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Abstract

Background Drug—drug interactions (DDIs) can lead to medication-related harm, and the older population is at greatest
risk. We conducted a systematic review and meta-analysis to estimate DDI prevalence and identify common DDIs in older
community-dwelling adults.

Methods PubMed and EMBASE were searched for observational studies published between 01/01/2010 and 10/05/2021
reporting DDI prevalence in community-dwelling individuals aged > 65 years. Nursing home and inpatient hospital stud-
ies were excluded. Study quality was assessed using the Joanna Briggs Institute critical appraisal tool. Meta-analysis was
performed using a random-effects model with logit transformation. Heterogeneity was evaluated using Cochran’s Q and /°.
DDI prevalence and 95% confidence intervals (Cls) are presented. All analyses were performed in R (version 4.1.2).
Results There were 5144 unique articles identified. Thirty-three studies involving 17,011,291 community-dwelling individu-
als aged > 65 years met inclusion criteria. Thirty-one studies reported DDI prevalence at the study-participant level, estimates
ranged from 0.8% to 90.6%. The pooled DDI prevalence was 28.8% (95% CI 19.3-40.7), with significant heterogeneity (p
< 0.10; I> = 100%; tau® = 2.13) largely explained by the different DDI identification methods. Therefore, 26 studies were
qualitatively synthesised and seven studies were eligible for separate meta-analyses. In a meta-analysis of three studies (N =
1122) using Micromedex®, pooled DDI prevalence was 57.8% (95% CI 52.2-63.2; I = 69.6%, p < 0.01). In a meta-analysis
of two studies (N = 809,113) using Lexi-Interact®, pooled DDI prevalence was 30.3% (95% CI 30.2-30.4; I = 6.8%). In a
meta-analysis of two studies (N = 947) using the 2015 American Geriatrics Society Beers criteria®, pooled DDI prevalence
was 16.6% (95% CI 5.6-40.2; I* = 97.5%, p < 0.01). Common DDIs frequently involved cardiovascular drugs, including
ACE inhibitor-potassium-sparing diuretic; amiodarone-digoxin; and amiodarone-warfarin.

Conclusions DDIs are prevalent among older community-dwelling individuals; however, the methodology used to estimate
these events varies considerably. A standardised methodology is needed to allow meaningful measurement and comparison
of DDI prevalence.

50%, globally between 2017 and 2022 [1, 2]. A drug—drug
interaction (DDI) is an example of a potentially avoidable
cause of medication-related harm, and occurs when the
effect of one drug is altered by the use of another drug [3].
The affected drug is commonly referred to as the object, and
the affecting drug as the precipitant [4, 5]. The precipitant
drug can increase or decrease the effect of an object drug
by multiple mechanisms, including pharmacokinetic and
pharmacodynamic mechanisms [4]. Pharmacokinetic
interactions arise where the absorption, distribution,
54 John E. Hughes metabolism or excretion of an object drug is altered by a

johnehughes @rcsi.com; hughesjo@tcd.ie precipitant drug (e.g. digoxin toxicity caused by the use
of clarithromycin) [6, 7]. Pharmacodynamic interactions
occur when a precipitant drug alters the dose—response
relationship of an object drug, resulting in a synergistic
(equal) or antagonistic (opposing) effect (e.g. the synergistic

1 Introduction

Medication safety in the older population has been
recognised as an important challenge facing global
healthcare systems [1]. In 2017, the World Health
Organization (WHO) launched its Third Global Patient
Safety Challenge: Medication Without Harm, which aims
to reduce severe avoidable medication-related harm by
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Drug—drug interactions (DDIs) are prevalent among
older community-dwelling individuals, with estimates
that range from 0.8% to 90.6% across studies.

Approximately two-thirds of studies reporting DDI
prevalence involve (potentially) clinically important
DDIs, and drugs routinely prescribed in this older popu-
lation are commonly implicated, including ACE inhibitor
and potassium-sparing diuretic; amiodarone and digoxin;
amiodarone and warfarin; beta-blocker and verapamil.

Significant statistical heterogeneity between studies, and
the wide variability in DDI prevalence estimates, reflects
the lack of consensus on the optimal approach to meas-
uring DDIs in this population.

A standardised methodology to measure DDI prevalence
in the older population is urgently needed.

interaction between aspirin and warfarin, increasing a
patient’s bleeding risk) [6, 7].

