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Polypharmacy is common in drug prescriptions of chronic kidney disease patients. A study of the prescription 
patterns of drugs with potential interactions would be of interest to prevent drug related adverse events. A prospective 
observational study of six months (Dec 2009-May 2010) was carried out among the chronic kidney disease patients 
admitted to the nephrology ward of a South Indian tertiary care hospital. The pattern and rates of drug-drug 
interactions seen in the prescriptions of these patients was studied. Among the 205 prescriptions included, a total 
of 474 interactions were reported, making 2.7 interactions per prescription with incidence rates of 76.09%. Around 
19.62% of interactions were of major severity. Most common interactions were found between ascorbic acid and 
cyanocobalamine (12.45%), clonidine and metoprolol (3.80%) respectively. Hypo or hypertension (31.65%), 
decreased drug efficacy (29.11%) and hypo or hyperglycemia (14.14%), were the most commonly reported clinical 
outcomes of the drug interactions. Cardiovascular drugs (calcium channel blockers and beta blockers; 52%) constitute 
the major class of drugs involved in interactions. As most of the interactions had a delayed onset, long term follow-
up is essential to predict the clinically significant outcomes of these interactions. Hence, drug interactions are 
commonly seen in the prescriptions of chronic kidney disease patients which can lead to serious adverse events if 
not detected early. Need for collaboration with a clinical pharmacist and electronic surveillance, which are absent 
in developing countries like India, is emphatic.
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Research Paper

Health-care professionals, such as physicians, nurses, 
and clinical pharmacists, in both inpatient and 
outpatient settings are increasingly confronted with 
a growing number of patients with chronic kidney 
disease (CKD) and end-stage renal disease (ESRD) [1]. 
CKD is becoming increasingly common in the 
community as a result of our aging population and 
rising incidence of diabetes[2].

Medical care for CKD patients is complex due to 
widespread co-morbidities and major risk factors for 
CKD. The progression of CKD and the deterioration 
of kidney function from stage 1 to more severe 
stages can be slowed by optimal treatment of 
underlying comorbidities and risk factors, which can 

be accomplished with lifestyle modifications and/or 
different pharmacological interventions that address 
the treatment of hypertension, diabetes mellitus and 
hyperlipidemia[1,3].

Although the exact incidence and prevalence rates 
are not available, it is estimated that one out of 
10,000 people suffer from CKD in India and around 
100 thousand new patients develop ESRD in India 
annually. In addition to this, higher number of patients 
are requiring renal replacement therapies such as 
dialysis and renal transplantation[3].

ESRD patients who are on hemodialysis have 
complex drug regimens and receive nearly 10 
to 12 medications daily, many of which requires 
multiple doses/day. Due to polypharmacy, frequent 
medication adjustments on dialysis versus non- dialysis 
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days, medically unstable nature of the disease and 
restricted life styles, these patients are at high 
risk for developing drug related problems (DRPs) 
and nonadherence. With such a large number of 
medications, there is an increased risk for drug 
interactions (DI)[3,4].

The plethora of pharmaceutical options must 
be balanced with the potential risk of multiple 
medication use. The risks include, but are not 
limited to, adverse effects, drug-drug interactions 
(DDIs), drug-disease interactions and inappropriate 
dosing regimens. Henceforth, DRPs are associated 
with significant morbidity, impaired quality of 
life, mortality, and are primary drivers of hospital 
admissions and health care costs[5,6].

The mechanism of an interaction can be important 
in predicting the time course of an interaction, and 
provides a way to minimize the risk of an adverse 
outcome[7]. Even though, DDIs are considered as 
preventable medication related problems, studies 
found that up to 11% of patients experience 
symptoms associated with DDI and these are 
responsible for nearly 2.8% of hospital admissions[8]. 

Monitoring of potential DIs may improve the 
quality of prescribing and dispensing and it might 
form a basis for education focused on appropriate 
prescribing[9].

