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ABSTRACT

Context: Drug-drug interactions(DDIs) are significant but
avoidable causes of iatrogenic morbidity and hospital admis-
sion.

Aim: To detect potential drug-drug interactions among
medications received by hypertensive patients.

Materials and Methods: Patients of both sex and all adult age
groups, who were attending medicine out -patient department
(OPD) of a tertiary care teaching rural hospital since last six
months and were being prescribed antihypertensive drug/s for
essential hypertension, were selected for the study. Hypertensive
patient with co-morbities diabetes mellitus, ischemic heart
diseases, congestive heart failure, and chronic renal diseases
were also included in the study. Potential drug drug interactions
were checked with medscape drug interaction software.
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Results: With the help of medscape drug interaction software,
71.50% prescriptions were identified having atleast one drug-
drug interaction. Total 918 DDIs were found in between 58
drug pairs. 55.23% DDIs were pharmacodynamic, 4.79%
pharmacokinetic type of DDIs. 32.24% DDIs were found affecting
serum potassium level. 95.42% DDIs were found significant type
of DDIs. Drug drug interaction between atenolol & amlodipine
was the most common DDI (136) followed by metoprolol and
amlodine (88) in this study. Atenolol and amlodipine ( 25.92%)
was the most common drugs to cause DDIs in our study.

Conclusion: We detected a significant number of drug drug
interaction in hypertensive patients. These interactions were
between antihypertensive agents or between hypertensive and
drug for co-morbid condition.

Keywords: Drug —drug interaction, Medscape drug interaction checker

INTRODUCTION

Drug—drug interactions (DDIs) are an emerging threat to public
health. They may present with harmful outcomes, resulting in about
2.8% of all hospitalizations in older patients and an estimated
cost of more than U$1 billion per year, to government exchequer
health care systems [1-3]. Previous studies [4,5] which were
mainly centered around patients of emergency departments and
hospital wards showed that the cardiovascular drugs were the
most common culprits to cause DDIs. The present study however
intends to examine drug-drug interactions DDIs among medications
prescribed to the hypertensive patients but in an outpatients setting.
It will be prudent to mention here, that literature pertaining to the
same, (in the recent years) is extremely scarce, if not nonexistent, to
the best of our knowledge.

Hypertension is an important public health challenge all across
the globe. Raised blood pressure is one of the leading behavioural
and physiological risk factor to which about 13% of all global
deaths are attributed. Hypertension is reported to be the fourth
largest contributor to the premature deaths occurring in developed
countries and seventh in developing ones [6]. High blood pressure,
in a significant number of patients is not controlled by one
medication alone; therefore, to achieve therapeutic goal of blood
pressure(<140/90 mmHg, or <130/80 mmHg for patients with
diabetes or chronic kidney disease) ,multiple antihypertensive drugs
are prescribed by the physicians. Besides this, drug therapy for
other co-morbid conditions such as diabetes mellitus, myocardial
infarction, congestive cardiac failure and chronic kidney disease,
which are much frequent with hypertension, make drug-drug
interactions(DDI) inevitable.

In 2007, a meta-analysis of 23 clinical studies from around the world
revealed that drug—drug interactions (DDIs) cause approximately
0.054% of emergency room visits, 0.57% of hospital admissions,
and 0.12% of rehospitalizations [7]. There are 136.1 million
emergency room visits [8] and 34.1 million hospital discharges
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[9] in the USA alone each year. If these percentages are correct,
Americans experience DDI events serious enough to send
them to the emergency room almost 74 000 times per year, and
hospitals admit nearly 195 000 patients per year because of DDlIs.
Unsurprisingly, DDIs also contribute to increased cost and duration
of hospital stays [10].

This study was conducted to find out potential drug drug interactions
medications prescribed to hypertensive patients.

MATERIALS AND METHODS

This was an observational, cross section study conducted in a
tertiary care teaching hospital of central Gujarat, India. The study was
conducted over a period of one year from August 2012 to August
2018 after approval from Institutional Ethics Committee. Total 899
patients were enrolled in the study. Patients were included from all
the three medicine units equally to prevent bias. Patients of both sex
and all adult age groups, who were attending medicine out -patient
department (OPD) since last six months and were being prescribed
antihypertensive drug/s for essential hypertension, were selected
for the study. Hypertensive patients with co-morbidities diabetes
mellitus, ischemic heart diseases, congestive heart failure and
chronic renal diseases were also included in the study. Patients with
hypertensive emergency and cerebral stroke were excluded from
this study. Patient with any concurrent acute medical condition e.g.
acute myocardial infarction, acute left ventricular failure etc were
excluded from this study.