Pharmacoepidemiological studies measuring DDI
prevalence commonly refer to DDIs as “potential”, since
it is difficult to precisely establish if a DDI has indeed
occurred in the absence of corroborating clinical data.
Clinically relevant (or significant/important) DDIs refer
to those associated with an established or greatest risk
of adverse outcomes [4, 8], and, in general, there is
consensus that these are often predictable and largely
avoidable causes of medication-related harm [9].
Polypharmacy (regular use of five or more medications)
is an independent risk factor for potential DDI exposure
[10, 11]. In addition, patients prescribed drugs that
have a narrow therapeutic index (e.g. digoxin; lithium;
warfarin; phenytoin) [12] and individuals who are more
vulnerable because of disease (e.g. renal impairment)
[13] are more likely to experience clinically important
DDIs. The potential clinical impact of DDIs is, therefore,
greatest in older populations due to polypharmacy as well
as age-related physiological decline, including decreased
renal and hepatic drug clearance [14, 15]; and previous
research has reported DDIs to be implicated in adverse
drug events in the older population [16—18], including
a literature review that estimates approximately 4.8% of
hospitalisations in older adults (aged > 65 years) are due
to DDIs, with cardiovascular drugs and non-steroidal anti-
inflammatory drugs (NSAIDs) most often implicated [16].
The identification of DDIs in older community-dwelling
populations, therefore, presents an opportunity to mitigate,
often preventable, medication-related harm.
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The prevalence of DDIs in older community-dwell-
ing individuals has been studied by many researchers
across different countries [19-22]. However, the differ-
ent methods (e.g. Summary of medicinal Product Char-
acteristics [SmPC], drug interaction databases and expert
consensus) used to identify DDIs, as well as the different
classifications (e.g. mild, moderate, severe and contrain-
dicated) used to describe the clinical relevance of these
events, make it challenging to understand the overall DDI
prevalence in this population [13, 14]. In the current lit-
erature, systematic reviews examining the prevalence of
potential sources of medication-related harm in the older
community-dwelling population have largely focused on
potentially inappropriate prescribing [23, 24] and adverse
drug reactions (ADRs) [25-27]. In contrast, systematic
reviews published to date which examine DDI prevalence
among older patients have been limited to the hospital
setting [28, 29]; have involved multiple settings [30]; or
have focused on a specific drug class [31]. Consequently,
the prevalence of DDIs among older community-dwelling
individuals is unknown. Research in this area of pharma-
coepidemiology is important to understand the nature and
extent of DDI prevalence in this growing and vulnerable
population, and also to inform the WHO’s patient safety
agenda. The aim of this systematic review is to summa-
rise the prevalence of DDIs in older community-dwelling
adults, and to identify common DDISs in this population.

2 Methods

This study was conducted and reported using the Preferred
Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) statement and the Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) reporting
guidelines (Appendix 1 of the Electronic Supplementary
Material [ESM]) [32, 33]. The protocol for this systematic
review and meta-analysis was registered on PROSPERO on
27 November, 2020 (ID: CRD42020216686).

2.1 Search Strategy

An electronic database search was conducted in PubMed
and EMBASE. Date of publication was limited to studies
published in the past 11 years (1 January, 2010-10 May,
2021). This time period was chosen as findings would best
reflect current prescribing practices in this older population.
The search strategy was developed with assistance from a
medical librarian. Key search terms included: “prevalence”,
“aged” and “drug interactions” (see Appendix 2 of the
ESM). Scopus was used for citation tracking and the
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literature search was supplemented by hand searching
the reference lists of included studies for relevant articles
meeting inclusion criteria.

2.2 Inclusion Criteria

Observational studies published in English reporting the
prevalence of DDIs in older adults aged > 65 years in the
community setting (including primary care and outpatient
settings) were included in this review. Studies that focused
on a specific population in the community (e.g. cancer, HIV,
epilepsy) were also included for separate subgroup analysis.
To be included, studies had to use an objective method (e.g.
British National Formulary [34], Micromedex® [35], Beers
criteria® [36, 37]) to measure DDIs. Full details of the inclu-
sion criteria are provided in Appendix 2 of the ESM.

2.3 Exclusion Criteria

We excluded studies that: focused exclusively on the popula-
tion aged <65 years; did not report/measure DDI prevalence;
only examined drug-disease/alcohol/food interactions and
studies that included vitamins or non-allopathic medicines
(e.g. herbal and complementary/alternative medicine) in
their analysis; were conducted in inpatient hospital settings
or nursing home/residential care settings; involved mixed
settings (e.g. community dwelling and nursing home),
unless DDI prevalence data were reported separately for the
community-dwelling population of interest; did not clearly
report the method used to identify DDIs; and reported DDI
prevalence related to adverse health outcomes/adverse drug
reactions. Studies where DDI prevalence was not reported
separately from other prescribing criteria and conference
proceedings/grey literature were also excluded.

