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Introduction and aim.Introduction and aim.Introduction and aim.Introduction and aim.Introduction and aim. Hepatitis patients usually present with comorbidities and polypharmacy which increases risk of potential
drug-drug interactions (pDDIs). We explored frequency, levels, predictors, and clinical relevance of pDDIs in hospitalized hepatitis
patients. Material and methods.Material and methods.Material and methods.Material and methods.Material and methods. Retrospective cohort study was used. Clinical profiles of 413 hepatitis patients were reviewed
for pDDIs using Micromedex-DrugReax. Frequency, levels and clinical relevance of pDDIs were reported. Logistic regression analy-
sis was used to calculate odds-ratios for predictors. Results.Results.Results.Results.Results. Of total 413 patients, pDDIs were reported in 55.2%. Major-pDDIs
were found in 35% patients. Total 660 pDDIs were identified, of which, 304 (46%) were of major-severity and 299 (45%) of moderate-
severity. Patient’s profiles of top-10 major-pDDIs were presented with signs/symptoms such as fever, hepatomegaly, anorexia, jaun-
dice, hypertension, tachycardia, bradycardia, & pedal edema; and abnormalities in labs such as electrolytes-level, alanine
aminotransferase, blood urea nitrogen, bilirubin-level, & serum creatinine. Significant association was observed for the presence of
pDDIs with > 9 prescribed medicines (p < 0.001), hospitalization of > 5 days (p = 0.03), and stroke as comorbidity (p = 0.05). Moreo-
ver, odds of exposure to major-pDDIs were significantly higher in patients taking > 9 prescribed medicines (p < 0.001), hospitaliza-
tion of > 5 days (p = 0.002), and stroke as comorbidity (p = 0.002). Conclusion.Conclusion.Conclusion.Conclusion.Conclusion. We observed hepatitis patients presented with a
considerable number of clinically relevant pDDIs. Attention should be given to widespread major-pDDIs and their potential adverse
outcomes. Clinically relevant parameters, such as labs and signs/symptoms should be monitored particularly in high risk patients
having polypharmacy, prolong hospitalization, and stroke as comorbidity.
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INTRODUCTION

Viral hepatitis refers to inflammation of the liver caused
by one of the several types of viruses. Liver plays a vital
role in the metabolism of endogenous and exogenous sub-
stances.1 Chronic hepatitis can gradually lead to complica-
tions such as hepatocellular carcinoma, liver cirrhosis, and
decompensated chronic liver disease.2 Impaired liver
function may cause change in pharmacokinetics of drugs
used in patients with hepatitis.3 There is alteration of ab-
sorption process, increase in bioavailability due to porto-
systemic shunting,4 increase in free fraction of highly
protein bound drugs in patients with hypoalbuminemia,3

decrease in hepatic drug clearance due to lower hepatic
blood flow,5 and decreased activity of phase I enzymes.6

Pharmacodynamic alterations are also prevalent such as
cardio-toxicity by QT interval prolonging drugs7 and ne-
phrotoxicity associated with non-steroidal anti-inflamma-
tory drugs.8

Hepatitis patients usually present with comorbid ill-
nesses and taking medications that have potential for drug-
drug interactions (DDIs).9,10 Development of new
anti-viral agents causes significant improvements in effica-
cy and declines toxicity paralleled to earlier interferon-
based treatments. Nonetheless, judicious use of these
agents necessitates strict attention to DDIs because all
hepatitis combination regimens interact with drug trans-
porters, drug metabolizing enzymes, or both.11 All of these
factors can potentially influence the effectiveness of a drug
and/or the probability that a drug is causing adverse reac-
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tions. Adverse drug reactions (ADRs) may further in-
crease morbidity and mortality in hepatitis patients.12

Knowledge of DDIs is important for appropriate clinical
management, which usually requires dose adjustments,
monitoring for adverse effects, or discontinuation of con-
traindicated medications.13

Some pharmacoepidemiological studies have investi-
gated potential DDIs (pDDIs) in patients with hepati-
tis.9,10,14,15 These studies have a number of limitations such
as inclusion of patients only with hepatitis C,9,10,14 investi-
gation of pDDIs involving only anti-viral and anti-retrovi-
ral drugs in HIV/HCV co-infected patients,15 work on
only contraindicated interactions,9 and use of a specific
online drug interaction screening tool.10,14,15 Furthermore,
pDDIs among drugs (other than anti-viral agents) given
for the management of various comorbidities are purely
neglected. Such interactions must be reported in order to
help health professionals in their clinical practice because
they can affect patient outcome. Apart from this, the above
studies are lacking information about the overall preva-
lence of pDDIs in patients with all types of hepatitis, sci-
entific evidence (documentation levels) supporting the
occurrence of pDDIs, predictors of pDDIs, contribution
of comorbidities towards exposure to pDDIs, and more
importantly clinical relevance of the identified pDDIs.
Studies are needed to explore all such areas. Moreover, all
of these studies have been conducted in developed coun-
tries. Therefore, there is need of explicit work in develop-
ing countries like Pakistan because literature is least
reported from these regions.

