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burden will be amplified by almost 75%.[2] Hypertension 
is directly accountable for 57% of all stroke and 24% of all 
coronary heart disease mortalities in India.[3]

Every year, a proportionate number of anti‑hypertensive 
drugs are being introduced, thus new possible interactions 
between medications are increasing day by day, leading to 
the increased risk of hospitalization, healthcare cost and use. 
International studies have estimated that between 1% and 
21% of adverse drug events related hospital admissions are 
due to drug interactions.[4,5] Moreover, most pharmacists 
and physicians depend on their own experience to detect 
or to avoid drug interactions.

INTRODUCTION

Presently, drug therapy is growing more complex; as a 
result, making an appropriate decision on drug therapy is 
increasingly challenging. Drug‑drug interactions (DDIs) are 
defined as two or more drugs interacting in such a manner 
that the effectiveness or toxicity of one or more drugs is altered 
on administration of the other. A drug interaction is the 
quantitative or qualitative modification of the effect of a drug 
by the simultaneous or successive administration of a different 
one.[1] Cardiovascular diseases account major part of all 
morbidities and mortalities worldwide. It has been predicted 
that by the year 2020, the worldwide cardiovascular diseases 
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Atenolol‑Insulin [4 (7.54%)]. The most common consequences of interacting pairs were reduced 
serum potassium levels and hyperglycemia.
Conclusion: The overall incidence rate of DDIs was found to be 21.14% and the increasing 
number of co‑morbidities (P ≤ 0.003) and polypharmacy (P ≤ 0.002) were the risk factor for 
the development of significant number of DDIs.
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Patients with hypertension are particularly vulnerable to DDIs 
due to their advanced age, gender, polypharmacy, increasing 
length of hospital stay, and the influence of heart disease 
on drug metabolism. The DDIs potential for a particular 
anti‑hypertensive drug varies with the individual, the disease 
being treated, and the extent of exposure to other drugs. 
There were less number of studies reported DDIs among 
hypertensive patients in the Indian setting.[6] Hence, the 
present study was designed to assess the incidence and pattern 
of clinically significant DDIs in hospitalized hypertensive 
patients at a superspeciality hospital, with the assessment of 
reaction characteristics, outcome, and management.

MATERIALS AND METHODS

Study design and population
A prospective observational study was carried out for a period 
of 9 months (January–September 2012) in a superspeciality 
hospital. This hospital is envisaged to be a 400‑bedded 
hospital in Hanamkonda, Telangana State, South India with 
a view to provide superspeciality level healthcare to people. 
Ethical approval was obtained from institutional ethics 
committee prior to initiation of the study according to the 
institution regulations. Patients admitted to the hospital with 
hypertension were screened for DDIs. Patients of either sex, 
age more than 18 years, more than 24 hours hospital stay, 
and the patients received more than 3 drugs per prescription 
were included in the study. Patients who were not interested 
to participate in the study and who visited the hospital on 
out‑patient basis were excluded from the study. A brief flow 
chart of the study method was represented in Figure 1.

Data collection
Demographic details, length of hospital stay, habit 
history  (alcohol and tobacco), diagnosis, general 
examination with lab parameters, medication chart, and 
follow‑up details were collected from patient’s case record 
form, physician, and nurse notes. Laboratory data reports 
and clinical records of patient’s previous medical history 
were collected from patient/caretaker through an interview. 
All drugs were classified as per Anatomical Therapeutic 
Chemical Classification code (ATC).[7,8]

Certain demographic characteristics were considered 
to identify the predictors of DDIs, such as patient 
characteristics [age, gender, co‑morbidities, and length of 
hospital stay], and number of drugs per prescription. Risk 
factor and drug therapy assessment were also performed 
to identify DDIs by using some previous and case records.

