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ABSTRACT
Objective: To determine the frequency and pattern of potential drug-drug interactions in hospitalized stroke patients.

Methods: A retrospective study was carried out among patients treated for ischemic and haemorrhagic stroke at a tertiary care hospital, Hyderabad
for a period of 1 y. A total of 177 prescriptions were analyzed during the study period. The potential drug-drug interactions were identified using
Clinirex software.

Results: Among the 177 prescriptions, 63.8% were male and 36.2% were female. Out of 177, 79 % of prescriptions had shown potential drug-drug
interactions. The patients prescribed with more than 5 drugs developed higher incidence of drug-drug interactions. Based on severity scale we
observed 12% major, 71% moderate and 17% minor drug-drug interactions. The incidence of pharmacodynamic interactions was 68% and the
pharmacokinetic interactions were 32%.

Conclusion: This study suggests that patients with stroke are frequently exposed to potential drug-drug interactions. The incidence of potential
drug-drug interactions was higher in patients above 40 y. Most of the prescriptions contained polypharmacy which may lead to increased risk of
hospitalization and higher health care cost. It is essential to identify potential drug-drug interactions especially in elderly patients as early as
possible in order to prevent adverse drug reactions and ensure patient’s safety.
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INTRODUCTION
Drug therapy is an essential part of disease management. The use of
multiple drugs which are required either to manage a single disease
or co-morbidities can cause harmful interactions between them. A
drug-drug interaction (DDI) occurs when the effect of one drug is
altered by another drug [1]. Adverse drug reactions may occur as a
result of DDIs and clinicians may be unaware of the clinical risks of
some drug combinations.
Multiple drug therapy including prescription and over the counter
medication leads to drug-drug interactions. Sometime patients are
seen by multiple prescribers who prescribe interacting medications
which causes drug-drug interactions. Elderly patients are especially
at a greater risk because of co-morbid conditions for which many
drugs are prescribed which may result in the increase in frequency
of potential drug-drug interactions [2].

Drug interactions are classified as pharmacokinetic, pharmacodynamics
and pharmaceutical interactions. Pharmacokinetic interaction occurs
when the drug affects the absorption, distribution, metabolism and
elimination of another drug. Pharmacodynamics interaction occurs
when a drug alters the effect of another drug by antagonistic, synergistic,
or additive effect. Pharmaceutical interactions occur due to physical or
chemical incompatibility, when two or more drugs are mixed.
Based on severity, DDIs are classified into contraindicated, major,
moderate, and minor. Major drug interactions are life threatening
and need medical intervention to prevent adverse effect. Moderate
drug interactions results in increase in the severity of patient’s
condition and require adjustment or alteration in therapy. Minor
drug interactions have limited effects [3].

Polypharmacy is an important factor for the DDIs. It occurs when
two or more drugs are administered simultaneously. When one drug

interacts with another drug leads to unpredictable adverse effect.
Cardiovascular disease is the leading cause of death, more than 17.3
million deaths per year, a number that is expected to grow to more
than 23.6 million by 2030. It represented 31% of deaths worldwide,
with 80% of those deaths taking place in low-and middle-income
countries [4]. According to the study of Global Burden of Diseases
(GBD) conducted in 1990, stroke was the second leading cause of
death in the world [5]. The following updated GBD study reported
nearly 5.87 million stroke deaths globally in 2010, as compared to
4.66 million in 1990. This indicated a 26 per cent increase in global
stroke deaths during the past two decades. With the rising
proportion of mortality, stroke still remains the second leading
cause of death worldwide [6]. DDIs are estimated to account for 6%30% of all the adverse drug events, and they continue to pose a
significant risk to the patient’s health outcomes and a considerable
economic burden on the healthcare system [7]. Therefore, as the
DDIs pose a major risk to the health of many patients, it has to be
tackled and, it is the need of the hour.