We aimed to explore frequency, levels, predictors, and
clinical relevance of pDDIs in hospitalized patients with
hepatitis at tertiary care hospitals. The secondary objective
was to develop a list of widespread major-pDDIs along
with their potential adverse outcomes and monitoring/
management guidelines.

MATERIAL AND METHODS

Study setting and design

This was a retrospective cohort study, carried out in
medicine wards of two tertiary care hospitals at Peshawar,
Khyber Pakhtunkhwa, Pakistan, Hayatabad Medical Com-
plex (HMC) and Khyber Teaching Hospital (KTH).
HMC is a 1,280-bed hospital. It is located in Hayatabad
Town of Peshawar city and is second largest hospital in
the city. Apart from the western parts of Peshawar, the
hospital also serves patients coming from adjacent areas
and neighboring Afghanistan for treatment. KTH is a
1,200-bed hospital. It is located on main university road in
Peshawar city, providing healthcare coverage to popula-

tion residing at university road and surrounding regions.
As far as pharmacy services are concerned, there is no
proper clinical pharmacy coverage at ward level in both
the hospitals. Patient’s profiles are developed in hand writ-
ten format and records are maintained manually. Moreo-
ver, there is no computerized drug interaction screening
programs available in these hospitals.

Ethical approval

Ethical approval was obtained from Institutional Re-
search and Ethics Board of Postgraduate Medical Institute,
Peshawar.

Inclusion and exclusion criteria

Following were the inclusion criteria:

� Consecutive patient’s profiles with viral hepatitis of
any type, admitted to medicine wards during a one-
year period, from July 2015 to June 2016.

� Patient’s profiles of all age.
� Both gender either male or female patient’s profiles.
� All medication, regular and PRN (pro-re-nata, means

as required), were included in analysis which were
prescribed during the whole hospital-stay of the pa-
tient (from the time of admission till discharge).

Patient’s profiles were excluded if their medications
profiles were incomplete with respect to relevant data
needed for study.

Data source

On the basis of inclusion and exclusion criteria, we in-
cluded 413 patients’ clinical profiles. Permission from ad-
ministration of both of the hospitals was obtained in order
to access patients’ clinical records. Data were collected re-
garding hospital admissions, patients’ demographics, diag-
noses, comorbidities/complications, medications therapy,
sign/symptoms, and labs tests. All diagnoses and comor-
bidities/complications were reported as documented in
the patients’ profiles maintained in the hospital settings.

Screening of
medications profiles for pDDIs

Different software are available for DDIs screening but
we selected Micromedex Drug-Reax® (Truven Health
Analytics, Greenwood Village, Colorado, USA).16 Because
it has been reported to have highest score in term of sensi-
tivity, specificity and completeness.17,18 Micromedex
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Drug-Reax®, classify drug interactions on the basis of se-
verity-levels and documentation-levels as follows:16

Severity-levels:

� Contraindicated. The drugs are contraindicated for
concurrent use.

� Major. The interaction may be life threatening and/or
require medical intervention to minimize or prevent
adverse effects.

� Moderate. The interaction may result in exacerbation
of the patient condition and/or require an alteration in
therapy.

� Minor. The interaction would have limited clinical
effects. Manifestations may include an increase in the
frequency or severity of the side effects but generally
would not require a major alteration in therapy.

Documentation-levels:

� Excellent. Controlled studies have clearly established
the existence of the interaction.

� Good. Documentation strongly suggests the interac-
tion exists, but well-controlled studies are lacking.

� Fair. Available documentation is poor, but pharmaco-
logic considerations lead clinicians to suspect the in-
teraction exists; or documentation is good for a
pharmacologically similar drug.

Frequency of pDDIs as well as frequencies of severity-
levels (contraindicated, major, moderate and minor) were
identified. Clinical relevance of top-10 major interactions
was reported by correlating them with patients’ signs,
symptoms and lab tests results. Monitoring/management
guidelines were described for these interactions. Wide-
spread list of major-pDDIs was developed along with
their potential adverse outcomes.

