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Abstract

Background

Pharmacogenetic testing in routine care could provide benefits for patients, doctors and
statutory health insurances. Therefore, the aim of the retrospective, observational study Ein-
fluss metabolischer Profile auf die Arzneimitteltherapiesicherheit in der Routineversorgung
(EMPAR) was to analyze the relationship between pharmacogenetic profiles, the risk of
adverse drug reactions, and patients’ perceptions of drug therapy in 10748 adult (>18
years) participants in Germany.

Methods

A questionnaire was used to assess views and beliefs about medicines and participants indi-
vidual perception of sensitivity to drug therapies. The questionnaire consisted of the Beliefs
about Medicines Questionnaire (BMQ)-General scales (Overuse, Harm, Benefit), the Per-
ceived Sensitivity to Medicines (PSM), Natural Remedy, and Gene Testing scales. The
influence of gender, age, study collective, genotype and phenotype of relevant pharmaco-
genes on participant’s perception were evaluated.

Results

Overuse, PSM and Benefit scores were significantly higher among patients of the collective
International Classification of Diseases and Health Related Disorders (ICD)-10 Y57.9! diag-
nosis, which indicates complications related to drugs, compared to the anticoagulant/anti-
platelet and cholesterol-lowering drug collective. Age and gender also played a significant
role in patients’ perceptions, with younger patients and female participants more likely to
believe in medication overuse according to the Overuse scale score compared to older and
male participants. Female participants compared to male participants and the old age group
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compared to the young and/or middle-age subgroup, scored higher in PSM and/or Harm
scales, respectively. Only a tendency of increased Harm, Overuse and PSM scores was
observed in the participant group with five or more relevant actionable variants compared to
subgroups with 0 up to 4 variants.

Conclusions

In conclusion, patients’ beliefs about medicines and their drug sensitivity perceptions are
influenced by various factors including age, gender, previous complications with medicines,
and with some tendency also pharmacogenetic profiles. The higher association with more
negative views related to treatment indicates that there is a need to target the underlying
issues in affected patient groups in order to improve compliance to treatment and outcomes
in routine care.

Trial registration: EMPAR was registered in the German Clinical Trials Register
(DRKS) on 06 July 2018 (DRKS00013909).

Introduction

The German retrospective, observational study EMPAR investigated the potential effectiveness
of pharmacogenetic testing in routine clinical care analyzing pharmacogenetic profiles, health
care claims data and the patients’ attitude towards medicines on the basis of the Beliefs about
Medicines Questionnaire (General) by Horne et al 1999, towards natural remedies, pharmaco-
genetic testing and their sensitivity to medicines [1, 2].

Identifying possible risk factors prior to drug therapy can help to minimize the likelihood
that drugs will cause adverse drug reactions (ADRs). Among medical errors and drug interac-
tions that may cause ADRs, a patient’s pharmacogenetic variability plays an important role in
the success of the drug therapy [3]. Patients may have an ultra-rapid, extensive, intermediate
or poor metabolism in terms of one or even a combination of important pharmacogenes for a
drug therapy. This can have a significant impact on the efficacy and safety of a treatment [4].
Another major factor that contributes to the success of drug therapy is the patient’s individual
beliefs about medicines [4, 5]. It appears to strongly correlate with the patient’s consistency
concerning compliance to the pharmaceutical therapy in question. This consistency can be
greatly influenced by the individual experience and knowledge [6].

Horne et al. established the BMQ in 1999 as a tool to measure the patients’ views and values
on medicinal products. BMQ-General is available in two versions. The BMQ-G8 version is
subdivided into the scales Overuse and Harm. Each has four items, which assess a patient’s
view on how often doctors prescribe medicines or to what degree medicines are viewed as
harmful by patients respectively. The second BMQ version, BMQ-G12, has four additional
questions (General Benefit), which are applied to assess a more positive view on the benefits of
pharmaceuticals [7, 8]. So far, the BMQ is available in several languages [9-11].

The German version of the BMQ-General was e.g. used to assess the drug therapy adher-
ence in a German primary care setting among patients with a series of chronic illnesses [12].
For the EMPAR study, BMQ-G12 version was used. In addition, the Perceived Sensitivity to
Medicines Score (PSM with four questions), was included as the fourth block of the question-
naire. It assesses a patient’s view on the personal sensitivity towards medicine [13]. A Patient’s
sensitivity perception towards medicines might influence the kind of treatment they choose to
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follow and adhere too. A strong sensitivity perception might likely cause a patient to alter treat-
ment dosages and or stop treatment completely due to fear of an adverse event [14, 15].

It is estimated that about 5.3% of all hospital admissions in Germany are potentially related
to adverse drug reactions (ADRs) [16, 17]. Furthermore, people are increasingly turning to
herbal or “natural” remedies because they believe plant remedies are free from undesirable
side effects [18, 19]. However, this assumption, often leading to unmonitored self-medication,
is not supported by current evaluations and therefore is misleading as safety is not warranted
because the source of the remedy is “natural” [18]. The Natural Remedy Scale (three questions)
was included in the present evaluation to assess participants’ beliefs about natural remedies.

