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ABSTRACT

The aim of this study was to assess the extent of poly-pharmacy, occurrence, and
associated factors for the occurrence of drug-drug interaction (DDI) and potential
adverse drug reaction (ADR) in Gondar University Teaching Referral Hospital.
Institutional-based retrospective cross-sectional study. This study was conducted
on prescriptions of both in and out-patients for a period of 3 months at Gondar
University Hospital. Both bivariate analysis and multivariate logistic regression
were used to identify risk factors for the occurrence of DDI and possible ADRs.
All the statistical calculations were performed using SPSS® software. A total of
12,334 prescriptions were dispensed during the study period of which, 2,180
prescriptions were containing two or more drugs per prescription. A total of 21,210
drugs were prescribed and the average number of drugs per prescription was 1.72.
Occurrences of DDI of all categories (Major, Moderate, and Minor) were analyzed
and DDI were detected in 711 (32.6%) prescriptions. Sex was not found to be a risk
factor for the occurrence of DDI and ADR, while age and number of medications
per prescription were found to be significant risk factors for the occurrence of
DDI and ADR. The mean number of drugs per prescription was 1.72 and hence
with regard to the WHO limit of drugs per prescription, Gondar hospital was able
to maintain the limit and prescriptions containing multiple drugs supposed to be
taken systemically. Numbers of drugs per prescription as well as older age were
found to be predisposing factors for the occurrence of DDI and potential ADRs
while sex was not a risk factor.
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INTRODUCTION

Drug interactions may be defined as the combining of
two or more drugs such that the potency or efficiency
of one drug is significantly modified by the presence
of another™ and the concurrent use of multiple drugs
for the treatment of different or the same conditions is
known as poly-pharmacy.? Studies have shown that the
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reaction (ADR) has been found to increase markedly
with the number of concomitant medications, which may
also increase risks of impaired treatment efficacy and/
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or increased drug-related toxicity. In these studies, an
increase of concomitant intake of drugs from 2 to 3 has
been associated with an increase in the incidence of DDI to
increase from 6% to 16%."!
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Poly-pharmacy and adverse drug events continue to be
difficult problems in modern healthcare despite continuing
efforts to reduce their occurrence. Increased incidence of
adverse drug events has been associated with a variety of
healthcare environments, including the intensive care unit
and various emergency settings (i.e., acute care surgery,
emergency rooms, trauma care).! Patients treated with
complex medical regimens in various combinations carry
the potential for multiple DDI and ADRs. The frequent
multiple co-morbidities in this patient population, including
renal and liver dysfunction, poor nutritional status, and
altered protein binding, amplify the risk of clinically
significant drug interactions."!

Drug interactions are divided into three groups depending on
the underlying mechanism of interaction: pharmacodynamic,
pharmacokinetic, and pharmaceutical ! A pharmacodynamic
interaction results from combining two drugs with similar
mechanisms of action, which may behave in a synergistic,
additive, or antagonistic manner.”? A pharmacokinetic
interaction occurs when a drug alters the pharmacokinetic
processes such as absorption, distribution, metabolism (most
often due to interaction with the cytochrome P450 hepatic
enzymes), and/or excretion of another medication. A
pharmaceutical interaction occurs when mixing chemically
incompatible drugs outside the body, as for example,
incompatibility of Phenobarbital with opioid analgesics
when mixed in the same syringe, resulting in inactivation of
one or both drugs.®

Majority of the literature on drug interactions published
thus far describes pharmacokinetic interactions involving
the CYP enzymes; in many cases with the use of drug
probes.1DDIs can have three possible outcomes: increased
therapeutic, adverse effects decreased therapeutic, or
adverse effects or a unique response that does not occur
with either agent alone.["!

Clinicians, administrators, and policymakers have become
interested in the system factors that contribute to ADRs and
how prescribing practices can be improved. In a study done
in United States outpatient setting, rates of ADRs due to DDI
ranges from 2% to 50%./""? Drug interactions are an example
of inappropriate use of medication that may endanger the
patient’s health and this may be avoided by more careful
prescribing. The clinical impact of the interaction may be
most significant at the time of initial exposure. Awareness
of potential drug interactions may permit development of
clinical strategies to prevent their occurrence.™

The WHO considers the number of drugs per-prescription
given to patients as one indicator and hence a measure of
rational prescribing in a given health care setting. However,
the extent of multiple prescribing, prevalence, and severity
of DDI and problems associated with multiple drug
prescribing is not well known in Ethiopia.