Statistical analysis

Descriptive statistics were used for presenting data in
the form of frequencies and percentages or median (inter-
quartile range, IQR), where appropriate. Logistic regres-
sion analysis was applied in order to identify association of
the presence of one or more pDDIs with patients’ gender,
age, number of prescribed medicines, hospital stay,
number of comorbidities/complications, and comorbidi-
ties/complications. Moreover, association of the presence
of major-pDDIs with above mentioned variables was also
identified. Exposure to pDDIs of any severity, or, expo-
sures to major-pDDIs were the dependent variables in the
model. Patients’ characteristics that were taken as inde-
pendent variables in the model were gender, age, number

of prescribed medicines, hospital stay, number of comor-
bidities/complications, and comorbidities/complications.
For each independent variable odds ratios (OR) and 95%
confidence intervals (CI) were determined. Initially, uni-
variate logistic regression analysis was carried out. Then,
for variables with significant univariate p-values, multivar-
iate analyses were performed. In this study, p-value of 0.05
or less was considered statistically significant. SPSS-v23
was used for statistical analyses of the data.

RESULTS

General characteristics
and exposure to interactions

Patients’ characteristics and comorbidities/complica-
tions of hepatitis were presented in table 1. Of the total
413 studied patients, majority were females (n = 220;
53.3%). The median age was 50 years (IQR = 40-60), me-
dian hospital stay was 5 days (IQR = 3-7), and median
drugs prescribed was 9 (IQR = 7-11). The most frequent
types of hepatitis in this study were hepatitis C infection
(n = 319; 77.2%) and hepatitis B infection (n = 69;
16.7%). The most frequent comorbidities/complications
were diabetes mellitus (n = 113), chronic liver disease
(100), decompensated chronic liver disease (99), and he-
patic encephalopathy (97).

Table 1 also lists exposure to all types of pDDIs and
pDDIs of major-severity stratified with respect to pa-
tient’s characteristics. In females pDDIs of all types of se-
verity and major-pDDIs were more frequent as compared
to males. Similarly, all types of pDDIs and pDDIs of ma-
jor severity were more frequently observed in patients
aged  50 years, taking > 9 medicines, hospital stay of > 5
days, and in hepatitis C infected patients. While, in pa-
tients with 1-2 comorbid illnesses/complications, all
types of pDDIs and pDDIs of major severity were more
when compared with  3 comorbid illnesses/complica-
tions or no comorbid illness/complications. Moreover, in
diabetes mellitus and hepatic encephalopathy all types of
pDDIs and pDDIs of major-severity were mostly ob-
served. In sub group analysis of pDDIs exposure in vari-
ous types of hepatitis, it was observed that among patients
with hepatitis C infection (n = 319), pDDIs of all types
were found in 57% patients, while, major-pDDIs were re-
corded in 34%. Similarly, in patients with hepatitis B in-
fection (n = 69), all types- and major-pDDIs were
observed in 44% and 32% patients, respectively. Of total 17
patients infected with hepatitis A, 47% patients encoun-
tered all types of pDDIs and 41% major-pDDIs. Hepatitis
E infected patients were 8 in number, of which, 50% each
were observed with all types- and major-pDDIs.
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Table 1. General characteristics of study subjects and exposure to all pDDIs and major-pDDIs.

Patient’s characteristics Patients: n (%) Exposure to pDDIs [Patients: n (%)]

All types of pDDIs Major-pDDIs

Gender

Male 193 (46.7) 96 (23.2) 68 (16.5)
Female 220 (53.3) 132 (31.9) 75 (18.2)

Age (years)

 30 56 (13.6) 28 (6.8) 20 (4.8)
31-45 94 (22.8) 47 (11.3) 31 (7.5)
46-60 177 (42.9) 108 (26.1) 64 (15.5)
> 60 86 (20.8) 45 (10.9) 28 (6.8)
Median (interquartile range) 50 (40-60)

Hospital stay (days)

 3 113 (27.4) 51 (12.3) 22 (5.3)
4-6 173 (41.9) 86 (20.8) 51 (12.3)
> 6 127 (30.8) 91 (22) 70 (16.9)
Median (interquartile range) 5 (3-7)

Drugs prescribed per patient

 4 27 (6.5) 3 (0.7) 1 (0.2)
5-8 167 (40.4) 67 (16.2) 31 (7.5)
9-12 146 (35.4) 93 (22.5) 61 (14.8)
> 12 73 (17.7) 65 (15.7) 50 (12.1)
Median (interquartile range) 9 (7-11)

Number of comorbidities/complications
No comorbidities 27 (6.5) 11 (2.7) 8 (1.9)
1-2 264 (63.9) 137 (33.2) 87 (21.1)

  3 122 (29.5) 80 (19.4) 48 (11.6)

Types of hepatitis
Hepatitis C infection 319 (77.2) 185 (44.8) 110 (26.6)
Hepatitis B infection 69 (16.7) 31 (7.5) 22 (5.3)
Hepatitis A infection 17 (4.1) 8 (1.9) 7 (1.7)
Hepatitis E infection 8 (1.9) 4 (0.9) 4 (1)