A further one question item, “Gene Testing”, was also included in the EMPAR question-
naire. Precision medicine has made extensive use of gene testing. It provides an important
application for pharmacogenomics guided pharmacotherapy, which adjusts drug choice and
dosage based on a patient’s genetic characteristics. International scientific consortia working
to develop medical guidance for the clinical application of pharmacogenomics have been able
to develop treatment guidelines as a result of the recognized role that pharmacogenomic varia-
tion plays in therapeutic efficacy and safety to date [20-22]. Through the identification of
genetic variants that can elevate the likelihood of adverse drug reactions, healthcare profes-
sionals can enhance their ability to make well-informed choices regarding both the selection
and dosage of medications [23, 24]. However, the willingness of patients to undergo a pharma-
cogenetic examination in routine care is crucial for the success of such therapeutic guidance in
Germany and needs to be investigated. The willingness to participate in gene testing for ther-
apy management therefore was addressed in the present evaluation.

Eligible patients from the EMPAR study took part in the survey [1, 2]. The evaluated popu-
lation consisted of three genotyped collectives; patients with an initial prescription of antiplate-
let or anticoagulant drugs, cholesterol-lowering drugs and patients with at least one ICD -10
Y57.9! diagnosis that indicates complications that have occurred due to medicines or drugs.

The aim of the present evaluation was to analyse patients’ general views on medicines and
natural remedies, their willingness to participate in pharmacogenetic testing in clinical settings
and their perception of sensitivity to drug therapies. Furthermore, a major issue was to evalu-
ate whether such attitudes are affected by metabolic or pharmacogenetic profiles respectively.
Here, we present the outcomes of the identified association of age, gender and pharmacoge-
netic profiles with the evaluated EMPAR participant’s beliefs.

Methods
Ethics

The study protocol was approved by the Ethics Committee of the Medical Faculty at the Uni-
versity of Bonn. All study participants provided written informed consent.

Analysed study population

The recruitment procedure of eligible adult policy holders of the statutory health insurance
Techniker Krankenkasse (TK) for the EMPAR study was published by J. Fracowiak et al. in
2022. Recruitment started on 24.07.2018 and ended on 30.04.2020. Last exclusions due to
missing data or insufficient quality were performed until 31.12.2020. All enrolled policy hold-
ers provided written informed consent to participate in the study. Participant data of one year
prior to initial prescription of the drugs of interest or the Y57.9! diagnosis, the year of an initial
prescription or the Y57.9! diagnosis if it was detected in 2013-2018 and data of one to two sub-
sequent years was provided by the involved health insurance company. All evaluated data sets
were anonymous. Authors had no access to information for identification of individual
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participants during or after the collection of data. Quality assessments started during recruit-
ment. Assessments of the complete study population started in January 2021. In order to deter-
mine whether pharmacogenetic testing may benefit patients in Germany, the EMPAR
(Influence of Metabolic Profiles on the Safety of Drug Therapy in Routine Care/ German: Ein-
fluss metabolischer Profile auf die Arzneimitteltherapiesicherheit in der Routineversorgung)
project examined whether it could potentially predict the risk of ADRs or therapy resistances
and lower healthcare costs. Furthermore, a questionnaire mainly on the basis of the BMQ, was
included in the assessments to evaluate participants’ general views and beliefs about medicines.
EMPAR participants who submitted an answered questionnaire were matched on a 1:1 basis
with enrolled EMPAR individuals who also provided a pharmacogenetic profile of sufficient
quality. Participants whose pharmacogenetic data did not meet up with quality control metrics
or who withdrew participation were excluded from the assessments. Furthermore, for this
evaluation participants who only partially answered or did not answer questionnaire block
items were excluded. The evaluated questionnaire population further consisted of three col-
lectives; participants with an initial prescription of anticoagulants or antiplatelets, cholesterol-
lowering drugs and patients with at least one ICD-10 Y57.9! diagnosis.

EMPAR questionnaire

For the EMPAR study, the BMQ-G12 version (Overuse scale: 4 questions, Harm scale: 4 ques-
tions, General Benefit scale: 4 questions) was used together with the Perceived Sensitivity to
Medicines scale (PSM scale: 4 questions) in German [13, 25]. Two additional question blocks
in German were adapted from the evaluation by Jérg Sonnabend from the University of Ulm
research team [26] and included into the EMPAR questionnaire: The Natural Remedy scale
(three questions: “Herbal medicines are more tolerable than chemically produced ones”,
“Herbal medicines work better than chemically produced ones”, “If possible, I would prefer a
herbal medicine”) and Gene Testing (one question: “I would have my genes tested if it meant I
could know which drug would suit me best”).

The answers are scored using a five-point Likert scale ranging from 1 = (do not agree at all)
to 5 = (fully agree). The BMQ-General 12 and PSM scoring can either be lowest 4 points to
highest 20 points, meanwhile the Natural Remedy scale can either be scored lowest 3 points
and highest 15 points and in the case of Gene Testing, the lowest score is 1 and the highest is 5.
Higher scores are indicative of a stronger and lower scores indicated a milder belief.

Questionnaire population and stratified scale score analyses

Consistency, descriptive and statistical analysis. Cronbach’s Alpha (o) was measured to
evaluate the internal consistency and correlation among the applied scales. Cronbach’s alpha
quantifies the level of agreement on a standardized 0 to 1 scale. According to George and Mal-
lery 2019, values 0of 0.9 > & >0.8, 0.8 > 0. > 0.7 and 0.7 > o >0.6 are “good”, “acceptable” and
“questionable”, while values of 0.6 > o. > 0.5 and 0.5 > o can be interpreted as “poor” and
“unacceptable” respectively [27]. The Pearson correlation coefficient based on the evaluated
scale scores was assessed as follows: Harm vs Overuse, Harm vs PSM, Overuse vs PSM and
finally Harm, Overuse and PSM each vs Benefit.