The present study was aimed to assess the extent of
poly-pharmacy, prevalence of DDI, and associated ADR
in Gondar University teaching Referral Hospital, North
West Ethiopia. In addition, predisposing factors for the
occurrence of DDI and ADR were studied using a multi-
variate analysis and logistic regression.

MATERIALS AND METHODS

Study Design and Methodology

Institution-based retrospective cross-sectional study
was conducted in Gondar University teaching referral
hospital, North West Ethiopia. Gondar University hospital
is a 450-bedded hospital and the only teaching referral
hospital located in Amhara region, North-west Ethiopia.
A retrospective analysis of the prescriptions was observed
during the period of September 1 to November 30, 2012. The
occurrence and severity of DDIand ADR were analyzed using
Micromedex2® computer-based software. All the prescriptions
dispensed to inpatients and out patients to all the patients
from >6 months to 90 years age group from the central
pharmacy of Gondar hospital were included in the study.

Demographic details and number of drugs prescribed were
collected in a specially designed data collection proforma
and the occurrence and severity of DDIs and ADRs were
analyzed using Micromedex software. Associated factors
for the occurrence of DDIs and ADRs were assessed using
logical regression.

The study was approved by the Institutional Ethical review
committee of Gondar University College of Medicine and
Health sciences, University of Gondar, Ethiopia.

To ensure the quality data, one day training was provided
to the research staff on research protocol and a pre-test was
carried out to check the effectiveness of the data collection
instrument and data was collected after standardizing the
data collection instruments. All the statistical calculations
were performed using SPSS® software.

Binary logistic regression was performed to analyze the
association between predicting factors and the occurrence
of DDI. Bivariate analysis of each predictor variables against
the occurrence of DDI was also performed to identify the
significant predictor variables that would qualify for the
multivariate analysis. The major factors that were expected
to determine the occurrence of DDI were first analyzed by
considering the relationship of each predictor variable with
the outcome variable.

RESULTS

Socio-Demographic Characteristics
A total of 12,334 prescriptions were served during
the study period both in the out-patient and inpatient
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pharmacy settings of Gondar University Hospital. Of these,
2180 prescriptions had more than one drug per prescription
for systemic use. In 12,334 prescriptions, 6291 (51.0%) were
females and 6043 (49.0%) were males. In these prescriptions,
1751 (14.2%) were children (<19 years) and 9793 (79.4%) were
adults (19-64 years), while the remaining 740 (6.4%) of the
patients were aged >65 years and the mean age of patients
was found to be 36.4 + 1.8 years. Moreover, 72% of the
patients were out-patients and 28% of them are in-patients,
respectively. The socio-demographic characteristics of
patients are summarized in Table 1.

Poly-Pharmacy, Occurrence of Drug-Drug Interaction,
and Potential Adverse Drug Reactions

In our study, the maximum number of drugs per prescription
was 7 while the minimum was 1 and the average number of
drugs per prescription was found to be 1.72.

Occurrences of DDIs of all categories (Major, Moderate
and Minor) were detected in 711 (32.61%) drugs of
2180 prescriptions containing two or more drugs while there
were no any DDIs in 1469 (67.39%) of the prescriptions. A
total of 1324 DDIs were detected in the 711 drugs of the 2180
prescriptions containing two or more drug regimens. The
maximum numbers of 9 DDIs detected in 5 prescriptions
and the minimum DDIs detected were 1 [Table 2].

The number of DDIs of all categories detected in a prescription
was also analyzed and the results are summarized in Table 3.

A total of 1324 DDIs are detected by using Micromedex
software and were classified into three major categories as:
Major, Moderate, and Minor. The total number of Major
DDIs was found in 127 drugs, Moderate DDIs in 1020, and
while minor DDIs accounts to 177. Moreover, a total of 11
contraindications (Cls) have been detected in 11 (0.83%)
prescriptions and the majority of these contraindications
(84.6%) were between amitriptyline and thioridazine
prescribed together for the treatment of depression. This
interaction causes a risk of CVS complications such as QT
interval prolongation, torsades de pointes and cardiac
arrest. Frequency and percent occurrence in each category
of 1324 DDIs detected are summarized in Figure 1.