The diagnosis and line of treatment to be given were decided by
the physician. No additional drugs or investigations were advised
by us during the study period. Data of patients matching inclusion
criteria were recorded. Before including in the study, patients were
explained about the aspects of research work. Written informed
consent was taken from each patient before including him or her
into the study. Identity of patient was kept confidential.
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Number of drugs in No of patients Total drugs prescribed 44 Metoprolol-Telmisartan 2
prescription
45 Carvedilol- Losartan 1
2 206 412
46 Carvedilol- Valsartan 1
3 185 555 . }
47 Metformin- Frusemide 13
4 198 792
48 Aspirin — Ramipril 1
5 143 715 g .,
49 Aspirin- Hydrochlorothiazide 6
6 31 186 — :
50 Aspirin- Chlorthalidone 4
7 16 112
51 Aspirin- Frusemide 18
Total 779 2772
52 Digoxin-Atenolol 1
[Table/Fig-1]: Number of patients who were prescribed more than one drug 53 Digoxin-Metoprolol ]
54 Digoxin- Valsartan 1
S. No. Drug pair Frequency 55 Digoxin- Frusemide 3
(i) Drug pair which have one DDI b/w partner drugs (iii) Drug pair which have three DDI b/w partner drugs
1 Atenolol- Amlodipine 136 56 Aspirin- Losartan 2
2 Metoprolol- Amlodipine 88 57 Digoxin- Hydrochlorothiazide 1
3 Hydrochlorothiazide- Losartan 31 (iv) Drug pair which have four DDI b/w partner drugs
4 Atenolol- Hydrochlorothiazide 23 58 Digoxin-Carvedilol 4
5 Enalapril- Frusemide 20 [Table/Fig-2]: Drug pair showing potential drug- drug interactions
6 Atenolol- Chlorthalidone 2
7 Atenolol- Frusemide 16 S.No. DDI Frequency
8 Atenolol-Torsemide 2 (i) Minor DDI
9 Metoprolol- Chlorthalidone 3 1 Aspirin- Chlorthalidone 4
10 Metoprolol- Frusemide 4 2 Aspirin- Frusemide 18
1 Hydrochlorothiazide- Valsartan 15 3 Aspirin- Hydrochlorothiazide 6
12 Hydrochlorothiazide- Telmisartan 14 (ii) Serious DDI
13 Chlorthalidone- Losartan 11 1 Enalapril- Telmisartan 1
14 Chlorthalidone- Valsartan 2 2 Ramipril- Losartan 10
15 Chlorthalidone- Telmisartan 3 3 Ramipril- Valsartan 3
16 | Enalapri- Losartan 14 (iii) Significant DDI 876
17 Enalapril- Telmisartan 1 [Table/Fig-3]: Classification of DDIs according to their severity
18 Enalapril- Torsemide 4
19 Ramipril- Losartan 10 To anglyze Qrug- drug interaction, software namely medscape
— drug interaction checker (URL- http:// reference.medscape.com/
20 Ramipril- Valsartan \ , ) )
drug-interaction checker) [11]- freely available on the website www.
21 Ramipril- Frusemide 12 medscape com was used
22 Ramipril- Torsemide 2 L X . o
P Clinical relevance was defined according to the criteria used by the
23 | Carvedilol- Frusemide 4 DDI-checker software programs, which considered the ‘potential’ of
24 Metformin- Chlorthalidone 6 DDls for both adverse event risk and lack of efficacy. All DDIs were
25 Glimepiride- Enalapril 11 classified as minor, significant and serious clinical relevance on the
26 | Glimepiride- Ramipril 1 basis of potential clinical outcomes and type, quality, and relevance
e Glimepiride- Hydrochlorothiazide o of .suppomng clinical and pharma.oologmall documentation. .In
— serious type of DDlIs, use of alternative drug is advocated. While
28 Glipizide- Enalapril 16 . P . h .
in significant type of DDIs, pharmacotherapy is advised to monitor
29 | Clipizide- Ramipri 5 closely. Sample size was calculated based upon other studies
30 Pioglitazone+ Hydrochlorothiazide 2 [1 2,1 3]_
31 Aspirin- Torsemide 4
32 Digoxin- Enalapril 5 RESULTS
33 Digoxin- Ramipri 1 Medsqape drug |nter.act|on phecker [1 1] was applled. to detect
— potential drug-drug interaction. In this study, 120 patients were
34 Metoprolol- Hydrochlorothiazide 20 . .
prescribed only one drug. Therefore, number of patients who were
(if) Drug pair which have two DDI b/w partner drugs at risk of potential drug-drug interaction was 779. With the help of
35 | Atenolol- Losartan 15 software, 557(71.50%) prescription were identified having atleast
36 Aspirin- Atenolol 28 one DDI [Table/Fig-1].
37 | Aspirin - Enalapril 26 In these 557 patients, total 918 potential drug-drug interactions
38 Metformin-Hydrochlorothiazide 24 were detected with the help of medscape drug interaction checker
39 Aspirin- Metoprolol 21 software. Thfase interactions were oftotal 86 types.and yvere betwgen
0 AtenoloL Valsartan 4 58 drugs pairs. There Wgrle total 34 such drug pa|.r which potentially
. showed one DDI. Remaining 24 drug pairs potentially showed more
41 | Atenolol- Telmisartan 4 than one DDI. Out of these, 21 drug pairs showed two DDls, and
42 | Metoprolol-Losartan 7 two drug pairs showed three DDI. Maximum DDI between one drug
43 Metoprolol- Valsartan 4 pair was four which was in between carvedilol and digoxin. Three
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[Table/Fig-4]: Classification of DDI’s