The mean, standard deviation (SD), median and interquartile range was calculated for
Harm, Overuse, Benefit, PSM as well as Natural Remedy scale scores. The Gene Testing scale
consisted of only one question. Therefore, the Gene Testing score was analysed, however not
in comparison to the BMQ-G12 or PSM scale scores. For the evaluation of the complete
EMPAR questionnaire population and a comparison of questionnaire study cohorts in terms
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of beliefs about medicines, sensitivity perception, natural remedies and gene testing, a stratifi-
cation by age or gender was considered.

Statistical analyses were performed in IBM SPSS Statistics for WINDOWs, version 28.0.

Genotype and phenotype evaluations. Genotypes and phenotypes of relevant pharmaco-
genes in the EMPAR population were evaluated in detail by Fracowiak et al. in 2022 (2). For
scale score evaluations of patients stratified by the number of actionable variants (see Fraco-
wiak et al. (2022)), one-way ANOVA analysis was performed to compare whether differences
between group means were significantly greater than within group differences. Participants
were evaluated as carriers of actionable variants if they were homozygous or heterozygous in
terms of mutant alleles of the SNPs of interest (Cytochrom P450 (CYP)2C19: rs12248560,
1541291556, rs4244285, rs4986893; CYP2C9: rs1057910, rs1799853, rs28371685, 1528371686,
rs56165452, rs7900194, rs9332131; Solute Carrier Organic Anion Transporter Family Member
IBI (SLCO1B1): rs4149056; Vitamin K epOxide Reductase Complex subunit 1 (VKORCI):
rs9923231. A two-tailed t-test or one-way ANOVA and Tukey post-hoc Test was performed to
determine whether the means of the scale scores were significantly different between three age
groups (young adults of <36 years, middle age participants of 36-60 years and old participants
of >60 years), between male and female questionnaire participants, in participants with
extreme phenotypes compared to normal phenotypes of CYP2C9 and CYP2C19, and further-
more between questionnaire collectives.

Results
Enrolment of participants

A total of 10899 insurees of the statutory health insurance Techniker Krankenkasse (TK) partic-
ipated in the EMPAR questionnaire survey with 8455 (77.6%), 1922 (17.6%) and 522 (4.8%) in
the anticoagulant/antiplatelet, cholesterol-lowering drugs (CLDs) and ICD-10 Y57.9! collective,
respectively. Participants who answered the questionnaire were matched 1:1 with the final
EMPAR study data set including TK routine care data and pharmacogenetic data [2]. Thereby,
307 (2.8%) participants without match were excluded. Another 1269 (12%) TK insurees who
did not provide fully answered questionnaire scales were also not assessed in this evaluation.
The percentage of dropouts in terms of initial male participants (11.2%) was lower than the
dropout in female participation (14.7%). Furthermore, 2.4% of the initial population were drop-
outs without any information on gender due to early exclusion or terminated participation (S1
Table). The total number of the EMPAR questionnaire participants evaluated in terms of their
attitude on the basis of the scales of interest was 9323 (88%) (Fig 1). All the following evaluations
are performed on the basis of the data sets of this final EMPAR questionnaire population.

With a percentage difference of 72.7%, male participants dominated the survey with respect
to women, with 6357 (68.2%) against 2966 (31.8%) (Table 1).

Evaluated participants were 66.2 years old (SD = 11.9) on average with a median age of 68
years. Old patients (> 60 years), middle-aged (36-60 years) and young adults (<36years) rep-
resented 71.8% (n = 6694), 25.8% (n = 2402) and 2.4% (n = 227) of the assessed population,
respectively (Table 2). Mean age of male and female participants fell within the same age
cohort (old patients >60 years), with a mean age of 67.2 (SD = 10.7) years and 64 (SD = 13.7)
for male and female participants, respectively. Male participants were on average older than
female participants in all three age groups (Table 2).

Scale score analysis

Internal consistency of the BMQ scales and PSM scale of the EMPAR questionnaire showed
values ranging from 0.5-0.8, which falls within a poor to acceptable range. Whereas, the
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EMPAR questionnaire survey EMPAR Study. J. Fracowiak et al. (2022)

10748 matched final data set

! !

CLD Anticoagulants Y57.9! CLD Anticoagulants Y57.9!
1922 (17.6%) 8455 (77.6%) 522 (4.8%) 1914 (17.8%) 8313 (77.3%) 512 (4.8%)

\ uestionnaire survev and EMPAR matched 1:1 /

CLD Anticoagulants ICD-Y57.9
1640 (17.6%) 7224 (77.5%) 459 (4.9%)

10899 Participants

307 did not meet
the EMPAR
inclusion criteria

1269 dropouts
due to incomplete
BMQ answers

T

9323 eligible participants

Fig 1. Enrolment of questionnaire participants: A 1:1 match disqualified patients who did not meet up with the
EMPAR enrolment criteria as well as patients who did not submit fully answered scale items. Anticoagulants:
anticoagulant/antiplatelet collective; CLD: cholesterol-lowering drugs; ICD: International Classification of Diseases
and Health Related Disorders.

https://doi.org/10.1371/journal.pone.0311267.g001

internal consistency of the Natural Remedy scale was unacceptable, with Cronbach’s Alpha of
0.2 (Table 3). Results of the Natural Remedy scale were therefore not interpreted and should
be treated with caution.