Common Classes of Drugs Causing DDI and Common
ADRs Detected
Over the study period, among the 2180 prescriptions reviewed,
1324 DDIs were detected and the possibility of the potential
ADRs occurrence resulting from these DDIs was analyzed
using the Micromedex software. Major and moderate DDIs
detected were carefully reviewed for occurrence of possible
ADR. The possible ADRs due to combination of the drugs were
recognized by using Micromedex and were systematically
categorized as following groups.
1) ADRon CVS — risks of hypotension and hypovolemia,
cardiac arrhythmias, torsade de pointes, postural

Table 1: Socio-demographic characteristics
of patients. (N=12,334)

Characteristics Number of Patients Percentage
(N=12,340)
Out-patients 8880 72
Inpatients 3454 28
Sex
Male 6043 49
Females 6291 51
Age (years)
<19 1751 14.2
19-64 9793 79.4
=65 790 6.4

Table 2: Multiple prescribing, occurrence,
and frequency of drug-drug interactions of all
categories in prescriptions (N=2180)

Characteristics Frequency Percentage
Number of drugs/
prescription

2 1403 64.36
3 514 23.58
4 190 8.72
5 53 2.43
6 16 0.73
7 4 0.18

DDls occurrence
Yes 711 32.61
No 1469 67.39

Table 3: Total number of drug-drug interactions
occurred per-prescription by all categories
studied (N=711)

Characteristics Frequency Percentage
Number of DDlIs/
prescription

1 431 60.62
2 130 18.28
3 65 9.14
4 38 5.34
5 27 3.74
6 3 0.42
7 8 1.12
8 4 0.56
9 5 0.73

hypotension, AV block, and possible digoxin toxicity
(nausea, vomiting, cardiac arrhythmias).

2) Metabolic disturbance — risk of hyperglycemia,
hypoglycemia, hypertriglyceridemia, hyperkalemic
lactic acidosis, lipodystrophy.

3) Electrolyte disturbance — risks of hyperkalemia,
hyponatremia, hypokalemia, hypercalcemia,
hypomagnesaemia.
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4) ADRs on other organs such as hepatotoxicity,
ocular toxicity, ADR on bones and others.

5) CNS toxicity — increased risk of seizures, ataxia,
nystagmus, diplopia, headache, seizures, and coma.

6) Renal toxicity.

7) ADRs on GIT — nausea, vomiting, constipation/
diarrhea, and risk of gastrointestinal ulceration.

Summary of ADRs risks from Major and Moderate DDIs
classified by the body system are summarized in Figure 2.

Of the 1147 major to moderate ADRs detected by the
Micromedex, therapeutic classes of drugs frequently
associated with ADRs were cardiovascular diseases
485 (42.3%.), chemotherapeutic agents for systemic use
320 (27.9%), CNS diseases 242 (21.1%), non-steroidal
anti-inflammatory drugs NSAIDs 52 (4.5%), and
48 (4.2%) ADRs constitutes to other classes of drugs.
Summary of possible ADR occurrences from major and

0.83 %

13.57 % 9.59 %

B Major
[l Moderate
[ Minor

B Contra indicated

Figure 1: Pi-chart showing the percent occurrence of drug-
drug interaction by severity among 1324 DDIs occurred on 711
prescriptions

moderate DDIs classified by the body system are shown
in Figure 2.

Factors Associated with Occurrence of DDIs
Bivariate analyses of each predictor variable against
the occurrence of DDIs were performed to identify the
significant predictor variable that would qualify for the
multivariate analysis. The major factors that were expected
to determine the occurrence of DDIs were first analyzed
by considering the relationship of each predictor variable
with the outcome variables. Two of the three explanatory
variables considered in this study were found to be
statistically significant for the occurrence of DDIs (P <0.05).
The results of these logisitic regression analysis revealed
that age and number of drugs per prescription were found
to be statistically significant in explaining the occurrence
of DDIs. On the other hand, sex was not found to be a
statistically significant factor for the occurrence of DDIs
and possible ADRs. Table 4 provides the three predictors
which were initially included in logistic regression model
(multivariate analysis).
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Figure 2: Possible ADRs occurrences from major and moderate
DDIs using Micromedex software with prescriptions containing two
or more drugs for systemic use (N = 1147)

Table 4: Logistic regression of the occurrence of DDIs with predictor variables on prescriptions

studied in Gondar University Teaching Hospital

Predictor Variables Occurrence of DDI COR (95% CI) AOR (95% CI) P-value
Yes No

Sex
Male 354 715 1.105 (0.874,1.251) 1.052 (0.865,1.278) 0.613
Female** 357 754

Age (years)
<19 77 232 0.3571 (0.231,0.535) 0.463 (0.291,0.737)* 0.001
19-64 566 1165 0.514 (0.364,0.727) 0.580 (0.395,0.853)* 0.015

>65%* 68 72

Number of drug per

prescription
2 drugs 269 1135 0.179 (0.147, .218) 0.184 (0.151, 0.223)* 0.0001
3-7 drugs** 442 334

*Statistical significance at P-value <0.05 **Reference category
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The adjusted logistic regression final model also showed
that age and the number of drugs per prescription have
a significant association with the occurrence of DDIs and
possible ADRs. As shown in table 3, patients whose age
is <19 years (46.3%) and those of age group 19 to 64 years
(58%) were found to be less likely to encounter DDIs and
possible ADRs than patients of 265 years (AOR=0.463, 95%
CI = 0.291-0.737 and AOR = 0.580 95% CI = 0.395-0.853),
respectively.

