is about the same for category II and III DIMs and is lower for minor risk DIMs. 
This difference between category I and higher risk DIMs is least obvious for the 
yellow/black label (Fig. 5a). Addition of side-text to the rating model resulted in a 
significantly higher intention to change driving behaviour in all three categories, 
ranging from neutral in category I (P = 0.03) to likely in category II and III (P < 
0.001, Fig. 5b). 

[FIGURE 5] 

Intention to change driving behaviour (driving frequency) 
For each of the three warning labels, respondents’ intention to reduce their driving 
frequency is significantly higher when the potential driving-impairment of the 
dispensed DIM is more severe (P < 0.001), though for the yellow/black label this is 
least obvious (Fig. 6a). Addition of side-text to the rating model resulted in a 
significantly higher intention to reduce driving frequency, ranging from driving 
equally / slightly less often (P = 0.01) to nearly much less often (P < 0.001, Fig. 6b). 

[FIGURE 6] 

DISCUSSION 
As the risk of driving under the influence of DIMs is considerable, proper risk 
communication is essential towards patients who are willing to participate in traffic. 
This communication can be supported by the use of warning labels on medicine 
boxes. This study compared the effectiveness of the yellow/black label as currently 
used in the Netherlands and a rating model (with and without a side-text) as proposed 
within the DRUID project. The yellow/black label does not seem to communicate 
risk on driving fitness in an adequate way, as stated before in other studies [18, 19]. 
Moreover, the rating model turned out to be an appropriate alternative, especially 
when a side-text is added. 
For the yellow/black label, patients estimated the level of driving risk to be equal for 
all categories of driving-impairment (category I, II and III), despite of the great 
differences in actual risk. Moreover, only 8.0 % of the patients using a severe risk 
DIM estimated this risk correctly. Considering the rating model, on the other hand, 
the estimated risk was greater as the category of the DIM was more severe. Yet, if 
the rating model were to be introduced, addition of a side-text is recommendable, as 
it results in a significant increase of estimated risk and respondents’ intention to 
change their driving behaviour. Moreover, of all three labels investigated, the 
number of respondents who estimated the risk of severe risk DIMs correctly is 
highest using this model (43.0 %). 
Although the clear differences in estimated level of driving risk between the 
yellow/black label and the rating model without side-text, respondents’ intention to 
change their driving behaviour did not differ that much. Possibly the combination of 
the yellow/black label and the information given to patients in the pharmacy at 
dispensing is sufficient to result in an intention to change behaviour, even without 
patients realizing the actual risk of the DIM. They may learn this risk from the rating 
model in the questionnaire while the intention to change driving behaviour is not 
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influenced any further. When patients see the rating model with side-text, on the 
other hand, this intention is increased significantly, probably caused by the specific 
textual instruction which is lacking in the rating model without side-text: the 
combination of visual (pictogram) and written (side-text) information is known to 
help patients to assess pictograms better than the pictogram on its own [26, 27]. 
The effectiveness of the rating model has been investigated before by Monteiro et al. 
[21]. Similar to our study, the estimated risk with the rating model was found to be 
greater as the category of the DIM was more severe. However, contrary to our study, 
no added value of side-text was found. This may be caused by the fact that almost 
half of the participants in the Monteiro study had a university degree. Highly 
educated patients might already interpret the rating model correctly without the need 
of side-text [28]. In our study the education level of respondents was more 
representative of the Dutch population. Moreover, contrary to the Monteiro study, 
our study was carried out among patients who were actually in the situation to make 
a decision changing their driving behaviour, namely those with a first dispensing of a 
DIM. 

Strengths and limitations 
A strength of this study is that it is performed in the actual target population for the 
warning labels and that the category of driving-impairment is taken into 
consideration, increasing the study’s external validity. Furthermore, as identical 
questions were asked about each of the three warning labels, respondents were able 
to make a direct comparison between the different labels. 
A limitation of the study is the small sample size (N = 298), although common in this 
type of research [29]. Especially the number of respondents using a minor risk DIM 
(n = 49) was relatively low. This, however, reflects clinical practice: the number of 
users in category II and especially category III is higher than in category I [30]. 
Another limitation is the fact that the labels as printed in the questionnaires were 
slightly larger in size compared to how they are meant to be used in practice. As a 
result, the added value of text (yellow/black label and rating model with side-text) 
might have been overestimated, especially in patients with visual impairments. The 
questionnaire in this study has not been validated. However, it can be seen as 
reliable, as it is derived from the Monteiro study: that questionnaire was developed 
by NIVEL in corporation with representatives of relevant parties in the field [21]. 
Usability of the newly developed pictogram as additional information to written 
patient information leaflets could not be tested, resulting in a limitation when 
deciding on replacing warning labels in pharmacy practice based on our results. 