The mechanism of interaction is important in predicting the time
course of interaction, and provides a way to minimize the risk of an
adverse outcome [8]. Even though drug-drug interactions are
considered as preventable, studies found that up to 11% of patients
experience symptoms associated with DDIs and nearly 2.8% of
patients needed hospital admissions. Monitoring of drug-drug
interactions may improve the prescribing and dispensing quality. It
might form a basis for education focused on appropriate prescribing
of drugs [9]. Gathering more information on drug-drug interactions
could help to decrease adverse effects [10].

Clinirex is software that allows clinicians to check for interacting
drug ingredients, their effects and their clinical significance. It
classifies interactions as minor, moderate and major. It provides
information on drug-drug interaction, drug-food interaction and
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drug-disease interaction, along with previous allergic reactions.
More than 8,000 medications may be tested as to possible drug
interaction with any number of drugs may be entered [11].
MATERIALS AND METHODS
Study design
A retrospective study was carried out for a period of 1 y in a tertiary
care hospital, Hyderabad.
Sampling method

Prescriptions of 177 patients admitted for ischemic and
haemorrhagic stroke to inpatient wards of the hospital were
collected and analyzed during this study.

Data collection procedure

All the study specific data were collected and documented in the
designed data collection form. It included the patient demographic
details, IP number, admission and discharge date, current diagnosis,
past medical history, co-morbidities, current medications with their
dose, frequency and duration of the treatment. The data was
collected from patient files and treatment charts.
Inclusion criteria
•
•

Patients aged 20 y or older and of any gender.

Patients with stroke and other co-morbidities.

• Patients who were admitted to the hospital and had a length of
stay greater than 24 h.
•

Patients taking more than two medications.

Exclusion criteria
•
•

Patients whose stay was less than 24 h.

Patients on other system of medications like Ayurveda, Sidha, Unani.

•
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Patients with psychiatric conditions and pregnant women.

The potential drug-drug interactions were identified by using
Clinirex software. This software briefly indicates the clinical
relevance of the interaction, whether the interaction has been well
established in the literature if so gives the literature citations. The
interactions observed were classified into minor, moderate and
major according to severity scale which was obtained from the drugdrug interactions database system. Frequencies with percentage
were used to summarize gender, age group, type of stroke, number
of drugs prescribed, number of prescriptions with and without drugdrug interactions, type of drug-drug interactions based on severity
and mechanism, co-morbidities associated with stroke patients, drug
classes and potential drug-drug interactions.
RESULTS

A total of 177 prescriptions were analyzed, out of which 63.8% were
male patients and 36.2% were female patients. Most of patients with
stroke were seen in the age group of 41-70 (67.7%) years old. 94.9% of
prescription had more than 5 drugs, which mainly developed a higher
number of drug-drug interactions. Incidence of Ischemic Stroke (83.7%)
was greater when compared to the hemorrhagic stroke (16.3%) as given
in table 1. All the prescriptions were analysed; it was found that 79%
prescriptions were confirmed with least of one drug-drug interaction as
shown in fig. 1. Based on severity scale of DDIs, there were 12% major,
71% moderate and 17% minor interactions as shown in fig. 2. Among
these, pharmacodynamics interactions were 68% and the
pharmacokinetic were 32% as shown in fig. 3. The most common comorbidity associated with stroke was hypertension (65%), followed by
diabetes mellitus (44%), and coronary artery disease (10%). The least
were asthma (2%) and Parkinson’s disease (2%), thyroid disorders
(5%), seizure disorders (3%) etc. which is shown in fig. 4. The most
common drug classes prescribed were the cerebral activators (11.72%),
antacids (9.25%), anti-platelet drugs (8.84%), lipid lowering agents
(8.63%) and multivitamins (8.22%) as shown in fig. 5. On the basis of
severity, some of the major drug-drug interactions which were seen in
the prescriptions are mentioned in table 2.