All the identified interactions were assessed for clinical 
occurrence by considering patient parameters (lab reports 

follow‑up and review details), literature review like 
primary (journals and reports), secondary (data bases like 
Micromedex and Medscape), and tertiary (text books) 
sources. Clinically significant interactions are those DDIs 
observed in the patients and where as the potential drug‑drug 
interactions (pDDIs) are those not observed in the patients 
but it gives signal for the detection of interactions.[9] The 
required guidance in order to manage particular DDIs were 
provided to physician by referring information provided in 
tools used for DDI identification as a primary source and 
patient characteristics and previous medication history as 
a secondary source.

Tools for identifying DDIs
Micromedex electronic database system and Medscape 
multidrug interaction checker tool were used to identify 
and analyse the pattern of DDIs.[10,11] Micromedex contains 
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a separate section on DDIs known as the Drug‑REAX 
System. On entering the drugs one by one, the program 
lists the possible DDIs and categorizes DDIs according 
to their interaction effect, severity (contra‑indicated, 
serious, moderate, mild, and unknown), onset (rapid, 
delayed, and unspecified), management, documentation 
status (excellent, good, fair, poor, unlikely, and unknown), 
and literature reports. Medscape contains a separate 
tool for detecting DDIs known as the multidrug 
interaction checker tool. On entering the drugs one by 
one, the program lists the possible DDIs and categorizes 
DDIs according to their interaction effect, severity 
(contra‑indicated, serious, significant, and minor), and 
management. Risk rating of identified interactions were 
categorized in Table 1.[12]

Statistical analysis
Chi‑square test was used to find the association between 
age, gender, social history, length of hospital stay, number 
of co‑morbidities, and number of drugs per prescription. 
A P value of < 0.05 was considered statistically significant. 
All analyses were performed using Statistical Package for 
the Social Sciences (SPSS) version 16.

RESULTS

A total of 227 patients were enrolled during the study period 
and assessed for DDIs. The overall incidence rate of DDIs 
in the present study was found to be 21.14%.

Patient characteristics
Among the 227 patients, 48 of them developed 53 clinically 
significant interactions. Out of 227 patients, 73 (32.15%) 
patients were found without any DDIs and patients with 
DDIs expected but not observed clinically were 111 (48.89%). 
Among 53, 23 interactions in 21 patients from Micromedex 
database and 30 interactions were developed in 27 patients 
from Medscape database. Out of 53 DDIs, two common 
interactions were observed. Most of the patients were in the 

age‑group of 50–60 years [18 (37.5%)] happened followed 
by other age‑groups. The percentage of DDIs were higher in 
males [30 (62.5%)] compared to females [18 (37.5%)]. The 
patients, who stayed for 5–7 days in the hospital [19 (39.55%)] 
developed DDIs were more frequently than other groups. 
On an average, each patient had 3 coded diagnosis/
co‑morbidities [25 (52.08%)] in which stroke was the most 
common condition  [76  (33.92%)], followed by diabetes 
mellitus  [24  (10.57%)], chronic renal failure  [15  (6.6%)] 
and others  [111  (48.89%)]. Most of the patients were 
prescribed with 9–14 drugs per prescription  [24  (50%)]. 
Patient characteristics and Chi‑square and P values of the 
DDIs were summarized in Table 2.

Characteristics of drugs and DDIs
Out of 53 DDIs, the most common drugs responsible 
for DDIs in the present study were Insulin [18 (33.96%)] 
followed by Metoprolol [10 (18.86%)], Torsemide 
[8 (15.09%)] Hydrochlorothiazide [8 (15.09%)], and 
others. The most commonly interacting pairs were 
Ciprofloxacin‑Insulin [6 (11.32%)], Metoprolol‑Insulin 
[4 (7.54%)], followed by Atenolol‑Insulin [4 (7.54%)] and 
others. Clinically important DDIs among the prescribed 
drugs from the Medscape and Micromedex data bases were 
summarized in Tables 3 and 4. The most common clinical 
consequences of DDIs were reduced serum potassium levels 
[14 (26.41%)] followed by hyperglycaemia [13 (24.52%)] 
and the organ systems affected were metabolic and 
nutritional [47 (88.67%)] followed by gastrointestinal tract 
(GIT) [2 (3.77%)] and others were summarized in Table 5.