2.4 Study Selection

Titles and abstracts were independently double screened
(all authors) for eligibility using the agreed inclusion/
exclusion criteria, differences were resolved by discussion.
Studies were included for full-text review where there was
any mention of “drug—drug interactions” in the abstract,
including those reporting incidence data, since incidence
is often confused with prevalence in epidemiology. In addi-
tion, as some explicit criteria for potentially inappropriate
medication (PIM) use also include DDIs (e.g. the American
Geriatrics Society [AGS] Beers criteria®), full-text review of
studies using such PIM measures was undertaken. Full texts
were reviewed for eligibility by J.H., and a second review
was carried out independently (C.W., C.C. or K.B.). Disa-
greements between reviewers were resolved by discussion

or consensus involving an independent third reviewer (C.C.
or K.B)).

2.5 Data Extraction

A data extraction form was developed, based on the Joanna
Briggs Institute (JBI) data extraction form for prevalence
studies template [38]. This form was piloted by three review-
ers (J.H., C.W. and C.C.); a copy of the form is included in
Appendix 2 of the ESM. Data were extracted independently
by J.H., and a 20% sample was extracted in duplicate by C.C.
and K.B. for accuracy. Any discrepancies in data extraction
were resolved by discussion. Where DDI prevalence data
were not extractable for the population aged > 65 years, the
corresponding study author was contacted. If we received
no reply within 3 weeks of initial contact, the study was
excluded.

2.6 Quality Assessment

The quality of included studies was independently assessed
by two reviewers (J.H. and C.C.) using the JBI critical
appraisal tool for prevalence studies [39, 40]. This check-
list includes nine criteria, and was specifically developed
to assess the internal and external validity of prevalence
data included in a systematic review (see Appendix 2 of the
ESM). Disagreements between reviewers were resolved by
consensus involving an independent third reviewer (K.B.).

2.7 Statistical Analysis

A meta-analysis of proportions was performed using a
random-effects model with logit transformation and study
participants as the unit of analysis. Statistical heterogeneity
was assessed using Cochran’s Q (chi-squared statistic) and
2. A p-value <0.10 for the Cochran’s Q test or I* >50%
indicated heterogeneity between studies [41]. Between-
study heterogeneity (¢?) was estimated using the maximum
likelihood method [42]. To investigate potential sources
of heterogeneity, graphic display of study heterogeneity
(GOSH) diagnostics were conducted to detect outliers,
influential cases, and distinct homogenous subgroups
within the modelled data [43]. In addition, subgroup meta-
analyses were performed by systematically examining pre-
specified a priori study-level characteristics, including study
design, setting, DDI classification, and DDI identification
method. Sensitivity analyses were also undertaken to
assess the effect of removing outliers, studies using non-
common DDI identification methods and studies limited to
specific patients cohorts (e.g. dementia) on the pooled DDI
prevalence estimate. Ninety-five percent confidence intervals
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Fig. 1 Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) flow diagram of systematic literature search and
study selection process for the prevalence of drug-drug interactions

(CIs), estimated using the Logit method, and forest plots
that summarise weighted proportions are presented. All
analyses were performed using the metafor package (version
3.0.2) [44] in R statistical software (version 4.1.2) [45]. The
random-effects meta-analysis models were fit using the rma.
uni function of the metafor package.

3 Results

3.1 Selection of Studies

There were 5130 unique articles identified by the electronic
database search. Full texts of 211 articles were reviewed, of

which 28 studies met inclusion criteria [22, 46-72]. Cita-
tion tracking identified an additional 14 articles for full-text
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(DDIs) in older (aged > 65 years) community-dwelling adults. ADRs
adverse drug reactions

review, five of which were included in the final review,
resulting in a total of 33 studies [20, 22, 46-76] involving
17,011,291 community-dwelling individuals aged > 65
years (age range 65—-103 years) across 17 countries for data
extraction (Fig. 1).

