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KEY MESSAGES

� Drug interactions prevalence detected by a computer-assisted prescription system in multimorbidity and
polypharmacy patients were high.

� Fifteen percent of the interactions were clinically relevant and affected 50% of the patients.
� Combinations of non-opioid drugs with potential depressant effects on the central nervous system was the

most frequent interaction.

ABSTRACT
Background: Drug interactions increase the risk of treatment failure, intoxication, hospital
admissions, consultations and mortality. Computer-assisted prescription systems can help to
detect interactions.
Objectives: To describe the drug–drug interaction (DDI) and drug–disease interaction (DdI)
prevalence identified by a computer-assisted prescription system in patients with multimorbidity
and polypharmacy. Factors associated with clinically relevant interactions were analysed.
Methods: Observational, descriptive, cross-sectional study in primary health care centres was
undertaken in Spain. The sample included 593 patients aged 65–74 years with multimorbidity
and polypharmacy participating in the MULTIPAP Study, recruited from November 2016 to
January 2017. Drug interactions were identified by a computer-assisted prescription system.
Descriptive, bivariate, and multivariate analyses with logistic regression models and robust esti-
mators were performed.
Results: Half (50.1% (95% CI 46.1–54.1)) of the patients had at least one relevant DDI and 23.9%
(95% CI 18.9–25.6) presented with a DdI. Non-opioid–central nervous system depressant drug
combinations and benzodiazepine–opioid drug combinations were the two most common clin-
ically relevant interactions (10.8% and 5.9%, respectively). Factors associated with DDI were the
use of more than 10 drugs (OR 11.86; 95% CI 6.92–20.33) and having anxiety/depressive dis-
order (OR 1.98; 95% CI 1.31–2.98). Protective factors against DDI were hypertension (OR 0.62;
95% CI 0.41–0.94), diabetes (OR 0.57; 95% CI 0.40–0.82), and ischaemic heart disease (OR 0.43;
95% CI 0.25–0.74).
Conclusion: Drug interactions are prevalent in patients aged 65–74 years with multimorbidity
and polypharmacy. The clinically relevant DDI frequency is low. The number of prescriptions
taken is the most relevant factor associated with presenting a clinically relevant DDI.
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Introduction

Polypharmacy brings with it an increase in drug inter-
actions and adverse reactions. According to the APEAS
report [1], 47.8% of adverse events in primary care are
due to drugs, of which 3.5% are the consequence of
drug interactions.

There are two main types of drug interaction: drug-
drug interaction (DDI) and drug-disease interaction
(DdI). Studies estimating the prevalence of DDI have
shown a wide variability due to different classifica-
tions, patient profiles, and tools used. In Europe, with
individuals over 20 years of age [2], the prevalence of
DDI doubled from 5.8% to 13.1%. In Spanish primary
care patients, DDI prevalence in people over 65 years
of age ranged from 28% to 62.5% [3,4].

The existence of DDI increases the risk of treatment
failure, intoxication, hospital admissions, number of
consultations, and mortality [5]. Different systems have
been developed to facilitate the detection of DDI.
Alert programmes integrated into electronic prescrip-
tion systems help the prescribing physician, though if
they are repeated in excess, they may be ignored by
professionals [6]. Computer-assisted prescription sys-
tems (CAPS) are another alternative that can improve
the quality of prescribing by reducing medication
errors. CheckTheMedsVR is a Spanish-language CAPS
that offers a detailed analysis of pharmacological inter-
actions and is used in the hospital setting as well as
primary-care pharmacy services [7]. No studies ana-
lysed its use in the daily clinical practice of fam-
ily doctors.

This study aimed to describe the drug-drug inter-
action (DDI) and drug-disease interaction (DdI) preva-
lence identified by a CAPS in patients with
multimorbidity and polypharmacy. Factors associated
with clinically relevant interactions were analysed.

Methods

This was an observational, descriptive, cross-sectional,
multicentre study in primary care, included in
MULTIPAP STUDY [8] (trial registration number NCT
02866799). Patients between 65 and 74 years of age
with multimorbidity (�3 chronic diseases) and poly-
pharmacy (�5 drugs) who had visited their doctor at
least once in the last year were studied. They were
recruited between November 2016 and January 2017
by their physicians, who collected the variables in an
interview and recorded them in an electronic data col-
lection logbook. All patients signed written informed
consent and the study was approved by the
Committee of Ethics in Clinical Research of Aragon [8].