In terms of severity, most of the DDIs were moderate/
significant in nature  [45  (84.90%)] followed by major/
serious [5 (9.43%)], contraindicated [2 (3.77%)], and minor 
[1 (1.88%)]. Pharmacokinetic interactions [33  (62.26%)] 
presented a predominance in relation to pharmacodynamic 
interactions  [20  (37.73%)]. Among the pharmacokinetic 
mechanisms of the interactions, the most frequent process 
was metabolism, which corresponded to up to 86.14% of 

Table 1: Criteria for risk rating drug‑drug interactions (DDIs)[11]

Risk rating Action Description
A No known interaction Data have not demonstrated either pharmacodynamic or pharmacokinetic interactions between the specified agents
B No action needed Data demonstrate that the specified agents may interact with each other, but there is little to no evidence of clinical 

concern resulting from their concomitant use
C Monitor therapy Data demonstrate that the specified agents may interact with each other in a clinically significant manner. The benefits 

of concomitant use of these two medications usually outweigh the risks. An appropriate monitoring plan should be 
implemented to identify potential negative effects. Dosage adjustments of one or both agents may be needed

D Consider therapy 
modification

Data demonstrate that the two medications may interact with each other in a clinically significant manner. A patient‑specific 
assessment must be conducted to determine whether the benefits of concomitant therapy outweigh the risks. Specific actions 
must be taken in order to realize the benefits and/or minimize the toxicity resulting from concomitant use of the agents. 
These actions may include aggressive monitoring, empiric dosage changes, choosing alternative agents

X Avoid combination Data demonstrate that the specified agents may interact with each other in a clinically significant manner. The risks associated 
with concomitant use of these agents usually outweigh the benefits. These agents are generally considered contraindicated
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the interactions. In terms of risk rating, category C was most 
prevalent [45 (84.9%)] followed by category D [5 (9.43%)], 
category X [2 (3.77%)], and category B [1 (1.88%)]. With 
respect to onset, delayed interactions were the most prevalent 
[17 (32.07%)], with frequencies of greater than 50% observed 

at the different times of hospitalization. The data of last 
characteristic “onset” was applicable only to the interactions 
observed from Micromedex tool, since the information 
on this specific characteristic was not mentioned in the 
multidrug interaction tool of Medscape database.

Table 2: Statistical analysis for patient characteristics
Patient characteristics Patients with DDIs (%)

(n=48)
Patients without DDIs (%)

(n=179)
Chi square 
value (χ2)

Degree of 
freedom (df)

P value

Age (years)
30‑49 10 (20.83) 37 (20.67) 0.10 2 0.99
50‑60 18 (37.5) 66 (36.87)
>60 20 (41.66) 76 (42.45)

Gender
Male 30 (62.5) 101 (56.42) 0.57 1 0.44
Female 18 (37.5) 78 (43.57)

Social habits
Alcohol 3 (6.25) 20 (11.17) 2.47 3
Tobacco 1 (2.08) 10 (5.58)
Alcohol and tobacco 6 (12.5) 16 (8.93)
No social habit 38 (79.16) 133 (74.30)

Length of stay (days)
< 5 2 (4.16) 11 (6.14) 2.61 3 0.45
5‑7 19 (39.58) 81 (45.25)
8‑10 17 (35.41) 43 (24.02)
>10 10 (20.83) 44 (24.58)

Number of diseases per patient
<3 4 (8.33) 23 (12.84) 13.76 3 0.003**
3 25 (52.08) 68 (37.98)
4 11 (22.91) 17 (9.49)
>4 8 (16.66) 71 (39.66)

No. of drugs per prescription
<9 9 (18.75) 7 (3.91) 12.72 2 0.002**
9‑14 24 (50) 106 (59.21)
15‑20 15 (31.25) 66 (36.87)