Comorbidities/complications
Diabetes mellitus 113 (27.4) 73 (17.7) 41 (9.9)
Chronic liver disease 100 (24.2) 56 (13.5) 31 (7.5)
Decompensated chronic liver disease 99 (24) 53 (12.8) 31 (7.5)
Hepatic encephalopathy 97 (23.5) 57 (13.8) 36 (8.7)
Hypertension 71 (17.2) 49 (11.9) 30 (7.3)
Liver cirrhosis 28 (6.8) 17 (4.1) 8 (1.9)
Urinary tract infection 24 (5.8) 16 (3.9) 8 (1.9)
Spontaneous bacterial peritonitis 20 (4.8) 11 (2.7) 9 (2.2)
Tuberculosis 17 (4.1) 11 (2.7) 10 (2.4)
Hepatocellular carcinoma 14 (3.4) 6 (1.5) 3 (0.7)
Hepatoma 14 (3.4) 11 (2.7) 7 (1.7)
Malaria 14 (3.4) 6 (1.5) 1 (0.2)
Stroke 14 (3.4) 12 (2.9) 10 (2.4)
Acute gastroenteritis 13 (3.1) 6 (1.5) 4 (1)
Chronic kidney disease 12 (2.9) 9 (2.2) 3 (0.7)
Pneumonia 10 (2.4) 5 (1.2) 4 (1)
Pyrexia of unknown origin 10 (2.4) 2 (0.5) 1 (0.2)
Chronic obstructive pulmonary disease 9 (2.2) 4 (1) 4 (1)
Pleural effusion 7 (1.7) 3 (0.7) 1 (0.2)
Porto-systemic encephalopathy 7 (1.7) 4 (1) 4 (1)
Anemia 6 (1.5) 1 (0.2) 0 (0)
Asthma 6 (1.5) 5 (1.2) 3 (0.7)
Congestive cardiac failure 5 (1.2) 2 (0.5) 1 (0.2)
Hepatorenal syndrome 5 (1.2) 4 (1) 3 (0.7)
Ischemic heart disease 5 (1.2) 5 (1.2) 2 (0.5)
Human immune virus syndrome 4 (1) 3 (0.7) 3 (0.7)
Left ventricular failure 4 (1) 4 (1) 3 (0.7)
Pancytopenia 4 (1) 0 (0) 0 (0)
Rheumatoid arthritis 4 (1) 3 (0.7) 2 (0.5)

pDDIs: potential drug-drug interactions.
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Frequencies of
potential drug-drug interactions

Figure 1 illustrates that out of total 413 patients, 228
(55.2%) encountered at least one pDDIs. In 8.7% patients,

 5 pDDIs were identified. Frequencies of at least one
major-pDDIs were recorded most frequently (n = 143;
35%) followed by moderate-pDDIs (n = 138; 33.4%).
While, a limited number of at least one contraindicated-
pDDIs and minor-pDDIs were observed.

Levels of potential
drug-drug interactions

The recorded pDDIs were categorized on the basis of
severity types and documentation types. Total 660 interac-
tions were identified, of which 46% were of major-severi-
ty and 45% of moderate-severity; whereas, 60% and 35%
were of fair and good scientific-evidence, respectively
(Figure 2).

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Frequencies of potential drug-drug interactions. Overall-frequency is the occurrence of at least one pDDIs irrespective of severity type. Total
number of hepatitis patients were 413, therefore overall-frequency was 55.2%. Severity-wise frequencies do not add up to 228 (55.2%) because many study
subjects were exposed to interactions of different severity-levels. pDDIs: potential drug-drug interactions.
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Table 2. Logistic regression analysis based on exposure to all types of pDDIs and major-pDDIs.

Variables All types of pDDIs Major-pDDIs

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Gender

Male Reference Reference Reference -

Female 1.5 (1-2.2) 0.04 1.4 (0.9-2.1) 0.2 0.9  (0.6-1.4) 0.8 - -

Age (Years)

 50 Reference - Reference -
> 50 1 (0.7-1.5) 0.9 - - 0.9 (0.6-1.3) 0.5 - -

Drugs prescribed

 9 Reference Reference Reference Reference
> 9 5 (3.3-7.8) < 0.001 4.3 (3-7) < 0.001 6 (3.7-9) < 0.001 5.1 (3.2-8.2) < 0.001

Hospital stay (days)

 5 Reference Reference Reference Reference
> 5 2.2 (1.5-3.3) < 0.001 1.6  (1-2.6) 0.03 3 (2-4.4) < 0.001 2.1 (1.3-3.3) 0.002

