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Abstract
Background  Elderly patients are at a heightened risk of drug-drug interactions due to their high prevalence of 
comorbidities, polypharmacy, and age-related physiological changes that alter drug metabolism and excretion. In 
Africa, these risks are compounded by unique healthcare challenges, including limited access to diagnostic tools, and 
high burdens of communicable diseases. The aim of this study is to estimate the prevalence of drug-drug interactions 
and its associated factors among elderly patients in Africa.

Methods  Relevant research articles were identified from databases such as HINARI, Science Direct, Embase, PubMed/
MEDLINE, Google Scholar, and Research Gate. Data were extracted via a Microsoft Excel spreadsheet and analyzed via 
STATA version 11.0. Egger regression tests and funnel plot analysis were used to check for publication bias, and the 
I2 statistic was used to evaluate statistical heterogeneity. Sensitivity and subgroup analyses were also conducted to 
identify potential causes of heterogeneity.

Results  Fifteen articles were analyzed, and a total of 5651 potential drug-drug interactions (pDDIs) were identified 
in 1952 patients, resulting in an average of 2.89 pDDIs per patient. The overall prevalence of pDDIs among elderly 
patients was 52.53% (95% confidence interval (CI): 35.40, 69.66). However, the prevalence of pDDIs ranged widely 
from 2.8 to 90.1%. When the severity of the interactions was considered, the prevalence of pDDIs was 20.59%, 69.4%, 
34.32% and 1.59% for major, moderate, minor, and contraindicated DDIs, respectively. Polypharmacy, long hospital 
stays, hypertension and diabetes mellitus were identified as factors associated with pDDIs among elderly patients in 
Africa.

Conclusion  DDIs are prevalent among elderly patients in Africa and are often associated with polypharmacy, 
prolonged hospitalizations, and the presence of chronic comorbidities, particularly hypertension and diabetes 
mellitus. Moderate-severity interactions were the most prevalent DDIs. The study suggests addressing this issue 
requires targeted interventions, including improved pharmacovigilance, enhanced prescribing practices, and 
integration of DDI risk assessment into routine clinical care. The study also suggests that the database itself could have 
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Background
Drug‒drug interactions are the most common types 
of interactions. It is described as “a pharmacological or 
clinical response that differs from the anticipated known 
effects of the two agents when administered separately 
upon the administration of a drug combination.” On the 
other hand, it is a quantitative alteration that results from 
the simultaneous administration of two medications and 
influences the toxicity or effectiveness of one medica-
tion [1]. It can be classified as actual DDIs or potential 
drug‒drug interactions (pDDIs). Actual DDIs are iden-
tified from patient adverse outcomes; however, pDDIs 
are those identified through analysis of the pharmaco-
logic profiles of each drug used by patients and identifi-
cation of possible adverse events due to the association 
[2]. Not all pDDIs result in an adverse outcome; there-
fore, the occurrence of actual DDIs is lower than that 
of pDDIs [3]. DDIs can also be classified on the basis of 
their severity and the mechanism by which they interact. 
They can range from mild to severe and can be catego-
rized as pharmacokinetic (PK), pharmacodynamics (PD) 
or mixed interaction [4, 5].

The occurrence of DDIs is a serious global issue for 
patient safety, affecting individuals of all age groups. 
However, older adults aged 60 years and above are par-
ticularly vulnerable [6]. Despite this vulnerability, clini-
cal trials are often conducted on younger adults, which 
can make it challenging to provide appropriate care for 
the elderly population [7]. Older patients generally take 
more medications than younger patients do because of 
the various physiological changes associated with aging 
and the ensuing health problems [8], which makes aging 
an independent risk factor for DDIs [9]. This is because 
physiological changes associated with aging can affect 
the PKs and PDs of drugs, potentially increasing the risk 
of drug toxicity and adverse drug reactions [10]. DDIs 
are therefore often unavoidable in this population. As a 
result, DDIs are frequently unavoidable in this popula-
tion, and elderly individuals are particularly vulnerable to 
the adverse outcomes of these interactions [11].

According to a systematic analysis of the literature, 
the pooled prevalence of pDDI globally was 28.8% [12]. 
The number of DDIs per 100 patients varies from 120 to 
3060, and the global pooled prevalence of pDDI among 
older patients ranges from 8.34 to 100% [13]. Similarly, 
the occurrence of pDDIs among elderly patients is also 
common in different African countries, however, the 
prevalence of pDDIs ranged widely [14–16]. A systematic 
review and meta-analysis conducted in Ethiopia found 

that the national prevalence of pDDIs among elderly 
patients was 50.69% [17].

The high prevalence of drug-drug interactions in 
older patients is influenced by several factors, including 
patient-specific characteristics such as age, the presence 
of multiple comorbidities, and polypharmacy. Addi-
tionally, the pharmacokinetic and pharmacodynamic 
properties of medications, along with the impact of ill-
ness on drug metabolism, play a crucial role [8, 11, 18]. 
Prescriber-related factors also contribute significantly to 
the occurrence of potential DDIs (pDDIs). These include 
multiple prescriptions from different healthcare provid-
ers, limited awareness or inadequate knowledge of DDIs 
among prescribers, and a failure to recognize their clini-
cal significance [19]. Furthermore, certain drug classes, 
particularly cardiovascular medications, are frequently 
implicated in DDIs, further increasing the risk of pDDIs 
in this population [8, 13, 17, 20].

Globally, DDIs have been identified as a significant con-
tributor to adverse clinical outcomes, including increased 
hospitalizations, healthcare costs, and mortality [4]. In 
fact, the incidence of DDI-related ADRs in older adults 
has been estimated to range from 4.5 to 6.5% [21, 22]. In 
elderly patients, clinically significant DDIs can also lead 
to deterioration of overall health, decreased quality of 
life, longer hospital stays, increased need for ambulatory 
services, and higher healthcare costs [23–25]. Further-
more, DDIs are responsible for 4.8% of hospital admis-
sions in elderly patients, compared with only 0.57% in the 
general population [26], and account for 20.79% of deaths 
in hospitalized elderly patients [27]. Conversely, some 
DDIs may not immediately cause noticeable changes 
in patients but can still result in treatment failure [28]. 
However, in Africa, where healthcare systems often face 
resource constraints and gaps in pharmacovigilance, the 
impact of DDIs on elderly patients may be even more 
pronounced. Limited awareness among healthcare pro-
viders, the scarcity of clinical guidelines tailored to poly-
pharmacy in elderly patients, and the widespread use of 
herbal remedies may also contribute to underreported 
and poorly managed DDIs.