The present study was carried out in a 1475 bedded 
tertiary care teaching hospital. Department of 
Nephrology is one of the speciality departments 
with a provision of separate dialysis unit and kidney 
transplantation facility. A pilot study was performed 
on utilization pattern of drugs in this unit. The study 
results of the pilot study had shown that majority of 
the patients were having CKD and its comorbidities 
(71%). The average number of drugs per prescription 
was 7.49±3.25; indicated polypharmacy. The most 
commonly prescribed therapeutic classes of drugs 
were drugs for cardiovascular system (92%), drugs 
for gastrointestinal system (68%), antidiabetic drugs 
(34%), drugs for infections (50%), immunomodulators 
(8%), nutritional supplements (100%), steroids (16%) 
and drugs acting centrally (13%)[10]. Among these 
classes of drugs quantitative measurement of DDIs 
was not made and hence there was a need to study 
the rates of occurrence, severity and outcomes. Data 
obtained from this study will be helpful for the 
nephrologists to manage CKD patients effectively. 

Moreover, study results help to intervene, prevent and 
reduces the morbidity of the adverse effects of a DDI.

MATERIALS AND METHODS

A prospective, observational study was carried out 
in a South Indian tertiary care hospital. It is a 1475 
bedded multi-speciality teaching firm. It is one of the 
largest medical institutions in India providing health 
care to many Indians. Nephrology department is a 
speciality unit consisting of a male ward, female ward 
and semi-special ward along with separate 14-station 
dialysis facility and kidney transplantation unit.

The duration of the current study is six months i.e., 
from December 2009 to May 2010. The study is 
evaluated and approved by the Committee of Ethics 
of the University. All the patients admitted during 
the study duration were followed from the day of 
admission to the day of discharge and all the new 
prescriptions issued for hospitalized patients were 
collected. Along with the medication information, 
even the medical data and patient demographics 
were also noted in a drug interaction recording and 
documentation form. The usage of the medications of 
every individual patient was cross-checked with the 
nurse’s administration record.

Outcome measures: 
To look for potential DDIs among the prescription 
medications, every combination of prescribed 
drug was analyzed using the Thomson Reuters 
Micromedex® DrugReax® system[11]. Each of the 
potential DDI was then analyzed using descriptive 
statistical measures (proportions, means, median, 
range and standard deviation) using SPSS version 
11.0. These DDIs were then measured for incidence 
rates and clinical outcomes. They were also 
categorized according to different parameters such 
as severity (minor, moderate, major), time of onset 
(rapid, delayed), classification and for levels of 
significance (from 1 to 5)[12]. The definitions of onset, 
severity, significance rating, and documentation of 
Micromedex® DrugReax® system were accepted for 
use in the study, as follows[11]: 

Criteria for level of significance:
Each of the potential drug-drug interactions was 
categorized according to their level of significance. 
The level of significance relates to the type and 
magnitude of the effect and, subsequently, to the 
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necessity of monitoring the patients or altering 
therapy to avoid potentially adverse consequences.

The primary factors that define level of clinical 
significance include significance rating, the time 
of onset of the interactions, and the documentation 
that an interaction occurs clinically. The following 
discussion defines the guidelines used to designate 
these factors.

Criteria for significance rating:
A significance rating of one to five was assigned 
to each interactions and the definition for these 
number ratings is given as: (1) The reaction is 
severe and a well documented interactions; (2) The 
reaction is occurring with moderate severity and 
the documentation is suspected; (3) The reaction 
is minor and with suspected documentation; 
(4)  The severity of the interactions will be major 
or moderate with possible documentation; (5)  The 
reaction is no more than unlikely or possible 
documentation. 

Criteria for onset:
How rapidly the clinical effects of an interaction can 
occur determines the urgency with which preventive 
measures should be initiated to avoid the consequences 
of the interaction. It classified as: Rapid: The effect 
will be evident within 24 h of administration of the 
interacting drugs; Delayed: The effect will not be 
evident within 24 h of concomitant administration. 
Effects may take days or weeks of concomitant 
administration to appear.

Criteria for severity:
The potential severity of the interaction is 
important in assessing the risk vs. benefit of the 
treatment and that of therapeutic alternatives. With 
appropriate dosage adjustment or modification of 
the administration schedule, the negative effects of 
several interactions can be avoided. Three degrees 
of severity are defined as; Minor: The effects are 
usually mild; consequences may be bothersome or 
unnoticeable but should not significantly affect the 
therapeutic outcome; Moderate: The effects may 
cause deterioration in the patient’s clinical status and 
additional treatment, hospitalization or extension of 
hospital stay may be necessary; Major: The effects 
are potentially life threatening or capable of causing 
permanent damage.

