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ABSTRACT
Background  The prevalence of drug–drug interactions 
(DDIs) in hospital settings is variable, and elderly patients 
are considered a high risk population for DDIs. There are 
no systematic reviews describing the prevalence of DDIs 
in hospitalised elderly patients.
Objectives  To assess and summarise the available 
data on the prevalence of DDIs in hospitalised elderly 
patients and to describe which drugs, drug classes and 
drug combinations are most commonly involved in 
DDIs.
Data source  A systematic electronic literature search 
was conducted on Medline/PubMed, Embase, Lilacs, 
SciElo, Web of Science, Cinahl, Scopus, Cochrane, 
OpenGrey, Capes Thesis Bank, OasisBR, OpenAire and 
abstracts from scientific events, without limitation on 
language or period of publication. Study selection was 
completed on 21 September 2018.
Study eligibility criteria, participants and 
interventions  Original observational studies that 
reported the prevalence of actual or potential DDIs 
during hospitalisation in patients aged 60 years or 
older were included. The main outcome measure was 
prevalence of DDIs and number of DDIs per patient. 
Subgroup analysis was performed in studies that 
reported the prevalence of DDIs in geriatric units.
Study appraisal and synthesis methods  Study 
quality was assessed using the Agency for Healthcare 
Research and Quality methodological checklist for cross 
sectional and prevalence studies.
Results  34 studies were included, involving 9577 
patients. The prevalence of DDIs ranged from 8.34% 
to 100%. In studies conducted in geriatric units, the 
prevalence ranged from 80.5% to 90.5%. The number 
of DDIs per patient ranged from 1.2 to 30.6. Single 
drugs most commonly involved in DDIs were furosemide, 
captopril, warfarin and dipyrone. Drug classes mostly 
involved were potassium sparing diuretics and 
angiotensin converting enzyme inhibitors.
Limitations  The main limitation is the heterogeneity 
between the included studies that precluded a meta-
analysis. Several different methods were used to identify 
DDIs, majorly, and potential DDIs. Few studies have 
reported measures to control the quality of the collected 
data.
Conclusions and implications of key findings  The 
prevalence of DDIs ranged widely, and the variation may 
reflect differences in the conditions of the elderly patients 
and level of attention (or complexity of care), as well as 
methodological differences, especially the methods and/
or software used to identify DDIs.
Systematic review registration 
number  CRD42018096720

Introduction
A drug–drug interaction (DDI) is described as the 
ability of one drug to enhance, diminish and/or 
modify the action or effects of another drug when 
administered successively or simultaneously.1 DDIs 
are a particularly important type of adverse drug 
event as they can alter drug effectiveness and secu-
rity.2 Although not always avoidable, DDIs are often 
predictable.3 Pharmacodynamic DDIs are those 
related to the pharmacological activity of inter-
acting drugs, through direct effect on receptor func-
tion, interference with a biological or physiological 
control process or additive/opposed pharmacolog-
ical effect, and are less frequent. Pharmacokinetic 
DDIs are related to the effects of one drug on the 
absorption, distribution, metabolism or excretion 
of another drug, and can modify drug concentra-
tions levels, leading to ineffectiveness or toxicity, 
and are more prevalent than pharmacodynamics 
DDIs.4 Considering mechanisms and prevalence, 
pharmacokinetic DDIs have a higher impact on 
patient safety than pharmacodynamic DDIs.

Actual DDIs are identified from patient adverse 
outcomes whereas potential DDIs are those iden-
tified through analysis of the pharmacokinetic and 
pharmacodynamics profiles of each drug in use, 
and identification of possible adverse events due to 
the association.5 Since a potential DDI may or may 
not result in an adverse outcome, the incidence of 
actual DDIs in the literature is consistently lower 
compared with potential DDIs,6 and therefore each 
patient should be evaluated individually, consid-
ering the risk–benefit ratio.2

The prevalence of DDIs in the hospital setting 
is variable. Studies conducted with hospitalised 
patients in different clinical settings have shown a 
prevalence of 5.3–83.9%.7–12 It is estimated that up 
to two-thirds of intensive care patients experience 
at least one potential DDI during their hospital 
stay.13 It seems that the majority of prescribed inter-
acting drug combinations involve a limited number 
of drugs,14 and the main mechanism of DDIs is 
pharmacokinetic, involving drug metabolism via 
cytochrome P450.15

