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Purpose: Undesirable drug interactions are frequent, they endanger the success of therapy, and they lead to adverse drug reactions.
The present study aimed to evaluate statistically potentially drug interactions in a locally circumscribed, random sample population.
Patients and Methods: In a random sample population of 264 patients taking medications, we performed analyses with the drug
information system AiDKlinik®. Statistical analysis was performed using SAS version 9.4.
Results: Statistically potentially drug interactions were recorded in 82/264 (31.1%) subjects, including 39/82 (47.56%) men, and 43/
82 (52.43%) women (χ2= 0.081; p = 0.776). The average number of potential possible interactions detected per person was 1.60 ±
1.21. The regression model with the variables age, body-mass-index and number of long-term-medications shows a significant
association between the number of long-term medications taken and the number of moderately severe and severe reactions to drug
interactions (F(3.239) = 28.67, p < 0.0001; (t(239) 8.28; p < 0.0001)). After backward elimination, the regression model showed
a significant interaction with the number of long-term medications (t (240) = 8.73, p < 0.0001) and body-mass-index (t (240) = 2.02,
p = 0.0442). In descriptive analysis, the highest percentages of potential drug interactions occurred in 42/82 (51.22%) subjects with
body mass indices (BMIs) >25 kg/m2 and in 28/82 (34.15%) subjects aged 61–70 years.
Conclusion: Number of long-term medications use, age, and obesity may lead to increased drug–drug interactions in a random
population sample.
Keywords: long-term medications, drug interactions, random sample population, prevalence, age- and gender-specific frequency

Introduction
The number of prescribed drugs increases in proportion to age.1 Because these drugs are predominantly for treating
chronic and long-term diseases, they generally must be taken throughout life.2 On average, patients over 65 years old
take about five drugs concurrently, and those over 75 take about six drugs concurrently.3 The risk of adverse drug
reactions is high when multiple drugs are taken in combination. Drug interactions can occur in any age group, but they
are more common as age increases, because the interactions are related to the number of drugs, what increases with age.4

Adverse drug reactions were associated with hospitalisation rates up to 5%,5,6 an increased frequency of emergency room
visits,7 a financial burden on the healthcare system,8,9 and mortality rates up to 0.5%.5 Drug–drug interactions are
a subset of conditions that lead to adverse drug reactions, where the action of one drug interferes with that of another
drug.10 Drug interactions can lead to drug unsuitability or inadequacy, particularly as patients grow older.11,12

Moreover, to a minor extent, self-medication with non-prescription or off-prescription medicines can contribute to
these interactions.13 Pharmaceutical manufacturers have implemented reporting systems to detect and counter this
problem; thus, in-house databases are operated and maintained by drug companies.9 However, those data might not be
freely accessible. Thus, procuring information about relevant drug reactions - and ensuring completeness - presents
a challenge for the healthcare system.14 Previous studies on drug–drug interactions have focused on specific individual
drugs, classes of drugs, or pre-selected hospitalised patient groups.

Integrated Pharmacy Research and Practice 2022:11 61–69 61
© 2022 Schmidberger et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Integrated Pharmacy Research and Practice Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 9 December 2021
Accepted: 16 February 2022
Published: 12 March 2022

In
te

gr
at

ed
 P

ha
rm

ac
y 

R
es

ea
rc

h 
an

d 
P

ra
ct

ic
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-9960-9574
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


The present single-centre study aimed to analyse potential drug interactions in a random, non-pre-selected population
cohort, based on prospectively acquired and retrospectively evaluated data. Epidemiological characteristics that might
contribute to drug interactions, such as age, gender, body weight, and potential self-medication drugs, were of particular
interest.

Materials and Methods
Study Cohort
In 2002, the Echinococcus multilocularis and Internal Diseases in Leutkirch (EMIL)-I study recruited 4000 randomly
selected subjects that resided in the urban district of Leutkirch, Germany. The 2429 subjects that participated in the study
formed the original EMIL-I population. In 2013, 484 subjects from the EMIL-I study took part in the EMIL-II study.
Drug interaction data were collected as part of the EMIL-II study. Participation in the study was voluntary, and all
patients/parents or legal guardians provided written consent to participate. The study was carried out in accordance with
the guidelines of the Declaration of Helsinki, and it was approved by the local Ethics Committee by the University of
Ulm (No: 10/15).

