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Background: Multiple drug therapies are commonly used to achieve a desired therapeutic goal, especially in hospitalized patients. 
However, drug–drug interactions might occur and threaten the patients’ safety.
Objective: This study aims to assess the prevalence and severity of potential drug–drug interactions (PDDIs) in the internal medicine 
ward at Soba Teaching Hospital.
Methods: A retrospective cross-sectional hospital-based study was carried out in the internal medicine ward at Soba Teaching 
Hospital from June 2021 to December 2021. The data was collected from patients’ medical records. PDDIs were identified using 
Lexicomp® drug interaction software.
Results: A total of 377 patients were included in this study, and overall prevalence of PDDIs was 62.9%. We have identified 989 
potential DDIs and 345 pairs of interacting drugs, the mean of the PDDIs per patient was 4.17 ± 4.079. Among 345 PDDIs most were 
of moderate interactions 70.1% (n=242) followed by Minor interactions 19.1% (n=66). The most common type of interaction was of 
category C representing 63.5% (n=219). A significant association was observed between the occurrence of PDDIs with patients’ age, 
presence of chronic diseases, length of hospital stay, and number of medications received by the patients.
Conclusion: Drug–drug interactions were highly prevalent in the internal medicine ward. Therefore, certain attempts are required to 
increase the awareness of the physicians about these interactions and minimize their occurrence.
Keywords: potential drug–drug interactions, prevalence, severity, patient safety

Introduction
Patient safety is considered one of the most important principles of health care According to studies, 10% of the annual 
worldwide receivers of health care suffer from adverse events, either from medication or surgical errors.1 An adverse 
drug event (ADE) is defined as the physical or mental harm or even loss of function that could arise from the use of 
medications.2 There are many identified causes of ADE, but the most common cause of them is drug interactions. 
International reports showed that around 21% of the adverse drug event-related hospital admissions were results of drug 
interactions.3 A drug interaction happens when the patient’s response to a drug is changed by nutritional supplements, 
environmental factors, formulation excipients, food, other drugs, or disease.4

Drug–drug interactions (DDIs) are defined as changes in the drug’s efficacy or toxicity due to the concomitant 
administration of another drug.5 They may occur due to pharmacokinetic (PK) mechanisms, ie when one drug (the 
perpetrator) alters the concentration of another drug (the object), or due to pharmacodynamic (PD) mechanisms, ie, when 
the two drugs act on the same or interrelated target resulting in additive or opposing effects.6 Pharmacodynamic drug– 
drug interactions can be predicted by most physicians, on the other hand, pharmacokinetic drug–drug interactions are 
more difficult to predict and understand, and both of them can cause significant adverse reactions if not taken into 
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consideration.7 Drug interactions are either real drug interactions that can be established in clinical practice or potential 
drug–drug interactions (PDDIs) in which a potentially harmful combination occurs.8

The consequences of these DDIs vary, from minor and undetectable to severe enough that can affect the patient’s health, 
increase the treatment costs, or even can lead to death.9 There are many factors associated with the occurrence of DDIs, and one of 
them is the use of multiple drug treatments, which might be necessary to achieve the required therapeutic goal.5

DDIs are highly prevalent in hospitalized patients,10 because of multiple and severe illnesses, multiple-drug treatments, and 
chronic therapeutic regimens.11 Krahenbuhl-Melcher et al suggest that DDIs account for 17% of all ADEs during 
hospitalization.12 Similarly, a study in Switzerland, concluded that 56.2% of patients were exposed to at least one major or 
moderate PDDI in the internal medicine ward.13 Also, a study was undertaken in two hospitals in Pakistan to investigate potential 
DDIs in internal medicine wards. Out of 400 patients, 53% patients had at least one potential DDI, and their potential adverse 
effects included damage to the liver, bleeding, ototoxicity, poisoning of the kidneys, and low or high blood sugar.14

Although globally several studies have evaluated the prevalence and severity of DDIs, very few studies have addressed drug– 
drug interactions and their prevalence in Sudan.15,16 Hence, the present study aims to review retrospectively hospitalized patients 
to determine the prevalence and severity of PDDIs in the internal medicine ward at Soba Teaching Hospital.

Methods
Study Design and Settings
A retrospective observational cross-sectional hospital-based study through the use of patients’ records as the source of 
data. The study was conducted at Soba Teaching Hospital targeting patients who were admitted to the internal medicine 
ward during the period from June 2021 to December 2021. At the time of the study, the internal medicine ward at Soba 
Teaching Hospital has a capacity of 24 beds for male patients and 18 beds for female patients.