3.2 Characteristics of Included Studies

Table 1 presents the main characteristics of the 33 studies
included in this systematic review. The majority of stud-
ies were conducted in Europe (n = 13) [20, 46, 49, 53, 54,
56, 61, 64, 69, 70, 74-76], ten were conducted in North
America [47, 48, 51, 52, 57, 58, 60, 65, 67, 72], four in
South America [59, 62, 63, 68], three in Asia [50, 66, 71],
two in Australia [22, 55] and one in Africa [73]. Most stud-
ies (n = 23) used a cross-sectional design. Studies ranged in
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size from a small cross-sectional study of 175 community-
dwelling individuals in Albania [53] to a large population-
based cohort study of 14.32 million community-dwelling
Medicare beneficiaries in the USA [65]. Twenty-four stud-
ies [22, 46-52, 55, 57-61, 64, 65, 67, 70-76] reported sex
for 16,026,598 community-dwelling individuals aged > 65
years, of whom 8,851,384 (55.2%) were female. Thirty-one
studies [20, 22, 46, 48-60, 62—-76] reported DDI prevalence
estimates using study participants as the unit of analysis, one
study [75] also reported DDI prevalence using the total num-
ber of prescriptions as the unit of analysis, and one study
[64] also reported DDI prevalence using the total number of
drugs as the unit of analysis. One study [61] only reported
the total number of drug combinations potentially leading to
serious DDIs, and one study [47] only reported the propor-
tion of PIMs that were due to DDIs. Most studies (n = 23)
measured DDI prevalence for all drugs dispensed/prescribed
for study participants, and a limited number of studies meas-
ured DDI prevalence according to some defined dispensing
or prescribing pattern. This included four studies [20, 55,
66, 76] which measured DDI prevalence for co-prescribed
drugs; three studies [51, 57, 63] which measured DDI preva-
lence for concomitantly prescribed drugs; two studies [22,
56] which measured DDI prevalence for concurrently pre-
scribed drugs; and one study [69] that measured DDI preva-
lence for both concomitantly and co-prescribed drugs. In
general, co-prescribed drugs refers to the prescribing of one
or more drug by the same prescriber on the same day [77];
while concomitant and concurrent prescribing are defined as
drugs prescribed by one or more different prescribers, not
necessarily on the same day [77].

3.3 Quality Assessment

Eighteen studies [20, 22, 49, 52, 54-56, 58, 61, 64-70, 75,
76] were rated as being of high methodological quality, and
15 studies [46—48, 50, 51, 53, 57, 59, 60, 62, 63, 71-74]
were judged to have moderate methodological quality. A full
description of the JBI methodological quality assessment,
and rating justification, for each of the 33 studies included
in this review is provided in Appendices 3-5 of the ESM.

3.4 DDI Identification Method

The method used by individual studies to identify DDIs var-
ied. Five studies [48, 63, 68, 69, 74] used the Micromedex®
drug interaction database; three studies [47, 60, 73] used the
2015 AGS Beers criteria®; three studies [46, 54, 67] used
the Lexi-Interact® drug interaction database; two studies [71,
72] used the drugs.com interaction checker; six studies [22,
51, 52, 58, 62, 66] used multiple methods (e.g. Roughead
et al. [22] used Vidal, British National Formulary, Drug
Interaction Facts and Micromedex®); and 14 studies [20,
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49, 50, 53, 55-57, 59, 61, 64, 65, 70, 75, 76] used a single
unique method (Table 1).

3.5 DDI Classification

Of the 33 studies included, 22 studies [20, 22, 46, 47, 49,
52-55, 57, 58, 60-62, 65-67, 69, 71, 73, 74, 76] measured
the prevalence of DDIs, which were broadly classified as
(potentially) clinically important; nine studies [48, 50,
51, 56, 59, 63, 68, 70, 75] measured the prevalence of any
DDI (e.g. mild/moderate/severe/contraindicated), of which
three studies [48, 51, 68] reported DDI prevalence by clas-
sification rating for the > 65 years population; and in two
studies [64, 72], the DDI classification was unclear. A full
description of the DDI classification rating(s) used by each
study included in this review is outlined in Appendix 6 of
the ESM.

3.6 DDI Prevalence

A description of the numerator and denominator extracted
and used to estimate DDI prevalence for each study is pre-
sented in Appendix 7 of the ESM. Across 31 studies using
study participants as the unit of analysis, DDI prevalence
estimates varied, ranging from 0.8% in Albania [53] to
90.6% in Croatia [46] (Table 1). A random-effects meta-
analysis revealed considerable variability in the pooled
DDI prevalence estimate (28.8% [95% CI 19.3-40.7]), and
significant statistical heterogeneity between studies (df =
29, Q0 = 1317371.14; p < 0.10; I?> = 100%; tau® = 2.13)
[Appendix 8 of the ESM]. For this reason, a meta-analy-
sis of the full data was not possible. Following extensive
investigation of heterogeneity using GOSH diagnostics,
as well as subgroup and sensitivity analyses (see Appen-
dices 9-11 of the ESM), the heterogeneity was largely
explained by the different DDI identification methods used
across studies. Therefore, 26 studies were qualitatively
synthesised and seven studies were deemed eligible for
meta-analyses.