Criteria for documentation
Documentation determines the degree of confidence 
that an interaction can cause an altered clinical 
response. This scale represents the editorial group’s 
evaluation of the quality and clinical relevance of 
the primary literature supporting the occurrence 
of an interaction. However, multiple factors 
can influence whether even a well-documented 
interaction occurs in a particular patient. The 
documentation does not address the incidence or 
frequency of the interaction; it is also independent of 
the potential severity of the effect of the interaction. 
Established: Proven to occur in well-controlled 
studies; Probable: Very likely but not proven 
clinically; Suspected: May occur; some good data; 
needs more study; Possible: Could occur, but data 
are very limited; Unlikely: Doubtful; no good 
evidence of an altered clinical effect.

RESULTS

Demography status of study population:
A total of 205 patients were included in the study. 
Among them, 156 (76.09%) study subjects had shown 
potential DDIs. Mean age of the study population was 
48.58±16.23 years and majority of population were 
men (74.15%). The average number of medications 
used per day was 12.08±6.30 with 3-27 medicines/
day. Majority of the study population were of stage 5 
renal failure and the median duration of hospital stay 
was found to be 14 days (Table 1).

Characteristics of DDIs:
Among the 156 patients, 474 drug interactions were 
identified with 2.7 interactions per patient. Out of 
which, 238 (50%) of DI were of delayed onset 
and 186 (39%) were of rapid onset. According to 
severity classification, 93 (20%) interactions were 
severe, 271 (57%) were moderate and 110 (23%) 
were minor. Among 474 DDI, 240 (50.63%) were 
of pharmacodynamic DI and 222 (46.84%) were of 
pharmacokinetic.

Of the 474 DDI, 47 (9.92%) belong to level 1 
significance which are of severe type, 201 (42.41%) 
were of level 2 i.e. moderate, 72 (15.19%) were of 
level 3 which are minor in nature, 127 (26.79%) were 
of level 4 which are of mild/moderate level, and 27 
(5.7%) were of level 5 which are uncertain/unlikely 
(Table 2).
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Classes of drugs involved in DDI:
Among different categories of drugs involved in 
DDI, 429 (52%) of them were by cardiovascular 
drugs, antidiabetic drugs were included in 66 (8%) of 
drug interactions, antimicrobial agents were involved 
in 95 (11.52%), gastrointestinal drugs involved in 
25 (3.03%), respiratory drugs in 16 (1.94%) while 
miscellaneous drugs (vitamins and minerals) were 
involved in 194 (23.52%) DDI.

The most common class of drugs involved in DDI 
among the cardiovascular drugs were betablockers 168 
(39.16%) and calcium channel blockers 87 (20.28%). 
Fluroquinolones constituted 42 (44.2%) majority of 
DDI among the antimicrobials. Among vitamins 59 
(89.3%) were constituted by ascorbic acid and vitamin 
B12 and among the antidiabetics, insulin was involved 
in 44 (66.6%) of DDIs.

Frequency of DDI:
The frequency of DDI for each drug combination 
ranged from 1 to 59. The most frequently prescribed 
drug combinations with potential DDI were 
ascorbicacid/cyanocobalamine [(59 prescriptions 
(12.45%), clonidine/metoprolol (18 patients (3.80%), 

amlodipine/metoprolol (16 prescriptions (3.38%), 
insulin/metoprolol (14 prescriptions (2.95%)].

Outcomes of DDI:
Among the 474 potential drug interactions, when 
classified according to the resulting effect, the 
frequencies of the outcomes of the DDIs was 
found that 150 (31.65%) may lead to hypotension 
or hypertension, 67 (14.14%) hypoglycemia or 
hyperglycemia, 25 (5.27%) hyperkalemia, 14 (2.95%) 
rhabdomyolysis, 14 (2.95%) increased risk of 
bleeding, 13 (2.74%) cardiotoxicity, 7 (1.48%) CNS 
toxicity, 7 (1.48%) hypermagnesemia, 7 (1.48%) rash, 
6 (1.27%) nephrotoxicity, 6 (1.27%) hypothyroidism, 
5 (1.05%) respiratory depression, 5 (1.05%) risk of 
seizures, 4 (0.84%) milk-alkali syndrome, 3 (0.63%) 
myelosuppression, 3 (0.63%) hepatotoxicity and 138 
(29.11%) reduction in drug efficacy i.e. either object 
or precipitant drug (Table 3).

