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ABSTRACT*
Objective: To study the impact of educational
intervention on the pattern and incidence of
potential drug-drug interactions (DDIs).
Method: All patients admitted to Internal Medicine
wards of Manipal Teaching Hospital during the
study period were included. Patient details were
collected using a patient profile form and the datum
from the filled forms was analyzed using
Micromedex electronic database. An intervention
was carried out through a presentation during
clinical meeting and personal discussion. The target
groups for the intervention included doctors and the
nurses.
Results: Altogether 435 patients during
preintervention and 445 during postintervention
were studied. The incidence of potential DDIs was
53% (preintervention) and 41% (postintervention)
[chi-square =11.27, p=0.001]. The average number
of drugs per patient was 8.53 (pre-intervention) and
7.32 (post-intervention) [t=3.493, p=0.001]. Sixtyfour percent of the potential DDIs were of
‘Moderate’ type and 58% had a ‘Delayed’ onset in
both the phases. Seventy percent of the potential
DDIs during the pre-intervention phase and 61%
during post-intervention phase had a ‘Good’
documentation status. Pharmacokinetic mechanism
accounted for 45% of the potential DDIs during preintervention and 36% in the post-intervention phase.
Cardiovascular drugs accounted for 36% of the
potential DDIs during pre-intervention and 33.2%
during post-intervention phase. Furosemide was the
high risk drug responsible for DDIs in both phases.
The most common potential DDIs observed were
between amlodipine and atenolol (4.82%)
(preintervention) and frusemide and aspirin (5.20%)
(postintervention).
Conclusion: There was an association between
potential DDIs and age, sex, and polypharmacy.
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IMPACTO DE UNA INTERVENCION
EDUCATIVA EN EL ESQUEMA E
INCIDENCIAS DE INTERACCIONES
MEDICAMENTOSAS POTENCIALES EN
NEPAL
RESUMEN

Objetivo: Estudiar el impacto de una intervención
educativa en el esquema y la incidencia de las
interacciones medicamentosas potenciales (DDI).
Método: Se incluyó a todos los pacientes que
visitaron el servicio de medicina interna del
Hospital Universitario de Manipal. Los detalles de
los pacientes se recogieron utilizando un formulario
de perfil de paciente y los datos fueron analizados
utilizando la base de datos electrónica Micromedex.
Se realizó una intervención mediante una reunión
clínica y discusión personal. El grupo diana eran
los médicos y los enfermeros.
Resultados: Se estudiaron 435 pacientes durante la
pre-intervención y 445 durante la post-intervención.
Las incidencia de DDI potenciales fue del 53%
(pre-intervención) y 41% (post-intervención) [chi
cuadrado=11,27, p=0,001]. La media de
medicamentos por paciente fue de 8,53 (preintervención) y 7,32 (post-intervención) [t=3,493,
p=0,001]. El 64% de las DDI potenciales eran de
tipo ‘Moderadas’ y el 58% tenía una iniciación
‘Retrasada’ en ambas fases. El 70% de las DDI
potenciales durante la fase de pre-intervención y el
61% en la post-intervención tenían un estado de
documentación ‘Bueno’. Mecanismos
farmacocinéticos contabilizaron el 45% de las DDI
potenciales durante la pre-intervención y el 36 en la
post-intervención. Los medicamentos
cardiovasculares sumaron el 36% de las DDI