3.7 Qualitative Synthesis

Twenty-six studies were identified for qualitative synthe-
sis, of which 14 studies [20, 22, 49, 52, 53, 56, 59, 61, 62,
64, 69, 72,75, 76] measured DDI prevalence in the general
older (aged > 65 years) community-dwelling population,
and 12 studies [46-48, 50, 51, 55, 57, 58, 65, 66, 70, 71]
measured DDI prevalence for a specific patient subgroup
of this population (Table 1). Of the 14 studies reporting
DDI prevalence for the general older population, nine
studies were conducted in Europe, where DDI prevalence
estimates ranged from 0.8% in Albania to 63.3% in Spain
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(Table 1). Six of these European studies measured DDIs
broadly classified as (potentially) clinically important,
with DDI prevalence estimates that ranged from 0.8% to
37.3% (Table 1). A summary of all studies included in this
systematic review which report DDI prevalence estimates
by classification rating (e.g. mild, moderate, severe/
contraindicated) for the > 65 years of age population is
provided in Appendix 12 of the ESM.

3.8 Meta-analysis

Seven studies were identified for the meta-analysis. Three
separate meta-analyses estimating DDI prevalence across
subgroups of studies using a common DDI identification
method are presented in Figs. 2, 3 and 4. In a meta-anal-
ysis of two studies (N = 947) using the 2015 AGS Beers
criteria®, the pooled DDI prevalence in older (> 65 years)
community-dwelling individuals was estimated to be 16.6%

Study n N Proportion [95% Cl]
Abubakar et al., 2021 79 244 —-— 0.32[0.27, 0.39]
Patel et al., 2018 54 703 - 0.08 [0.06, 0.10]
RE Model (Q = 78.97, df = 1, p < .01; 12 = 97.5%, t* = 0.75) ————— 0.17 [0.086, 0.40]
T T T 1 1
0.00 025 050 075 1.00
Proportion

Fig.2 Forest plot showing the proportion [95% confidence inter-
val (CI)] of older (aged > 65 years) community-dwelling individu-
als potentially exposed to a drug—drug interaction (DDI)™, identi-
fied using the 2015 American Geriatrics Society Beers criteria®. n,
numerator (number aged >65 years with a DDI ); N, denominator

Study

(sample size, aged > 65 years). “Denominator (N): total number of
participants aged > 65 years included in the study; *DDI classifica-
tion: “Potentially Clinically Important Non-Anti-infective Drug—Drug
Interactions That Should Be Avoided in Older Adults”.

Proportion [95% Cl]

Steinman et al., 2014 139807 462405

Jazbar et al., 2018 105355 346708

0.30 [0.30, 0.30]

0.30[0.30, 0.31]

RE Model (Q = 2.18, df = 1, p = 0.14; I? = 6.8%, t* = 0.00)

Fig.3 Forest plot showing the proportion [95% confidence inter-
val (CI)] of older (aged > 65 years) community-dwelling individu-
als potentially exposed to a drug—drug interaction (DDI)#, identified
using the Lexi-Interact® database. 1, numerator (number aged >65
years with a DDI ); N, denominator (sample size, aged > 65 years).

0.30[0.30, 0.30]

T
0.00

T
0.25

T
0.50

Proportion

1
0.75

1
1.00

“Denominator (N): study participants > 65 years dispensed/prescribed
two or more drugs (< 20% of the population in Steinman et al. used
one to two medications); *DDI classification: clinically significant
DDIs, classified as type D or X per Lexi-Interact®
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Study n N Proportion [95% ClI]
Secoli et al., 2010 288 531 .- 0.54 [0.50, 0.58]
Teixeira et al., 2012 253 394 - 0.64 [0.59, 0.69]
Hermann et al., 2021 107 197 ] 0.54 [0.47, 0.61)]
RE Model (Q = 10.33, df = 2, p < .01; 1> = 69.6%, v* = 0.03) - 0.58 [0.52, 0.63]

I T T T 1
0.00 0.25 0.50 0.75 1.00
Proportion

Fig.4 Forest plot showing the proportion [95% confidence interval
(CD] of older (aged > 65 years) community-dwelling individuals
potentially exposed to a drug—drug interaction (DDI)*™*, identified
using the Micromedex® database. n, numerator (number aged > 65
years with a DDI); N, denominator (sample size, aged > 65 years).
*Denominator (N): study participants aged >65 years dispensed/pre-

(95% CI 5.6-40.2; I* 97.5%, p < 0.01) (Fig. 2). In a meta-
analysis of two studies (N = 809,113) using Lexi-Interact®,
the pooled DDI prevalence was 30.3% (95% CI 30.2-30.4; I*
6.8%, p = 0.14) (Fig. 3). In a meta-analysis of three studies
(N = 1122) using Micromedex®, the pooled DDI prevalence
was 57.8% (95% CI 52.2-63.2; I 69.6%, p < 0.01) (Fig. 4).