Patient Selection
In this study, a total coverage sampling technique was applied. All inpatients at the internal medicine ward at Soba 
Teaching Hospital, who were 18 years of age and above were included in the study, whereas patients whose medical 
records were incomplete or included less than two drugs were excluded from the study. The total number of patients 
included in the study was 377 patients.

Data Collection
The reporting data of the current study conform to the STROBE guideline.17 The data were collected over 2 months, 
between April 2022 and June 2022, by the research team using data collection sheets designed for the study. The 
collection tool was verified by a pilot study using 15 data collection sheets before the study. The following information 
was collected: demographic information (age and sex), date of admission, date of discharge, chronic diseases, chronic 
medications, length of hospital stay, main diagnosis, number of medications provided in the hospital, details of 
medication therapy prescribed in the hospital including regular and PRN (pro- re-nata, which means as required). 
Lexicomp® drug interaction software was used to screen patients’ records for PDDIs. All drugs in each patient’s record 
were entered one by one into the interaction checker software.

Classification of DDIs
As mentioned above, DDIs were classified as PK and PD, another classification of DDIs is according to the risk rate that 
indicates the level of urgency and how to respond to the interaction. Lexicomp® classified the interactions into five 
categories: A means no known interactions (no evidence to support pharmacodynamic or pharmacokinetic interactions), 
B means no action needed (evidence demonstrates that two drugs may interact with each other but there is little to no 
clinical data to support it), C means to monitor therapy (evidence suggests that the two drugs may interact with each 
other in a clinically significant manner), D means considering therapy modification (evidence suggests that the two 
medications may interact with each other in a clinically significant manner, as results specific actions must be taken to 
minimize the toxicity resulting from the concomitant use of the medications), and X means avoid combination.18
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Also, DDIs classified according to the severity of interaction, which indicated the magnitude of an interaction 
outcome. This classifies DDI into major if the interaction is possibly life-threatening or might cause permanent damage, 
moderate if the interaction may cause deterioration in the patient’s condition, or additional therapy or hospitalization may 
be required, and minor if the interaction is inconvenient but not medically significant.19

Statistical Analysis
The data were analyzed using the Statistical Package for Social Sciences software, version 23.0 (IBM SPSS Inc., Chicago, IL.) 
Descriptive statistics were performed to analyze continuous and categorical variables and the results were represented as 
percentage and frequency tables. The chi-square test was applied to identify whether there is a significant association between 
the occurrence of DDIs and sociodemographic and clinical characteristics of patients such as the age of the patients, hospital stay, 
number of prescribed drugs, and presence of chronic diseases, with a P value < 0.05 was considered statistically significant.

Ethical Considerations
The study was conducted agreeing with the recommendations of the Declaration of Helsinki, and the ethical approval to 
conduct the study was obtained from the Ethical Committee of the Faculty of Pharmacy, University of Khartoum (FPEC- 
28-2021). Additional approval was obtained from Soba Teaching Hospital to check the patient’s medical records at the 
hospital. Due to the retrospective nature of the study, the ethics committee specifically waived the requirement for 
informed consent for this study, and collected data were also assured of strict privacy and confidentiality, and the names 
and other personal identifiers of patients were not being registered.

Results
General Characteristics
After reviewing the medical records of patients hospitalized in the internal medicine ward during the period from 
June 2021 to December 2021, a total of 377 patients were found to fulfill the inclusion criteria. Among them, 194 
(51.5%) were males and most of the patients 73 (19.4%) aged between 61 and 70 years, 69 (18.3%) were between 51 and 
60 years, while 66 (17.5%) patients were between 18 and 30 years. Regarding the length of hospital stay, majority of the 
patients (45.9%) were hospitalized for 5–10 days, and 123 (32.6%) patients had at least one chronic disease. The number 
of medications administered to the patients at the hospital ranged from 2 to 18 drugs (mean administered drugs 6.67 ± 
3.36), 124 (32.9%) patients received more than seven drugs, while 188 (49.9%) received from four to seven drugs. After 
analysis of DDIs using Lexicomp® software, PDDIs were detected in 237 (62.9%) patients who had at least one PDDI.