Drug pair Frequency

Beta Blocker + CCB 224

Atenolol- Amlodipine 136
Metoprolol- Amlodipine 88
Beta Blocker + ARB 46
Atenolol- Losartan 15
Metoprolol-Losartan 15
Atenolol-Valsartan 4
Metoprolol- Valsartan 4
Atenolol- Telmisartan 4
Metoprolol- Telmisartan 2
Carvedilol- Losartan 1
Carvedilol-Valsartan 1

[Table/Fig-5]: Drug pairs showing pharmacodynamic synergism

Drug pair Frequency
Aspirin- Atenolol 28
Aspirin-Enalapril 26
Metformin- Hydrochlorothiazide 24
Aspirin-Metoprolol 21
Aspirin-Frusemide 18
Aspirin-Ramipril 1

[Table/Fig-6]: Drug pair showing pharmacodynamic antagonism

potential DDI were detected with the software between drug pair
aspirin- losartan and digoxin-hydrochlorothiazide. In this study, most
common drug pair to cause DDIs was found atenolol- amlodipine
drug pair (136) followed by metoprolol — amlodipine drug pair (88).
Both drug pairs showed only one DDI between respective drugs
according to software. Next three common drug pairs to cause
potential DDIs were found- aspirin- atenolol, aspirin-enalapril and
metformin- hydrochlorothiazide. These drug pairs showed 56, 52
and 48 DDlIs respectively [Table/Fig-2].

Medscape drug interaction software classified total 918 potential
DDIs into three categories- minor, significant and serious. Out
of 918 DDls, 28 were of minor type and seen in three drug pairs
while 14 were of serious type and seen in three drug pairs. Drug
pairs which showed minor type of DDIs had aspirin as a one drug.
Drug pair which showed serious type of DDI were in between ACE
inhibitor and angiotensin receptor blocker drug. Rest of the DDIs
were significant type [Table/Fig-3].

Medscape drug interaction checker software detected 55.23%
pharmacodynamic type of DDIs out of 918 DDIs. Next common
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[Table/Fig-7]: Common drugs involved in DDI’s

DDIs was affecting serum potassium level (32.24%). DDIs having
unknown mechanism were 71 (7.73%) and pharmacokinetic DDIs
were only 44 (4.79%) [Table/Fig-4].

Out of 507 pharmacodynamic DDls, 366 were synergistic type
while 141 were of antagonistic type. Majority of synergistic
pharmacodynamic DDIs, the software found, were between beta
blocker- calcium channel blocker (CCB) drug pair and beta blocker-
angiotensin receptor blocker (ARB) drug pair. Beta blocker and
CCB both increase anti-hypertensive property of each other [Table/
Fig-5].

Aspirin  caused maximum number of pharmacodynamic type
of antagonism. It showed antagonism with atenolol, enalapril,
metoprolol and furosemide in 28, 26, 21 and 18 frequencies
respectively [Table/Fig-6].

In this study, software found atenolol and aspirin as the most
common drugs to cause DDIs. Each one of them caused 238
DDlIs. Amlodipine was involved in 224 DDIs while metoprolol,
hydrochlorothiazide,frusemide, enalapril and metformin was involved
in 185,170,124, 123 and 80 DDls respectively [Table/Fig-7].

DISCUSSION

Drug interaction refers to modification of response to one drug
by another when they are administered simultaneously or in quick
succession. The modification is mostly quantitative, i.e. the response
is either increased or decreased in intensity [14].