3.9 Common DDIs Across Included Studies

Of the 33 studies included in this review, 15 studies [22,
46-49, 52, 53, 55, 58, 59, 61, 67, 70, 73, 76] reported data
at the individual-drug or drug-class level for at least one
DDI implicated in the overall DDI prevalence reported
for the >65 years of age community-dwelling population
(Appendix 13 of the ESM). DDIs were broadly classified as
(potentially) clinically important in 14 studies, and in one
study [70] the classification rating for the most common
DDIs was unclear. Common DDIs reported across the 14
studies included: ACE inhibitor potassium-sparing diuretic
(n = 6 studies [22, 52, 58, 61, 73, 76]); amiodarone-
digoxin (n = 5 studies [22, 46, 52, 58, 61]); amiodarone-
warfarin (n 3 studies [46, 52, 55]); beta-blocker-
verapamil (n = 2 studies [22, 61]); warfarin-NSAID
(n = 2 studies [22, 52]); and ACE inhibitor-allopurinol
(n =2 studies [46, 67]). Appendix 14 of the ESM provides
a summary of all common DDIs that were identified in at
least two studies included in this review.
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scribed two or more drugs; ¥DDI classification: potentially clinically
important DDIs, classified as moderate, major, high or contraindi-
cated per Micromedex®; 'mild DDIs were identified in < 10% of the
overall study population aged > 60 years for Secoli et al. and Teixeira
et al.

4 Discussion

To our knowledge, this is the first systematic review and
meta-analysis on DDI prevalence in older (aged > 65
years) community-dwelling adults. We identified 31
studies reporting DDI prevalence at the study-participant
level. Most studies (n = 22) measured DDIs which were
broadly classified as (potentially) clinically important.
There was significant heterogeneity between studies
when DDI prevalence estimates were pooled in a meta-
analysis; and this was largely explained by the different
DDI identification methods used by studies. When
subgroup meta-analyses were conducted for studies using a
common DDI identification method, there was a reduction
in heterogeneity and variance within, but not between,
subgroups. Moreover, there was a wide variation in the
pooled DDI prevalence estimates across these subgroups
(ranging from 16.6% in studies using the 2015 AGS Beers
criteria®, to 30.3% in studies using Lexi-Interact®, to
57.8% in studies using Micromedex®), which could not
unequivocally be attributed to clinical heterogeneity (e.g.
polypharmacy). Indeed, DDI prevalence might also be
expected to vary across different countries where different
healthcare systems are in operation [21]; however, we
found no clear trend in the data. This systematic review
therefore highlights that DDI prevalence estimates vary
depending on the identification method used. This review
also identified several (potentially) clinically important
DDIs, involving routinely prescribed drugs in this
population, many of which were common across multiple
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studies, including: ACE inhibitor-potassium-sparing
diuretic [22, 52, 58, 61, 73, 76]; amiodarone-digoxin [22,
46, 52, 58, 61]; amiodarone-warfarin [46, 52, 55]; beta-
blocker-verapamil [22, 61]; warfarin-NSAID [22, 52];
and ACE inhibitor-allopurinol [46, 67]. These specific
DDIs may confer severe and potentially life-threatening
harm to the older patient, including hospitalisation for
haemorrhage, as has been highlighted by previous studies
[78-83].

The wide variation in DDI prevalence estimates identified
by this systematic review is similar to a recent systematic
review which reports DDI prevalence in hospitalised
older patients (8.34—100%) [28]. The authors suggested
the use of different DDI identification methods to be
potentially responsible for this variation, but did not test
this hypothesis. Another review by Sanchez-Fidalgo et al.
[30] similarly reports wide variation in the prevalence of
drug interactions in older patients with multimorbidity
(25.1 to 100%); however, this review included both primary
care and nursing home settings, and identified only a
limited number of studies (n = 703) for title and abstract
review. In another recent systematic review, Zheng et al.
report an overall prevalence of 33% (95% CI 17.5-51.3; I
= 99.7%, p < 0.0001) of general inpatients with at least
one potential DDI during their hospital stay; however, only
three of the 11 studies included in their meta-analysis used
a common DDI identification method (Micromedex®) [29],
and as we have shown, DDI prevalence estimates vary
depending on the identification method used. The large
variation and significant heterogeneity in the pooled DDI
prevalence estimate reported by Zheng et al. is therefore
not surprising, and further suggests that restricting a meta-
analysis to studies using a common DDI identification
method may provide more meaningful DDI prevalence
estimates. Previous research has shown DDI prevalence to
increase over time [20, 84]; however, such a trend is difficult
to interpret when different methods are used to measure
DDIs, as the present review highlights. The relatively high
DDI prevalence reported by some studies included in this
systematic review should be acknowledged, in particular
since this was not unique to the nine studies which measured
the prevalence of any DDI, as one would expect. The high
DDI prevalence reported by some studies could be due to
multiple prescribers [85], as most studies measured DDI
prevalence for all drugs dispensed/prescribed. Further,
previous research has found poor or limited awareness
of clinically important DDIs among prescribers [86, 87],
which may also explain the high prevalence of (potentially)
clinically important DDIs reported by many studies included
in this systematic review. However, the reasons underlying
the high and variable DDI prevalence estimates across
studies identified by this systematic review are likely
more complex. Indeed, previous research has suggested