Given an expected percentage of potential severe DDI
of 4% and the calculation of 95% confidence levels
[9], it was estimated that the sample size of 593 would
be sufficient to meet the study objective with a max-
imum precision error of 1.57%.

The interaction variables investigated were the
numbers of DDI and DdI and their clinical relevance
based on the UpToDate LexicompVR drug information
database (https://www.uptodate.com/home/drugs-
drug-interaction). Type D (‘consider therapy modifica-
tion’) and X (‘avoid combination’) interactions were
considered clinically relevant. Drug interactions were
identified by a single researcher using CheckTheMedsVR

(https://www.checkthemeds.com/). This CAPS uses
various sources of information to analyse interactions.
These include monthly bulletins and technical data
sheets from the Spanish Agency of Medicines and
Health Products, drug interaction studies, the U.S.
Food and Drug Administration (FDA), Stockley’s drug
Interactions, the American Geriatrics Society (AGS)
2019 Beers criteria Update Expert Panel, STOPP/START
Version 2, Thorir D. Bjornsson et al.’s drug–drug inter-
actions, the Thomson MICROMEDEX DRUGDEXVR

System database, and LexicompVR .
A descriptive analysis of the patient characteristics

and all the DDI and DdI was performed according to
clinical relevance. The qualitative variables are
expressed as frequencies and percentages and the
quantitative variables as mean (standard deviation) or
median (interquartile range). The prevalence of DDI
and DdI were estimated along with the corresponding
95% confidence intervals (CIs). The factors associated
with clinically relevant DDI were analysed using a mul-
tiple logistic regression model with robust estimators
to adjust confidence intervals to cluster sampling. The
dependent variable was the presence of a clinically
relevant DDI (X and D). The independent variables
were those that in the bivariable analyses were statis-
tically significant or were considered clinically import-
ant. Stata v14 was used for statistical analysis.

Results

Sociodemographic and clinical characteristics of the
patients have been published elsewhere [10]. Potential
inappropriate prescribing has also been investigated
[10]. A sub-analysis of drug interactions is pre-
sented below.

We analysed all interactions in 593 patients with
4386 prescribed drugs. A total of 3752 DDI were iden-
tified, of which 578 (15.4%) were clinically relevant,
517 (13.8%) being type D and 61 (1.6%) type X
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interactions. Of the 1768 DdI, 195 (11%) all clinically
relevant ones were type D. From the patient stand-
point, 97.1% of patients had some DDI, but only 297
(50.1%; 95% CI 46.1–54.1) had a clinically relevant DDI,
including 279 (47%) type D and 54 (9.1%) type X inter-
actions. The mean DDI number per patient was 1.1
(SD 1.5), with a maximum of eight. The most frequent
were combinations of non-opioid drugs with potential
depressant effects on the central nervous system
(CNS) (10.8%), combinations of benzodiazepines with
opioids (5.9%), and the joint use of amlodipine with

simvastatin (5.2%). The most frequent type X DDI were
the duplication of vitamin D analogues in 1.7% and
the duplication of non-steroidal anti-inflammatory
drugs (NSAIDs) (Table 1).

A total of 90.1% of patients presented some DdI, of
which only 142 (23.9%; 95% CI 18.9–25.6) were rele-
vant (type D). The mean number of relevant DdI per
patient was 0.3 (SD 0.7), and there was a maximum of
four simultaneous DdI per patient (Table 2). The use
of long-acting b2 agonists in the presence of severe
asthma, drug interactions affecting renal function, and

Table 1. Clinically relevant drug–drug interactions, types, effects, and frequencies.
Number of relevant DDIs
(type D and/ or X) per patient

Number of patients
(n¼ 297) (%a)

1 137 23.1
2 59 9.9
3–4 78 13.2
� 5 23 3.9
Patients with at least 1 type D DDI Top 10 most

frequent type D interactions
Effect n¼ 279 47

Combination of drugs with CNS depressant effects
(non-opioids)