In this study, we detected potential DDIs with the help of medscape
drug interaction checker software [11]. Medscape is a reputed online
portal from WebMD that is a part of of WebMD Health Professional
Network that includes the Heart.org and eMedicine.com [11]. Other
studies conducted at Sweden [12] and Nepal [13], software FASS
computer program and micromedex electronic source were used
respectively.

In our study, prevalence of DDIs (71.50%) was detected much than
found by Bjorkman et al., (41.50 %) [13]. It is may be attributed to
the fact that because cardiovascular drugs are the most common
drugs to cause DDlIs [4,5] and DDIs were checked solely here only
in patients taking antihypertensive drugs.

The possibility of drug interaction rises whenever a patient
concurrently receives more than one drug, and the chances increase
with the number of drugs taken [12]. In present study patients at
risk of developing DDlIs, were prescribed on average 3.54 drugs
which is lesser than the average number of drugs prescribed in
study by Bjorkman conducted at Sweden (7.0) [13].

In this study, patients’ mean age was 63.50 year that developed
potential DDI. This was similar to studies in US [14,15], which
showed mean age to be more than 60 y. In this study, most
common drug group involved in potential DDIs was the beta
blocker (46.07%); diuretics were involved in 32.08% of DDIs. Study
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conducted by Bjorkman [13] at Sweden, although it did not involved
only hypertension cases, showed diuretics were involved in 46% of
DDls while beta blocker caused 11% DDI.

Maximum DDlIs between one drug pair were four which was in
between carvedilol and digoxin. Between carvedilol- digoxin, two
DDI were pharmacokinetic type, one pharmacodynamic type
and one was related to increase of serum potassium level. Three
potential DDI were detected with the software between drug pair
aspirin- losartan and digoxin-hydrochlorothiazide. Between aspirin-
losartan, one DDI was pharmacodynamic type, second related
to serum potassium level and third was of increasing toxicity
of the either drug by unknown mechanism. Between digoxin-
hydrochlorothiazide, one DDI was pharmacokinetic, second was
pharmacodynamic and third was related to serum potassium level.
Drug pair which showed serious type of DDI were in between ACE
inhibitor and angiotensin receptor blocker drug. Both ACE inhibitor
and ARB cause blockade of renin- angiotensin system and increase
risk of hypotension, hyperkalemia and renal impairment [14].

In this study, majority of the DDIs were of pharmacodynamic type
(65.23%). Study done in Austria- found similar results [16]. These
types of interactions derive from modification of the action of one
drug at the target site by another drug, independent of a change
in its concentration. This may result in an enhanced response
(synergism), an attenuated response (antagonism) or an abnormal
response [12]. In this study, 366 out of 507 pharmacodynamic DDIls
were of synergistic type while 141 were of antagonistic type.

Few synergistic antinypertensive drug combinations are recom-
mended by JNC-VIII guidelines [17]. Among them, combination
ARB+ diuretics and beta blocker + diuretic are found in this
study; were prescribed in 76 prescriptions and 73 prescriptions
respectively. ARB, being a vasodilator, causes fluid retention which
is counteracted by diuretic if given concurrently. ARB also reduced
plasma renin activity which is increased by concurrently given diuretic
[18]. Potency of hypotensive action of beta blocker increases when
it is combined with diuretic [19].

In this study, beta blocker- amlodipine was the commonest drug
combinations to be prescribed which have opposite effect on
plasma renin activity that is beneficial for the patient to keep ADR
in check [18].

In this study, atenolol and aspirin both caused similar number of
DDlIs (25.92%). Study conducted by Bista D et al., [4] also found
aspirin was the most common drug causing DDIs. It is expected
from aspirin because aspirin increases serum potassium level and
serum potassium level is altered by almost all antihypertensive drugs
including ACE inhibitors, ARBs, BB and diuretics.

LIMITATION

There were some limitations of this study. We have collected data
from only one institute, therefore population is relatively homnogenous.
We included hypertensive patients only co-morbid with diabetes
mellitus, ischemic heart disease, chronic heart failure and chronic
kidney disease. The utilization of DDI-checker software provides
only a ‘potential’ estimate of DDI occurrence. This approach cannot
be taken into account whether the potential DDI produced an
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adverse event or negatively influenced the therapeutic effect of a
drug. However, despite these limitations, this approach is currently
widely used to assess the clinical relevance and risk of exposure to
potential DDIs.

CONCLUSION

Knowledge of the prevalence and predictors of clinically important
potential DDIs will help physicians and pharmacists identify patients
at higher risk of DDI-related adverse drug reactions, who require
more cautious pharmacotherapy management to avoid negative
outcomes.
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