Number of

comorbidities/complications

No comorbidities Reference Reference Reference  -

1-2 1.7 (0.7-3.5) 0.3 1.5  (0.6-3.7) 0.3 1.2 (0.5-2.8) 0.7 - -

 3 2.8 (1.2-6.5) 0.02 1.6  (0.6-4.5) 0.3 1.5 (0.6-3.8) 0.3 - -

Comorbidities/complications

Diabetes mellitus 1.7 (1.1-2.7) 0.02 1.5  (0.9-2.6) 0.1 1.1 (0.7-1.7) 0.7 - -

Chronic liver disease 1 (0.7-1.6) 0.9 - - 0.8 (0.5-1.3) 0.4 - -

Decompensated chronic liver 0.9 (0.6-1.4) 0.7 - - 0.8 (0.5-1.3) 0.4 - -

disease

Hepatic encephalopathy 1.2 (0.8-1.9) 0.4 - - 1.2 (0.7-1.9) 0.6 - -

Hypertension 2 (1.2-3.5) 0.01 1.2 (0.6-2.5) 0.5 1.5 (0.8-2.5) 0.1 - -

Liver cirrhosis 1.3 (0.6-2.8) 0.5 - - 0.7 (0.3-1.7) 0.5 - -

Urinary tract infection 1.7 (0.7-4) 0.2 - - 0.9 (0.4-2.3) 0.9 - -

Spontaneous bacterial peritonitis 0.9 (0.4-2.4) 0.9 - - 1.6 (0.6-4) 0.3 - -

Tuberculosis 1.5 (0.5-4.2) 0.4 - 2.8 (1.1-7.6) 0.04 1.9 (0.6-5.7) 0.2

Hepatocellular carcinoma 0.6 (0.2-1.8) 0.3 - - 0.5 (0.1-1.8) 0.3 - -

Hepatoma 3.1 (0.8-11.2) 0.08 - - 1.9 (0.7-5.6) 0.2 - -

Malaria 0.6 (0.2-1.8) 0.3 - - 0.1 (0.01-1.1) 0.05 0.1 (0.02-1.2) 0.07

Stroke 5.1 (1.1-23) 0.03 5 (1-26) 0.05 5 (1.5-16) 0.007 7.7 (2.1-27.6) 0.002

Acute gastroenteritis 0.7 (0.2-2.1) 0.5 - - 0.8 (0.3-2.8) 0.8 - -

Chronic kidney disease 2.5 (0.7-9.3) 0.2 - - 0.6 (0.2-2.3) 0.5 - -

Pneumonia 0.8 (.2-2.8) 0.7 - - 1.3 (0.4-4.6) 0.7 - -

Pyrexia of unknown origin 0.2 (0.04-0.9) 0.04 0.2 (0.05-1.2) 0.08 0.2 (0.03-1.6) 0.1 - -

Chronic obstructive

pulmonary disease 0.6 (0.2-2.4) 0.5 - - 1.5 (0.4-5.8) 0.5 - -

Pleural effusion 0.6 (0.1-2.7) 0.5 - - 0.3 (0.03-2.6) 0.3 - -

Porto-systemic encephalopathy 1.1 (0.2-5) 0.9 - - 2.6 (0.6-12) 0.2 - -

pDDIs: potential drug-drug interactions. OR: odds ratio. CI: confidence interval.
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Predictors of
potential drug-drug interactions

Results of univariate logistic regression analysis for ex-
posure to all types of pDDIs are presented in table 2. This
analysis showed that association for the presence of all
types of pDDIs with patient’s age was not significant (95%
CI = 0.7-1.5; p = 0.9). However, significant association
was observed for the presence of all types of pDDIs with
female gender (95% CI = 1-2.2; p = 0.04), > 9 prescribed
medicines (95% CI = 3.3-7.8; p < 0.001), hospital stay of
>5 days (95% CI = 1.5-3.3; p < 0.001),  3 number of co-
morbidities/complications (95% CI = 1.2-6.5; p = 0.02),
comorbidities such as diabetes mellitus (95% CI = 1.1-
2.7; p = 0.02), hypertension (95% CI = 1.2-3.5; p = 0.01),
& stroke (95% CI = 1.1-23; p = 0.03), and absence of py-
rexia of unknown origin (95% CI = 0.04-0.9; p = 0.04).

Results of multivariate logistic regression analysis for
exposure to all types of pDDIs (Table 2) showed that asso-
ciation for the presence of all types of pDDIs was not
significant with patient’s gender (95% CI = 0.9-2.1; p = 0.2),

 3 number of comorbidities/complications (95% CI = 0.6-
4.5; p = 0.3), comorbidities such as diabetes mellitus (95%
CI = 0.9-2.6; p = 0.1) & hypertension (95% CI = 0.6-2.5;
p = 0.5), and absence of pyrexia of unknown origin (95%
CI = 0.05-1.2; p = 0.08). However, significant association
was observed for the presence of all types of pDDIs with
> 9 prescribed medicines (95% CI = 3-7; p < 0.001),
hospital stay of > 5 days (95% CI = 1-2.6; p = 0.03), and
stroke as comorbidity (95% CI = 1-26; p = 0.05).