*P<0.05, **P<0.001, ***P<0.000

Table 3: Clinically important drug‑drug interactions (DDIs) among the prescribed drugs from Medscape database
Objective drug Precipitant drug No. of DDIs (n=30) (%) Clinical consequence
Furosemide (C03CA01) Atenolol (C07AB03) 2 (6.66) ↓ Serum potassium

Spironolactone (C03DA01) 1 (3.33) ↑Serum potassium
Budesonide (D07AC09) 1 (3.33) ↓ Serum potassium

Metoprolol (C07AB02) Losartan (C09CA01) 2 (6.66) ↑ Serum potassium
Olmesartan (C09CA08) 1 (3.33) ↑ Serum potassium
Naproxen (M01AE02) 1 (3.33) ↑ Serum potassium

Nimodipine (C08CA06) Calcium carbonate (A12AA20) 1 (3.33) ↑ Gastric pH
Telmisartan (C09CA07) Aspirin (N02BA01) 2 (6.66) ↑ Serum potassium

Gentamycin (J01GB03) 1 (3.33) ↓ Serum potassium
Metoprolol (C07AB02) 1 (3.33) ↑Serum potassium

Hydrochlorothiazide (C03AA03) Potassium chloride (A12BA01) 1 (3.33) ↓ Serum potassium
Olmesartan (C09CA08) 2 (6.66) ↓ Serum potassium
Gentamycin (J01AB03) 1 (3.33) ↓ Serum potassium
Torsemide (C03CA04) 1 (3.33) ↓ Serum potassium

Atenolol (C07AB03) Torsemide (C03CAO4) 2 (6.66) ↑ Serum potassium
Digoxin 1 (3.33) ↑Serum potassium

Insulin (A10AB01) Ciprofloxacin (J01MA02) 3 (10) Hyperglycaemia
Ofloxacin (J01MA01) 1 (3.33) Hyperglycaemia

Calcium carbonate (A12AA20) Ceftriaxone (J01DD04) 1 (3.33) Particulate precipitation
Rabeprazole Digoxin C01AA05 1 (3.33) ↑ Gastric pH
Torsemide (C03CA04) Digoxin C01AA05 1 (3.33) ↑ Serum potassium

Salmeterol 1 (3.76) ↓ Serum potassium
Telmisartan (C09CA07) 2 (6.66) ↓ Serum potassium
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DISCUSSION

In the present study, DDIs were assessed with the help of 
Drug REAX‑Micromedex system and Medscape multidrug 
interaction checker tool. In most of the previous studies, 
DDIs were assessed with the help of resources like Drug 
REAX‑Micromedex system  (Dinesh KU et  al.,) Drug 
REAX‑Micromedex system 2008 (Virendra KP et al.,) and 
Vidal, British National Formulary, Drug Interaction Facts 
and Drug REAX (Elizabeth ER et al.,).[6,13,14]

The overall incidence rate of DDIs in the present study was 
found to be 21.14% which was lower than incidence rate 
of pDDIs study conducted by Virendra KP et al., (30.67%) 
and more than the study conducted by Mateti UV et al., 
(14.66%).[6,15]

In the present study, most of the patients were in the 
age‑group of 50–60 years (37.5%) when compared to a study 
conducted by Aravind NC et al., (46%). In general, elderly 
patients are at higher risk for DDIs because they are likely to 
have multiple diseases and polypharmacy that usually occur 
with an increased duration of disease condition and altered 

physiology. In many of the reported studies, age more than 
60 was reported as an independent risk factor for DDIs.[12]

In the present study, males (62.5%) were at a higher risk 
than females  (37.5%) of experiencing DDIs. In general, 
hypertension was more numerous in men, which may 
increase their vulnerability to polypharmacy and may 
bring about a higher incidence rate of DDIs. Our findings 
were similar in the studies conducted by Shobha C 
et  al.,  (males 62%), Dinesh KU et  al.,  (males 58%), and 
Virendra KP et al., (males 66%).[6,12,13]