Elderly patients are considered a high risk popu-
lation for DDIs.16 The prevalence of DDIs in elderly 
outpatients with multimorbidity was recently 
reported to be between 25.1% and 100%, where the 
number of DDIs per 100 patient ranged from 30 to 
388.3.17 The incidence of DDIs during hospital stay 
is not well defined. Ageing is an independent risk 
factor for DDIs,18 as elderly patients tend to receive 
more medications than other ages group as a conse-
quence of the many physiological changes related 
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Box 1  Full search strategy used in MEDLINE

#1. epidemiology OR epidemiology [MeSH Terms] OR 
epidemiology [mh] OR epidemiology [tw]
#2. pharmacoepidemiology OR pharmacoepidemiology[MeSH 
Terms] OR pharmacoepidemiology[mh] OR 
pharmacoepidemiology[tw] OR prevalence OR prevalence[MeSH 
Terms] OR prevalence[mh] OR prevalence[tw]
#3. drug interactions OR drug interactions[MeSH Terms] OR drug 
interactions[mh] OR drug interactions[tw]
#4. drug related side effects and adverse reactions OR drug 
related side effects and adverse reactions [MeSH Terms] OR drug 
related side effects and adverse reactions[mh] OR drug related 
side effects and adverse reactions[tw]
#5. aged OR aged [MeSH Terms] OR aged[mh] OR aged[tw]
#6. aged, 80 and over OR aged, 80 and over [MeSH Terms] OR 
aged, 80 and over[mh] OR aged, 80 and over[tw]
#7. #1 OR #2
#8. #3 OR #4
#9. #5 OR #6
#10. #7 AND #8
#11. #9 AND #10

to the ageing process and the accompanying health problems.19 
Therefore, in this population, potential DDIs are often unavoid-
able. However, the risk of adverse outcomes due to DDIs seem 
to be particularly serious in the elderly. A systematic review has 
shown that DDIs were responsible for 0.57% of hospital admis-
sions in general but for 4.8% of elderly patients.20

To date, no systematic review has specifically addressed the 
prevalence of DDIs in elderly patients in an inpatient setting. 
The aim of this systematic review was to collate the evidence 
about actual and potential DDI prevalence in the hospitalised 
elderly patient obtained from observational studies. We also 
wanted to describe which drugs are most commonly involved 
in DDIs in this population, as well the methods used to identify 
DDIs in elderly patients.

Methods
Protocol, registration and ethics
The protocol for this review was registered with PROS-
PERO (https://www.​crd.​york.​ac.​uk/​prospero/, registration 
No CRD42018096720).21 No ethics committee approval was 
sought, as this study is a systematic review of literature. This 
work was performed in accordance with the Preferred Report 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
statement for reporting systematic reviews and meta-analyses of 
observational studies.22

Eligibility criteria
Observational studies (cohort, cross sectional and case control 
studies), reported as original articles, thesis and abstracts from 
scientific events and meetings, published at any time, in any 
language, that reported actual or potential harmful DDIs during 
hospitalisation in elderly patients, were included. When the 
information provided in the original document was not suffi-
cient to collect or calculate DDI rates, additional specific data 
were requested through electronic contact with the authors and 
feedback.

Elderly was defined as aged 60 years or older. Most developed 
countries have accepted the chronological age of 65 years as a 
definition of elderly or older person, but in developing countries 
60 years of age is adopted.23

Studies were excluded if they: (a) focused on DDIs involving 
a single drug, drug class, a few specific drugs or only drugs that 
could cause a specific clinical presentation; (b) presented data 
from a narrow disease population; (c) evaluated rates of DDIs 
on prescriptions, rather than in patients; (d) reported DDIs at 
hospital admission and discharge only; (e) reported interven-
tions on DDIs but not the rates before intervention; (f) analysed 
the prevalence of DDIs in adults, including the elderly, but did 
not provide enough data to calculate the prevalence of DDIs in 
the elderly population of the study, in the original document 
or after the information was requested; (g) reported data from 
elderly inpatients and outpatients, but there was insufficient data 
to extract the rates in the hospital setting from the study and/or 
after requested; and (h) had not intended to assess prevalence, 
but only to characterise DDIs in the population of interest.