Inclusion and Exclusion Criteria
For the present study, we sent questionnaires to the 484 subjects of the EMIL-II study, and 342 replied (response rate,
70.66%). Of the 342 questionnaires returned, we excluded 78, due to missing or incomplete medical information, no
reported use of medication, or outlier values for age, weight, or BMI. In the final analysis, 264 questionnaires were
evaluated (Figure 1).

Figure 1 Flow chart of subjects selected for inclusion into the study.
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Evaluation Parameters
We collected data on personal details, including height, weight, weight loss, occupation, physical activity (regularity and
duration), alcohol, coffee consumption, and nicotine consumption. We recorded any previous diseases, and we cate-
gorised subjective health assessments (very good, good, moderate, poor, very poor). The drugs reported were recorded in
a table, keyed to the time of day each was taken, the class of medication, the formulation, and the dosage. We also
recorded whether each drug was used as a self-medication and/or whether it was prescribed by a physician. In the case of
self-medication, the subject was asked to state the reason for using a non-prescribed medication (eg, lack of time,
convenience, previous experience, recommendation).

Statistical Analysis
We performed statistical analyses with SAS Version 9.4 (North American SAS Institute, Cary, North Carolina). We
evaluated absolute and relative frequencies. Differences in frequency distributions were calculated with the Chi-Square
and Exact-Fisher-Test statistics. Normal distributions were ascertained with the Shapiro–Wilk test. We performed
multiple linear regression analyses to identify influencing factors. All tests were two-sided. The level of significance
was set as α=0.05. Accordingly, p-values <0.05 were considered significant.

AiDKlinik® Drug Information System
Drug interactions in the sample population were determined with the drug information system, AiDKlinik® (Dosing
GmbH, Heidelberg).15 AiDKlinik® is a scientifically tested, comprehensive drug information system (Clinical Decision
Support System) that can be used to tailor drug dosage for individual patients. Thus, it aids in avoiding medication errors,
and it significantly improves the safety of drug treatment. AiDKlinik® implements the evidence-based knowledge
databases of the Department of Clinical Pharmacology and Pharmacoepidemiology of the University Hospital
Heidelberg. This is updated monthly and supports users in their decision-making. Only clinically relevant entries are
stored in the database to avoid over-alerting as much as possible. AiDKlinik® is registered as a medical device with
version 4.0.0 and carries the CE mark. We used algorithms provided in AiDKlinik® to analyse information about the
medication formulations and dosages recorded by patients in the EMIL-II study.15 AiDKlinik® offers a catalogue of all
ready-to-use drugs available on the German market. When information about dosage was missing or imprecise, we used
the standard dosages quoted in the German list of pharmaceuticals, which are approved in Germany and throughout
Europe (Red List).

Results
Patient Cohort
The analyses included data from 264 subjects, including 129/264 (48.86%) males and 135/264 (51.13%) females. The
mean age of the cohort was 62.90 ± 10.45 years. The ages of subjects at questionnaire completion were: under 40 years
(n=8, 3.03%), between 40 and 50 years (n =24, 9.09%), and 51–60 years (n=65, 24.62%). Furthermore, 90 subjects
(34.09%) were between 61 and 70 years and 77 subjects (29.17%) were over 70 years. The mean BMI was 29.35 ±
5.22 kg/m2; 43 (16.29%) subjects had BMIs under 20; 126 (47.73%) subjects had BMIs of 20–25; and 95 (35.98%)
subjects had BMIs over 25 kg/m2 (Table 1 and Figure 2). Of 264 patients who reported medication use, 153/264
(57.95%) reported taking antihypertensives. Another 116/264 (43.94%) reported taking thyroid medications. The portion
of analgesics taken was 73/264 (27.65%), and the portion of antidiabetic drugs taken was 31/264 (11.74%).

Non-Prescription and as Needed Medication
Self-Medication
Of the 264 patients, 67/129 (51.94%) men and 98/135 (72.59%) women reported that they used non-prescription or off-
prescription drugs for self-medication. Here, the average number of medications taken was 3.95 ± 2.59 (range 1–14).
Table 2 shows a significant difference in self-medication frequencies between men and women (67/129 vs 98/135;
χ2=12.007; p=0.0005).
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Medication as Needed
A total of 78/264 (29.55%) subjects - 32/78 (41.0%) men and 46/78 (59.0%) women - reported taking medication as needed.
In the study population, the average number of medications taken on demand was 1.45 ± 0.88 (range 1–6). We found no
significant gender-specific differences in taking medications as-needed (97/129 vs 89/135; χ2=2.722; p=0.099, Table 2).