A total of 989 PDDIs and 345 types of interacting drug combinations were detected in this study. The PDDIs ranged 
from 1 to 24, and the mean of the PDDIs per patient was 4.17 ± 4.079. The number of PDDIs per patient was categorized 
as follows: less than 3 which was detected in 110 (46.4%) patients, from 3 to 6 in 78 (32.9%) patients, and more than 6 in 
49 (20.7%) patients. More details are in Table 1.

Among patients with PDDIs, the most common diagnosis was cardiovascular diseases 57 (24.1%) followed by 
infectious diseases 35 (14.8%), gastrointestinal diseases 34 (14.3%), and renal diseases 22 (9.3%). Some patients had 
multiple diagnoses, 13 (5.5%) patients had cardiovascular and infectious diseases and 12 (5.1%) patients had renal and 
infectious diseases. The rest of the patients’ distribution according to their diagnosis is in Table 2.

Types of PDDIs in the Internal Medicine Ward
Based on the level of severity, the most prevalent PDDIs among the 345 pairs of interacting drugs were moderate 
interactions 70.1% followed by Minor interactions 19.1%. Based on risk rating, the commonest kind of interaction was 
type C 63.5% followed by type B 20.3%, while type X represented 3.8% of all the interactions. More information is 
presented in Table 3. Furthermore, some of the most frequently occurring potential drug–drug interactions of moderate 
and major severity, and their risk rating category in addition to their potential adverse outcome are presented in Table 4.
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Table 1 Sociodemographic and Clinical Characteristics 
of All Patients Included in the Study (N=377)

Patient Characteristics Number (%)

Gender

Male 194 (51.5)
Female 183 (48.5)

Age of the patient in years

18–30 66 (17.5)
31–40 55 (14.6)

41–50 58 (15.4)

51–60 69 (18.3)
61–70 73 (19.4)

>70 56 (14.9)

Length of hospital stay

<5 133 (35.3)
5–10 173 (45.9)

>10 71 (18.8)

Presence of chronic disease

No 254 (67.4)
Yes 123 (32.6)

Number of drugs administered at hospital

<4 65 (17.2)

4–7 188 (49.9)
>7 124 (32.9)

Presence of PDDIs

Yes 140 (37.1)

No 237 (62.9)

Number of PDDIs in patients with PDDIs

<3 110 (46.4)

3–6 78 (32.9)

>6 49 (20.7)

Abbreviation: PDDIs, potential drug–drug interactions.

Table 2 Distribution of Patients with Potential Drug– 
Drug Interactions According to Their Diagnosis (N=237)

Diagnosis Number (%)

Cardiovascular diseases 57 (24.1)

Infectious diseases 35 (14.8)

Gastrointestinal diseases 34 (14.3)
Renal diseases 22 (9.3)

Oncological diseases 15 (6.3)

Cardiovascular/ infectious diseases 13 (5.5)
Renal/ infectious diseases 12 (5.1)

Blood disorders 9 (3.8)

(Continued)
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Table 2 (Continued). 

Diagnosis Number (%)

Neurological diseases 10 (4.2)

Endocrine diseases 7 (3)
Infectious/ endocrine diseases 5 (2.1)

Cardiovascular/ renal diseases 4 (1.7)

Renal/ blood diseases 2 (0.8)
Renal/ gastrointestinal diseases 2 (0.8)

Gastrointestinal infectious diseases 2 (0.8)

Cardiovascular/ gastrointestinal diseases 1 (0.4)
Respiratory diseases 1 (0.4)

Endocrine/ blood diseases 1 (0.4)

Others 5 (2.1)

Table 3 The Severity and Risk Rating of the Identified 
Potential Drug–Drug Interactions

Level Number (%) in 345  
Interacting Drug Pairs

Number (%)  
in 989 PDDIs

Severity

Minor 66 (19.1) 211 (21.3)
Moderate 242 (70.1) 682 (70)

Major 37 (10.7) 96 (9.7)

Risk

B 70 (20.3) 234 (23.7)

C 219 (63.5) 610 (61.7)

D 43 (12.4) 122 (12.3)
X 13 (3.8) 23 (2.3)

Abbreviation: PDDIs, potential drug–drug interactions.

Table 4 The Most Common Interacting Drug Combinations of Major and Moderate Interactions and Their Risk Rating Categories

Drug Combination Severity Risk 
rating

Number (%) Description of Potential Adverse Outcomes

Aspirin + enoxaparin Moderate D 35 (14.8) Enhance the anticoagulant effect of enoxaparin, both 
increase the risk of bleeding.