Information sources and search strategy
MeSH terms and key words were used to search databases. 
Medline/PubMed, Embase, Lilacs, SciElo, Web of Science, 
Cinahl, Scopus, Cochrane, OpenGrey, Capes Thesis Bank, 
OasisBR, OpenAire and abstracts from scientific events were 
searched from inception to 3 June 2018 to identify potential 
articles and theses. We screened the lists of references of the 

included studies to check for other possible studies. When more 
than one publication presented the same patient data, the most 
completed one was included. The full search strategy used in 
Medline/PubMed is described in Box 1.

Study selection
A standard form was used to select publications. First, two 
authors (LMO and JACD) independently screened titles and 
abstracts identified in all sources and selected articles that seemed 
to meet the inclusion criteria. Then, previously included docu-
ments had their full text independently evaluated and selected by 
two authors (LMO and JACD) to reduce the subjectivity of the 
selection process. Any discrepancies were resolved by discussion 
with a third researcher (TSP). Study selection was finished on 21 
September 2018.

Data collection process
Two reviews (LMO and JACD) independently extracted data 
using a standard form. Disagreements between reviewers in 
data collection were resolved by consensus and the opinion 
of a third reviewer (TSP) if necessary. Relevant missing infor-
mation, such as prevalence of DDIs in elderly patients (or raw 
data for calculation) of studies conducted in adult patients, 
was requested from the original authors. Also, information on 
number of DDIs per patient, data on severity of DDIs, drugs, 
drug classes and drug combinations mostly involved in DDIs 
were requested. The data collection process was finished on 
23 January 2019.

Outcome measures (summary measures)
The main outcome measure was (i) prevalence of actual or 
potential DDIs, calculated as the percentage of patients that 
presented at least one DDI during their hospital stay among 
the total number of patients studied. When possible, DDI 
prevalence rates were extracted; however, in a number of 
cases, prevalence rates were calculated from the information 
reported. Other information extracted, if available, included: 
(ii) number of DDIs per patient, defined as the number of DDIs 

https://www.crd.york.ac.uk/prospero/


6 de Oliveira LM, et al. Eur J Hosp Pharm 2021;28:4–9. doi:10.1136/ejhpharm-2019-002111

Systematic review

Figure 1  Preferred Report Items for Systematic Reviews and Meta-Analysis (PRISMA) flow chart for study identification and inclusion in a systematic 
review of the prevalence of drug interactions in hospitalised elderly patients. PIM, potentially inappropriate medication; ADR, adverse drug reaction,

divided by the number of patients with at least one DDI. When 
available, data were extracted on (iii) the most common drugs 
involved with DDIs, (iv) the most common combinations of 
drugs involved in DDIs and (v) the methods to identify DDIs.

Synthesis of results
As study designs, participants, interventions and/or mainly the 
reported outcome measures (DDI prevalence) were not provided 
by the authors, we focused on describing the studies, their results 
and on qualitative synthesis rather than on a meta-analysis.

Risk of bias in individual studies (quality assessment)
Due to the cross sectional nature of the studies included, 
study quality was assessed using the Agency for Healthcare 
Research and Quality (AHRQ) methodological checklist for 
cross sectional and prevalence studies24–26 This assessment 
tool is an 11 item questionnaire to explore the quality of data 
collection, inclusion criteria, outcome measurement and other 
measurements (see online supplementary table 1). Items were 
answered as yes (+), no (-), unclear (U) and not applicable 
(NA) to the study.

Quality assessment was conducted by LMO and JACD. 
Disagreements between reviewers were resolved by consensus 
and the opinion of a third reviewer (TSP) if necessary. Study 
quality was not an exclusion criteria. The quality assessment 
process was finished on 1 March 2019.

Risk of bias across studies
Risk of bias across studies, particularly publication bias and 
selective reporting bias, was not evaluated because these types 
of biases are unlikely for the predominantly descriptive research 
question.

Additional analyses
A post hoc analysis was conducted in geriatric units to assess 
differences in prevalence in this subgroup to all aged population.