that DDI prevalence estimates vary due to differences in
patient populations, and the databases and information
sources used to measure these events [13]. Our systematic
review confirms these theories, and highlights the need for
consensus on how to identify and measure DDIs in the older
population.

Currently, DDIs for a specific medicine can be identi-
fied using the product’s SmPC, though this legal document
tends to include all potential DDIs and generally provides
non-specific recommendations [88], which is of limited util-
ity in clinical practice. The AGS Beers criteria® are also
used to identify DDIs, though these criteria include only a
limited number of DDISs, largely reported at the drug-class
level [36, 37], and therefore likely under-estimate true DDI
prevalence. In addition, there are multiple DDI databases
that are commonly used in both research and clinical prac-
tice, including: Micromedex®; Lexi-Interact®; the British
National Formulary (electronic and paper); and Stockley’s,
often referred to as the gold standard [8§9]. These compendia
generally provide evidence-based guidance to manage any
possible DDI; however, recommendations can vary across
these databases (e.g. monitor vs avoid). Further, although
US and European regulatory authorities require that rel-
evant interaction studies be performed before a marketing
authorisation for a medicine can be granted [90, 91], older
adults are generally not included in these studies [90, 92].
Consequently, DDIs in the older population are often identi-
fied using post-marketing spontaneous pharmacovigilance
surveillance methods [92], adding further complexity to the
identification and assessment of DDIs in this population. In
addition, there is currently no standardised taxonomy for
the identification of DDIs (i.e. whether to measure DDIs
at the individual-drug level or drug-class level, and which
classification rating to use [i.e. mild/moderate/severe/con-
traindicated]). Further, with the approval of new medicines,
which potentially may confer important interactions with
other commonly used drugs, the validity of DDI lists in the
current literature is therefore time varying and hence these
lists need to be updated in line with new evidence. The use
of a common DDI identification methodology instead of a
static DDI list, which is vulnerable to becoming outdated,
is one possible solution to manage this issue; indeed, this
would also facilitate a meaningful comparison of DDI preva-
lence estimates across different studies and settings.

4.1 Strengths and Limitations

This is the first systematic review and meta-analysis to
describe DDI prevalence in the older community-dwelling
population. Our search strategy was comprehensive and
identified a large number (n = 5144) of articles, published
over the past 11 years, for review. In addition, we used rig-
orous systematic review methods to extract, appraise and
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report the data. Our study has some important limitations
to acknowledge. Significant heterogeneity meant that it was
not possible to estimate a meaningful overall DDI preva-
lence estimate for the older community-dwelling population.
Due to the lack of standardised reporting of polypharmacy/
medication burden across studies, it was not possible to
fully investigate this potential source of clinical heteroge-
neity. Further, given the limited number of included studies
that used a common identification method to measure DDI
prevalence in this older population, the pooled DDI preva-
lence estimates we report should be interpreted with caution.
Some studies used DDI identification methods with limited
validity, and future research should address this limitation.
Most of the studies included in this review did not include
data on over-the-counter medications, hence our findings
may underestimate the true DDI prevalence in this popula-
tion. Additionally, conference proceedings and grey litera-
ture were not included.

4.2 Implications

This systematic review provides a greater understanding of
the prevalence of DDIs in the older community-dwelling
population over the past 11 years, and also offers an insight
into some of the DDIs commonly reported for this population
during this time period. Our findings clearly highlight the
need for a standardised method to measure DDI prevalence,
for meaningful comparison across studies. A single DDI
identification methodology needs to be agreed and endorsed;
or alternatively, a comprehensive list of DDIs, which is
periodically updated (e.g. every 6 months) to reflect both
current clinical practice and emerging evidence of clinically
important DDIs, needs to be developed and maintained.
Such a list could first be developed at a European level in
collaboration with expert stakeholders (e.g. the European
Medicine Agency’s Geriatric Expert Group) [93, 94]. This
may help to address common issues in current clinical
practice such as “alert-fatigue” [95]; and may also prompt
the development of interventions to improve prescribing for
this older population, including pharmacist-led medication
review and reconciliation processes. As an initial starting
point, and based on our overall findings and appraisal of
the current literature, we have developed methodological
reporting recommendations (Box 1) to encourage the
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standardised reporting of DDI prevalence data. Indeed, in
the absence of a common DDI identification methodology,
if studies measuring DDI prevalence can report baseline
characteristics of their population and the specific DDIs
identified in a standardised manner (as proposed in Box 1),
then this would help to identify further common DDIs,
which could then be assessed in health outcomes studies.
This would facilitate the identification of a core set of
common clinically important DDIs that could then be
measured and monitored over time, with greater uniformity.
More generally, in clinical practice, pharmacists and other
expert healthcare professionals could develop a local list of
known and clinically important DDISs specific to their patient
group and setting—this would provide the opportunity to
undertake routine quality improvement initiatives, such as
a clinical audit, to monitor and improve prescribing habits,
and ultimately to mitigate medication-related harm.