Despite the implementation of automated DDI alert 
systems, such as DDI screening software, as an approach 
to reinforce DDI alert quality, which has helped to 
decrease the occurrence of DDIs [29], DDI remains an 
evolving public health problem [30, 31]. However, the 
numerous alerts produced by these systems can lead to 
alert fatigue among physicians and pharmacists, resulting 
in a significant number of overrides of DDI alerts [32]. As 

modified the DDI prevalence rate. As a result, a single DDI identification database needs to be authorized; otherwise, 
clinical knowledge should be taken in to account when interpreting the information obtained.
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a result, DDIs continue to pose a serious risk to public 
health.

Given the growing elderly population and the potential 
impact of DDIs, to date, as per the investigators knowl-
edge no systematic review has explicitly addressed the 
prevalence of DDIs and its associated factors among 
elderly patients in Africa. This study provides a compre-
hensive understanding of the nature and extent of DDI 
prevalence and associated factors in this growing and 
vulnerable population in Africa. Therefore, the aim of 
this study was to estimate the pooled prevalence of DDIs 
and their associated factors among elderly patients in 
Africa.

Method
Study protocol
The protocol for this systematic review and meta-analysis 
has been registered with the international prospective 
registration of systemic reviews (PROSPERO) with the 
ID CRD42024563052. The current review adhered to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [33].

Search strategy
A systematic review and meta-analysis were conducted to 
determine the prevalence of potential drug‒drug interac-
tions (pDDIs) and their associated factors among elderly 
patients in Africa. The search for relevant research arti-
cles was conducted via databases such as HINARI, Sci-
ence Direct, Embase, Thesis Bank, PubMed/MEDLINE, 
Google Scholar, and Research Gate for English-language 
publications (Table  1). The reference lists of the identi-
fied studies were also reviewed for additional relevant 
research. The study search was done for the published 
studies from inceptions to June 30, 2024 and the search 
process was conducted over a six-week period, from May 
19, 2024, to June 30, 2024. A search methodology for 
this systematic review and meta-analysis was crafted by 
combining free texts with MeSH terms and keywords. A 
predetermined combination of search terms was used, 

including “prevalence”, “occurrence”, “pharmacoepide-
miology”, “potential drug‒drug interactions”, “inappro-
priate medication use”, “associated factors”, “predictors”, 
“elderly”, “elder”, “older adults”, “aged”, and “Africa”. After 
data were retrieved from the articles, we attempted to 
contact the primary or corresponding authors via email 
to obtain any missing information.

Study selection
After TTA, AAT, GWG, and YAW identified the relevant 
articles through the database searches, citations for the 
articles were exported into the Endnote program X9 ver-
sion. Duplicate publications were then removed indepen-
dently. Next, the three investigators screened the titles 
and abstracts to determine the eligibility of the articles. 
Finally, the authors (TTA, AAT, GWG, and YAW) inde-
pendently assessed the full-text articles using the inclu-
sion and exclusion criteria. Any disagreements were 
resolved through discussion before the analysis began.

Eligibility criteria
Inclusion criteria
Observational studies (cohort, cross-sectional, and 
case‒control studies) conducted in Africa, which were 
reported as original articles, theses, and abstracts from 
scientific events and meetings were included. The articles 
must be published in English in a peer-reviewed journal 
with a recognized impact factor or indexed in reputable 
databases such as PubMed, Scopus, or Web of Science. 
They should specifically assess the prevalence of poten-
tial drug-drug interactions (pDDIs) and its associated 
factors among elderly patients (aged 60 years and above) 
admitted to hospital wards or visiting outpatient settings, 
regardless of their underlying disease.

Exclusion criteria
On the basis of the consensus of the authors, we decide 
to exclude (a) articles that did not report the prevalence 
of DDI and/or associated factors but only characterized 
DDIs in the population of interest. (b) Articles reporting 
interventions for DDIs but not their prevalence before 
intervention. (c) Articles analyzed the prevalence of DDIs 
in adults, including elderly individuals, but did not pro-
vide enough data to calculate the prevalence of DDIs in 
the elderly population of the study, in the original docu-
ment or after the information was requested. Addition-
ally, pilots, validations, and studies with incomplete 
data, even after the authors were contacted, were also 
excluded. If there were doubts about the eligibility of a 
study, a decision was made by consulting and discussing 
with second groups of authors (DG, HAS and TM).

Table 1  Study search results across various databases
Database Records 

identi-
fied 
(N = 412)

Dupli-
cates 
removed 
(N = 216)

Records 
screened 
(N = 196)

Full-text 
articles 
assessed 
(N = 53)

Stud-
ies in-
cluded 
(N = 15)

PubMed 102 52 48 18 8
Scopus 9 7 2 0 0
Embase 92 47 45 13 1
Google 
Scholar

1,27 76 51 14 4

Thesis Bank 21 12 9 4 1
Research 
Gate

14 9 5 1 0

HINARI 47 13 34 3 1
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Data extraction
Data were extracted and managed in a predesigned form 
in Microsoft Excel. Following the selection of the articles 
and the final decisions, TTA, AAT, GWG, and YAW 
were separately extracted from all relevant data from 
the articles. The authors entered the following data in a 
standard data extraction form: the first author’s name, 
publication year, countries in which the study was con-
ducted, study design, pathology (diagnosed disease con-
dition or identified health condition), target population, 
study setting, interaction database, number of patients, 
number of patients with DDIs, and lists of medication 
classes that caused the interactions. Additionally, the out-
come of interest (prevalence of pDDIs - major, moder-
ate and minor) and associated factors of pDDIs, as well 
as measures of effect (odds ratios (ORs)), lower confi-
dence intervals, and upper confidence intervals, were 
also extracted. In cases where the authors had differing 
opinions during the data extraction process, a decision 
to extract was made by consulting and discussing with 
second groups of authors (ASY, GT, SF, and TBA). The 
second group of authors independently extracted all 
relevant data again to ensure that no relevant data were 
missed. To compare the observed and expected agree-
ments between authors, we used kappa statistics to assess 
any differences. The calculated kappa value of ≥ 0.6, indi-
cating substantial agreement, was considered acceptable. 
To determine the reliability of the meta-analytic results, a 
sensitivity analysis was also performed.