Results
Study selection
After the database search, 2409 documents were identified. After 
duplicates removal (337 documents removed) and screening by 
title and abstract (1839 documents removed), 233 remained for 
full reading and evaluation. After full text reading, 76 documents 
were considered for inclusion. Of those, 46 studies reported 
data on DDIs in adults, and the authors were approached 
with a request for specific data on the prevalence of DDIs in 
the elderly patients only. In addition to the prevalence of DDIs 
in the elderly (or raw data for calculation), information about 
number of DDIs per patient, data on severity of DDIs, drugs, 
drug classes and drug combinations mostly involved in DDIs 
were requested. Only three authors replied to our emails. Hence 
34 were included in this review, as shown in figure 1.

Study characteristics
The studies included were published between 2003 and 2018. 
Sample size varied from 44 to 1510, totalling 9577 patients. 
The majority of papers were cross sectional and from devel-
oping countries: 9 studies were from Brazil,27–35 6 studies were 
from India,36–41 2 from Mexico,42 43 2 from Croatia,44 45 1 from 
Venezuela,46 1 from Serbia,47 1 from Nepal,48 1 from Iran49 
and one from Ethiopia.50 The remaining 10 studies were from 
Spain,51 52 Norway,53 Portugal,54 Germany,55 Italy,56 Austria,57 
Israel,58 Canada15 and Australia.59 Of the studies included, 5 were 
conducted in geriatric units32 52 55 56 58 and 15 were conducted in 
internal medicine units.28 30 33 35 38 41 44–46 48 50 51 53 54 57 Online 
supplementary table 2 shows the general characteristics, preva-
lence of DDIs and methods to identify DDIs in each study.

Results of individual studies
We identified 21 studies that examined DDI rates or provided 
enough data for its calculation. The prevalence of DDIs ranged 
from 8.34%36 to 100%.37 46 In studies conducted in geriatric 
units, the prevalence ranged from 80.5% to 90.5%. In studies 
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performed in other hospitalisation units, the prevalence ranged 
from 8.3% to 100%. The mean number of drugs per patient 
ranged from 2 to 23.9. Only one study evaluated actual DDIs.53 
Fifteen studies analysed DDIs through the Drug-Reax System 
(also known as Micromedex),27–30 32–36 38 39 43 47 50 58 five studies 
analysed DDIs using Beers criteria,37 40 41 44 45 four studies anal-
ysed DDIs using the Medscape Drug Interaction Checker38 46–48 
and two studies used the Epocrates Interaction Check.47 54 
Ten studies evaluated DDIs with more than one type of soft-
ware.15 29 35 36 38 39 42 45 47 51 Textbooks were employed in nine 
studies.15 29 35 38 39 42 49 51 59 In one case, the source for DDI eval-
uation was locally adopted lists53 and in another, databases that 
were not explicit.55 Online supplementary table 2 presents indi-
vidual results of each study.

The number of DDIs per patient was reported in only 12 
studies, and ranged from 1.2 to 30.6. Although the information 
provided in the studies did not allow meaningful quantifica-
tion as the results were ranked using different methodologies 
and therefore cannot be correlated, the most frequent DDIs 
were reported in some articles. Single drugs most commonly 
involved in DDIs were furosemide, presented in three studies, 
and captopril, warfarin and dipyrone, presented in two studies. 
Drug classes mostly involved with DDI were potassium sparing 
diuretics and angiotensin converting enzyme inhibitors, each one 
reported in two studies. The only study that evaluated actual 
DDIs, reported that the single drugs most commonly involved 
in DDIs were warfarin, digitoxin and prednisolone, and the 
drug classes mostly involved were antithrombotic agents, non-
steroidal anti-inflammatory agents and angiotensin converting 
enzyme inhibitors.53 Regarding drug combinations, drugs that 
were more frequently described in DDIs were digoxin (10 
times), aspirin (9 times), clopidogrel (8 times), metoclopramide, 
chlorpromazine, ketoconazole, haloperidol, amiodarone and 
furosemide (7 times each), spironolactone and omeprazole (6 
times each), and promethazine, captopril, dipyrone and heparin 
(5 times each). Anticoagulants was the drug class most frequently 
described (6 times). The most prevalent drug combinations were 
digoxin and furosemide, captopril and spironolactone, halo-
peridol and promethazine (cited three times each), digoxin and 
metoclopramide, clopidogrel and omeprazole, and aspirin and 
clopidogrel (cited two times each). Online supplementary table 
3 shows the number of patients with interactions, number of 
DDIs per patient with at least one DDI, drugs or drug classes 
mostly involved in DDIs and drug combinations mostly involved 
in DDIs.