Similarly, the occurrence of DDIs on prescriptions with
two drugs (18.4%) are less likely than DDIs occurrence
than those prescriptions containing three to seven drugs
(AOR=0.184 95% CI=0.151-0.223). However, there was no
significant difference in the occurrence of DDIs and possible
ADRs with regard to sex.

DISCUSSION

Prescribing multiple drugs to patients at once (technically
called poly-pharmacy) is not generally recommended as
problems like dose missing, over dosing, DDIs, and ADRs
may occur. Many medications have potential interactions
with other drugs or substances when prescribed together.
Studies have shown that increasing the number of drugs
increases the risk of DDIs and ADRs exponentially.['*!!
WHO limits the average number of drugs per prescription
to be within the range of 1.4-2.4 and the average number of
drugs prescribed per prescription (encounter) in this study
was found to be 1.72 showing the presence of acceptable
prescribing practice based on WHO recommendations.!l

Drug combinations with potential to interact are common
in medical practice although their frequency in general
medicine has been variable, depending on the patient
population, study design, and the screening methods
used to identify interactions. ADRs represent an important
problem for hospital and primary care. Software that
detects potential adverse drug interactions has been widely
implemented in an effort to reduce the rate of ADEs. The
use of electronic data resources and decision support to
screen for DDIs is now the standard of practice for health
care providers.'! For this particular study, the software
used for assessment was Micromedex®, a reliable software
which gives evidence-based drug information about DDIs
and potential ADRs categorizing into three classes (Major,
Moderate, Minor) based on the mortality and morbidity
probabilities on patients.

In this study, the occurrence of DDIs of all categories
(Major, Moderate, and Minor) was analyzed and DDIs
were detected in 711 (32.6%) of the 2180 prescriptions,
comparable rate with other studies conducted elsewhere.
In Brazil, a number of short-term studies reported on
potential interactions among selected groups of drugs or
patients and these reports suggest rates of DDIs occurred

in 32% for pediatric and 22% for psychiatric patients.!'] In
a study done in Canadian general medical wards, the rate
of potential drug interactions has been approximately 60%
which is higher rate compared to our study. Similar studies
conducted in emergency departments found frequencies
of potential drug interactions in the range of 16%-47%.0'"!
Another study done in Singapore showed that drug-related
problems, which include ADRs, unnecessary drug therapy,
inappropriate choice of drugs, and untreated conditions,
have been shown to prevail in hospitalized patients, with
a reported incidence rate as high as 25%.0'!

Common Classes of Drugs Causing DDI and Potential
ADRs Detected

The consequences of DDIs can range from no untoward
effects to drug-related morbidity and mortality. Although
DDIs are considered preventable medication-related
problems, studies have found that up to 11% of patients’
experience symptoms associated with DDIs and ADRs and
are responsible for up to 2.8% of hospital admissions.™!
Research has also shown that DDIs are associated with
increased health care costs. The economic burden of
medication-related morbidity and mortality in the United
States is estimated to be up to $130 billion annually.”"

DDIs detected in this study were carefully reviewed for
the occurrence of possible ADRs. The occurrences of ADRs
were recognized by using Micromedex because of combined
use of drugs were systematically categorized based on the
risk on the body system where these ADRs could occur.
Highly prevalent possible ADRs were encountered on
the cardiovascular system such as risks of hypotension
and hypovolemia, cardiac arrhythmias, QT prolongation
which might progress into ventricular fibrillation, postural
hypotension, AV block, and possible digoxin toxicity
(nausea, vomiting, and cardiac arrhythmias) in 61.22%
patients. But the study should be further supported by
other follow-up studies for as it was done prospectively
on patient medication records. Patient follow-up clinical
studies conducted in other countries also reveal the same
scenario though the prevalence seems to be lower. This
might be due to the fact that all potential ADRs detected
on the software may not occur on patients taking the
medications. In a study performed at a Swedish university
hospital, cardiovascular was the most affected system by
ADRs compared to other organ systems constituting 36.3%
of the total DRDs detected.™

Other possible ADRs detected in this study include
metabolic disturbance such as risks of hyperglycemia,
hypoglycemia, hypertriglyceridemia, hyperkalemic, lactic
acidosis, and lipodystrophy. There were also risks of
electrolyte disturbance like hyperkalemia, hyponatremia,
hypokalemia, and hypercalcemia. Other risks of ADRs
detected include hepatotoxicity, renal toxicity, and CNS
toxicity such as increased risk of seizures, ataxia, nystagmus,
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diplopia, headache, seizures, and coma. ADRs on GIT
such as nausea, vomiting, constipation, diarrhea, and risk
of gastrointestinal ulceration were also noted during the
analysis.