A general overview of the whole questionnaire population showed that the patients
obtained moderate scores on the Overuse (mean = 12.1), Harm (mean = 9.2), and PSM
(mean = 9.7) scales and a higher score on the Benefit scale (mean = 15.5) with regard to the
maximum score of 20 (Table 3). The Gene Testing score in the population was high
(mean = 4.1) with regard to the maximum score of 5.

Thus, the questionnaire population showed strongest views in the beneficial aspect of medi-
cines and were moderately concerned with the harm caused by medicines and their overuse,
furthermore they also had a moderate perception of their sensitivity towards medicines
(Fig 2).

Correlation analysis showed a weak positive correlation between the scales Harm, Overuse
and PSM and a weak negative correlation between each of these scales with the Benefit scale
with a significance of at least <0.001 (S2 Table).

Table 1. Age distribution of male vs female participants within each cohort. The sum total of cohorts shows that the number of male participants was higher than the

number of female participants.

Collective

Anticoagulant/antiplatelet drugs

CLD

ICD-10 Y57.9!

TOTAL

Gender Sum Mean (years) SD (years) Median (years)
Male 5193 67.9 10.6 69
Female 2031 65.6 13.3 68
Male 989 64.1 10.7 64
Female 651 63.6 9.9 64
Male 175 66.1 13.4 68
Female 284 53.5 19.1 56
Male 6357 67.2 10.7 68
Female 2966 64.0 13.7 66
9323 66.2 119 68

CLD: Cholesterol-lowering drugs; SD: standard deviation

https://doi.org/10.1371/journal.pone.0311267.t001
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Table 2. Gender and age distribution of evaluated EMPAR participants.

Age Range Sex N Mean SD
<36 years (young adults) Male 66 29.7 4.4
Female 161 27.7 4.7
36 years—60 years Male 1583 54.0 5.0
Female 819 52.3 6.0
>60 years Male 4708 72.2 6.6
Female 1986 71.8 6.6
Total
<36 years young adults 227 28.3 4.7
36 years—60 years 2402 53.4 5.4
>60 years 6694 72.1 6.6
BMQ EMPAR Population 9323 66.2 11.9

https://doi.org/10.1371/journal.pone.0311267.t1002

Descriptive analysis of the BMQ-G12 scales and PSM scales in the different collectives
showed that the Cronbach’s Alpha values for Harm, Overuse and PSM are relatively consistent
across collectives, indicating a sufficient internal consistency (Table 4).

The Benefit scale has a slightly lower Cronbach’s Alpha value (poor) but is still applicable.
The Natural Remedy scale showed lowest Cronbach’s Alpha values, suggesting unacceptable
internal reliability, particularly in the anticoagulant/antiplatelet and ICD-10 Y57.9! collectives.
Results presented with regard to this scale therefore should be handled with caution.

In the comparison of the scales Overuse, Benefit, PSM, and Natural Remedy in the antico-
agulant/antiplatelet vs. the ICD-10 Y57.9! collective, the p-values indicate statistically

significant differences between these two groups. In CLD vs ICD-10 Y57.9! for the Overuse,
Benefit and PSM scales, the p-values also indicate statistically significant differences (p =
<0.001, p =0.013 and p = <0.001 respectively) (53 Table). However, there are no statistically
significant differences in perceptions in terms of these constructs between the anticoagulant/
antiplatelet and CLD collectives. The Harm scale does not exhibit statistically significant differ-
ences between any of the compared collectives.

In the scale evaluations, the gender aspect revealed that women scored slightly higher than
men in Overuse, Harm and PSM with significant difference in all of these scores. Meanwhile
men scored significantly higher in the Benefit scale. (Table 5). However, there is no statistically
significant difference in perceptions of Gene Testing between male and female participants.

An overall analysis of the scale scores with a focus on age showed that patients who fell
within the range of >18 and <36 years (young adults) have a statistically significant stronger
belief that doctors overuse prescriptions of drugs in comparison to patients of the groups >36
years to >60 (middle-aged) years (average score of 12.6 vs.12.1 (p = 0.012)) and patients in the
>60years group (old) (average score of 12.6 vs.12.1 (p = 0.011)), respectively (Fig 3).

Table 3. Means, SDs and Cronbach’s alphas of each multi-item scale in the EMPAR questionnaire population

(9323 participants).

Scales Mean SD Cronbach’s Alpha
Harm 9.2 2.5 0.63

Overuse 12.1 2.5 0.64

Benefit 15.5 2 0.5

PSM 9.7 3.1 0.8

Natural Remedy 9.2 2.1 0.2

https://doi.org/10.1371/journal.pone.0311267.t1003
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Fig 2. Distribution of average scores for each subscale of the Beliefs about Medicine Questionnaire-General 12
(Overuse, harm and benefit) and Perceived Sensitivity to Medicines Scale.

https://doi.org/10.1371/journal.pone.0311267.9002

Furthermore, a significance in the difference of PSM scores was detected. Thereby, old
patients viewed themselves more often sensitive to the medications they take than young or
middle-aged patients (p = 0.01 and p<0.001), respectively (Table 6 and S4 Table). Elderly
patients also significantly perceived drugs as more harmful when compared to middle aged
patients (p = <0.001). Young adults and middle-aged participants were more open to the idea
of getting their genes tested when compared to plus 60-year-old participants (p = 0.03 and
<0.001 respectively).

The scale scores of each age group compared across the study collectives, interestingly
showed that the young participants of the anticoagulant collective scored higher on the Over-
use scale (mean (SD) = 12.7 (2.8)) than middle-aged (mean (SD) = 12.0 (2.6); p = 0.01) and old
patients (mean (SD) = 12.0 (2.5); p = 0.002) respectively as shown in Fig 4 and S5 Table.