Clopidogrel + pantoprazole Major C 18 (7.6) Impaired the antiplatelet effect of clopidogrel.

Ceftriaxone + furosemide Moderate C 18 (7.6) Furosemide enhances the nephrotoxic effect of 

cephalosporin.

Clopidogrel + aspirin Moderate C 17 (7.2) Increase the risk of bleeding.

Enoxaparin + Kcl Moderate C 17 (7.2) Enhance the hyperkalemic effect of kcl.

Furosemide + lisinopril Moderate C 16 (6.7) Enhance both hypotension and nephrotoxic effect of 

lisinopril.

Aspirin + furosemide Moderate C 15 (6.3) Reduction in the therapeutic effect of furosemide.

Insulin + furosemide Moderate C 15 (6.3) Impaired the therapeutic effect of insulin.

(Continued)
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The chi-square test showed that the incidence of PDDIs was significantly associated with the age of the patient (P = 0.001), the 
length of hospital stay (P = 0.001), the presence of chronic diseases (P = 0.000), and the number of medications received by the 
patients (P = 0.001). No significant association was found between the occurrence of DDIs and the gender of the patient (Table 5).

Discussion
The improper use of drugs can change their intended role from therapeutic tools to harmful agents that may affect the 
quality of the patient’s life, increase morbidity and might cause mortality.20 Drug–drug interaction is one of the improper 
drug use that imposes dangerous clinical consequences and huge economic burdens.21

Table 4 (Continued). 

Drug Combination Severity Risk 
rating

Number (%) Description of Potential Adverse Outcomes

Spironolactone + Kcl Major D 12 (5) Enhanced the incidence of hyperkalemia.

Furosemide + bisoprolol Moderate C 10 (4.2) Enhanced hypotension.

Clopidogrel + enoxaparin Moderate D 8 (3.4) Enhance the anticoagulant effect of enoxaparin, both 

increase the risk of bleeding.

Metoclopramide + promethazine Moderate X 4 (1.7) Enhance the toxic effects of Promethazine.

Quinine + clarithromycin Major X 4 (1.7) Enhance the QTc prolonging effect of clarithromycin.

Table 5 Relationship Between Patients’ Demographic and Clinical Characteristics and the Incidence 
of Potential Drug–Drug Interactions (N=377)

Variable Incidence of PDDIs Total (n =377) P value

No Yes

Gender of patient 0.676
Male 74 120 194
Female 66 117 183

Age of patient in years 0.001
18–30 34 32 66

31–40 30 25 55

41–50 21 37 58
51–60 24 45 69

61–70 16 57 73

>70 15 41 56

Length of hospital stay 0.001
<5 67 66 133

5–10 64 109 173

>10 9 62 71

Presence of chronic diseases 0.001
Patients without chronic diseases 124 130 254

Patients with chronic diseases 16 107 123

Number of medications used by patients 0.001

<4 55 10 65

4–7 83 105 188
>7 2 122 124

Abbreviation: PDDIs, potential drug–drug interactions.
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The present study is conducted to determine the prevalence and severity of PDDIs in the internal medicine ward at 
Soba Teaching Hospital. The overall prevalence of PDDIs was 62.9%, which came in accordance with several studies, 
where the prevalence of PDDIs was also high. Bhagavathula et al have found that the prevalence of PDDIs among 
patients in the internal medicine wards at an Ethiopian hospital was 78%.11 Also, in another study from Ethiopia, Teka 
et al found an overall prevalence of 62.2% among hospitalized patients.22 Further, in a study from Pakistan, the 
prevalence of PDDIs was reported to be 91.6%.9 Similar findings were also observed in studies from Iran,23 India,24 

and Mexico.25 Although these studies were different in their study design and the characteristics of the study population 
yet, all of them identified that the increase in the number of medications is a predictor for the occurrence of PDDI in the 
patients, which coincide with what found in our study.