potenciales durante la pre-intervención y el 33,2%
en la post-intervención. La furosemida fue el de
mayor riesgo de DDI en las dos fases. La DDI
potencial más comúnmente observada en la preintervención fue entre amlodipino y atenolol
(4,82%), y en la post-intervención fue entre
furosemida y aspirina (5,29%).
Conclusión: Existía una asociación entre DDI
potencial y edad, sexo y polimedicación.
Palabras clave: Interacciones medicamentosas.
Pacientes hospitalizados. Formación continuada.
Nepal.
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INTRODUCTION
With the increase in the number of patients with
multiple diseases and complex therapeutic
regimens, polypharmacy becomes unavoidable.1
Drug-drug interactions (DDIs) are increasingly an
important cause of Adverse Drug Reactions
(ADRs). DDIs are often predictable and hence
preventable.1 The most current JNC VII guidelines
have recommended combination of medications for
the
management
of
diseases
such
as
2
hypertension. The use of drug combinations are
thus becoming unavoidable and can further
increase the risk of DDIs. Evidence from
epidemiologic studies suggests that DDIs contribute
to significant number of adverse events in
hospitalized patients.3 It is estimated to account for
4
5
6-30% of all ADRs and significant hospitalizations.
A drug interaction (DIs) is said to occur when the
effects of one drug are changed by the presence of
another drug, food, drink or an environmental
chemical agent. The result of DIs may be an
additive effect, antagonism, alteration of effect or
6
idiosyncratic effects. In general, patients on
multiple drugs, elderly and seriously ill patients are
more susceptible to DDIs. One hospital study found
an ADR rate of 7% in patients taking 6-10 drugs,
which increased to 40% in those taking 16-20
drugs.7 A Nepalese study showed a high
prevalence of polypharmacy. During the hospital
stay, 73% of patients received more than five, 54%
received more than eight, and 24% received more
than nine drugs concurrently.8 Data regarding the
pattern and incidence of DDIs are lacking in Nepal.
Hence the present study was conducted a) to
identify the potential DDIs and to categorize them
based on their severity, onset, and documentation
status, b) to study the association of potential DDIs
with patient demographics, disease state, and
number of drugs per prescription and c) to study the
outcome of an educational intervention on the
pattern of potential DDIs.
METHODS
Settings: Prospective-interventional study carried
out in the Internal Medicine wards (approximately
200 beds) (Intensive Care Unit (ICU), Special ward,
Private ward, and General Medicine ward) of the
Manipal Teaching Hospital (MTH), Pokhara, Nepal
for six months. MTH is a tertiary care teaching
hospital having bed occupancy of 550 beds. The six
months were divided into pre-intervention (3
months), intervention (1 month) and postintervention phase (2 months). During the study, all
patients who were admitted to the Internal Medicine
wards were included. Patients admitted to wards
other than the internal medicine wards, patients
taking only one drug, patients on herbal drugs and
patients on multivitamins were excluded. A self
developed structured patient profile form was used
for the collection of patient details. Micromedex
electronic database was used for finding DDIs.