ICD-10 Y57.9! plus-60-year-olds had a significantly higher Benefit score (mean (SD) = 15.9
(2.0) than the same age group in the anticoagulant/antiplatelet (mean (SD) = 15.5 (2.0);

p =0.01) and CLD collective (mean (SD) = 15.5 (2.0); p = 0.006) respectively (S5 Table). They
furthermore significantly perceived themselves as more sensitive to drugs (PSM mean (SD) =
10.4 (3.1)) compared to the same age group of the anticoagulant/antiplatelet collective (PSM

Table 4. Means, SDs and Cronbach’s alphas of each scale in the EMPAR questionnaire collectives.

BMQ-G12
Collectives Harm

Sum |Mean |SD | Cronbach’s
Alpha

anticoagulant/ | 7224 9.2 2.4 0.63
antiplatelet

CLDs 1640 | 9.2 2.5 10.62
ICD-10 Y57.9! 459 9.4 2.510.61

https://doi.org/10.1371/journal.pone.0311267.t1004

Overuse Benefit PSM Natural Remedy

Mean |SD |Cronbach’s |Mean |SD Cronbach’s |Mean |SD Cronbach’s |Mean |SD | Cronbach’s
Alpha Alpha Alpha Alpha

12.0 2.510.64 15.5 2 0.53 9.7 3 0.8 9.2 2 0.3

12.1 |25 /0.6 155 |2 0.52 9.7 3.210.82 9.3 2 0.14

126 | 2.5/0.63 15.8 1.8 /0.5 103 3.3 /081 9.4 2.2 1 0.05
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Table 5. Differences in perceptions between male and female participants in terms of the evaluated scale scores (2-sided t-test).

Overuse Harm Benefit PSM Natural Remedy Gene Testing
N Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Male 6357 12 (2.5) 9.2 (2.4) 15.6 (2)* 9.3(2.8) 9.1(2) 4.1(0.9)
Female 2966 12.2 (2.6)*** 9.3 (2.5)* 15.5(2) 10.6 (3.5)*** 9.3 (2.2)*** 4.1(1)
p-value <0.001 0.04 0.043 <0.001 <0.001 0.98

= p < 0.001

**=p<0.01

*=p<0.05

https://doi.org/10.1371/journal.pone.0311267.t005

mean (SD) = 9.8 (3.0); p = 0.04) and CLD (PSM mean (SD) = 9.8 (3.1), p = 0.03) and had a sig-
nificantly higher Overuse score (mean (SD) = 12.7 (2.3) compared to the same age groups in
the other two collectives (anticoagulated/antiplatelet: mean (SD) = 12.0 (2.5); p <0.001 and
CLD: mean (SD) = 12.2 (2.5); p-value = 0.002).

Middle-aged ICD-10 Y57.9! patients significantly considered themselves as more sensitive
(PSM mean (SD) = 10.7(3.5)) to drugs compared to middle-aged patients in the anticoagulant/
antiplatelet group (mean (SD) = 9.3 (3.1); p<0.001) as well as in the CLD group (mean (SD) =
9.5 (3.2); p<0.001). There was no difference between the collectives anticoagulant/antiplatelet
and cholesterol lowering drugs.

In all age groups across all collectives, participants leaned more towards carrying out gene
testing with all groups having a similar Gene Testing score (Fig 4).

In a comparison of the attitudes of male and female participants of different age groups,
only the young male participants (highest age/gender group score) showed a significantly
higher Benefit score than female participants which was comparable to the gender evaluation
within the entire population, where male participants scored higher than female participants.
However, in the higher age groups no significant difference was observed between male and
female participants (Table 7).

Score distribution across the different age groups
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Fig 3. Distribution of BMQ scores, PSM, Natural Remedy and Gene Testing scores across the different age groups
in the EMPAR population.

https://doi.org/10.1371/journal.pone.0311267.g003
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Table 6. Analysis of the scale scores between the different age groups of the evaluated EMPAR population. (ANOVA and Tukey’s HSD test).

Overuse Harm Mean (SD) Benefit Mean (SD) PSM Natural Remedy Mean (SD) Gene testing Mean (SD)
Mean (SD) Mean (SD)

<36 years 12.6 (2.9) 9.3 (2.6) 15.7 (2.0) 9.2 (3.4)** 9.6 (2.4) 4.2(0.8)

36-60 years 12.1 (2.6)* 9(2.5)* 15.5(2.1) 9.4 (3.2)*** 9.2 (2.1)** 4.1(0.9)

>60years 12.1 (2.5)* 9.3(24) 15.5 (2.0) 9.8 (3.0) 9.2 (2.1)** 4.1 (1)*/***

https://doi.org/10.1371/journal.pone.0311267.t006

Overuse, PSM and Natural Remedies scores of female participants were significantly higher
in the middle and old age group than of male participants. However, the highest mean Overuse
score was achieved by young female participants and the highest PSM score was detected for
female participants of the old age group.

