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ABSTRACT – Purpose. The hazards of 
prescribing many drugs, including side-effects, 
drug-drug interactions (DDI) and difficulties of 
compliance have long been recognized as particular 
problems when prescribing. This study estimates 
the rate and factors associated with potential DDI in 
prescriptions from wards of a Brazilian teaching 
hospital. Methods. Data were retrieved from wards 
of a teaching hospital (300 beds) handwritten 
prescription, once a week during a period of 4 
months in 2004. Potential DDI were identified 
using DrugReax® system. Patient’s age and gender, 
number of prescribers; number of drugs and 
therapeutic drug classes on prescriptions were 
explored as associated factors to DDI. Results. The 
overall frequency of potential DDI was 49.7%. The 
frequency of the potentially major DDI was 3.4%, 
with digoxin-hydrochlorothiazide as the most 
common interacting pair. The rate of potential DDI 
was significantly associated to in-patients’ gender 
[woman, Odds ratio (OR)=1.23 (P=0.035)], age ≥55 
years old [OR=1.5 (P=0.0008)], number of 
therapeutic drug class (ATC code, level 1) ≥ 4 
[OR=5.5 (P=0.0000), cardiology patients [OR=7.87 
(P=0.0000)] hospitalized at weekends [OR=1.24 
(P=0.039)] and having digoxin prescribed 
[OR=16.79 (P=0.0000)]. A positive correlation was 
found between DDI, patient’s age, number of drugs 
and therapeutic action ATC codes were significant, 
controlling for gender (Pearson’s r=0.628, 
P=0.001). Conclusions. Cardiology women 
inpatients, age more then 55 years old, 7 or more 
drugs prescribed (including digoxin) and 
hospitalized at weekends should be closely 

monitored for adverse outcomes from DDI. A 
collaborative approach toward drug selection is 
strongly recommended, as well as electronic 
prescribing and development of pharmaceutical 
care in Brazilian hospitals.   
 
 
INTRODUCTION 
 
Drug-drug interactions (DDI) in patients receiving 
multi-drug therapy are of wide concern. Such 
interactions are an important cause of adverse drug 
reactions and may lead to an increased risk of 
hospitalization and higher health care costs 
(Hamilton, Briceland and Andritz, 1998; Shad, 
Marsh, Preskorn, 2001; McDonnell and Jacobs, 
2002; Wiffen et al 2002; Juurlink 2003). Studies 
conducted in various countries report rates of 
potential drug–drug interactions ranging from 
approximately 1 to 66 (Heininger-Rothbucher et al, 
2001; Bjorkman et al, 2002; Geppert et al, 2003; 
Bobb et al, 2004; Klarin, Wimo and Fastbom, 
2005). In Brazil, a number of short-term studies 
report on potential interactions among selected 
groups of drugs or patients (Meiners and Bergsten-
Mendes, 2001; Miyasaka and Atallah, 2003). These 
reports suggest rates of 32% for paediatrics patients 
and 22% for psychiatric ones. The prevalence of 
drug-drug interactions and the factors associated 
with it is scarce. The aim of this study was to 
estimate the prevalence and the factors associated 
with potential DDI in adult inpatients’ prescriptions 
of wards of a teaching hospital in Brazil. 
 
 
MATERIAL AND METHODS 
 
Study Design 
 
A retrospective case-control study (1:1) was 
performed using data of the prescriptions held at the 
pharmacy of a Brazilian teaching hospital. The 
hospital is a 300-bed teaching public institution, 
which is also a referral centre for hospital care.  
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Study Population 
 
During a 4-month period, approximately 11,250 
adult inpatients received handwritten prescriptions 
with two or more drugs prescribed at wards. Based 
on a power calculation including chosen potential 
predictor with at least 11% of occurrence at 
controls, desired odds ratio OR>1.5, p<0.05, 
calculated sample was of 1766 prescriptions (883 
cases and 883 controls). It was selected random 
samples of cases (prescriptions with one or more 
DDI) (n=887) and controls (prescriptions without 
DDI) (n=898) were drawn from a source of 11,250 
prescriptions (of which 49.7% with DDI). The total 
amount of prescriptions for further analysis in this 
study was 1785 prescriptions. 
 
Inclusion Criteria 
 
Prescriptions with two or more drugs prescribed 
were selected once a week, from January to April 
2004. All drug groups were accepted. Patients of 
both genders and 12 years-old or more were 
included in this study. Only one prescription from 
each patient during his/her hospitalization at ward 
during the study period was included.  
 
Study Protocol 
 
A total of 1785 prescriptions were selected. The 
ratio man/woman in the study was preserved as 
60/40, according to the hospital’s wards ratio. Cases 
and controls were identified by using a 
computerized DDI database system (Micromedex® 
DrugReax® - Klasko, 2004). Case was defined as 
prescription with one or more potential DDI. To 
estimate rates, results were expressed as odds ratios. 
All drugs were classified with Anatomical-
Therapeutic-Chemical Classification (ATC code, 
level one – WHO, 2004).  
 
Exposure Measures 
 
Study predictors of DDI included and its criteria 
were: (a) prescriber characteristics [medical 
specialty; number of prescribers at each 
prescription; prescribing week day (weekend or 
no)], (b) patient characteristics [gender, age (more 
then 55 years old)], (c) drug characteristic [number 
of drugs, number of therapeutic drug classes 

(number of ATC codes), therapeutic drug class, 
drug]. 
 