9
Micromedex electronic database : Micromedex
categorizes DDIs on the basis of their severity,
onset and documentation. It also provides the
mechanism of the DDIs, clinical outcomes and
management of the DDI. ‘Severity’, ‘Onset’ and the
‘Documentation’ status are defined by Micromedex
in the following way.

Severity: The ‘Major’ DDIs may be life threatening
and/or require medical intervention to minimize or
prevent serious adverse effects. The ‘Moderate’ one
may result in an exacerbation of the patient’s
condition and/or require an alteration in therapy.
The ‘Minor’ DDIs, would have limited clinical effects.
Onset: The ‘Rapid’ onset type of DDIs leads to the
clinical conflict or adverse effects within 24 hours
following drug administration. The ‘Delayed’ onset
type does not lead to the onset of clinical conflict or
adverse effects appear within the first 24 hours
following drug administration.
Documentation
status:
The
‘Excellent’
documentation status is the one for which controlled
studies have clearly established the existence of the
interaction. ‘Good’ documentation strongly suggests
the interaction exists, but well-controlled studies are
lacking. In case of ‘Fair’ documentation, available
documentation is poor, but pharmacologic
considerations lead doctors to suspect the
interaction exists; or, documentation is good for a
pharmacologically
similar
drug.
In
‘Poor’
documentation, documentation is poor, such as
limited case reports; but, the clinical conflict is
theoretically
possible.
Lastly,
in
‘unlikely’
documentation, documentation is poor and lacks a
sound pharmacological basis.
Operational modality: The study was carried out in
three phases pre-intervention, intervention and
post-intervention.
Phase I: Pre-intervention phase (February 12-May
12, 2006): The Investigator (Post-graduate student
in Pharmacology) attended daily ward rounds with
the doctors in the internal medicine wards. The
patient information, drug regimen and related
parameters were entered in the designed structured
patient profile form. DDIs were found using the
electronic database i.e. Micromedex. Data was
analyzed using an Excel sheet and a ‘preintervention report’ was made. The pre-intervention
report included the following: age, sex, diseases,
average number of drug per patient, potential DDIs
in smokers and alcoholics, and severity, onset,
documentation status, and mechanism of potential
DDIs. The report also listed the highest risk drugs
and highest risk interaction found during the preintervention phase.
Phase II: Intervention phase (May 13-June 13,
2006): The ‘pre-intervention report’ was first brought
to the notice of the hospital administration and
presented in the weekly held clinical meeting of the
hospital. During the meeting, the pre-interventional
findings were presented to the doctors through a
‘Talk program on drug interactions’. The
presentation covered the theoretical aspects of
DDIs along with the pre-intervention findings. All the
concerned department heads, consultants, medical
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officers and interns were invited through a circular.
Majority of the participants during the program were
from the Medicine department (a total of seven
among the eight consultants, the head of the
department, three among the four medical officers
and one among the two interns participated from the
medicine department). All the participants were
provided with a copy of the pre-intervention result.
Nurses were also briefed regarding the finding of
DDIs.
Phase III: Post-intervention phase (July 23 September 23, 2006): Post-intervention phase was
conducted identically as the pre-intervention phase.
After completing the data collection, the impact and
outcomes of intervention on the pattern of potential
DDIs was found comparing both the pre and post
intervention data.
Statistical analysis: The results obtained from pre
and post-intervention studies were analyzed and
compared using Excel, SPSS (version 9) and
EpiInfo6 programs. Statistics (chi-square and
unpaired t tests) were applied for the comparison. A
‘P’ value less than 0.05 was considered significant.
RESULTS
During the pre-intervention phase, 435 patients
(prescribed 1,953 drugs) and during the postintervention phase 445 patients (prescribed 1357
drugs) were studied. Among these patients, 53%
(n=435) during the pre-intervention and 41%
(n=445) during the post-intervention were at risk of
developing at least one potential DDI during their
hospital
stay
(chi-square=11.27,
p=0.003).
Altogether 622 potential DDIs in the pre-intervention
and 423 potential DDIs in the post-intervention
phase were identified.
The average number of drugs prescribed among the
patients who were at risk of developing DDIs was
8.53 (SD=4.03) (pre-intervention) and 7.32
(SD=3.01) (post-intervention). There was significant
(t=4.646, p= 0.001) reduction in the overall number
of drugs prescribed following the intervention.
Table 1: Age distribution
Post-intervention
(n=445)
Total
Risk for
Total
patients
DDIs
patients
(n=435)
(%)
(n=445)
33
7 (18)
39
48
8 (16)
49
28
8 (21)
39
56
29 (51)
57
75
34 (47)
73
104
39 (51)
76
58
37 (54)
68
21
17 (55)
31
12
5 (38)
13
0.004 decrease in the incidence

Pre-intervention (n=435)

Risk for
DDIs
(%)
11-20
9 (27)
21-30
13 (27)
31- 40 *
15 (54)
41-50
22 (39)
51- 60
38 (51)
61-70
67 (64)
71-80
40 (69)
81-90
16 (76)
Unknown**
9 (75)
* chi-square=7.90, p=
after intervention,
** age of the patients was not available.
Age
(years)

A higher incidence of potential DDIs was observed
among the age group of 81-90 years in both the
phases. Table 1 categorizes the incidence of DDIs
based on the age distribution of the patients. The