Quality assessment and risk of bias in individual studies
All of the studies included in this review presented cross sectional 
analysis and therefore questions 10 and 11 of the AHRQ method-
ological checklist26 were not suitable for evaluation. For question 
7, a designation of 'not applicable' was recorded when no patient 
was excluded from the initial sample. One study was reported 
in Persian,49 and another study was an abstract from a scientific 
meeting.58 In both cases, full evaluation was not possible. Complete 
quality assessment of the reviewed studies and risk of bias can be 
found in the online supplementary figure 1.

Discussion
Summary of evidence
The prevalence of DDIs ranged widely, from 8.34% to 100%. 
The great variation observed is similar to that seen in a systematic 
review with outpatients (25.1% to 100%).17 Among the possible 
causes for this wide variation is the number of medications per 

patient (ranging from 2 to 23.9), differences in the patients' 
health conditions, level of attention (or complexity of care) in 
different settings and the methods and software used to detect 
DDIs. In addition, contrary to our expectations, the prevalence 
of DDIs in hospitalised elderly was not higher than that observed 
in the community. Among the elderly hospitalised in geriatric 
units, the variation was a little lower (80.5% to 90.5%), but with 
consistently higher rates. These findings should be interpreted 
with caution since in 13 studies (38% of all studies included in 
the systematic review), data on the prevalence of DDIs were not 
available, making it impossible to summarise the data in a way 
that would allow a more precise characterisation of the actual 
prevalence of DDIs in hospitalised elderly. The use of different 
methods and/or software devices to identify potential DDIs was 
another factor that may have influenced the variation observed 
between the studies, as discussed below.

The drugs most involved with DDIs were diuretics, antihyper-
tensive drugs, anticoagulants, cardiac glycoside drugs and anti-
thrombotic agents. As the majority of the studies were conducted 
in developing countries, dipyrone was also frequently cited. 
These drugs were expected as they are commonly administered 
to elderly to treat conditions associated with ageing, and have 
been described previously to be associated with drug interac-
tions.14 Some drugs are of special interest, as the consequences 
due to the DDIs are of clinical interest, such as extrapyramidal 
symptoms and neuroleptic malignant syndrome (promethazine, 
metoclopramide, chlorpromazine, haloperidol), arrhythmias 
(amiodarone, cardiac glycoside drugs, promethazine, chlor-
promazine, haloperidol), inhibition of metabolism of another 
drug (ketoconazole) and haemorrhages (anticoagulants, anti-
thrombotics and antiplatelet drugs). It is important to point out 
that combinations of some classes are primarily a problem of 
inappropriate prescribing rather than DDIs.

Regarding drug combinations, clopidogrel and omeprazole 
were associated with significantly higher major adverse cardiac 
events60 and should be avoided when possible. But the DDI 
aspirin and clopidogrel, cited two times as a harmful DDI, is 
a dual antiplatelet therapy commonly administered to prevent 
cardiovascular events.61 This is an example of how decision 
support systems can over report DDIs of low clinical relevance 
that could lead to malpractice, and how professional expertise is 
crucial in interpreting these results.

The Drug-Reax System, which some authors argue is the most 
reliable as it has the highest sensitivity, was used to analyse DDIs 
in the majority of studies.62 The high sensitivity in identifying 
DDIs can overestimate DDIs. Other databases, such as Medscape 
Drug Interaction Checker, Epocrates Interaction Check, in 
house software and textbooks, were used. These sources allow 
the analysis of the combinations of each drug in the pair with 
the remaining drugs. However, Beers criteria, employed in five 
studies, includes predefined drug combinations.63 Using Beers 
criteria alone could underestimate DDI rates.

Several DDI screening software programmes that use clini-
cians’ decision support systems are available, but one limitation 
of is the lack of clinical relevance, which results in over reporting 
of potential DDIs.64 Also, information obtained in one database 
could be different from another. A systematic review evaluated 
the usability and appropriateness of several databases and found 
large discrepancy in the number and relevance of detected DDIs, 
as high as 81.1%, and only a few studies employed more than 
one database to evaluate DDIs.65 Therefore, the software itself 
could have modified DDI rates. Ideally, more than one source 
should be used and the information obtained should be inter-
preted with clinical knowledge. In this review, only 10 studies 
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evaluated DDIs using more than one software product, but 
only two reported differences between the methods. Doan and 
colleagues15 found rates between 80% and 97%, and Jankovic47 
and colleagues found rates between 93.84 and 95.49, depending 
on the software used. Nevertheless, prevalence rates in these 10 
studies ranged from 8.34% to 98.6%.