Outcome measurements
The primary aim of the current systematic review and 
meta-analysis was to assess the pooled prevalence of 
pDDIs, which can be calculated as the percentage of 
patients who presented at least one DDI among the 
total number of patients studied, as well as factors asso-
ciated with pDDIs. This study also has three secondary 
outcomes: (i) to characterize pDDIs on the basis of their 
severity (major, moderate, minor and contraindicated 
(CI)) and mechanism of action (PK, PD and mixed inter-
actions). (ii) Determine the number of DDIs per patient, 
defined as the number of DDIs divided by the number of 
patients with at least one pDDI. (iii) To identify the most 
common drug class involved in pDDIs.

Quality assessment
Owing to the cross-sectional nature of the studies 
included, study quality was assessed via the Agency for 
Healthcare Research and Quality (AHRQ) methodologi-
cal checklist for cross-sectional and prevalence studies 
[34]. This assessment tool is an 11-item questionnaire 
that explores the quality of data collection, inclusion cri-
teria, outcome measurement, and other measurements. 
The items were answered as yes (+), no (-), or unclear 

(U) for the study. TTA, ASY, SF, TBA, GT, DG and HSA 
conducted the quality assessment. Any disagreements 
between reviewers were resolved through consensus, and 
the opinion of another reviewer (YAW, AAT, GWG, and 
TM) was sought if necessary. Study quality was not an 
exclusion criterion. The quality assessment process was 
completed on July 05, 2024.

Statistical procedure
After the data were extracted and opened in Microsoft 
Excel, STATA 11.0 was used for analysis. The outcomes 
of the primary articles were presented via text, tables, and 
forest plots. For each original article, we looked at the 
standard error of prevalence via the binomial distribu-
tion. Furthermore, to determine whether there was pub-
lication bias in the included articles, two methods were 
employed. A funnel plot was used to demonstrate the 
symmetric distribution and lack of publication bias in the 
included articles. Egger’s correlation and Begg’s regres-
sion intercept tests were employed at the 5% significance 
level. In the event that our analysis revealed publication 
bias, we formalized the use of funnel plots, estimated the 
number and outcome of missing articles, and accounted 
for hypothetically absent articles via the nonparametric 
“trim and fill” approach developed by Duval and Tweedie.

Heterogeneity assessment
Der Simonian and Laird’s pooled effects of pDDIs were 
estimated via a random effects meta-analysis approach. 
Heterogeneity between articles was assessed by consid-
ering the I2 inconsistency statistic. Significant levels of 
heterogeneity were considered present when the I2 esti-
mate was greater than or equal to 70%. Additionally, if we 
found evidence of heterogeneity during analysis, we used 
a sensitivity analysis, and subgroup analysis to pinpoint 
its potential cause. We applied a leave-one-out sensitivity 
analysis to determine the potential cause of heterogeneity 
in the pooled prevalence of pDDIs.

Subgroup analyses
Subgroup analyses are useful for examining between-
group differences or determining how a given group’s 
characteristics affect the prediction of the pooled prev-
alence and the cause of heterogeneity across studies. In 
this study, the prevalence of DDIs among elderly patients 
was examined by subgrouping the country where the 
study was conducted, the interaction database, the study 
design, the pathology, and the study setting. The preva-
lence of DDIs is reported as percentages with 95% confi-
dence intervals (CIs).
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Results
Article search results
A total of 412 articles were identified from the database. 
After removing duplicates, 196 articles remained for 
screening. Among these, 143 articles were excluded on 
the basis of their titles and abstracts. The remaining 53 
articles were then assessed according to predetermined 
inclusion and exclusion criteria. After this assessment, 
38 articles were excluded. Ultimately, 15 full-text articles 
that met the eligibility criteria and passed the quality 
assessment were included in the final systematic review 
and meta-analysis (Fig. 1).

General characteristics of the included studies
Fifteen primary articles, comprising 4202 individuals, 
were included in the final systematic review and meta-
analysis on the prevalence of DDIs and their associated 
factors among elderly patients. All the articles included 
in the current review focused only on the prevalence of 
pDDIs and did not assess the prevalence of actual DDIs. 
Among the 15 articles, five focused solely on the preva-
lence of pDDIs. All of the articles utilized cross-sectional 
study designs, with eight being retrospective and two 
being prospective. The designs of the remaining five 
articles were not specified. The included articles were 

Fig. 1  PRISMA flowchart diagram
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published between 2014 and 2023. Geographically, the 
articles were obtained from five African countries. The 
included articles examined patients with various diseases 
receiving treatment in both medical wards and outpatient 
settings. Eleven articles analyzed patients with all types of 
pathologies, whereas three articles focused specifically on 
patients with cardiovascular disorders, and the remaining 
article focused on patients with benign prostatic hyper-
plasia. More than half of the articles (nine) studied pDDIs 
in outpatient settings, four in inpatient settings, and two 
each in both settings. Nine different databases were used 
to detect pDDIs, with only six articles utilizing a combi-
nation of two databases. The Medscape online database 
was used in six articles, Micromedex® was used in two 
articles, the Beers criteria were used in three articles, 
and the remaining four databases utilized were the EM 
guidance interaction checker, Hepler and Strand, US-
FDA, WebMD, and BNF & Stockley’s drug interactions 
(Table 2).

Quality of the included studies
The quality of the included studies ranged from moderate 
to high (Additional file 2).