mean age of the patients who were at higher risk of
developing DDIs was 58.80 years (SD=16.99) [Preintervention] and 59.30 years (SD=17.71) [Postintervention]. Male patients encountered a higher
number of potential DDIs in both the phases.
Altogether 53% (n=435, pre-intervention) and 46%
(n=445, post-intervention) of males encountered
DDIs.
The details regarding the potential DDIs and the
associated diseases are listed in Table 2.
Table 2: Current diagnosis
Pre-intervention
Post-intervention
Patients
Risk for
Patients
Risk for
Diagnosis
(n=435)
DDIs (%)
(n=445)
DDIs (%)
HTN
149
99 (66)
111
60 (54)
COPD *
72
52 (72)
93
48 (52)
CVA
56
37 (66)
44
27 (61)
DM
48
29 (60)
34
28 (82)
IHD
25
19 (76)
32
24 (75)
TB
21
17 (81)
21
13 (62)
BPH
24
15 (63)
21
11 (52)
AF
14
14 (100)
19
13 (68)
MI
6
5 (83)
7
7 (100)
CCF
8
7 (88)
3
3 (100)
ALD
17
7 (41)
15
7 (47)
RI
12
7 (58)
15
9 (60)
RHD
13
7 (54)
6
3 (50)
CRF
18
6 (33)
22
6 (27)
Cancer
12
5 (42)
5
1 (20)
ESRD
8
5 (63)
1
1 (100)
Parkinsonism
7
4 (57)
1
1 (100)
Miscellaneous
125
56 (45)
285
96 (34)
* chi-square= 7.22, p= 0.007 decrease in the incidence after
intervention
HTN: hypertension, COPD: chronic obstructive pulmonary
diseases, CVA: cerebrovascular accident, DM: diabetes mellitus,
IHD: ischemic heart disease, TB: tuberculosis, BPH: benign
prostatic hyperplasia, AF: atrial fibrillation, MI: myocardial farction,
CCF: congestive cardiac failure, ALD: alcoholic liver diseases, RI:
renal impairment, RHD: rheumatic heart disease, CRF: chronic
renal failure, ESRD: end stage renal disease.

According to the Micromedex electronic database
classification, most (64%) of the potential DDIs
encountered were of ‘Moderate’ severity in both the
phases, 20% were of ‘minor’ type and 16% were of
‘major’ type. Onset of most (58%) of the potential
DDIs was of ‘Delayed’ type followed by rapid (39%
in pre-intervention and 40% in post-intervention)
type in both the phases. The onset of 3% of
potential DDIs in pre-intervention phase and 2% in
post-intervention phase were not specified by the
Micromedex. The documentation status of most
(75% in pre-intervention and 61% in postintervention) of the potential DDIs was of ‘Good’
type followed by ‘fair’ (23% in pre-intervention and
31% in post-intervention) and ‘excellent’ (8% in preintervention and 9% in post – intervention).
Most of the DDIs encountered during the preintervention phase were pharmacokinetic type
(n=622, 45.18%) while in the post-intervention most
of them were pharmacodynamic (n=423, 41.37%)
type. There was a significant (chi-square=8.56,
p=0.003)
reduction
in
the
incidence
of
pharmacokinetic type of potential DDIs after the
intervention.
Cardiovascular drugs were the most common
therapeutic category at a high risk for DDIs in pre-
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intervention (n=1244, 36.09%) and post-intervention
(n=846, 33.21%) phases respectively. After the
intervention there was a significant reduction (chisquare=13.37, p=0.0003) in the incidence of
potential DDIs among the drugs acting on Gastro
Intestinal Tract (GIT).
Furosemide was the most common high risk drug
responsible for DDI in both the phases. Table 3 lists

the top fifteen high risk drugs for DDI in pre and
post-intervention phases.
Most common DDIs during the pre-intervention
phase was amlodipine-atenolol (n=622, 4.82%).
During the post-intervention phase furosemideaspirin (n= 423, 5.20%) was the most common high
risk interacting pair.

Table 3: High risk drugs for developing DDIs
Pre intervention
Post intervention
Drugs
Number
Percentage
Drugs
Number
Furosemide
118
9.40
Furosemide
95
Aspirin
112
9.00
Aspirin
91
Enalapril
64
5.14
Phenytoin
67
Theophylline
58
4.66
Enalapril
49
Rifampicin
56
4.50
Theophylline
41
Digoxin
53
4.26
Rifampicin
30
Warfarin *
51
4.10
Digoxin
26
Atenolol
45
3.62
Ciprofloxacin
23
Phenytoin **
45
3.62
Prednisolone
21
Amlodipine
41
3.30
Clopidogrel
20
Ranitidine
36
2.89
Amiloride
19
Isoniazid
33
2.65
Ramipril
19
Omeprazole
26
2.09
Atenolol
18
Gentamicin
26
2.09
Metformin
18
Metformin
25
2.01
Gentamicin
18
* Significant (chi-square= 18.26, p< 0.01) decrease in the incidence after intervention.
** Significant (chi-square = 18.38, p< 0.01) decrease in the incidence after intervention.