However, it should be noted that literature detailing drug
interactions is often difficult to interpret, given the great
disparities in how reactions are defined and the widely
varying severity of responses among individuals. In addition,
although many interactions between pharmacologic agents
may be recognized using computer-based software and
in theory, all of these interactions may not necessarily be
clinically significant as occurrences of DDIs and ADRs
can vary from individual to individual, based on disease
condition, genetic makeup, and other factors. Hence, the
above DDIs and ADRs detected are only potential hazards
that can be used as precautionary measures for close
supervision of patients or adjustment of treatment regimens.

Factors Associated with DDIs and ADRs
Indisputably, many factors can contribute to the high
prevalence rate of DDIs and ADRs, but poly-pharmacy
and older age have often been identified as imperative risk
factors in this study. As the number of drugs prescribed at
a time increases, there will be an increase in the probability
of DDIs and ADRs, and the same is true with age. Over the
last 20-30 years, problems related to aging, multi-morbidity,
and poly-pharmacy have become a prominent issue in global
healthcare.” A study done in the United States has shown
that the incidence of DDIs and ADRs in the elderly has been
reported to be two to three times the incidence in younger
patients.! This increased risk for the elderly may be related
to impaired organ reserve capacity, multiorgan dysfunction,
altered pharmacokinetics, and pharmacodynamics. However,
the most significant contributing factor for DDIs in this
population was the frequency of poly-pharmacy.” Multiple
medications may also result in unnecessary health expenditure,
directly due to redundant drug sales and indirectly due to the
increased hospitalization caused by drug-related problems.
Drug-related problems are reported to cause between 10%
and 20% of all emergency cases in hospitals and up to 20% of
all admissions to hospitals of elderly patients.?

In line with the above studies, this study revealed that
increasing the number of drugs in a prescription was
found to be a significant factor for the occurrence of DDIs
and potential ADRs. Similarly, aging was also found to be
another significant risk factor for DDIs and ADRs, while
sex was not found to be a predisposing factor. The adjusted
logistic regression final model showed that age and number
of drugs per prescription have a significant association with
the occurrence of DDIs and possible ADRs.

As shown in table 4, patients whose age is less than 19 years
and those in the age group of 19 to 64 years were found
to be 46.3% and 58% less likely to encounter DDIs and

possible ADRs than patients whose age was greater than
or equal to 65 years (AOR =0.463, 95% CI =0.291-0.737 and
AOR = 0.580 95% CI = 0.395-0.853), respectively. Similarly,
the occurrence of DDI on prescriptions with two drugs
was 18.4% less likely than the DDI occurrence on
those prescriptions containing three to seven drugs
(AOR=0.184 95% CI=0.151-0.223). However, there was no
significant difference in the occurrence of DDIs and possible
ADRs with regard to sex. Studies have demonstrated a
correlation between increasing age, DDIs, and ADRs. This
increased risk is related to the increased prevalence of
chronic illnesses such as cardiovascular diseases, arthritis,
and cancer.” Consequently, elderly are often treated with
multiple medications causing high prevalence of DDIs and
ADRs in these patient populations.

CONCLUSION

The results of this study showed that the mean number
of drugs per prescription was 1.72 and hence with regard
to the WHO limit of drugs per prescription, Gondar
University Teaching Referral Hospital was able to maintain
the limit. DDIs and potential ADRs were detected in 32.6%
of those prescriptions containing two or more drugs for
systemic use. Numbers of drugs per prescription as well
as older age were found to be predisposing factors for the
occurrence of DDIs and ADRs while sex was not a risk
factor. Cardiovascular system was the most frequent site
on which possible ADRs could be encountered as detected
by using Micromedex software for this particular study.

RECOMMENDATIONS

Appropriate interventional strategies like educational, managerial,
or regulatory should be made to practice evidence-based
prescribing and close monitoring of patients taking drugs with
potential DDIs and ADRs. Policy makers and stake holders
should develop drug use policies and intervention measures
such as implementation of computer-based software to be used in
assisting clinical decision making. In addition, large-scale cross-
sectional and follow-up studies should be conducted to assess
extent of multiple prescribing, prevalence and severity of DD],
and associated problems nationwide.
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