In our study, the patients who consumed both alcohol 
and tobacco were more [6 (12.5%)] when compared to 
patients who consumed either alcohol or tobacco. Patients 
with length of hospital stay 5–7 days were found more in 
number [19 (39.55%)]. This was correlated with the study 
conducted by Virendra KP et al., the length of hospital stay 
was 12 ± 3 days (range 2–31) days. A linear correlation 
was found between length of stay and percentage of drug 
interactions as the chance of getting multiple drugs increases 
with longer stays in the hospital.[6]

In our study, 50% of the patients were with three 
co‑morbidities and patients with 9–14 drugs per prescription 
were also found to be 50%. It was seen that there was a linear 
increase in the percentage incidence of drug interactions 
with an increase in the number of co‑morbidities and drugs 
prescribed to the patient. This has been correlated with the 
previous reports published by other authors.[15]

Out of 53 identified significant DDIs from the Micromedex 
and Medscape interaction tools, there were only two 
common interacting pairs such as Ciprofloxacin‑Insulin 
and Ofloxacin‑Insulin. The concomitant administration 
of ciprofloxacin and insulin were led to the symptoms 
of hyperglycemia  (includes increased thirst, hunger, and 

Table 4: Clinically important drug‑drug interactions (DDIs) among the prescribed drugs from Micromedex database
Objective drug Precipitant drug No. of patients 

(n=23) (%)
Clinical 
consequence

Alprazolam N05BA12 Nifedipine C08CA05 1 (4.34) Drowsiness
Glimepiride Naproxen (M01AE02) 1 (4.34) Hypoglycemia
Insulin (A10AB01) Nebivolol (C01AB12) 1 (4.34) Hyperglycemia

Metoprolol (C07AB02) 4 (17.39) Hypoglycemia
Atenolol (C07AB03) 4 (17.39) Hyperglycemia
Ciprofloxacin (J01MA01) 3 (13.04) Hyperglycemia
Ofloxacin (J01MA01) 1 (4.34) Hyperglycemia
Aspirin (N02BA01) 1 (4.34) Hypoglycemia

Metformin A10BA02 Metoprolol (C07AB02) 1 (4.34) Hypoglycemia
Hydrochlorothiazide (C03AA03) Hydrocortisone D07AA02 1 (4.34) ↓ Serum potassium

PrednisoloneD07AA03 2 (4.34) ↓ Serum potassium
Digoxin C01AA05 Furosemide (C03CA01) 1 (4.34) Vomiting
Torsemide (C03CA04) ClopidogrelB01AC04 1 (4.34) ↑ Creatinine
Atorvastatin C10AA05 Phenytoin N03AB02 1 (4.34) ↑ Cholesterol

Table 5 Clinical consequences of drug‑drug 
interactions (DDIs)
Organ system
(n=53) (%)

Clinical 
consequence

No. of DDIs observed 
clinically (n=53) (%)

Metabolic and nutritional
47 (88.67)

↓ Serum potassium
Hyperglycemia
Hypoglycemia
↑ Serum potassium
↑ Creatinine
↑ Cholesterol

14 (26.41)
13 (24.52)
8 (15.09)
12 (22.64)
1 (1.88)
1 (1.88)

GIT
2 (3.77%)

↑ Gastric pH 2 (3.77%)

Central nervous system
2 (3.77%)

Drowsiness
Vomiting

1 (1.88)
1 (1.88)

Lungs and kidneys
1 (1.88)

Particulate 
precipitation

1 (1.88)
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increased urination) and also increased blood glucose 
levels in the patients. This indicates that there will be a 
chance of developing diabetic co‑morbidities. Careful 
monitoring of blood glucose levels was recommended for 
safe use of both medications. In the study conducted by 
Shobha C et al., 67% of drug interacting pairs were between 
Paracetamol‑Pantoprazole and requires monitoring of 
therapy.[12]