DISCUSSION
The incidence of potential DDIs during the preintervention phase of our study was 53%. A review
of nine epidemiological studies had an increase
10
ranging from 0% to 2.8%. Similarly, a study from
the United States reported interactions to be
responsible for nearly 2% of adverse event in acute
hospitalizations.11 A community study including
962,013 prescriptions in Sweden reported an
incidence of 13.6%.12 Another South Indian study
from a community pharmacy reported an incidence
of 26%.13 The reason for higher incidence in our
study could be due to the inclusion of patients from
Internal Medicine wards and ICU, where usually
chronically ill and patients with multiple
complications requiring polypharmacy are admitted.
Following the intervention, we observed a significant
reduction in the incidence of potential DDIs. This
reduction could be due to less prescribing of
potentially interacting drugs such as omeprazole,
warfarin and ranitidine.
We found the incidence of potential DDIs was
higher in the age group of 81-90 years in the preintervention
phase.
Conforming
to
other
2,12,13
we also observed an increase in the
studies
number of potential DDIs with age. Similarly, a
study from Sweden reported 31% of the DDIs in
elderly patients.14 In general, elderly patients use
15
more medications. It has been stated that potential
DDIs are common in elderly people using multiple
drugs as part of a normal drug regimen.16
The present study observed that polypharmacy was
common (8.53 drugs per prescription). A study by
Smith et al found an ADR rate of 7% in patients
taking 6-10 drugs, increasing to 40% in those taking

Percentage
11.23
10.76
7.92
5.79
4.85
3.55
3.07
2.72
2.48
2.36
2.25
2.25
2.13
2.13
2.13

16-20 drugs. This exponential rise was attributed
8
partly to DIs. A study conducted in the USA found
the increase in the risk of adverse drug interactions
from 13% for patients taking two medications to
17
82% for those taking 7 or more medications. In our
study, the number of interactions increased with an
increase in the number of drugs prescribed. Our
study population included both critically ill and
elderly patients. Elderly patients require a greater
number of drugs.
We found 64% of the potential DDIs to be
moderately severe. ‘Major’ severity type accounted
for 16% of DDIs and 20% were of ‘Minor’ severity.
The result of our study is almost similar to the
findings of Sabin and coworkers who reported
17.9% of DDIs as potentially minor, 69.9% as
moderate and 12.2% of major severity.18 Our values
are higher than the findings reported from a study
conducted in the US, which reported 7.3% of Major
DDIs in a surgical intensive care unit.19 A South
Indian study found 15% of DDIs to be severe in
nature and 12% with a significance level of one
(severe reaction and well-documented interaction)
which is again higher than our values.13
In our study, 58% of the potential DDIs had a
delayed onset as per the Micromedex electronic
database. In general, DDIs usually have a specific
time course i.e. onset and duration and this makes
them more predictable and preventable than
ADRs.20 This finding suggests that one should be
careful while prescribing drugs that can cause
delayed type of DDIs. These patients should also be
counseled for careful monitoring of symptoms
suggestive of the occurrence of DDIs. There was no
significant reduction in the onset type after the
intervention.
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Most of the potential DDIs in our study had a ‘Good’
documentation status (70%) thus with the sound
knowledge and information of DDIs, these DDIs can
be predicted and hence prevented. During the preintervention
phase,
higher
number
of
pharmacokinetic interactions was seen. Unlike our
finding, studies have identified that, the most
common interactions encountered in clinical
practice are pharmacodynamic.21,22 The number of
pharmacodynamic interactions was higher in the
post-intervention phase. This could be because
after the intervention, drugs responsible for causing
pharmacokinetic
interactions
like
ranitidine,
omeprazole, warfarin and alprazolam were
prescribed less commonly. This may also be
attributed to the intervention where unnecessary
uses of drugs like ranitidine and omeprazole were
discouraged.
In our study cardiovascular drugs were the
predominant class of drugs at a high risk for DDIs
followed by antimicrobials. Similar to our findings, a
study from England reported cardiovascular drugs
23
In
as the major drugs involved in ADRs.
cardiovascular diseases, polypharmacy cannot be
ignored. For example the recent JNC VII guidelines
recommends polypharmacy in managing diseases
like hypertension.2 Moreover, conditions like
hypertension are associated with other concurrent
complications that might increase the risk of
potential DDIs.
A study by Doucette and coworkers also found
cardiovascular and psychotropic medications to be
more frequently involved in DDIs.24 In general,
Internal Medicine wards include significant number
of cardiac patients in our hospital. This could be a
reason attributable for the higher number of cardiac
drugs in our study.
During the pre-intervention phase, furosemide
(9.4%) followed by aspirin (9.0%), enalapril (5.14%),
theophylline (4.66%) and rifampicin (4.50%), were
the drugs at a high risk for developing DDIs. A
South Indian study identified antitubercular drugs,
analgesics and antipyretics, bronchodilators,
diuretics, antiplatelet drugs, H2-receptor blockers
and proton pump inhibitors as commonly
responsible for causing DDIs.14 Digoxin and
cimetidine were the potential interacting drugs in
almost 90% of the cases in a study done in surgical
25
patients and critically ill patients. Though some of
the drugs involved are similar, our study has
focused mainly on the interaction pattern of drugs
used in the internal medicine wards. This might
have influenced the type of drugs involved in DDIs.
The most common drugs responsible for potential
DDIs during post-intervention phase were
furosemide, followed by aspirin, phenytoin, enalapril
and theophylline. The change (increase) after