Table 1: Demographic data of stroke patients

Parameter
Gender wise distribution
Male
Female
Age wise distribution
21-40 y
41-70 y
71-90 y
Number of drugs per Prescription
>5 drugs
6-10 drugs
<10 drugs
Type of stroke
Haemorrhagic stroke
Ischemic stroke

Total number of patients (n=177)

Percentage of patients

113
64

63.8%
36.2%

9
107
61

5.1%
60.4%
34.5%

24
120
33

29
148

13.5%
67.7%
18.8%

16.3%
83.7%

Fig. 1: Percentage of prescriptions with and without interactions
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Fig. 2: Type of interactions based on severity

Fig. 3 Type of interactions based on mechanism

Fig. 4: Co-morbidities associated with stroke patients (n=177)
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Table 2 Major drug-drug interactions
Objective drug
Ondansetron
Aspirin
Clopidogrel
Linezolid
Ondansetron
Ondansetron
Atorvastatin
Enoxaparin
Clonidine
Ondansetron
Amiodarone
Naproxen
Potassium Chloride
Diclofenac
Clarithromycin
Spironolactone
Ondansetron
Amiodarone
Nortriptyline
Nortriptyline

Precipitant drug
Nortriptyline
Enoxaparin
Pioglitazone
Tramadol
Ivabradine
Tramadol
Clarithromycin
Clopidogrel
Metoprolol
Fentanyl
Torsemide
Enoxaparin
Meclizine
Enoxaparin
Ivabradine
Perindopril
Amiodarone
Fentanyl
Potassium Chloride
Tramadol

Clinical consequences
Serotonin syndrome
↑ risk of bleeding
↑ risk of hypoglycemia
Serotonin syndrome
↑ risk of arrhythmias
Serotonin syndrome
↑ risk of liver damage
↑ risk of bleeding
Lowers the blood pressure and slows the heart rate
Serotonin syndrome
↑ risk of irregular heart rhythm
↑ risk of bleeding
Ulcers, bleeding, and other gastrointestinal injury
↑ risk of bleeding
Slowing of heart rate
Hyperkalemia
↑ risk of irregular heart rhythm
Slows heart rate
Ulcers, bleeding, and other gastrointestinal injury
Cause seizures

DISCUSSION
In this study 177 prescriptions of stroke patients were included. Out
of 177 prescriptions, 63.8% were male and 36.2% were female. The
occurrence of stroke was more in men than women. This was similar
to the study conducted by Jeyaraj DP in which the incidence rate of
stroke was higher in male than female [12].

Stroke patients belonged to the age group of 41-70 y were more
common than other age groups. The majority of the patients were
adults since aging is an important risk factor for the occurrence of
many diseases. The results of this study correspond to the result of
the study conducted by Eric R et al. Reports are there which says
that drug-drug interactions are common in elderly people who are
on multiple drug regimens [13].

The potential drug interaction risk increases from 39% to 100%
when more than six drugs were administered to patients compared
to when 2-3 drugs were administered [14]. Usually elderly patients
take more than one medication that is not medically required [15].
However, multiple drugs are required for treatment, to slow down
the disease progression, to prevent its complications and to reduce
the symptoms of the disease, thereby improving the quality of life in
elderly patients.

Polypharmacy plays a major role in the occurrence of drug-drug
interaction. Polypharmacy was observed in the prescription of
stroke patients, where the highest number of drugs was 6-10 which
was prescribed in 60.4% of prescriptions, followed by more than 10
drugs prescribed in 34.5%. The least number of drugs were 1-5
which were prescribed in 5.1% of prescriptions. The data of this
study was in accordance to a drug-drug interaction study carried out
by Vijayakumar S et al. [16].

According to our study, out of 177 stroke patients the prevalence of
ischemic stroke was higher (83.7%) than haemorrhagic stroke
(16.3%). This was similar to a study conducted by Sridharan SE et al.
[17].
Out of 177 prescriptions, the number of prescriptions without
interactions was 21% and the prescriptions with interactions were
79%. Severity assessment of the types of interaction was done. The
highest of the interactions observed were moderate (71%), followed
by minor (17%) and the least were major interactions (12%) and
the findings of this data were similar to a study conducted by Mateti
UV et al. [18].