Genotype and phenotype evaluations in terms of patient perception

All EMPAR participants gave their written consent to being genotyped for specific pharmaco-
genes, as described by Fracowiak et al. (2022), consequently most participants answered the
question about genetic testing with high agreement (mean score (SD) = 4.1 (0.89)). A general
analysis showed that in the EMPAR questionnaire population young adults scored slightly
more positive in terms of the Genetic Testing scale compared to middle-aged and old partici-
pants (Table 7). In the anticoagulant/antiplatelet collective, participants’ perception to drug
therapy was analyzed with regard to the proportion of actionable variants listed and evaluated
previously [2]. These variants were relevant for the response to therapy with anticoagulant/
antiplatelet drugs of study interest. Patients with 0, 1, 2, 3, 4 and >5 of the investigated action-
able variants showed no significant difference in the evaluated scale scores. A tendency for a
higher Harm, Overuse, Natural Remedy and PSM score was identified for patients with >5
actionable variants, however, here sample size was low with 18 participants affected (Fig 5).

A general analysis of scale scores of questionnaire participants stratified by the different
phenotypes of the pharmacogenes CYP2CI9 and CYP2C9, did not result in significant differ-
ences for any of the pharmacogenes of interest. An analysis of anticoagulant/antiplatelet collec-
tive patients with clopidogrel or clopidogrel + acetylsalicylic acid (ASA) prescriptions, revealed
that patients of the clopidogrel prescription subgroup scored a higher PSM (mean (SD) = 9.9
(3.2); p = 0.003) vs those with no clopidogrel prescriptions in the evaluated period. Further-
more, patients with clopidogrel + ASA prescriptions had significantly higher Harm scale sores
(mean (SD) = 9.3 (2.5), p = 0.001) than patients who did not receive these prescriptions in the
evaluated period (Table 8).

In previous pharmacoepidemiological analyses on the basis of conditional logistic regres-
sion models, it was identified that CYP2C19 ultra rapid metabolism in clopidogrel treatment
was associated with increased hemorrhagic events in the EMPAR population [28]. Such events
may have influenced the patients’ attitude towards medicines. We therefore performed further
scale score evaluations in the subgroups of EMPAR questionnaire participants who were pre-
scribed clopidogrel or clopidogrel with ASA to evaluate the attitude towards medicines in con-
junction with phenotypes of the relevant clopidogrel metabolizing CYP450 enzymes in these
groups. Thereby, the focus was on extreme phenotypes (ultra-rapid metabolizer (UM) or poor
metabolizer- (PM)) against normal metabolizers (NM) in CYP2C19 and additionally CYP2C9
(NM vs PM) which are involved in clopidogrel metabolism (Table 9).

However, no significant difference in the mean scale scores of the analyzed medication sub-
groups was registered between CYP2C19 UM and NM or between CYP2C19 and CYP2C9
extreme and normal phenotypes in general.
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Fig 4. Distribution of BMQ-General 12, PSM, Natural Remedy and Gene Testing scale scores showing the
outcomes associated with age across the collectives.

https://doi.org/10.1371/journal.pone.0311267.9004

Discussion

The present study aimed to investigate patients’ beliefs about medicines in the context of the
German EMPAR study which also evaluated the potential of pharmacogenetic testing of meta-
bolic profiles in routine clinical care. The EMPAR questionnaire was utilized to assess patients’
views on medicines, natural remedies, pharmacogenetic testing and patient’s sensitivity to
medicines. The study population included patients with initial prescriptions of anticoagulants
or antiplatelets, cholesterol-lowering drugs, and those with complications due to medicines or
drugs in 2014-2017 [1, 2].

The results revealed that patients generally held moderate views on the overuse and harm
of medicines, with stronger beliefs in the benefits of pharmaceuticals and lesser concern
regarding their sensitivity to medicines. This finding aligns with previous literature which
shows that more substantial views on benefit will bring about weaker perceptions of the over-
use and harmfulness of medicines and vice versa [7, 29].

Patients of the ICD-10 Y57.9! collective, expressed more negative views on the overuse of
medications and perceived themselves as more sensitive to drugs than the other two collect-
ives. This observation was not unexpected as the patients in the ICD-10 Y57.9! collective expe-
rienced some form of complication due to one or more prescribed or taken medicines or
drugs. Similar findings were also observed by De Smedt et al. (2011) who revealed that negative
medication beliefs are associated with experienced adverse drug events in patients with heart
failure [30]. Furthermore, consistent to previous observations, also in the EMPAR population
Perceived Sensitivity to Medicines score levels correlated with negative beliefs about drugs
(Overuse and Harm scores). However, in the ICD-10 Y57.9! collective the proportion of
female participants was higher than that of male participants in contrast to the other two
EMPAR questionnaire collectives. The observed association thus may be influenced by
gender.

Gender also appeared to play a role in patients’ perceptions, as women expressed more con-
cern about overuse, harm, and their sensitivity to medicines compared to men. On the other
hand, men perceive medicines as more beneficial. This gender difference in beliefs about med-
icines is consistent with previous research and may be attributed to various social and cultural
factors [31]. A few studies examining the impact of gender and age on drug prescription in pri-
mary care have demonstrated that these factors also influence prescription patterns [32-35].

Table 7. Comparison of scale scores between male and female participants within the evaluated age groups (two tailed t-test).