Impacts on practice 
Warning labels can enhance patients’ understanding and can influence patients to 
reduce their driving frequency [21, 23, 24]. As such, warning labels should serve as 
support tools to provide tailor-made information to the patient in the community 
pharmacy, in which the risks (driving-impairment), benefits (cure) and patients’ 
wishes are weighed [11, 15]. The impact of these labels should be seen as a part of 
the whole process of reaching informed patient consent. Furthermore, not only 
patients will benefit: pictograms can help pharmacists in providing proper 
information towards patients as well, especially when it is supported by information 
integrated in the pharmacy dispensing software [25]. Our study emphasizes the need 
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for proper printed materials to inform patients, but also that such labels should be 
used in the dispensing process as a whole. 

Future research 
In our study patients were provided with information in their community pharmacy 
with the yellow/black label attached to their medicine box, while they had never been 
confronted with the two rating models before. In future research different patients 
should be confronted with different labels, while receiving information as usual. 
Prior explanation of the intended meanings of warning labels is known to have high 
impact on comprehension and recall [27, 31]. Furthermore, future research should 
focus on the effectiveness of the DRUID rating model in other countries, to serve as 
scientific basis for the potential introduction at European level. Finally, the usability 
of patient information leaflets with various pictograms covering one or more warning 
issues should be explored in comparison with written information without 
pictograms. 

CONCLUSION 
The yellow/black label as currently used in the Netherlands does not support patients 
judging the danger of driving under the influence of DIMs in an adequate way, 
especially for severe risk medicines. This suggests the need for a new pictorial 
system in the Netherlands. The DRUID rating model can be seen as an appropriate 
alternative, especially when a side-text is added. 
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FIGURES AND TABLES 
 
Table 1: Socio-demographic characteristics of respondents, per category (N = 298) 
 

 

Category I (n = 
49) 

Category II (n = 
110) 

Category III (n = 
139) P 

value 
n % n % n % 

Gender 
Male 24 49.0 40 36.4 51 37.0 0.27a  
Female 25 51.0 70 63.6 87 63.0 – 
Age 
Mean ± SD 48.2 ± 17.1  55.2 ± 14.6  54.2 ± 14.2  0.02b  
Minimum 21  18  19  – 
Maximum 80  87  87  – 
Education level 
Low 12 24.5 42 38.2 49 35.3 0.45a  
Intermediate 24 49.0 41 37.3 51 36.7 – 
High 13 26.5 27 24.5 39 28.1 – 
a P value calculated using Chi square test 
b P value calculated using one-way ANOVA 
 
Fig. 1 Yellow/black label as currently used in the Netherlands. Translation ‘This 
medicine can impair your reaction  time. (driving— using machines—playing on the 
street) Be careful in combination with alcohol!’. (Color figure online) 
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Fig. 2 Rating model as developed within the DRUID project (left) and after the 
addition of a side-text (right) for the three different categories of driving-impairment. 
(Color figure online) 

 
 
 
Fig. 3 Estimated level of driving risk: a pair 1 and b pair 2. Number of respondents: 
yellow/black label: category I, n = 49; II, n = 106; III, n = 137; rating model: I, n = 
49; II, n = 103; III, n = 135; rating model with side-text: I, n = 49; II, n = 105; III, n = 
135. (Color figure online) 
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Fig. 4 The number of respondents who estimated the level of driving risk correctly. 
Categories of driving-impairment and estimated level of driving risk were coupled as 
follows: category I: 2 = low danger; category II: 3 = dangerous; category III: 4 = 
very dangerous. (Color figure online) 

 
 
Fig. 5 Respondents’ intention to change driving behaviour in terms of likelihood: a 
pair 1 and b pair 2. Number of respondents: yellow/ black label: category I, n = 49; 
II, n = 110; III, n = 139; rating model: I, n = 49; II, n = 104; III, n = 137; rating 
model with sidetext: I, n = 49; II, n = 104; III, n = 136. (Color figure online) 
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Fig. 6 Respondents’ intention to change driving behaviour in terms of driving 
frequency: a pair 1 and b pair 2. Number  of respondents: yellow/black label: 
category I, n = 49; II, n = 109; III, n = 139; rating model: I, n = 49; II, n = 103; III, n 
= 137; rating model with side-text: I, n = 49; II, n = 102; III, n = 135. (Color figure 
online) 
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