Analyzing the medications involved in interactions 
that result in possibly increased risk of hypotensive 
or hypertensive episodes (n=150), 108 (72%) were 
related to beta blockers with calcium channel 
blockers. Amongst the interactions that have 
hypoglycemia or hyperglycemia as possible effects 
(n=67), 30 (44.8%) were related to betablockers 
with insulin and/or oral hypoglycemic agents, and 
13 (19.4%) involved quinolones with insulin and/or 
hypoglycemic agents.

In relation to interactions that would lead to 
hyperkalemia (n=25), 10 (40%) were associated 
with angiotensin converting enzyme inhitors (ACE 

TABLE 1: DEMOGRAPHIC CHARACTERISTICS OF 
THE CHRONIC KIDNEY DISEASE PATIENTS WHO HAD 
SHOWN POTENTIAL DRUG-DRUG INTERACTION

Patients n(%) Range
Men/Women 152/53 (74.15/25.85)
Age, years 48.58±16.23 10-80
Stages of CKD
1 7 (4.24)
2 8 (4.85)
3 15 (9.09)
4 22 (13.33)
5 113 (68.48)
Length of Stay, days 14 2-31
No. of Drugs 12.08±5.30 3-27

Data for age and number of drugs/patient are expressed as mean±standard 
deviation and length of stay in days is expressed as median; Stages of CKD 
(Annexure 1); n=205. 

TABLE 2: CLINICAL SIGNIFICANCE OF DRUG-DRUG 
INTERACTION IN 205 CHRONIC KIDNEY DISEASE 
PATIENTS
Interaction characteristic No. of interactions
Onset n (%)

Rapid 186 (39)
Delayed 238 (50)
Unspecified 50 (11)

Severity 
Major 93 (20)
Moderate 271 (57)
Minor 110 (23)

Significance 
1 47 (9.92)
2 201 (42.41)
3 72 (15.19)
4 127 (26.79)
5 27 (5.7)

Total 474 interactions were observed
ANNEXURE 1: STAGES OF CHRONIC KIDNEY 
DISEASE[17]

Stage GFR (ml/min 1.73/m2) Description
1 ≥90 Kidney damage with 

normal or ↑ GFR
2 60-89 Kidney damage with 

mild ↓ GFR
3 30-59 Moderate ↓ GFR
4 15-29 Severe ↓ GFR
5 <15 End stage renal failure
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inhibitors) with potassium sparing diuretic agents 
or potassium supplements. Rhabdomyolysis (n=14), 
could be a result of atorvastatin with quinolones: 
8 (57.14%), or quinolones with corticosteroids: 6 
(42.8%).

Among the medications involved in interactions that 
would potentially cause increased risk of bleeding 
(n=14), 6 (43%) were associated with clopidogrel 
with anticoagulants. Of the interactions that have 
cardiotoxicity (n=13), 7 (53.8%) were related to 
digoxin with levothyroxine and 5 (38.4%) by 
fluconazole with amlodipine. DDIs associated with 
hypermagnesemia (n=7), 5 (71.4%) were related to 
antacids.

The DDIs that would result in rashes (n=7), 5 
(71.4%) were related to penicillins with allopurinol. 
Those having a risk of nephrotoxicity (n=6), 3 (50%) 
were related to aminoglycosides and 3 (50%) with 
calcium channel blockers. All drug combinations 
of levothyroxine (n=6), 6 (100%) were related to 
hypothyroidism.

Among the interactions involved with risk of seizures 
(n=5), 4 (80%) were associated with phenytoin. 
Immunosuppressants 3 (100%) were associated with 
myelosuppression (n=3). Regarding decreased drug 
efficacy of either an object drug or a precipitant drug 
(n=128), 70 (54.6%) were associated with vitamins 
and 25 (19.5%) with quinolones.