Study outcome measures
Pooled prevalence of pDDI among elderly patients in Africa
To determine the pooled prevalence of pDDIs among 
elderly patients in Africa, a systematic review and meta-
analysis were conducted using 15 published articles 
[14–16, 30, 35–44]. The results revealed that the pooled 
prevalence of pDDIs among elderly patients in Africa 
was 52.53% (95% CI: 35.40, 69.66) (Fig. 2). The included 

articles reported a wide range of pDDIs, from 2.8% [39] 
to 90.1% [35]. When the severity of the interactions was 
considered, the pooled prevalence of pDDIs was 20.59% 
(95% CI: 6.42, 34.76) for major DDIs, 69.4% (95% CI: 
56.15, 82.65) for moderate DDIs, 34.32% (95% CI: 8.44, 
60.19) for mild DDIs, and 1.59% (95% CI: -1.56, 4.75) for 
contraindicated DDIs. Only two articles classified the 
prevalence of pDDIs on the basis of the mechanism of the 
interactions, reporting 22.57% (95% CI: 18.57, 26.58) 23) 
for PK, 73.14% (95% CI: 68.89, 77.39) for PD, and 4.07% 
(95% CI: 1.91, 6.00) for mixed DDIs [36]. (Table 3 pres-
ents the pooled prevalence of different types of pDDIs 
among elderly patients in Africa). A total of 5651 pDDIs 
were identified in 1952 patients, resulting in an average 
of 2.89 pDDIs per patient (calculated by dividing the total 
number of DDIs by the number of patients with at least 
one DDI). The number of pDDIs per patient ranged from 
0.15 to 12.1.

Factors associated with the prevalence of pDDIs among 
elderly patients in Africa
Polypharmacy (effect size (ES) = 4.26, 95% CI: 3.46, 5.26), 
long hospital stays (ES = 3.36, 95% CI: 1.36, 8.27 hyper-
tension (ES = 3.27, 95% CI: 2.07, 5.15), and diabetes mel-
litus (ES = 4.14, 95% CI: 2.17, 7.90) were identified as 
significant factors associated with DDIs among elderly 
patients in Africa. Figure  3 presents a forest plot illus-
trating the pooled factors associated with pDDIs among 
elderly patients in Africa.

Table 2  Characteristics of the studies included in this systematic review and meta-analysis on pDDIs among elderly patients in Africa
Authors Publica-

tion 
year

Study design Region Database Sample 
size

Pathology Preva-
lence of 
DDI(%)

Adem et al. [35] 2022 RCS Ethiopia AGS & MAI 384 CVD 90.1
Assefa et al. [36] 2020 RCS Ethiopia Medscape online 168 CVD 86.31
Dagnew et al. [37] 2022 prospective 

observational
Ethiopia Medscape online 389 All 58.1

Teka et al. [45] 2016 CS Ethiopia Micromedex 140 All 62.2
Teni et al. [38] 2014 RCS Ethiopia Micromedex 392 All 24.9
Bhagavathula et al. [39] 2021 CS Ethiopia Beers criteria 320 All 2.8
Dagnew et al. [40] 2022 prospective 

observational
Ethiopia Medscape online 389 All 30.62

Fadare JO et al. [41] 2016 RCS Nigeria Medscape online & Epocrates 350 CVDs 47.6
Yusuff KB et al. [16] 2015 CS Nigeria BNF & Stockley’s 229 All 65
Abdu N et al. [42] 2019 CS Eritrea US-FDA & WebMD 285 All 71.9
Saka SA et al. [43] 2021 RCS Nigeria Medscape online 201 BPH 55.8
Alssageer MA et al. [14] 2023 RCS Libya Hepler and Strand 195 All 23
Bojuwoye AO et al. [15] 2022 RCS South Africa Medscape online & Epocrates 250 All 84.8
Dube SO [44] 2022 CS South Africa EMGuidance interaction checker 89 All 80.4
Saka SA et al. 2018 RCS Nigeria Beers criteria 352 All 5.7
RCS: retrospective cross-sectional; CS: cross-sectional
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Common interacting drug classes
The study found that the most frequently interacting 
drug classes include cardiovascular drugs [14–16, 35–37, 
39–42, 45, 46], gastrointestinal drugs [14, 35–37, 39, 40, 
45], anti-infective drugs [15, 36, 37, 39, 40, 45], endocrine 
drugs [15, 16, 36, 37, 39, 40, 45], and nonsteroidal anti-
inflammatory drugs [15, 16, 42, 44–46]. Additionally, 

interactions were observed with central nervous system 
drugs [45, 46] and medications used for benign prostatic 
hyperplasia (BPH) [43].

Test of heterogeneity and publication bias, subgroups and 
sensitivity analysis
Heterogeneity and publication bias
The heterogeneity of the fifteen articles included in the 
current systematic review and meta-analysis was high, as 
shown by the test statistics (I2 = 99.7%, p value = 0.000). 
To determine whether there was publication bias in the 
included papers, two methods were employed. First, a 
funnel plot was used to demonstrate the symmetrical 
distribution and lack of publication bias in the included 
papers (Fig.  4). Additionally, p = 0.24 indicates that Egg-
er’s test was used to verify that there was no publica-
tion bias. (Table 4 presents the results of Egger’s test for 
pDDIs among elderly patients in Africa.). To differentiate 
the causes of heterogeneity, sensitivity analysis and sub-
group analysis were employed.