Results of univariate logistic regression analysis for ex-
posure to one or more major-pDDIs are also presented in
table 2. The univariate logistic regression analysis showed
that association for presence of major-pDDIs was not sig-
nificant with patient’s gender (95% CI = 0.6-1.4; p = 0.8),
age (95% CI = 0.6-1.3; p = 0.5), and number of comorbid-
ities/complications such as 1-2 (95% CI = 0.5-2.8; p = 0.7)
&  3 (95% CI = 0.6-3.8; p = 0.3). While, association was
significant with > 9 prescribed medicines (95% CI = 3.7-
9; p < 0.001), hospital stay of > 5 days (95% CI = 2-4.4; p
< 0.001), comorbidities such as tuberculosis (95% CI =
1.1-7.6; p = 0.04) & stroke (95% CI = 1.5-16; p = 0.007),
and absence of malaria (95% CI = 0.01-1.1; p = 0.05).

The multivariate logistic regression analysis is present-
ed in table 2 from which it is observed that association for
presence of major-pDDIs was not significant with co-
morbidity as tuberculosis (95% CI = 0.6-5.7; p = 0.2)
and absence of malaria (95% CI = 0.02-1.2; p = 0.07).
While, significant association was observed for presence of
major-pDDIs with > 9 prescribed medicines (95% CI =
3.2-8.2; p < 0.001), hospital stay of >5 days (95% CI = 1.3-
3.3; p = 0.002), and stroke as comorbidity (95% CI =
2.1-27.6; p = 0.002).

Clinical relevance

In Table 3 relevant clinical findings (pertinent signs/
symptoms and laboratory test results) and monitoring/
management guidelines16,19,20 for top-10 widespread major
interactions have been presented. Patients with the inter-
action, metronidazole + Sodium Phosphate/Sodium Bi-
phosphate, metronidazole + norfloxacin, metronidazole
+ octreotide, ciprofloxacin + metronidazole, and dom-
peridone + ranitidine presented with tachycardia, brady-
cardia, and abnormal potassium levels. Clinical features
indicating poor response and nephrotoxicity were detect-
ed in patients with interactions such as aspirin + furosem-
ide and diclofenac + spironolactone. In patients with the
interaction isoniazid + rifampin and pyrazinamide + ri-
fampin, signs/symptoms of hepatotoxicity were observed
such as abdominal distension, anorexia, ascites, constipa-
tion, fever, hepatomegaly, hepatospleenomegaly, pedal
edema, weight loss, and abnormality in labs such as in-
crease Alanine Aminotransferase, increase Alkaline Phos-
phatase, increase serum bilirubin, and decrease serum
albumin. Patients with the interaction ramipril +
spironolactone, presented with tachycardia, orthopnea,
fatigue, nausea, vomiting, abnormal potassium level,
hyponatremia, increase serum creatinine, and increase
blood urea nitrogen.

DISCUSSION

DDIs remains one of the challenges in pharmacotherapy
of patients with hepatitis.9,14 This report presents the fre-
quency and categorization of pDDIs in hospitalized hepati-
tis patients. Up to our knowledge prevalence based pDDIs
studies, which are related to drugs prescribed to hospital-
ized patients with hepatitis remains poorly addressed. The
overall prevalence of pDDIs in our study was high (55.2%)
when compared with a study conducted in New York on
hepatitis C infected patients.9 The study reports 16.7% prev-
alence of pDDIs and considers only contraindicated type of
pDDIs.9 Moreover, this inconsistency may be due to varia-
bility in study population, study design, drug prescribing
pattern, and drug interaction screening software. Similarly,
prevalence of major-pDDIs in our study was high when
compared with a study conducted on hepatitis C infected
patients. The study reports 30%-44% of clinically significant
pDDIs. The aforementioned study only considers interac-
tions of anti-viral agents with the drugs used in hepatitis.14

Furthermore, comparing studies related to medicine wards,
our prevalence of pDDIs remains within range i.e., 43% to
56.2%.21-23 Regardless of variations in the study design, study
population, and drug interaction screening programs, these
published reports indicate a high prevalence of pDDIs in
hospitalized patients that support our findings. Taking in to
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Table 3. Clinical relevance and monitoring/management guidelines of top ten major potential drug-drug interactions in patients with

hepatitis.

Interaction* Signs and Labs Monitoring/management Documentation16

symptoms* results* guidelines16,19,20

Metronidazole- Tachycardia (15) Hyperkalemia (3) Monitoring of ECG and signs and Fair

Sodium Bradycardia (1) Hypokalemia (2) symptoms of QT interval prolongation,

Phosphate/ especially in high riskpatients.