Risk of CNS depressant effect 64 10.8

Benzodiazepines/opioids Risk of deep sedation and
respiratory depression

35 5.9

Amlodipine/Simvastatin Risk of increased levels of simvastatin 31 5.2
Combination of high- and low-risk drugs for QT

interval prolongation
Risk of QT segment prolongation 21 3.5

Duplication of benzodiazepines Risk of sedation, falls and confusion 20 3.4
ACEI/ Allopurinol Risk of skin reactions 16 2.7
Citalopram, escitalopram and cilostazol/

CYP2C19 Inhibitors
Risk of QT segment prolongation 15 2.5

Triple whammy (ACEI or AIIRA/ diuretic/ NSAID) Risk of renal failure 15 2.5
Insulins/ SGLT2 inhibitors Risk of acidosis 14 2.3
Sulfonylureas/ DPP-IV Inhibitors Risk of severe hypoglycaemia 13 2.2
aPercentage of the total number of patients studied (n¼ 593). DDI: drug–drug interaction; Type D: consider therapy modification; Type X: avoid combin-
ation; CNS: central nervous system; ACEI: angiotensin-converting enzyme inhibitor; AIIRA: angiotensin II receptor antagonist; PPI: proton pump inhibitor;
NSAID: non-steroidal anti-inflammatory drug.

Table 2. Clinically relevant drug–disease interactions, types, effects, and frequencies.

Number of relevant DdIs per patient
Number of patients

(n¼ 142) (%a)

1 100 16.9
2 32 5.4
3-4 10 1.7
Patients with at least 1 type D DdI Top 10 most

frequent type D interactions
Effect

Use of long-acting b2 agonists in severe asthma May worsen asthma 31 5.2
Interactions of various drugs that affect renal failure Possibility of decreasing GF or renal toxicity 29 4.9
Use of benzodiazepines in COPD Increased risk of respiratory depression 25 4.2
Use of beta-blockers in peripheral arterial disease May worsen peripheral vascular disease 20 3.4
Use of COX-2 inhibitors in patients with high

cardiovascular risk
Increases the risk of thrombotic events 8 1.3

Use of b2-agonists in patients with heart disease May worsen heart function 6 1
Use of drugs that prolong the QT interval in patients

with heart disease
Increased risk of prolonged QT interval in

patients with heart disease
6 1

Use of benzodiazepines without antidepressants in
anxiety/depression

Increased risk of increased self-injurious ideation 5 0.8

Use of vitamin D analogues in renal failure May reduce the effectiveness of vitamin
D analogues

5 0.8

Use of vitamin K analogues/various situations Protein binding of the drug may be reduced 4 0.7
aPercentage of the total number of patients studied (n¼ 593). DdI: drug–disease interaction; Type D: consider therapy modification COPD: chronic
obstructive pulmonary disease; GF: glomerular filtration.
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the use of benzodiazepines in chronic obstructive pul-
monary disease (5.5%, 4.9%, and 4.2%, respectively)
were the most frequent (Table 2).

The risk of presenting a clinically relevant DDI
increased with the number of drugs (OR 11.86 (95% CI
6.92–20.33) for patients taking �10 drugs vs. 5–6
drugs). This risk decreased in patients with diabetes,
high blood pressure (HBP), or ischaemic heart disease
(Table 3).

Discussion

Main findings

In this cross-sectional study among 593 patients aged
65–74 years old with multimorbidity and polyphar-
macy recruited in Spanish primary health care centres,
we identified drug interactions by a CAPS. Half of the
patients had at least one relevant DDI and almost a
quarter presented with a DdI. Non-opioid–central ner-
vous system depressant drug combinations and ben-
zodiazepine–opioid drug combinations were the two
most common clinically relevant interactions. Using
more than 10 drugs and having anxiety-depressive
disorder were associated positively with DDI, whereas
hypertension, diabetes and ischaemic heart disease
were negatively associated with DDI.

Interpretation

Comparing our results with the results from studies
that have used different CAPS is difficult given the
variability in the tools, definitions, and interaction clas-
sifications and because some studies have not pro-
vided data on severe interaction [3]. We present a
synthesis of studies on the prevalence of interactions
in the out-of-hospital setting in Supplementary
Appendix 1.