In our study, we found that most of the potential drug interactions
were pharmacodynamic (68%) in nature followed by
pharmacokinetic interactions (32%). This was in contrast to a study
conducted by Venkateswaramurthy et al. where the

pharmacokinetic interactions (54%) were higher compared to
pharmacodynamic interactions (46%) [19].

The most common co morbidity associated with stroke was
hypertension (65%), followed by diabetes mellitus (44%), and
coronary artery disease (10%). The least were asthma (2%),
Parkinson’s disease (2%), thyroid disorders (5%), seizure disorders
(3%) etc. This was similar to a study conducted by Kumari IN et al.
[20]. Patient with more than 5 drug interactions had higher number
of co-morbidities when compared to patients with less than 5 drug
interaction.

Here most of the interaction combinations like aspirin/enoxaparin,
enoxaparin/clopidogrel,
naproxen/enoxaparin,
diclofenac/enoxaparin might increase risk of bleeding. This is
similar to a study conducted by Phillips WS et al. [21]. Other
combination
such
as
ondansetron/ivabradine,
amiodarone/torsemide, ondansetron/amiodaronecan increases the
risk of irregular heart rhythm, clarithromycin/ivabradine,
amiodarone/fentanyl and metoprolol/clonidine might increase risk
of decrease heart rate. Most of the minor interactions were observed
as one drug diminishing the effects of the other drug and also
affecting the absorption, metabolism and eventually bioavailability.
Apart from prescribed medication, patients may also consume nonprescription medications, further adding to the risk of drug
interactions. These interactions can increase the therapeutic effects
in patients which cause toxicity or can cause therapeutic failure by
antagonizing the potentials of other drugs [22].

The ultimate outcome of these interactions may increase the cost
and decrease patients’ compliance to the therapy; it may also
increase the incidence of mortality and morbidity. Therefore,
medications should be used carefully and strict monitoring is
required to avoid drug-drug interactions.
CONCLUSION

Stroke is a leading cause of morbidity and disability throughout the
world. Therefore, the prevention of stroke is of great importance for
improving public health. Our study focused on the potential drugdrug interactions which were high in stroke patients above 40 y. The
incidence of potential drug-drug interactions was 79%. It was
predominant in males (63.8%). Polypharmacy and age of the patient
were the predictors of drug-drug interactions. The DDIs resulted in
increase in hospital stay and higher health-care cost. The majority of
interactions were pharmacodynamic in nature, having moderate
severity.

Hence, the physicians should be aware of drug-drug interactions
while prescribing for stroke patients and thorough monitoring
51
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should be required for the patient safety by the implementation of
admonitory guidelines and computer-based screening, which may
help in preventing and decreasing the frequency of potentially
harmful drug-drug interactions.

ACKNOWLEDGMENT

The authors are grateful to Sultan-ul-Uloom Education Society, for
facilitating us to conduct the study.
FUNDING
Nil

AUTHORS CONTRIBUTIONS
All the authors had contributed equally.
CONFLICT OF INTERESTS

There is no possible conflict of interest related to this article was
reported.
REFERENCES
1.
2.
3.

4.
5.
6.

7.