Sodium Avoidance of medications known to

Biphosphate (35) cause QT interval prolongation in such

patients is suggested.

Aspirin – Leg edema (2) Hyponatremia (6) Patients should be monitored for signs Good

Furosemide (13) Hypokalemia (4) of renal toxicity and salicylate toxicity.

High blood pressure (5) Hypochloremia (3) Diuretic effectiveness should be assured

Increase BUN (10) including its effects on blood pressure.

Increase serum Avoid high dose of salicylates in those

creatinine (7) taking loop diuretics, an

alternative analgesic should be given.

Metronidazole- Tachycardia (1) Hypokalemia (1) Monitoring of ECG and signs and Fair

Norfloxacin (11) symptoms of QT interval prolongation,

especially in high risk patients.

Avoidance of medications known to

cause QT interval prolongation in such

patients is suggested.

Metronidazole- Tachycardia (1) Hyperkalemia (2) Monitoring of ECG and signs and Fair

Octreotide (9) symptoms of QT interval prolongation,

especially in high risk patients.

Avoidance of medications known to

cause QT interval prolongation in such

patients is suggested.

Ciprofloxacin- Tachycardia (4) Hyperkalemia (1) Monitoring of ECG and signs and Fair

Metronidazole (8) Hypokalemia (2) symptoms of QT interval prolongation,

especially in high risk patients.

Avoidance of medications known to

cause QT interval prolongation in such

patients is suggested.

Isoniazid- Abdominal distension (3) Increase ALT (3) Patients should be monitored for signs Good

Rifampin (8) Anorexia (3) Increase ALP (1) and symptoms of liver toxicity including fever,

Ascites (2) Increase serum anorexia, vomiting and jaundice.

Constipation (1) Bilirubin (2) Baseline and periodic LFTs

Fever (5) Decrease serum monitoring is suggested.

Hepatomegaly (2) Albumin (1)

Hepatospleenomegaly (1)

Pedal edema (2)

Weight loss (3)

Diclofenac Tachycardia (1) Hyponatremia (2) Patients should be monitored for Good

Spironolactone (6) Bradycardia (3) Hypokalemia (1) hyperkalemia and signs of renal toxicity.

Hyperkalemia (2) Diuretic effectiveness should be assured

Hyperchloremia (2) including its effects on blood pressure.

Increase BUN (2)
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consideration the findings of this study, Pakistani popula-
tion are more at risk to pDDIs because there is neither
clinical pharmacy departments nor DDIs screening systems
available in hospitals.24 Evidence based strategies should be
recommended in hospitals in order to manage DDIs such
as clinical pharmacist participation in evaluating patient
medications profiles for pDDIs,25 screening of medications
profiles for pDDIs by the use of computerized screening
programs,26 assessment of pertinent laboratory tests for
clinical relevance of interactions,27 and procedure for struc-
tured assessment of pDDIs.28

Considering levels of identified interactions healthcare
providers are responsible for management of adverse ef-
fects caused by pDDIs. In this report, major-pDDIs were
frequently identified followed by moderate-pDDIs and
concerning scientific evidence, fair type were more com-
mon followed by good type of scientific evidence. These
findings are inconsistent with other studies conducted in
hospitalized patients in which moderate-pDDIs and good
type of scientific evidence pDDIs were more frequently
observed.23,29 Our findings threaten that hepatitis patients
are at risk for adverse outcomes related to pDDIs. There-

fore, it is essential for health care providers to properly
identify the type of pDDIs. As, it is vital for clinical man-
agement of pDDIs, designing prophylactic measures for
prevention, and reducing the associated risk.

Polypharmacy has become an important issue among
patients with hepatitis. These patients receive multiple
therapy for treating comorbidities or associated complica-
tions.30 A positive relationship is seen for risk of pDDIs
with polypharmacy, longer hospitalization, and stroke.31,32

We also observed significant association for presence of
pDDIs with polypharmacy, longer hospitalization, and
stroke as comorbidity. These findings are in accordance
with other published reports, in which polypharmacy,
longer hospitalization, and stroke are predictors for pD-
DIs.9,23,29,32 In this regard, hepatitis patients are more like-
ly to be at risk to pDDIs, particularly to major-pDDIs.
On the other hand, our findings i.e., absence of significant
association of older age with pDDIs was not in accord-
ance with other published reports.23,29,33 One of the reason
may be related to survival, whereby hepatitis is usually ac-
quired at adult or middle age and these patients are less li-
able to live to an older age. Furthermore, we have

Pyrazinamide- Abdominal distension (2) Increase ALT (1) Monitoring of LFTs at baseline and at Good

Rifampin (6) Anorexia (3) Increase ALP (1) 2, 4, 6, and 8 weeks of treatment.