In contrast, some studies have reported a low prevalence of PDDIs. In a Canadian study, the prevalence of PDDIs 
among hospitalized patients was 18.8%,26 and in another study from Iran, the prevalence was 20.3% among hospitalized 
patients.27 Moreover, in a study conducted at a University Hospital in Thailand, the reported prevalence of PDDIs was 
27.9%,28 while in a Brazilian hospital, it was found to be 37%.29

In this study, a total of 345 pairs of interacting combinations were identified, and the majority of the PDDIs (70.1%) 
were moderate interactions, these interactions have considerable potential to deteriorate the patient’s condition and may 
require medical treatment. Major interactions which may result in serious negative outcomes and may lead to death 
contributed to (10.7%), of the total PDDIs. While the rest (19.1%) contributed to minor interactions, which have limited 
or no clinical effects. These results are consistent with the results of other studies by Riechelmann et al, who found that 
moderate interactions attributed to 77% of the total identified PDDIs, while minor and major interactions represented 
14% and 9%, respectively.30

In a study from a Swiss hospital, of the total identified PDDIs, 70.1% were moderate, 17.7% were minor, and 12.2% 
were major interactions.31 Furthermore, a study conducted in Ethiopia showed that of the detected PDDIs: 61.2% were 
moderate, 26% were minor, and 12.8% were major interactions.11 In contrast to our results, major interactions were the 
most prevalent interactions in the study by Murtaza et al, which found that 86.3% of the PDDIs were major interactions.9 

Also, Teka et al have found that 32.9% of the patients had as a minimum one major interaction.22

Regarding risk rating, type C interaction was the most prevalent type among all interactions accounting for 63.5% 
fortunately, these interactions are not expected to cause serious or fatal consequences, and an appropriate monitoring plan 
will be effective in preventing any negative outcomes. On the other hand, the higher risk rating type D and type X, which 
necessitate taking specific actions to minimize the toxicity in the first and to avoid combination in the second together 
account for 16.2% of all the interactions. These results are comparable to the findings of other studies that reported the 
risk rating of PDDIs.10,32–34

It has been documented in the literature that many factors are associated with the occurrence of DDIs, including 
advanced age, certain diseases such as renal failures and cirrhosis, concomitant administration of a large number of 
drugs, and duration of therapy.35,36 In our study, we found some factors significantly associated with the occurrence of 
PDDIs that include patients’ age, presence of chronic diseases, length of hospital stay, and number of medications 
received by the patients. Significant associations between various factors and PDDIs have also been reported in different 
other studies. In a study conducted in a university hospital in Thailand, the results showed old age and polypharmacy 
were significantly associated with the presence of DDIs.28 In another study that aimed to assess PDDIs in hospitalized 
cardiac patients,9 a significant association was found between the incidence of PDDIs and the age of 60 years or above, 
longer hospital stay, and a higher number of medications prescribed to patients. Further, a study conducted in Pakistan14 

also found associations between the presence of PDDIs with advanced age, increased length of hospitalization, and 
increased number of prescribed medications.

In addition, two Ethiopian studies have found a significant association between PDDIs and an increased number of 
drugs, but both of them did not find a significant association with gender or length of hospital stay.11,21 Apart from the 
type and severity of the identified PDDIs, the current study has recorded a high prevalence of PDDIs in the internal 
medicine ward at Soba Teaching Hospital. Many of these interactions can be minimized or even prevented by using 
alternative medications that are not related to the drug interactions. Even though polypharmacy may be necessary for 
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specific conditions,37 careful selection and balancing in using multiple drugs is important to avoid the harmful 
consequences of drug interactions.

This study has some limitations. First, our study is a retrospective observational study, and as there is no direct 
interaction with the patients, the identified DDIs may not actually occur. This study did not measure the actual adverse 
clinical effects of the identified PDDIs on the patients. Also, because the study is medical record-based, nonprescription 
medications were not taken into account. Furthermore, the contribution of factors such as the type and number of chronic 
diseases, a specific diagnosis, and the use of a specific class of drugs were not investigated in this study.

Conclusion
From our study, it can be concluded that there is a high prevalence of PDDIs in the internal medicine ward. The majority 
of the identified PDDIs had moderate severity and belonged to risk category C. A considerable number of major PDDIs 
were also recorded. This study also depicted that there is a significant association between patients’ age, hospital stay, the 
number of prescribed medications, and the presence of chronic diseases. To avoid PDDIs certain attempts must be made. 
The use of software screening tools to detect PDDIs by health-care professionals must be encouraged. Continuous 
medical education sessions must be conducted, emphasizing on drug-drug interactions. Also, assigning clinical pharma
cists with their proper role may result in avoiding these PDDIs from the beginning.

Disclosure
The authors declare that they have no conflicts of interest.
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