The overall high DDI prevalence identified by this review
has important implications for clinicians, patients and health
systems; in particular since this was not unique to the nine
studies which measured the prevalence of any DDI, as one
would expect. Drug—drug interactions are generally con-
sidered to be a predictable and avoidable cause of medica-
tion-related harm [9], and, globally, as the older population
continues to grow, healthcare professionals caring for these
individuals should be aware of the medications commonly
implicated in clinically significant DDIs when prescribing,
dispensing, and during medication review. In clinical prac-
tice, routine surveillance of prescriptions for the older pop-
ulation represents one DDI mitigation measure. However,
healthcare professionals need to be cognisant of medications
commonly implicated in known clinically important DDIs;
indeed, a basic understanding of the mechanism of DDIs
may also help prescribers to recognise common precipitant
and object drugs, and thereby mitigate the risk of avoid-
able medication-related harm in this growing and vulnerable
patient population. In general, further pharmacoepidemio-
logical research is needed to monitor trends in DDI preva-
lence, as well as DDI-related health outcomes, and studies
which are uniform in both methodology and reporting are
needed globally to better understand the prevalence of DDIs
in this older population.
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a.

b.

C.

4.3 Box 1: Recommendations for studies
measuring drug-drug interaction (DDI)
prevalence at the population level

Studies measuring drug-drug interaction (DDI)
prevalence should consider the following methodological
and reporting recommendations:

Methods

Describe the DDI identification method used and

the rationale for using this specific method;

Describe the DDI classification rating used (i.e.

all; mild; moderate; severe; or contraindicated);
Identify the unit of analysis used: when

measuring prevalence, the unit of analysis should be the

individual study participant, i.e. for DDI prevalence:

DDI prevalence

_ No. of individuals identified with a potential DDI
"~ Total no. of study participants using > 2 distinct drugs*

*since the use of at least 2 distinct medications is a
prerequisite for a potential DDI to occur.

d. Declare the specific prescribing/dispensing pat-
tern, i.e. whether the DDI prevalence estimates reported
refer to DDIs involving any drugs prescribed/dispensed;
co-prescribed; concurrently prescribed/dispensed; or
drugs which were prescribed/dispensed on different days
or within a given time interval (e.g. £7 days). The pre-
scribing/dispensing pattern should be clearly reported in
the methods.

Results

a. Present baseline characteristics for study partici-
pants, including: mean number of medications used and/
or polypharmacy (use a standard definition, i.e. regular
use of >5 drugs); co-morbidities; sex.

b. Report DDI prevalence as a percentage with 95%
confidence intervals.

i.As the use of at least 2 drugs is a limiting step in poten-
tial DDI exposure, to standardise the reporting of DDI
prevalence we suggest that researchers report DDI preva-
lence among those using >2 distinct drugs.

ii.Report DDI prevalence for the number of study par-
ticipants potentially exposed to at least one (>1) DDI.
Higher sets (e.g. >2, 3) can also be reported separately.
iii.The total number (and/or proportion) of DDIs and/or
prescriptions with a DDI can also be reported; however,
the DDI prevalence estimate should be expressed in terms

of the total number of study participants using at least 2
distinct drugs.

iv.At a minimum, report the top 10 most prevalent DDIs,
preferably at the individual drug level, not the drug
class level—this will facilitate meaningful comparison
of common DDIs across studies, and allow the most
prevalent DDIs reported in the literature for a given
population to be identified and discussed more concretely.
The classification rating for specific individual-level
DDIs should be clearly reported.

5 Conclusions

Drug-drug interactions are prevalent among older
community-dwelling individuals, and most are classified as
(potentially) clinically important; however, the methodology
used to estimate these events varies considerably. A
standardised methodology is urgently needed to allow
meaningful measurement and comparison of DDI prevalence
in this growing and vulnerable population.
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