intervention was significant for phenytoin. These
drugs are in general, commonly used in Internal
Medicine wards hence their involvement in DDIs are
also common. We could not find any interventional
studies related to this matter to support our result.
The most common potential DDIs observed during
the
pre-intervention
phase
were
between
amlodipine and atenolol (4.82%) followed by
furosemide and aspirin (4.02%). Unlike in our
finding, a study done in an elderly population found
that the most common DDIs were between betablockers and antidiabetics, followed by potassiumsparing
diuretics
and
potassium,
and
carbamazepine and dextropropoxyphene.14 In a
prospective analysis of 18 820 patients, aspirin with
warfarin, aspirin with other NSAIDs, combinations of
diuretics or the concomitant use of diuretics and
ACEIs, digoxin toxicity through co-prescription of
interacting drugs were the common causes for
23
admission to the hospital due to ADRs. During the
post-intervention phase, the most common potential
DDIs identified were between furosemide and
aspirin (5.20%) followed by enalapril and
furosemide (4.49%).
The findings of this study however cannot be
generalized due to several reasons. The study does
not include patients from other wards of the hospital
where the incidence and pattern of DDIs may be
different. The identification of the DDIs in our study
was based on the Micromedex electronic database
and we did not confirm our findings by measuring
the plasma drug concentration of the interacting
drugs. Moreover, the clinical outcomes of the
patients were not documented by us.
CONCLUSIONS
The study found the association of potential DDIs
with parameters like age, sex, number of drugs per
prescription. Cardiovascular drugs accounted for
higher number of potential DDIs and furosemide
was the high risk drug responsible for DDIs. There
was a direct link between polypharmacy and
occurrence of DDIs. The study concluded that
educational interventions can minimize the
incidence of DDIs.
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Stockley’s Herbal Medicines Interactions
available from Pharmaceutical Press

Stockley's Herbal Medicines Interactions edited by Elizabeth Williamson, Samuel Driver and Karen
Baxter, is a new major reference work from Pharmaceutical Press, publishers of core
pharmaceutical titles such as Stockley’s Drug Interactions, Martindale and the BNF.
The resource, published earlier this year, is the first professional-level major reference work to bring
together available clinical and experimental interactions data on over 150 of the most commonly
used herbal medicines, dietary supplements and nutraceuticals in highly structured, fully referenced
and rigorously assessed monographs.
It is a uniquely authoritative collaboration between practising clinical pharmacists and experts in the
fields of drug interactions, clinical herbal medicines, phytopharmacovigilance and regulation of
herbal medicinal products.
Professor Michael Heinrich, University of London, UK, has said “Pharmacists, clinicians and other
healthcare providers as well as practitioners of alternative medicines will welcome the addition to
the respected Stockley family of this considered, pragmatic approach to herbal medicines
interactions.”
Stockley’s Herbal Medicines Interactions can be purchased in print or on CD-ROM at
www.pharmpress.com. It is available online at www.medicinescomplete.com.
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