Drug Interactions
No drug interactions were detected in 182/264 (68.94%) subjects. Potential drug interactions were identified in 82/264
(31.06%) subjects, including 39/82 (47.56%) men and 43/82 (52.43%) women (χ2=0.081; p=0.776). In this group, 72

Table 1 Characteristics of the Analysed Study Population (n=264)

Characteristic Frequency (%) Mean ± SD

Gender
Male 129 (48.86%)

Female 135 (51.13%)

Age 62.90 ± 10.45
<40 years 8 (3.03%)

40–50 years 24 (9.09%)

51–60 years 65 (24.62%)
61–70 years 90 (34.09%)

>70 years 77 (29.17%)
Body Mass Index (BMI) 29.35 ± 5.22

BMI < 20 43 (16.29%)

BMI 20–25 126 (47.73%)
BMI > 25 95 (35.98%)

Interactions 1.60 ± 1.21

No interaction 182 (68.94%)
1–2 interactions 72 (27.28%)

3–4 interactions 8 (3.03%)

≥5 interactions 2 (0.76%)

Abbreviations: BMI, body-mass-index; %, percent; SD, standard deviation.

Figure 2 Gender distribution in the different age groups.
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(87.80%) subjects had 1–2 drug interactions, 8 (9.76%) subjects had 3–4 drug interactions, and two (2.44%) subjects had
more than five interactions. The average number of detected drug interactions per person was 1.60 ± 1.21 (Table 1).

Factors Associated with Drug Interactions
The regression model with the included variables age, body-mass-index and number of long-term-medications shows
a significant association between the number of long-term medications taken and the number of moderately severe and
severe reactions to drug interactions (F(3.239)=28.67, p<0.0001; (t(239) 8.28; p<0.0001)). After backward elimination, the
regression model showed a significant interaction with the number of long-term medications (t (240)=8.73, p<0.0001) and
body-mass-index (t (240)=2.02, p=0.0442). The highest percentages of potential drug interactions occurred in 42/82 (51.22%)
subjects with body mass indices (BMIs) >25 kg/m2 (Figure 3) and in 28/82 (34.15%) subjects aged 61–70 years (Table 3).

Intensity of the Detected Interactions
According to the definitions of drug intensity given in the drug information system, we found that a mild interaction was
present in 22/264 (8.33%) subjects, an inconsistent interaction occurred in 21/264 (7.95%) subjects, and a moderately
severe to severe interaction occurred in 53/264 (20.08%) subjects (Figure 4).

Table 2 Drug Interactions in Germany (n=264) in a Random Sample Population Stratified by Gender and Non-Prescription and as
Needed Medications

Frequency (%)

Sex No drug interaction (n=182) Drug interaction (n=82) χ2-Value p value

Male (n=129) 90 (69.77%) 39 (30.23%) 0.081 p=0.776
Female (n=135) 92 (68.15%) 43 (31.85%)

No as-needed medication (n=186) As-needed medication (n=78) χ2-Value p value
Male (n=129) 97 (75.19%) 32 (24.81%) 2.722 p=0.099
Female (n=135) 89 (65.93%) 46 (34.07%)

Self-medication (n=165) No self-medication (n=99) χ2-Value p value
Male (n=129) 67 (51.94%) 62 (48.06%) 12.007 p=0.0005

Female (n=135) 98 (72.59%) 37 (27.41%)

Abbreviations: %, percent; n, sample size.

Figure 3 Percentage of detected drug interactions, stratified by gender and body mass index.
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Discussion
This comparative study analysed potential drug interactions in a random, non-pre-selected population cohort. We
considered epidemiological aspects, including age group, gender, and aspects of self-medication. In our population,
there was no significant gender predominance in the recorded drug interactions. Number of long-term medications
use, age, and obesity may lead to increased drug–drug interactions in a random population sample. Our population
had a relatively high average age (62.90 years) compared to the average age of the German population (44.25 years in
2015). This could be explained by the rural location of the patient cohort and the associated aging population.