Table 3  The pooled prevalence of different types of potential 
drug‒drug interactions (pDDIs) among elderly patients in Africa
Types of DDIs Num-

ber of 
study

Prevalence (95% 
CI)

Heterogeneity
I2 (%) p- 

value
Major DDIs 7 20.59 (6.42, 34.79) 99.1 0.000
Moderate DDIs 8 69.40 (56.15, 82.65) 98.8 0.000
Minor DDIs 7 34.32% (8.44, 60.19) 99.6 0.000
Contra indicated 
DDIs

2 1.59 (-1.56, 4.75) 76.1 0.041

PK DDIs 2 22.57 (18.57, 26.58) 0.0 0.594
PD DDIs 2 73.14 (68.89, 77.39) 0.0 0.975
Mixed (PK& PD) DDIs 2 4.07 (1.91, 6.23) 19.4 0.265

Fig. 2  The pooled prevalence of pDDIs among elderly patients in Africa
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Subgroup analysis
To identify the possible sources of heterogeneity, sub-
group analysis was conducted on the basis of country, 
DDI database, study design, pathology, and study setting. 
The current review revealed that there were differences in 
the prevalence of pDDIs depending on the DDI database, 
country where the articles were conducted, study design, 
pathology, and study setting. Subgroup analysis by coun-
try revealed that the highest prevalence of pDDI was 
found in South Africa, at 83.81% (95% CI: 79.89, 87.72), 
followed by Ethiopia, with a prevalence of 50.61% (95% 
CI: 23.94, 77.27). Furthermore, subgroup analysis on 
the basis of the drug information database revealed that 
the highest prevalence of pDDI, 66.23% (95% CI: 29.77, 
102.68), was detected via the Medscape online database, 

57.69% (95% CI: 33.66, 81.72), 43.39% (95% CI: 6.84, 
79.94), and 31.97% (95% CI: 9.34, 54.60), was detected via 
the Micromedex combined database. Additionally, there 
was a difference in the prevalence of pDDIs based on the 
number of databases used at a time: more than 63.67% 
(44.30, 83.04) of the studies utilized a single database 
(45.06%, 95% CI: 25.57, 64.56). With respect to the study 
design employed, the highest prevalence of pDDI was 
observed in studies that utilized a cross-sectional study 
design (56.39%, 95% CI: 16.78, 96.01), followed by retro-
spective cross-sectional studies (52.21%, 26.62, 77.81%). 
Moreover, subgroup analysis was also performed on the 
basis of the clinical diagnosis of the patients, and the 
highest prevalence of pDDIs was found in articles that 
assessed DDI among CVD patients, at 74.56% (95% CI: 

Fig. 3  Pooled factors associated with pDDIs among elderly patients in Africa
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46.19, 102.94), compared with 46.22% (27.39, 65.05) in 
studies that assessed DDI among all clinical conditions. 
Finally, in the study setting, the prevalence of pDDIs was 
greater in outpatient settings, at 58.07% (95% CI: 32.23, 
83.91), than in inpatient settings, at 43.38% (95% CI: 
24.98, 61.78) (Table 5).

Sensitivity analysis
Sensitivity analysis was performed in the current system-
atic review and meta-analysis to investigate the impact 
of each study on the pooled prevalence of DDIs among 
elderly patients. This was accomplished by systemati-
cally eliminating one author or one article. The fact that 
all of the numbers fall within the anticipated 95% CI sug-
gests that the omission of one study did not significantly 
change the prevalence of this review (Table 6).

Discussion
The objective of the current study was to estimate and 
offer a quantitative summary of the prevalence of drug‒
drug interactions, as well as their associated factors, 
among elderly patients in Africa. The analysis included 
15 articles with a total of 4202 individuals. The over-
all pooled prevalence of DDIs among elderly patients in 
Africa was 52.53% (95% CI: 35.40, 69.66). This finding is 
consistent with previous systematic reviews and meta-
analyses conducted on adults and the general population 
in intensive care units (58% and 67% [24, 47], respec-
tively). This may be due to similar healthcare practices, 
prescribing patterns, and the common use of certain 
medications across different populations. Furthermore, 
standard treatment guidelines for various diseases often 
recommend similar classes of medications, resulting in 
similar risks of DDIs for patients with the same diseases. 
The elevated prevalence of pDDIs raises significant con-
cerns in clinical practice, particularly the increased likeli-
hood of adverse drug reactions (ADRs), which can lead 
to complications such as treatment failure, exacerbation 
of underlying conditions, or life-threatening events. The 

Table 4  Egger’s test of the PDDI among elderly patients in Africa
Std_Eff Coef. Std. Err. t P>|t| [95% Conf. Interval]
Slope -16.95233 11.59376 -1.46 0.169 -42.21296 8.3083
Bias 25.60731 5.188107 4.94 0.24 14.3034 36.91123

Fig. 4  Random effects funnel plot of logit event rate of pDDIs effect sizes by standard error
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management of ADRs resulting from pDDIs can lead to 
longer hospital stays, increased hospital readmissions, 
and higher healthcare costs. In resource-constrained 
African healthcare systems, these additional burdens can 
exacerbate existing challenges, such as limited healthcare 
infrastructure, medication shortages, and understaffed 
facilities.

However, the prevalence of pDDIs in the current 
study was higher than the pooled prevalence of pDDIs 
among elderly patients across the globe (28.8%) [12]. 

Additionally, the prevalence was also higher than that 
reported in cross-sectional studies conducted in Alba-
nia (0.8%) [48], Australia (15%) [49], and the USA (7.7%, 
10.4%) [50, 51]. This may be due to socioeconomic fac-
tors, such as education levels, healthcare infrastructure, 
and public health initiatives, which can influence how 
medications are prescribed and managed. These fac-
tors may lead to differences in how drug interactions are 
handled in different countries. Additionally, differences 
in clinical conditions, study settings, and criteria used to 
identify and classify DDIs may also contribute to these 
discrepancies.

In contrast, the findings of the current study were 
lower than the pooled prevalence of pDDIs in the general 
population in Ethiopia (72.2%) [52]. This may be due to 
differences in the study populations, healthcare practices, 
and prescribing patterns. Moreover, the prevalence was 
lower than that reported in a study conducted in Croatia 
(90.6%) [53]. This may be attributed to the presence and 
effectiveness of pharmacovigilance systems, which moni-
tor and address adverse drug reactions and interactions. 
These systems may be more robust in Ethiopia, leading 
to a lower prevalence of pDDIs. Access to healthcare and 
medication can also differ, with Ethiopia potentially hav-
ing limited access to certain drugs, making it easier to 
recognize and avoid pDDIs. In contrast, Croatia, with 
potentially better access to a wider range of medications, 
may have a greater risk of pDDIs. In addition to these 
factors, differences in healthcare systems and practices, 
such as prescription practices and the monitoring and 

Table 5  Subgroup analysis of the pDDI among elderly patients in Africa
Variable Subgroup Number of studies Prevalence (95% CI) Heterogeneity