Study conducted by Virendra KP et al., Torsemide is more 
commonly involved drug [diuretic] responsible for DDIs.[6] 
Whereas in the present study, Insulin [18 (33.96%)] followed 
by Metoprolol  [10  (18.86%)], Torsemide  [8  (15.09%)], 
and Hydrochlorothiazide  [8  (15.09%)] were the most 
common drugs responsible for DDIs. In our study, out 
of 53 interactions observed, 45 (84.9%) of the DDIs were 
moderate and significant  (Micromedex and Medscape 
findings, respectively) in severity. These DDIs suggest 
that there is a need for monitoring therapy and/or dosage 
adjustment. These were also correlated with the studies 
conducted by Herrlinger  (90%), Shobha C et  al.,  (60%), 
Dinesh KU et al., (92%), and Virendra KP et al., (60%).[6,12,13,16]

In our study, most of the drug interactions were 
pharmacokinetic  [33  (62.26%)] in nature followed by 
pharmacodynamic interactions  [20  (37.37%)]. This data 
varies in the study conducted by Vonbach and Aparasu were 
76% were pharmacokinetic and 22% were pharmacodynamic 
interactions.[17,18] In this study, most [17 (32.07%)] of the 
DDIs were delayed type. For example, in case of Atenolol 
and Insulin, the interaction effect is delayed. This suggests 
that the need for counselling patients who are at a risk for 
experiencing these DDIs. These findings were slightly lower 
than those of the study conducted by Dinesh KU et al., 71% 
and Virendra KP et al., 52%.[6,13]

Among all the DDIs observed, 45  (84.9%) of the DDIs 
were of the risk rating C and 6 (11.32%) DDIs were with 
risk rating D, these findings were in contrary to the study 
conducted by Aravind NC et al., where interactions of risk 
C were 30% and risk D were of 67%.[7] Age [23 (43.39%)], 
pharmacokinetic and pharmacodynamic  [30  (56.6%)] 
factors were the predisposing factors responsible for all the 
interactions observed clinically.[12]

Anti‑hypertensives, anti‑diabetics, Nonsteroidal anti‑
inflammatory drugs (NSAIDs), antibiotics, calcium 
supplements, anti‑asthmatics and cardiac glycosides were 
most commonly prescribed classes of drugs in the present 
study. This was also correlated with the study conducted by 
Dinesh KU et al., showed that anti‑hypertensives, NSAIDs, 
anti‑diabetics, anti‑histamines, anti‑depressants, and proton 

pump inhibitors were prescribed commonly.[13] Out of 42 
drugs prescribed, 15 were anti‑hypertensives (38.09%) and 
among them beta‑blockers were predominant  (50.72%). 
A study conducted by Dinesh KU et al., shows that 50% of 
interacting drugs were anti‑hypertensives.[13]

Limitations
DDIs were identified based on the information obtained 
from the Micromedex and Medscape databases only. Some 
of the drugs were not found in Micromedex and Medscape 
databases. The study was limited to in‑patients and the 
outpatients were excluded from the study. Coumadins 
are the one major potential source of significant DDIs, 
however the significant DDIs were not found in this study. 
Certainly, the level, location, populations of patients, and the 
settings of the hospital play an important role in the type of 
end results for significant DDIs. The close monitoring and 
long‑term follow‑up is required to identify the significant 
DDIs. Controlled studies were needed in the future discipline 
to evaluate whether good clinical management of DDIs can 
reduce medication‑related morbidity and mortality.

CONCLUSION

The overall incidence rate of DDIs was found to be 
21.14% and the most commonly interacting pairs were 
Ciprofloxacin‑Insulin followed by Atenolol‑Insulin, 
Metoprolol‑Insulin. The DDIs were found to be more common 
in males, elders, patients with more than 3 co‑morbidities, 
and polypharmacy. The considerable numbers of DDIs 
were moderate in severity, risk rating C category, and delay 
in onset. Both the Micromedex and Medscape interaction 
tools are considered for identification and assessment of 
DDIs and only two common interacting pairs were found 
in present study. Thorough medication review programs 
should be focussed and implemented in hospitals to avoid 
life threatening DDIs and ensuring better patient care.
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