Age group comparison of male and female participants

<36 years 36years- 60years >60years

Scale Male Female Male Female Male Female

N 66 161 1583 819 4708 1986
Overuse Mean (SD) 12 (2.9) 12.8 (2.9) 12 (2.6) 12.2 (2.6)* 12 (2.5) 12.2 (2.5)**

pValue 0.012 0.007
Harm Mean (SD) 8.8(2.8) 9.5(2.6) 8.9 (2.5) 9.1 (2.6) 9.3 (2.4) 9.3 (2.4)
Benefit Mean (SD) 16.2* (2.1) 15.5 (1.9) 15.5 (2.1) 15.4 (2.1) 15.5 (2.0) 15.5 (1.9)
PSM mean (SD) 8.6 (3.4) 9.4(3.5) 9(2.8) 10.3 (3.6)*** 9.4(2.7) 10.8*** (3.5)
Natural Remedy Mean (SD) 9.3(2.2) 9.8 (2.6) 9.1(2.1) 9.3* (2.2) 9.2(2) 9.3* (2.1)
Gene Test Mean (SD) 4.3 (0.7) 4.2 (0.9) 4.2 (0.9) 4.1 (0.9) 4.1(0.9) 4.1(0.9)

https://doi.org/10.1371/journal.pone.0311267.t1007
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Fig 5. Assessment of BMQ, PSM, Natural Remedy and Gene Testing scale scores with respect to the number of actionable variants per patient in the
EMPAR questionnaire population.

https:/doi.org/10.1371/journal.pone.0311267.9g005

Furthermore, according to several studies, women use medications on average more fre-
quently than men [31, 35, 36]. Unfortunately, in clinical trials for many drugs, enrolment of
women has not occurred sufficiently which often leads to the same dose prescriptions for male
and female patients in clinical practice [37, 38]. It is therefore possible that female patients are
routinely overmedicated [37]. Furthermore, for several drug groups, including different car-
diovascular drug groups, ADRs were reported to be more frequent in women than men [39-
41]. Indeed, in the pharmacokinetics of a variety of drugs, sex differences were reported.
Women were reported to be exposed to a higher drug concentration in the blood upon

Table 8. Assessment of BMQ, PSM, Natural Remedy and Gene Testing in EMPAR questionnaire patients of the anticoagulant/antiplatelet collective undergoing
treatment with clopidogrel (two-sided t-test).

No Clopidogrel Clopidogrel No Clopidogrel+ASA Clopidogrel+ASA
Overuse N 5987 515 5044 1458
Mean 11.9 11.9 11.9 11.9
SD 2.7 2.5 2.7 2.6
Harm Mean 9.1 8.9 9.0 9.3%%*
SD 2.5 2.5 2.5 2.5
Benefit Mean 15.3 15.3 15.3 15.3
SD 2.3 2.1 2.2 2.3
PSM Mean 9.6 9.9%** 9.6 9.6
SD 3.1 3.2 3.1 3.0
Natural Remedy Mean 9.2 9.0 9.1 9.3%**
SD 2.1 2.2 2.2 2.1
Gene Testing Mean 4.1 4.1 4.1 4.1
SD 0.9 0.9 0.9 0.9

¥ p<0.001 (2-sided t-test)

https://doi.org/10.1371/journal.pone.0311267.t008
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Table 9. Beliefs about Medicine Questionnaire, PSM, Natural Remedy and Gene Testing scale evaluation in patients of the clopidogrel and clopidogrel with acetyl-
salicylic acid prescription subgroups in conjunction with CYP2C9 and CYP2C19 metabolizer phenotypes (two-sided t-test or one-way ANOVA).

Clopidogrel Clopidogrel with ASA
CYP2C9 CYP2C19 CYP2C9 CYP2C19
NM PM NM PM UM NM PM NM PM UM
Overuse N 3223 198 2061 116 253 1388 100 856 56 112
Mean 12.03 12.01 12.04 11.68 11.88 12.00 12.48 12.12 11.64 11.94
SD 2.6 2.6 2.6 2.7 2.8 2.5 2.7 2.5 2.1 2.6
Harm Mean 9.17 9.22 9.18 8.80 8.92 9.22 9.62 9.22 9.07 9.08
SD 2.4 2.3 2.5 2.4 2.4 2.4 2.8 2.5 2.4 2.4
Benefit Mean 15.52 15.70 15.60 15.78 15.58 15.44 15.53 15.48 15.86 15.46
SD 2.0 2 2 2.2 2 2.1 2.1 2.0 1.6 1
PSM Mean 9.65 9.45 9.54 9.63 9.38 9.73 9.89 9.73 9.48 9.62
SD 3.1 2.9 3.1 3.1 3.0 3.0 3.0 3.0 3.0 2.8
Natural Remedy Mean 9.17 9.11 9.14 9.05 8.83 9.34 9.41 9.21 9.20 9.17
SD 2.1 2.1 2.1 2.0 2.3 2.0 2.1 2.6 1.9 1.9
Gene Testing Mean 4.08 4.10 4.08 4.13 4.06 4.11 3.98 4.10 4.16 4.09
SD 0.9 0.8 0.9 0.9 0.9 0.9 1.0 0.9 0.9 1.0

NM: normal metabolizer; PM: poor metabolizer; UM: ultra-rapid metabolizer. No significant differences were observed.

https://doi.org/10.1371/journal.pone.0311267.t009

standard dose and longer elimination times which could not be explained by weight differ-
ences only [38]. Therefore, it can be assumed that women may be more susceptible to the
harmful effects and adverse reactions caused by medicines leading their perception to be more
sensitive towards drugs. However, a stratified analysis by age showed that, significant differ-
ences between male and female participants in terms of the Overuse and PSM score were iden-
tified only in the middle-aged and elderly although young women had the highest Overuse
scores. Benefit scores were significantly higher only in the young male group (highest score)
compared to female participants of the same age group.