I2% p value
Country Ethiopia 7 50.61 (23.94, 77.27) 99.6 0.000

Nigeria 4 43.45 (11.10, 75.79) 99.4 0.000
South Africa 2 83.81 (79.89, 87.72) 0.0 0.357
Other 2 47.47 (-0.45, 95.39) 99.3 0.000

Study design Retrospective cross- sectional 8 52.21 (26.62, 77.81) 99.6 0.000
Prospective observational 2 44.35 (17.42, 71.28) 98.4 0.000
Cross-sectional 5 56.39 (16.78, 96.01) 99.7 0.000

Database Medscape online 4 57.69 (33.66, 81.72) 98.8 0.000
Beers criteria 3 31.97 (9.34, 54.60) 99.4 0.000
Micromedex
Medscape online & Epocrates

2
2

43.39 (6.84, 79.94)
66.23 (29.77, 102.68)

98.5
99.1

0.000
0.000

Other* 4 52.53 (35.40, 85.16) 98.5 0.000
Number of database used Single 9 45.06 (25.57, 64.56) 99.6 0.000

Two 6 63.67 (44.30, 83.04) 98.6 0.000
Pathology CVDs 3 74.56 (46.19, 102.94) 98.4 0.000

All conditions 11 46.22 (27.39, 65.05) 99.6 0.000
BPH 1 55.80 (48.93, 62.67) - -

Setting Outpatients 9 58.07 (32.23, 83.91) 99.6 0.000
Inpatients 4 43.38 (24.98, 61.78) 97.7 0.000
Both settings 2 45.97 (-33.03, 124.97) 99.9 0.000

Other = Eritrea and Libya, Other*= EMGuidance interaction checker, Hepler and Strand, US-FDA & WebMD and BNF & Stockley’s drug interactions

Table 6  Sensitivity analysis of the pDDI among elderly patients 
in Africa
Authors Estimate prevalence (95% CI) Heterogeneity

I2 (%) p value
Adem et al. 49.87 (32.49, 67.25) 99.6 0.000
Assefa et.al 50.10 (33.28, 66.93) 99.5 0.000
Dagnew et al. 52.16 (34.22, 70.04) 99.6 0.000
Teka et al. 51.84 (34.09, 69.60) 99.6 0.000
Teni et al. 52.53 (35.40, 69.66) 99.6 0.000
Bhagavathula et al. 56.10 (39.13, 73.08) 99.4 0.000
Dagnew et al. 54.11 (35.70, 72.51) 99.6 0.000
Fadare JO et al. 52.89 (34.79, 70.99) 99.6 0.000
Yusuff KB et al. 51.64 (33.92, 69.36) 99.6 0.000
Abdu N et al. 51.14 (33.67, 68.61) 99.6 0.000
Saka SA et al. 52.30 (34.44, 70.16) 99.6 0.000
Alssageer MA et al. 54.64 (36.52, 72.77) 99.6 0.000
Bojuwoye AO et al. 50.20 (33.68, 66.73) 99.5 0.000
Dube SO 50.55 (33.05, 68.06) 99.6 0.000
Saka SA et al. 55.90 (37.14, 74.67) 99.5 0.000
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management of drug interactions, can also influence the 
occurrence of pDDIs. Compared with Croatia, Ethiopia 
may have stricter guidelines or better monitoring sys-
tems, leading to fewer interactions.

In terms of the severity of DDIs, the prevalence rates 
of major and moderate DDIs were 20.59% and 69.4%, 
respectively. This finding is in line with other studies that 
reported similar outcomes. A systematic review across 
the globe reported pooled prevalence of major and mod-
erate DDIs of 28.9% and 54.4%, respectively [54]. This 
consistency may be due to similarities in patient demo-
graphics, methodologies, and criteria used to identify 
and classify DDIs. The observed discrepancies in the clas-
sification of pDDIs with the expected total prevalence, 
particularly the prevalence of contraindicated (1.59%) 
and moderate (34.32%) interactions, may be attributed 
to several factors, including variations in classification 
systems, differences in clinical settings, and the choice 
of drug interaction identification databases used to iden-
tify drug-drug interaction. Discrepancies may arise due 
to different DDI classification systems use varying cri-
teria to categorize interactions based on severity. Some 
databases may prioritize pharmacokinetic interactions, 
while others emphasize clinical outcomes. For example, 
one classification system might label an interaction as 
“moderate” due to a known pharmacokinetic alteration, 
whereas another might classify it as “major” if clinical 
consequences are more frequently reported. Additionally, 
Drug interaction databases differ in terms of their scope, 
frequency of updates, and underlying evidence sources. 
Some databases incorporate extensive clinical data, while 
others primarily rely on theoretical pharmacological 
interactions. Consequently, the same drug pair might be 
categorized differently depending on the database used. 
If a study utilized a database with more conservative clas-
sification criteria, this could explain the lower prevalence 
of contraindicated DDIs [55, 56]. The study population 
and clinical setting can also influence the prevalence 
and classification of pDDIs. Hospitalized patients, for 
instance, may receive more complex medication regi-
mens compared to outpatients, increasing the likelihood 
of detecting contraindicated or major DDIs. In contrast, 
outpatient-based studies might report fewer contraindi-
cated DDIs due to differences in prescribing patterns and 
medication monitoring [17].