Ascites (2) Increase serum Patient education about reporting

Constipation (1) Bilirubin (1) symptoms of liver injury.

Fever (3)

Hepatomegaly (2)

Hepatospleenomegaly (1)

Pedal edema (2)

Weight loss (3)

Domperidone- Tachycardia (1) Hypokalemia (1) Monitor patients for signs and symptoms of Fair

Ranitidine (6) Bradycardia(1) domperidone toxicity. Initiate domperidone at

lowest possible dose and titrate with caution.

Domperidone should be discontinued if

patient experiences dizziness, palpitations,

syncope, or seizure.

Ramipril- Tachycardia (1) Hypokalemia (1) The hyperkalemia associated with this Good

Spironolactone (5) Orthopnea (4) Hyperkalemia (1) combination is of special concern in patients

Fatigue (2) Hyponatremia (4) with renal impairment or diabetes, those with

Nausea (1) Increase serum a risk for dehydration, and in the elderly.

Vomiting (1) Creatinine (3) Renal function and serum potassium levels

Increase BUN (5) should be monitored in patients receiving

this combination. Daily doses of 12.5 mg

to 25 mg of spironolactone co-administered

with conventional therapy of angiotensin

converting enzyme inhibitors, loop diuretics,

 and digitalis are relatively safe, provided

that serum potassium levels are monitored.

BUN: blood urea nitrogen. ALT: alanine aminotransferase. ALP: alkaline phosphatase. LFTs: liver function tests. Doc: Documentation. *Frequencies are giv-
en in parenthesis and calculated among patients with respective interaction.
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calculated odds of exposure to major-pDDIs separately.
Significant results for association of major-pDDIs with
polypharmacy, longer hospitalization, and stroke are con-
sistent with other studies.24,32 Health care professionals
should be informed about all possible risk factors for pD-
DIs, so that patients at risk should be carefully individual-
ized in order to optimize therapy and to avoid or
minimize pDDIs.

All identified pDDIs are not clinically important.
Therefore, there is an immense need to develop list of
clinically significant interactions that are observed in
hospitalized hepatitis patients. This list will be used by
health care professionals for selective identification and
management of pDDIs and to develop clinical guidelines.
Every healthcare provider cannot differentiate pDDIs
from ADRs, and take corrective measures accordingly.34

A clinician’s knowledge and understanding of DDIs can
decrease the likelihood of ADR, able to provide better
quality care to such patients, adjust therapeutic regimen of
high risk patients, and avoid associated medico legal
issues. Clinical relevance of clinically significant interac-
tions present potential outcomes of interactions on clini-
cal manifestations and laboratory tests results, which
additional emphasizes the significance of medications
profiles screening for DDIs, also enlightens by published
studies.24,29 The clinical relevance of pDDIs is frequently
classified into two aspects, the predicted severity of
patient’s reaction to a pDDIs and the documentation i.e.,
the quality and amount of research that intends whether a
specific DDIs will certainly occur in individuals.35 The
clinical consequences of any DDI, nevertheless of how
well recorded, do not appear in every patient or to the
same extent of intensity.36 These depend on patient
associated aspects that usually necessitate individual
consideration. Future research can evaluate the clinical
relevance of a pDDIs actually. Monitoring parameters for
interactions and management guidelines will be helpful
for physicians and clinical pharmacists to evaluate and
manage DDIs in hepatitis patients.

Following is the potential limitation of our study. We
conducted this study in tertiary care hospitals where hepa-
titis patients are mainly admitted for the management of
various complications of hepatitis and/comorbid illnesses.
The pDDIs that we have identified are mainly related to
use of drugs for the management of such problems.
Therefore, our results may not be generalizable to outpa-
tient settings where the disease and drug interaction pat-
tern possibly will be different.

CONCLUSION

Patients with hepatitis present with a considerable
number of clinically relevant pDDIs. Attention should be

given to widespread major-pDDIs and their potential ad-
verse outcomes. Clinically relevant parameters, such as labs
and signs/symptoms should be monitored particularly in
high risk patients having polypharmacy, prolong hospitali-
zation, and stroke as comorbidity. Software based screening
of pDDIs is recommended in order to identify, prevent/re-
duce, and manage pDDIs in hepatitis patients. Moreover,
hepatologists should not only be aware of the principles of
dose adjustment in patients with hepatitis, but also the clin-
ically significant DDIs of the drugs used to treat hepatitis
and comorbid illnesses in this population.

ABBREVIATIONS

� ADRs: adverse drug reactions.
� DDIs: drug-drug interactions.
� IQR: interquartile range.
� pDDIs: potential drug-drug interactions.
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