The current literature on gender predominance for drug interactions has remained inconclusive. Cruciol-Souza et al
reported that women were at increased risk of adverse drug interactions compared to men.16 On the other hand, the
studies of Nobili et al and Hosia-Randell et al showed no gender predominance for the occurrence of drug
interactions.17,18

Our average number of potential interactions per person was below the average of 3 incidences per person reported
previously in the German population.6 However, previous studies that focused on older patients reported a frequency
similar (1.5 incidences/person) to our results.19 Recent studies have confirmed our finding of a correlation between the
number of drugs taken and the number of adverse drug interactions observed.16,17,20

A Jamaican study from 2015 reported a far higher incidence of drug–drug interactions. They found that 49.8%
(n=1402/2814) of subjects showed potential drug–drug interactions.21 In contrast, a lower number of incidences occurred

Table 3 Drug Interactions in a Random Sample Population in Germany (n=264), Stratified by Age

Frequency (%)

Age Group Total (n=264) No Interaction (n=182) Interaction (n=82)

< 40 years 8 (3.03%) 4 (2.20%) 4 (4.88%)

40–50 years 24 (9.09%) 17 (9.34%) 7 (8.54%)
51–60 years 65 (24.62%) 54 (29.67%) 11 (13.41%)

61–70 years 90 (34.09%) 62 (34.07%) 28 (34.15%)

> 70 years 77 (29.17%) 45 (24.73%) 32 (39.02%)

Abbreviations: n, sample size; %, percent; SD, standard deviation.

Figure 4 Percentage of severe and moderately severe drug interactions by number of interactions.
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in a 2016 study, during a 5-year documentation period, where drug–drug interactions were recorded in 12.3% of subjects
in the 5th year of documentation.22 Another study conducted by the King Saud University (2015) showed that at least one
drug–drug interaction, regardless of severity, occurred in 91.6% of subjects. These drug–drug interactions were rated
severe in 86.3% of cases and moderately severe in 84.5% of cases. The numbers of drug–drug interactions per person
were 1–2 in 72.8% of subjects, 3–5 in 14.5% of subjects, and >6 in 4.4% of subjects. A total of 5109 drug–drug
interactions were recorded, and of those, 45% were rated severe and 55% were rated moderately severe.23

However, in our population, by the software we use, potential drug interactions were considered mild in 8.3% of
subjects and moderately severe or severe in approximately 20.08% of subjects. The discrepancy between our findings and
those of Murtaza et al could be explained by the fact that their population consisted of patients hospitalised for
cardiological disorders; i.e., subjects whose state of health were far worse than the health of our subjects.23 The study
by Naples et al was also undertaken in a general population cohort; thus, the population was comparable to that in our
study; however, their overall number of drug–drug interactions was somewhat lower than ours.22

We found a significant increase in drug interactions with increasing BMI and the number of long-term medications.
Various explanations for this are conceivable. For example, patients with a low BMI are generally in a better state of
health than those with high BMI. So, if obese patients have more drugs than non-obese the BMI is associated with the
number of drugs interactions. Additionally, drug interactions were previously shown to be partially related to the level
of education.2 Presumably, a better education would provide a better understanding of issues concerning health and
diet. Thus, both a low BMI and a high education level could imply a better overall state of health, and hence, more
efficient drug metabolism. In particular, recent studies have shown that larger drug doses were needed for subjects
with larger body weights.24 Indeed, drug storage and metabolism in fat cells must be considered in subjects with high
BMIs.

According to recent studies, drugs taken in the context of self-medication were involved in up to 3.9–4.5% of all
adverse drug interaction events, and aspirin was the most frequent culprit.13,25 In our cohort, drugs were taken for self-
medication significantly more often among women than among men. In contrast, no significant sex differences were
observed with drugs taken as-needed. This result was consistent with results from larger German cohort studies.2 Current
recommendations advise that one should not take more than five medications at the same time.26

Our study had some limitations. First, the population that we studied had a relatively high average age (62.90 years)
compared to the average age (44.25 years) of all inhabitants in Germany in 2015. Another limitation was that we
collected data with a self-questionnaire in 2013. This might have led to missing potential drug interactions, due to the
inability of subjects to recognise true drug interactions. We did not require any verification of drug interactions by the
family doctor or a specialist. Another important limitation is that only the AiDKlinik® tool was used to identify adverse
potential drug interactions. There are currently a number of other programs available on the market for the identification
of drug interactions and for drug decision making (e.g. LexiInteract module, Micromedex, Epocrates, Drugs.com). In
a possible further study, these programs could be evaluated among each other.

Conclusion
In summary, we showed that, in an unselected cohort of German adults the number of long-term medications use, age,
and obesity may lead to increased potential drug–drug interactions in a random population sample.

Data Sharing Statement
The datasets used and analyzed during the current study are available from the corresponding author upon reasonable
request.
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