The prevalence estimates for potential drug‒drug inter-
actions (pDDIs) in Africa among elderly patients identi-
fied in this systematic review and meta-analysis show 
the wide variation, ranging from 2.8 to 90.1%. The wide 
variation in prevalence estimates for pDDIs identified by 
this systematic review is similar to that reported in recent 
reviews. For example, one review reported that preva-
lence estimates for pDDIs among elderly patients ranged 
from 0.8 to 90.6% [12], whereas another reported a range 

of 8.34–100% [13]. The wide variation in the prevalence 
of pDDIs in the current systematic review and meta-
analysis may be due to differences in clinical conditions, 
the number of comorbidities and medications, and the 
sources used to identify pDDIs. Previous research also 
supports this explanation [57]. The high prevalence of 
pDDIs reported by some studies may be attributed to pre-
scriber issues such as multiple drug prescriptions by mul-
tiple prescribers, inadequate knowledge of prescribers 
on pDDIs, or poor recognition of the relevance of pDDIs 
[19]. Additionally, certain types of drugs, such as cardio-
vascular medications, which are commonly involved in 
pDDIs [8, 13, 20], may contribute to the wide variation 
in prevalence estimates of this systematic review, as most 
articles included in this study measure the prevalence of 
pDDIs for cardiovascular medications. Therefore, studies 
reporting a high prevalence of pDDIs should be acknowl-
edged. The significant variation in pDDI prevalence sug-
gests that the potential consequences DDIs such as the 
elevated risk of ADRs in elderly patients may vary greatly 
depending on factors such as geographic region, local 
healthcare practices, and patient demographics. The ele-
vated risk of ADRs could lead to treatment failure, wors-
ening comorbidities, and longer hospital stays, placing 
additional strain on already limited healthcare resources.

However, when the prevalence estimates were pooled 
in a meta-analysis, there was significant heterogeneity 
(I² statistic of 99.7%) between studies, meaning the vari-
ability in effect sizes is almost entirely due to differences 
between studies rather than random chance, which could 
be explained by differences in the databases used to iden-
tify pDDIs, countries, study settings, and study designs. 
Subgroup analyses based on the database used showed 
wide variation in pooled prevalence estimates, ranging 
from 31.97 to 56.39%. This finding is consistent with a 
recent review that also reported differences in preva-
lence estimates on the basis of the database used [12]. 
The variation could be linked to differences in the DDI 
database properties. While several DDI screening soft-
ware programs are available, one limitation is their lack 
of clinical relevance, which can result in the over report-
ing of pDDIs [58]. Additionally, the information obtained 
from one database may differ from that of another. This 
means that the software itself may have influenced the 
prevalence estimates. Ideally, multiple sources should be 
used, and the information should be interpreted care-
fully. Micromedex® is considered the gold standard and a 
generic measurement [59]. However, in this review, only 
two studies assessed pDDIs with Micromedex®, and six 
studies evaluated pDDIs via more than one database.

Furthermore, the subgroup analysis revealed that the 
prevalence of pDDIs differed on the basis of the study 
setting, which revealed that the occurrence of pDDIs was 
high in outpatient settings (58.07%, 95% CI: 32.23, 83.91) 



Page 12 of 16Alemayehu et al. BMC Pharmacology and Toxicology           (2025) 26:92 

versus 43.38%, 95% CI: 24.98, 61.78) in the inpatient set-
ting and in the inpatient and outpatient setting (45.97%, 
95% CI: -33.03, 124.97). This finding is supported by a 
previous systematic review and meta-analysis of the gen-
eral population in Ethiopia [52]. The occurrence of pDDIs 
in the outpatient setting is greater than that in the inpa-
tient setting, possibly, because outpatients often manage 
chronic conditions with long-term medication regimens, 
which can lead to drug prescriptions from different pro-
viders without full knowledge of other medications the 
patient is taking. Over time, the risk of drug interactions 
can increase as patients accumulate multiple prescrip-
tions [60]. There may also be self-medications and less 
rigorous or less frequent medication reviews than in 
inpatient settings, increasing the risk of unintended drug 
interactions.

This study was also designed to identify factors asso-
ciated with pDDIs among elderly patients in Africa. 
Polypharmacy and long hospital stays were significantly 
associated with pDDIs. Polypharmacy is a major risk fac-
tor for pDDIs. Polypharmacy is more common among 
elderly patients in African this may be due to health-
care is in some African countries often fragmented, with 
patients visiting multiple healthcare providers, including 
private clinics, traditional healers, or hospitals. This can 
lead to overlapping prescriptions for similar conditions, 
resulting in polypharmacy. The lack of a comprehen-
sive medication review system further complicates the 
situation. Furthermore, self-medication practices, and 
healthcare providers’ prescribing habits also play a role 
[61]. This finding is in line with a systematic review in 
Ethiopia, which revealed that taking five or more medi-
cations is an independent factor that leads to pDDIs 
[52]. The current findings are also in line with those of 
cross-sectional studies conducted in Iran, Brazil and 
India, which indicated that taking six or more medica-
tions is an important factor for the occurrence of pDDIs 
[62–64]. This may be attributed to each additional drug 
increasing the likelihood of interactions. This is sup-
ported by a study from Brazil, which revealed that as the 
number of medications taken by a patient increased, so 
did the probability of pDDIs [65]. Elderly patients may 
also require polypharmacy because of their comorbidi-
ties. Managing multiple medications can be challenging 
and increase the risk of medication errors. Long hospital 
stays, particularly more than seven days, were also asso-
ciated with the occurrence of pDDIs, which is consistent 
with previous research [52, 66]. Hospitalized patients are 
more likely to have multiple illnesses, comorbid condi-
tions, and chronic therapeutic regimens, as well as fre-
quent changes in their medication regimens, which can 
increase the risk of pDDIs [67].

Being hypertensive and having DM were also asso-
ciated with the occurrence of pDDIs. This finding is 

supported by a cross-sectional study in Brazil and Turkey 
[68, 69]. This could be attributed to the fact that patients 
with hypertension and diabetes frequently have other 
comorbid conditions, such as cardiovascular disease, kid-
ney disease, or dyslipidemia, which further necessitate 
additional medications [70, 71], and hypertension and 
diabetes often require multiple medications to manage 
these conditions effectively [70]. This increased number 
of medications increases the risk of pDDIs. This is sup-
ported by a study from Brazil, which revealed that as the 
number of medications taken by a patient increased, the 
probability of pDDIs also increased [65]. Furthermore, 
hypertensive and diabetic patients may also have lifestyle 
factors that impact drug metabolism or efficacy and fre-
quent changes in treatment regimens to better control 
these conditions, which can involve changing doses or 
adding new medications, thereby increasing the likeli-
hood of drug interactions [72].