The prevalence of DDI of any type that we found
(97.1%) are higher than those reported in other

studies (54.7–90.6%) [11, 12]. All patients in our study
were patients with multimorbidity and polypharmacy,
which may help explain these differences. However,
these differences were lessened when we considered
only clinically relevant DDI (type D or X). The study of
outpatients in Saudi Arabia found type D DDI in 51.9%
of patients [12], a value close to the 47% found in our
study. Type X DDI were detected in 9.1% of our
patients, much less than the 16.5% in the Saudi
Arabian study [12].

As for the most frequent types of DDI, the DDI
related to combinations of drugs with a risk of CNS
depressant effects (non-opioids) affected 10.8% of our
patients, a rate higher than the 5% found in a study
conducted in Serbia [13]. These differences can be
explained both by the high consumption of benzodia-
zepines in our patients (36.6%) and how we evaluated
the drugs. In our case, a family doctor reviewed all the
prescriptions, unlike the Serbian study, which was
based on the exploration of databases. DDI related to
the consumption of NSAIDs are frequent in many
studies [3,14]. The combination of NSAIDs with diu-
retics and other drugs (‘triple whammy’) was one of
the most frequent type D DDI (2.5%).

DdI has been much less studied. The prevalence of
23.9% obtained in our study is lower than the 64.1%
described by Doubova et al. [9]. This difference may
be due to the profile of drugs taken by patients
(90.5% of their patients were taking NSAIDs vs 37.9%).
DdI related to renal failure affected 4.9% of our
patients, compared to 2.9% in the study by Doubova
et al. [9]. This may be because those authors only
described DdI between the use of NSAIDs and renal
failure, while we also considered other drugs in such
interactions.

The factor most strongly correlated with the num-
ber of relevant interactions is the number of drugs
[14]. In our study, the DDI risk was increased up to 11-
fold for those who took more than 10 drugs. A diag-
nosis of anxiety-depressive disorder also increased the
risk of DDI, probably due to its association with
increased consumption of CNS depressant drugs.
Diseases such as DM, HBP, and ischaemic heart dis-
ease were associated with a lower risk of relevant DDI
in our study. The treatments of these patients with
prevalent, well-protocolised diseases are frequently
reviewed, detecting interactions and avoiding them.

Implications

The information obtained with CheckTheMedsVR is
exhaustive, showing the professional all possible

Table 3. Factors associated with the presence of clinically
relevant drug–drug interactions (type D and/or X) adjusted
for age and sex.

OR 95% CI p

Number of drugs
5–6 drugs Reference
7–9 drugs 2.83 1.89–4.25 <0.001
�10 drugs 11.86 6.92–20.33 <0.001
Anxiety/depression 1.98 1.31–2.98 <0.001
Arterial hypertension 0.62 0.41–0.94 0.02
Diabetes 0.57 0.40–0.82 0.003
Ischaemic heart disease 0.43 0.25–0.74 0.002

Pseudo-R2: 0.1353; Akaike’s information criterion: 728.87; Bayesian infor-
mation criterion: 768.34.
Type D interaction: consider therapy modification; Type X interaction:
avoid combination.
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interactions, the adverse clinical consequences of the
interactions, and the recommendation or action to fol-
low. In general, most tools provide long lists of inter-
actions without clinical relevance so that they would
be useless in daily consultation. Defining the clinical
relevance of interactions is essential, especially for
patients with multimorbidity and polypharmacy.

CAPS can help detect interactions by facilitating
their rapid and complete evaluation. They could sup-
port family doctors during consultation and would be
more beneficial for decision-making if they prioritised
interactions with clinical relevance. Future studies
need to evaluate the potential utility of these CAPS by
measuring relevant results in patients.

Conclusion

Drug interactions are prevalent in patients aged
65–74 years with multimorbidity and polypharmacy.
Combinations of non-opioid drugs with potential
depressant effects on the central nervous system is
one of the most frequent DDI. The clinically relevant
DDI frequency is low. The number of prescriptions
taken is the most relevant factor associated with pre-
senting a DDI.
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