Abideen S, Vivekanandan K, Mishra P. Assessment of
prevalence of potential drug-drug interactions in medical
intensive care unit of a tertiary care hospital in India. Asian J
Pharm Clin Res 2015;8:125-313.
Seymour RM, Routledge PA. Important drug-drug interactions
in the elderly. Drugs Aging 1998;12:485–94.
Strong K, Mathers C. The global burden of stroke. In: Mohr JP,
Grotta JC, Wolf PA, Moskowitz MA, Mayberg MR, Von Kummer R.
editors. Stroke: Pathophysiology, Diagnosis and Management. 5th
ed. Philadelphia, PA: Elsevier; 2011. p. 279–89.
Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha
MJ, Cushman M, et al. Heart disease and stroke statistics-2016
update:
a
report
from
the
American
heart
association. Circulation 2016;133:38–360.
Murray C, Lopez A. Global health statistics: A compendium of
incidence, prevalence and mortality estimates for over 200
conditions. Cambridge MA: Harvard University Press; 1996.
Strong K, Mathers C, Bonita R. Preventing stroke: saving lives
around the world. Lancet Neurol 2007;6:182–7.
Mahmood M, Malone DC, Skrepnek GH, Abarka J, Armstrong EP,
Murphy JE, et al. Potential drug-drug interactions within
veterans affairs medical centers. Am J Health Syst Pharm
2007;64:1500–5.

8.
9.
10.
11.
12.
13.

14.
15.
16.

17.
18.
19.
20.
21.
22.

Int J Curr Pharm Res, Vol 12, Issue 2, 48-52
Hansten PD. Drug interaction management. Pharm World Sci
2003;25:94–7.
Merlo J, Liedholm H, Lindblad U, Bjorck Linne A, Falt J, Lindberg
G, et al. Prescriptions with potential drug interaction dispensed
at swedish pharmacies in January 1999: cross sectional study.
Br Med J 2001;323:427–8.
Dechanont S, Maphanta S, Butthum B, Kongkaew C. Hospital
admissions/visits associated with drug-drug interactions: a
systematic review and meta-analysis, Pharmacoepidem Drug
Saf 2014;23:489–97.
Sameer D, Milind P. Assessment of a drug interaction of
antidepressants with other prescribed drugs. Asian J Pharm
Clin Res 2011;4:102-4.
Jeyaraj DP, Sudhan P. Stroke epidemiology and stroke care
services in India. J Stroke 2013;15:128-34.
Eric R, Bates DM, Wei CL. Drug–drug interactions involving
antiplatelet agents. Eur Heart J 2003;24:1707–9.
Mendes Nett RS, Silva CQ, Oliveira Filbo AD, Rocha CE, Lyra
Junior DP. Assessment of drug interactions in elderly patients
of a family healthcare unit in Aracaju (Brazil): a pilot study, Afr
J Pharm Pharmacol 2011;5:812–8.
Maher RL, Hanlon JT, Hajjar ER. Clinical consequences of
polypharmacy in elderly. Expert Opin Drug Saf 2014;13:57–65.
Vijayakumar S, Ravikanth S, Ayesha S, Dheeraj Kumar G. Drugdrug interaction is occurring during hospital stay among stroke
patients. Afr J Pharm Pharmacol 2012;6:2670-4.
Sridharan SE, Unnikrishnan JP, Sukumaran S, Sylaja PN, Nayak
SD, Sarma PS, et al. Incidence, types, risk factors and outcome
of stroke in a developing country: the trivandrum stroke
registry. Stroke 2009;40:1212-8.
Mateti UV, Rajakannan T, Nekkanti H, Rajesh V, Mallaysamy SR,
Ramachandran P. Drug-drug interactions in hospitalized
cardiac patients. J Young Pharm 2011;3:329–33.
Venkateswaramurthy N, Krishnaveni K, Mercy FR, Sambath KR.
Assessment of potential drug–drug interaction in stroke
patients. Int J Pharm Pharm Sci 2016;8:221-4.
Indira KN, Veera RB. Risk factor assessment of stroke and its
awareness among stroke survivors: a retrospective study. Int J
Res Health Sci 2015;3:140-5.
Phillips WS, Smith J, Greaves M, Preston FE, Channer KS. An
evaluation and improvement program for inpatient
anticoagulant control. Thromb Haemost 1997;77:283-307.
Gouya G, Reichardt B, Ohrenberger G, Wolzt M. Survival of
patients discharged after acute myocardial infarction and
evidence-based drug therapy. Eur J Epidemiol 2007;22:145-9.

52