The current systematic review and meta-analysis high-
lights the need to adapt standardized methods to iden-
tify DDIs really to narrow the wide range of prevalence 
across studies. The drug‒drug interaction database itself 
could have modified the prevalence of pDDI. Hence, the 
use of databases with different sensitivities can overes-
timate and underestimate the prevalence rate of pDDIs. 
Therefore, a single DDI identification database needs to 
be authorized; otherwise, a list of DDIs, which is regu-
larly updated to reflect both current clinical practice and 
emerging evidence of clinically important DDIs, needs 
to be developed and maintained. This encourages con-
sistency in reporting the prevalence of DDI and reduces 
the amount of alerts fatigue among health profession-
als. Furthermore, the pooled prevalence of pDDIs was 
high. These findings suggest that elderly patients are a 
natural high-risk population for pDDIs. DDIs are also 
frequently unavoidable and often predictable medi-
cal issues. As a result, each patient should be evaluated 
individually, pDDIs should be characterized, the risk–
benefit ratio should be weighed, and prompt interven-
tions such as medication reviews, improved healthcare 
provider education, and regional pharmacovigilance 
systems are needed to enhance patient safety and opti-
mize care in these settings should be implemented to 
improve the quality of care for the elderly population. 
Finally, drugs used to treat cardiovascular disorders are 
frequently prescribed to elderly individuals to treat con-
ditions associated with aging and are involved in the 
majority of drug‒drug interactions. Therefore, healthcare 
providers in geriatric cardiovascular treatment facilities 
should prioritize screening, monitoring, and providing 
special attention to elderly patients. To mitigate these 
risks, targeted interventions such as medication reviews, 
improved healthcare provider education, and regional 
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pharmacovigilance systems are needed to enhance 
patient safety and optimize care in these settings.

Suggestion for future researchers
Many individuals in Africa use herbal and traditional 
remedies alongside prescribed medications, which may 
increase the risk of DDIs. However, there is a lack of suf-
ficient data on the potential interactions between these 
substances and modern pharmaceuticals. Therefore, 
further research is needed to explore the role of herbal 
and traditional medicines in contributing to DDIs, par-
ticularly among elderly patients in Africa. Additionally, 
future studies should focus on conducting longitudinal 
cohort studies to assess the long-term health outcomes 
associated with DDIs in elderly populations, including 
their impact on mortality, morbidity, and quality of life. 
Research should also prioritize the development and 
implementation of artificial intelligence [1]-based tech-
nologies and robust pharmacovigilance systems to detect, 
report, and analyze DDIs in real-time. Furthermore, eval-
uating the potential of mobile health (mHealth) technolo-
gies, electronic prescribing systems, and clinical decision 
support tools in monitoring and preventing DDIs among 
elderly patients in Africa will be crucial for enhancing 
patient safety and healthcare outcomes.

Limitations of the study
However, this study offers important clinical and research 
advantages. The pooled effect of potential drug‒drug 
interactions (pDDIs) among elderly patients in Africa 
has several limitations. First, the articles included in this 
review focused primarily on potential drug-drug interac-
tions and did not examine actual drug-drug interactions, 
primarily due to the lack of studies that directly assessed 
real-world interactions. This distinction is crucial, as 
not every pDDI necessarily leads to an actual adverse 
interaction. Consequently, the evaluation of pDDIs may 
overestimate the true incidence of clinically significant 
DDIs, and the findings should be interpreted with cau-
tion, as the real-world impact may be lower than what 
is reported here. Second, significant heterogeneity was 
observed across the included studies, which may have 
influenced the pooled estimates of pDDIs. This variabil-
ity could stem from differences in study settings, meth-
odologies, and the databases used to identify pDDIs. 
For example, prevalence rates varied by country, with 
South Africa showing the highest prevalence, followed by 
Ethiopia. However, due to the limited number of studies 
from other African countries, the study did not account 
for potential regional differences across the continent. 
This lack of geographical diversity in the included studies 
means that the findings may not fully represent the situ-
ation in all African countries. Further research, incorpo-
rating more countries and diverse populations, is needed 

to provide a clearer, more generalized picture. Third, the 
severity of pDDIs was categorized differently across the 
included studies. Different methodologies and criteria 
were used to classify the severity of interactions, which 
may have led to inconsistencies in how the interactions 
were reported. These variations in classification could 
impact the accuracy of the conclusions regarding the 
severity of pDDIs among elderly patients. A more stan-
dardized approach to categorizing the severity of pDDIs 
is needed to provide more reliable and comparable data 
across studies.

Conclusion
The current systematic review and meta-analysis identi-
fied a notable prevalence of potential drug‒drug inter-
actions among elderly patients in Africa, with moderate 
severity being the most common category. However, sig-
nificant heterogeneity between studies was observed, 
which may be attributed to variations in the databases 
used to identify pDDIs, as well as differences in coun-
tries, clinical conditions, study settings, and designs. 
Factors such as polypharmacy, prolonged hospital stays, 
hypertension, and diabetes mellitus (DM) were found to 
be associated with an increased likelihood of pDDIs in 
this population. The relatively high prevalence of pDDIs 
among older patients in Africa suggests potential chal-
lenges in clinical practice, including the increased risk of 
adverse drug reactions (ADRs), longer hospitalizations, 
medication non-adherence, and higher healthcare costs. 
To address these issues, healthcare systems may benefit 
from enhanced drug interaction monitoring, improved 
pharmacovigilance, routine medication reviews, and 
refined prescribing practices. Additionally, the choice of 
DDI database used to identify DDIs interactions could 
have influenced the reported prevalence rates, empha-
sizing the need for a standardized DDI identification 
database, or the integration of clinical expertise in inter-
preting such data.

Appendix: Search terms used
A predetermined combination of search terms was used, 
including.

 	• “Prevalence”, “occurrence”, “pharmacoepidemiology”,
 	• “Potential drug‒drug interactions”, “inappropriate 

medication use”,
 	• “Associated factors”, “predictors”,
 	• “Elderly”, “elder”, “older adults”, “aged”, and “Africa”.

Search strategy and results
The search for relevant research articles was conducted 
via databases such as HINARI, Science Direct, Embase, 
Thesis Bank, PubMed/MEDLINE, Google Scholar, and 
Research Gate for English-language publications.
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