DISCUSSION

Current study highlights the detection of DDI 
prevalence using a computer program to check 
prescriptions of inpatients of nephrology ward 
of a South Indian tertiary care hospital. In the 
present study, we found that the frequency of 
DDI in medications of CKD patients was found 
to be 76.09%. The large variations in the reported 
frequencies in different studies[13] are generally 
due to methodological considerations, such as the 
use of different definitions for clinically significant 
DDIs, difference in study designs and difference 
in ways of measuring the frequency or incidence 
of DDIs. In a study done on prescriptions for 624 
ambulatory patients of a family clinic in Mexico 
City by Dubova et al.[13], it was it was found that 
80% of the patients had prescriptions implying 
one or more potential DDIs and 3.8% of patients 
were prescribed drug combinations that should be 
avoided. Whereas, in another study done in a cohort 
of Dutch nursing home residents by Dijk et al.[14], 
it was found that 32% of the 2,335 patients were 
exposed to one or more combinations of drugs that 
could lead to clinically adverse outcomes. So, the 
rates of occurrence of DDIs vary with different 
studies. This reinforces for the problems relating to 
administering drug treatment to renal failure patients, 
its consequences and the need for continuous efforts 
to optimize drug therapy.

The median number of medications/patient 
administered in the study population was 11 indicating 
polypharmacy which is a major risk factor for DDI. 
A study done by Glintborg, et al.[15], among 200 
patients found that a median number of drugs used 
were 8 with a range of 1 to 24, and they state 
that polypharmacy is a predictable risk factor for 
medication errors.

Most of the DDI were found to be of delayed 
in onset and pharmacokinetic in nature which is 
comparable to Nazari et al.[16]; which implies that 
if there was an interaction occurring during the 
concomitant administration it may not manifest itself 
immediately and if these drugs were to be continued 
for the patient on an outpatients basis then this could 
potentially lead to decreased efficacy of drugs leading 
to therapeutic failures and potential adverse events 
etc. Hence the duration of concomitant drug use 
should also be taken into account when prescribing 

TABLE 3: FREQUENCY OF THE DIFFERENT OUTCOMES 
OF DRUG-DRUG INTERACTION (DDI) (N=474)
Outcome/Effect No. of DDI n (%)
Hypo/Hypertension 150 (31.65)
Decreased drug efficacy 
(object or precipitant drug)

138 (29.11)

Hypo/Hyperglycemia 67 (14.14)
Hyperkalemia 25 (5.27)
Rhabdomyolysis 14 (2.95)
Cardiotoxicity 13 (2.74)
Risk of Bleeding 14 (2.95)
CNS toxicity 7 (1.48)
Rash 7 (1.48)
Hypermagnesemia 7 (1.48)
Hypothyroidism 6 (1.27)
Nephrotoxicity 6 (1.27)
Risk of seizures 5 (1.05)
Respiratory depression 5 (1.05)
Milk-alkali syndrome 4 (0.84)
Hepatotoxicity 3 (0.63)
Myelosuppression 3 (0.63)
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these interacting drugs. The high proportion of 
DDI being at a level of 2 or 4 on a scale of 5 of 
significance rating means that patient’s life could be 
at risk and in such cases the physician and nursing 
staff should keep the patient under close surveillance 
since they are mostly delayed in onset.

The medicines commonly involved in DDI were those 
of daily use to treat patients with chronic disorders. 
Beta blockers, calcium channel blockers, diuretics, 
digoxin, antiarrhythmic agents, phenytoin, central 
action analgesics, antipsychotic agents, hypoglycemic 
agents, and quinolones are frequently mentioned in 
the lists of potential drug interactions. Many of these 
drug interactions can be monitored and avoided, by 
means of serum dosage adjustments (as in the case 
with azathioprine and enalapril or metformin with 
trimethoprim), glycemic control (hypoglycemic agents 
with quinolones) or by means of clinical or laboratory 
control.

Studies like the present one provides a list of the 
most frequent drug interactions in CKD patients; 
may serve as a warning for the interdisciplinary 
team concerning the reactions that may occur due 
to an interaction, as well as a support material for 
physicians to choose alternative medication, dose 
adjustment and patient monitoring. The easiest way 
to reduce the frequency of them is to decrease 
the number of medicines prescribed. Nevertheless, 
sometimes it’s difficult to reduce the number of 
drugs prescribed for patients with multiple chronic 
conditions; therefore, to lower the frequency of 
potential interactions it could be necessary to make 
a careful selection of therapeutic alternatives, and 
in cases without other options, patients should be 
continuously monitored to identify adverse events. 
The clinical pharmacist is of paramount importance 
in this process to provide information for a better 
decision, improving quality of treatment and reducing 
risks for the CKD patients.
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