Strengths
Physiological changes and its pharmacokinetic and pharmaco-
dynamic alterations, the development of chronic diseases and 
accompanied polypharmacy, and the increasing number of ther-
apeutic options put elderly patients at high risk of DDI related 
adverse events, especially in a hospital environment. This is the 
first comprehensive systematic review to describe the prevalence 
of DDIs in hospitalised elderly patients and the drugs commonly 
involved in these DDIs. We have focused on studies conducted in 
patient populations and did not include papers which described 
research on predefined drug pairs.

Limitations
The main limitation was the heterogeneity between the included 
studies that precluded a meta-analysis. Several different methods 
were employed to identify DDIs. Also, papers included in this 
review described, primarily, potential drug interactions; evalua-
tion of potential DDIs could overestimate DDI rates, as it char-
acterises as a DDI any drug combination that could lead to a 
DDI every time the two drugs are administered together. Real or 
actual DDI rates are obtained from clinical evidence. Not every 
potential DDI translates to a real DDI, which means patient 
harm. In our systematic review, only one study evaluated real 
drug interactions, and found a DDI rate of 8.8%. To evaluate 
potential DDIs could overestimate DDI rates, even though, in 
this study, potential DDI rates ranged between 8.34% and 100%. 
It is estimated that only about 6% of initially detected DDIs are 
clinically relevant, and the incidence of potentially serious DDIs 
is less than 1% in an ambulatory setting.66 Studies that evaluated 
only real DDIs could lead to information about drug combina-
tions that would produce patient harm. Also, some of the drugs 
implicated in DDIs are often prescribed, which could lead to a 
high possibility of causing an interaction.

Currently, there are no gold standard tools for cross sectional 
studies. The evaluation of methodological quality, based on 
the AHRQ instrument, showed that the majority of the studies 
determined the criteria for inclusion and exclusion of patients, 
sample selection period and data sources used for the research 
adequately. On the other hand, a few studies reported measures 
to control the quality of the collected data, such as Blix and 
colleagues53 and Egger and colleagues,55 where the identified 
DDIs were reviewed by a multidisciplinary healthcare team, 
and Rosas-Carrasco and colleagues,43 where the identified DDIs 
were assessed by geriatricians.

Despite the wide review, which included several databases, 
grey literature and absence of restrictions such as year of publica-
tion and language, reducing the risk of selection/publication bias, 
43 studies were excluded from the review due to an inability to 
obtain specific data. To reduce this bias, as recommended in a 
previous study,67 contacts were made with the authors but the 
response rate was very low (2 out of 45).

Conclusions and implications for clinical practice
The prevalence of DDIs was high, and its variation may reflect 
differences in the elderly conditions and level of attention or 
complexity of care, as well as methodological differences, 

especially the methods/software used to identify DDIs. Clinicians 
must have in mind that different sources will provide different 
results. Diuretics, antihypertensive drugs, anticoagulants, 
cardiac glycoside drugs and antithrombotic agents are the drugs 
commonly administered to elderly to treat conditions associated 
with ageing and were found to be implicated in the majority of 
drug interactions. The use of databases with high sensitivity can 
overestimate DDIs, and the analysis from selected drugs (in the 
case of using Beers criteria) could underestimate DDI rates. It is 
important to keep in mind that elderly patients are considered a 
natural high risk population for DDIs and each patient should be 
evaluated individually, and in multiple cases DDIs are unavoid-
able. Ideally, DDIs should be characterised after patient adverse 
outcomes, and the evaluation of potential DDIs should be used 
to estimate the risk–benefit ratio. More than one source of infor-
mation should be used and clinical knowledge should be taken 
into account when interpreting the results. Future perspectives 
from this research could compare DDI rates in developed and 
low–middle income countries, and in different databases, aiming 
to characterise the best method of identifying DDIs.
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