Thus, age was another factor influencing patients’ beliefs. Older patients (>60 years) con-
sidered themselves more sensitive to medicines which might be related to the higher likelihood
of experiencing adverse drug reactions in older adults due to factors like frailty and multi-mor-
bidity [42, 43]. ADRs and multimorbidity in older persons were shown to be related. Other
studies have demonstrated that the probability of adverse drug reactions rises with the number
of chronic conditions which can occur as a result of different interactions e.g., when a medica-
tion intended to treat one ailment worsens the symptoms or signs of a different underlying dis-
order [42-44]. Other studies also show that progressive age-related decline in physiological
systems also known as “frailty” increases the risks of ADRs [45]. As noted by Muhlack D.C
et al. (2018), older persons with frailty, co-morbidity, and functional impairment had a higher
risk of receiving a potentially inappropriate medication prescription. The longer treatment his-
tory thus may be more often affected by negative treatment experiences that can induce nega-
tive carry-over effects and may impact also future treatment response [5]. Therefore, extra
caution is necessary in prescribing medications to these patients as they are more likely to
experience adverse reactions which may impact their attitude towards therapy and also future
compliance to therapy [46]. The above-mentioned reasons may also explain why old patients
(>60 years), especially from the ICD-10 Y57.9! and from the anticoagulant/antiplatelet collec-
tive, which reflect more serious health issues related to ADRs or frailty respectively, had higher
PSM scores than patients of the cholesterol-lowering drugs collective.
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The patients’ perspective on medicines on the basis of education levels was assessed. How-
ever, as mainly no information on the education level was available and predominantly high
education levels were reported in the study population (S6 Table), the results were inconclusive
and therefore not included in the manuscript. The study also explored patients’ willingness to
participate in genetic testing, with most participants, especially young participants, showing a
positive attitude towards the procedure. However, taking into account that the study’s inclusion
criteria required the provision of DNA samples [1, 2], potential bias in the responses must be
considered. Furthermore, score measurements on the basis of only one question tend to be less
valid and accurate since individual items usually have random measurement errors which can
be averaged out if individual item scores are summed to obtain a total score [47]. In addition,
individual scores cannot discriminate among fine degrees and they very unlikely represent a
fully theoretical concept [48]. The evaluation of the Gene Testing item score was still considered
to receive an impression of the preference of study participants with regard to pharmacogenetic
guidance of their therapy dependent on age, gender and pharmacogenetic profile.

Regarding genetic factors, the presence of extreme phenotypes or actionable variants did
not result in significant differences in patients’ attitudes compared to patients without extreme
phenotypes or actionable variants. However, a tendency of a higher Harm, Overuse and PSM
scores was observed for a small participant group with >5 actionable variants. Probably, due
to a subjective experience in terms of medication use [49], carriers of lower numbers of action-
able variants are not able to perceive such pharmacogenetic associations, unless they are strong
or may be linked more often with problematic effects after medication intake. The phenotype
of single pharmacogenes such as CYP2C9 and CYP2C19 showed no significant impact on
patient’s scale scores.

In a more detailed analysis with regard to specific medicines, patients under clopidogrel
treatment showed significantly higher PSM scores and patients under clopidogrel + ASA treat-
ment showed a significantly higher Harm scale score compared to patients without these pre-
scriptions in the evaluated period (Table 8). However, in these medication subgroups score
differences were not observed when patients were analysed further, stratified in terms of rele-
vant phenotypes such as of the clopidogrel metabolizing CYP2C9 and CYP2C19 (Table 9).

Opverall, the study provides valuable insights into patients’ beliefs about medicines and their
perceptions of drug therapy in the context of a pharmacogenetic background. Furthermore, it
sheds light on the importance of age, gender, medication and previous experiences of compli-
cations due to medicines or drugs in shaping patients’ beliefs and perceptions of drug therapy.
However, differences in perceptions across EMPAR collectives, gender, age, and medication
subgroups were low. Significant associations still could be observed due to large sample sizes.

Understanding patients’ beliefs about medicines and their attitude towards drug therapy
can aid healthcare professionals in tailoring treatments to individual needs and preferences.
Likewise, addressing patients’ concerns about treatment and providing appropriate education
can enhance medication adherence and overall treatment success. The influence of genetic fac-
tors on patients’ perceptions of drug therapy is an essential aspect to consider as individual
genetic variability can significantly impact drug response and safety [3]. Thus, the integration
of pharmacogenomics and personalized medicine, taking into account also patient’s concerns
about the treatment, may have potential to optimize drug therapy, minimize adverse drug
reactions, and improve patient outcomes and adherence.

Conclusion

In the EMPAR study, age was associated with a higher impact on how vulnerable participants
perceived themselves to medicines compared to gender and pharmacogenetic aspects,
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especially if they have already experienced at least one complication due to medicines or
drugs. However, age is the only variable that changed over time for the participants in this eval-
uation and may be stronger accompanied with a changing body experience related to the daily
use of medications. Gender showed an impact while pharmacogenetic composition, which
does not change in the course of a life time, had almost no perceived impact measured by
BMQ-12 and PSM. However, participant’s subjective attitude towards medicines was influ-
enced by all of these evaluated variables to some extent. The present BMQ and the additionally
applied question blocks in the EMPAR questionnaire may not be a method sensitive enough
to distinguish whether e.g. the pharmacogenomic background is associated with patient’s per-
ception on vulnerability and attitude towards medicines. Devising further methods through
which a patient’s perception of medicinal therapy can be assessed in the context of the pharma-
cogenetic composition would be of additional value as this may better resolve and significantly
strengthen and validate the present BMQ and PSM score results.
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