STATISTICAL ANALYSIS 
 
Demographic data of patients and other data of 
prescriptions were presented as media, standard 
deviation and percentage. Student’s t, χ2 (qui-
square) and Fisher’s exact tests were performed. 
Probability (P) values of 0.05 or less were 
considered statistically significant. Odds ratio with 
95% confidence intervals (95% CI) and Pearson’s 
correlation were calculated. All statistical analyses 
used the statistical package EpiInfo® (Who, 2004). 
 
RESULTS 
 
From 1785 prescriptions retrieved from hospital 
pharmacy for data analysis, at least 1089 
prescriptions (61%) were of inpatients of male 
ward. The average age of inpatients was 52.7 ± 18.9 
years old (range: 12–98 years old). 

Table 1 presents detailed information on all 
prescriptions that were included in this study.  
 
Table 1. Characteristics of sample of prescriptions 

CHARACTERISTICS CASES 

Range 

CONTROLS 

Range 

Patient’s age (years old) 12-98 12-97 

Number of prescribers 1-4 1-3 

Number of drugs 2-20 2-17 

Number ATC codes 1-8 1-8 

TOTAL 887 898 

 
 
Age of case patients (51.5 ± 21.4 years old) was not 
significantly different (p=0.551) from controls (50.6 
± 19.2 years old). Prevalence of potential DDI was 
significantly higher for inpatients who were women 
[52.9%; 368/696; OR=1.23 (95% IC: 1.01-1.50; 
p=0035)] or patients who were 55 years old or more 
(55.2%; 411/745; OR=1.41 (95% IC: 1.15-1.73; 
p=0.0008).  

Medical specialty, number of prescribers 
and prescription week day presented significant 
differences in DDI prevalence. Cardiology and 
ophthalmology, as medical specialties showed the 
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greatest potential DDI prevalence (87.2%, 123/141 
for prescriptions from Cardiology; 85.0%, 17/20 for 
Ophthalmology). Prevalence of DDI in 
prescriptions for patients hospitalized at weekends 
was 53.4% [299/560; OR=1.24 (95% IC: 1.01-1.52, 
p=0.039)], and these were significantly different. 
Prevalence of DDI was significantly affected on a 
linear mode by more then one prescriber [53.2% 
(327/615), OR=1.25; 95% IC: 1.02-1.53; p=0,031)], 
linear trend of χ2 was also significant (χ2 = 7,374; 
p=0,006). 

The media number of drugs prescribed at 
case prescriptions (9 ± 3 against 5 ± 3; p=0.0000) 
and media number of therapeutic drug classes (4 ± 
1 against 3 ± 1; p=0.0000) were significantly 
different from controls. DDI increased with the 
number of prescribing drugs and also with the 
number of ATC codes of therapeutic drug classes. 
Prevalence of DDI was significantly different when 
7 or more drugs were present at prescription [58.5% 
(848/1450)] and when 3 or more therapeutic action 
codes were involved [64.5% (719/1114)]. DDI 
increased on a linear mode with the number of 
drugs prescribed (trend χ2=506.058, p=0.0000) and 
on a similar way with the number of ATC codes of 
therapeutic drug classes (trend χ2=284.353, 
p=0.0000). The top three ATC codes of therapeutic 

drug classes associated with potential DDI were: 
sensory organs [ATC code “S”, 80% (32/40), 
OR=4.16 (95% IC: 1.85-10.51; p=0.0002)], blood 
[ATC code “B”, 67,2% (565/841), OR=3.95 (95% 
IC: 3.23-4.84; p=0.0000)] and cardiovascular 
system [ATC code “C”, 67,0% (543/811), OR=3.71 
(95% IC: 3.03-4.54; p=0.0000)].  

It was found a positive correlation between 
total DDI and some predictors: patient’s age, 
number of drugs and number of therapeutic areas, 
controlling for gender. Pearson’s correlation was 
0.628 (p=0.001). 

At least 653 (73.6%) prescriptions 
presented more then one DDI with different adverse 
drug reactions, while 234 (26.4%) presented one. 
Prevalence of major DDI was 3.4% of 887. Some 
specific drugs were strongly associated with major 
DDI. Prescription of digoxin, aminophylin, 
amiodarone, fluoxetine, metoprolol or warfarin 
leaded to potential DDI in approximately 95% of 
the times. Chances of DDI with one of these drugs 
were on average 13 times bigger then with other 
drugs. Table 2 presents the significant findings of 
the analysis.  
 
 

 
Table 2. Prescription factors associated with drug interactions 

PREDICTOR FACTOR OR IC (95%) P 

PATIENT CHARACTERISTICS:    

Age ≥ 55 years old 1.41 1.15-1.73 0.0008 

Gender = Woman 1.23 1.01-1.50 0.0350 

Number of drugs ≥ 7 9.91 7.92-12.39 0.0000 

Number of therapeutic codes ≥ 3 9.91 7.92-12.39 0.0000 

PRESCRIBER CHARACTERISTICS:    

More then one prescriber 1.25 1.02-1.53 0.0310 

Medical Specialities: Cardiology 7.87 4.72-13.84 0.0000 

                               Ophthalmology 5.83 1.68-31.13 0.0030 

Prescription for weekend hospitalizations 1.24 1.01-1.52 0.0390 

DRUG CHARACTERISTICS:    

ATC code “B” 3.95 3.23-4.84 0.0000 



J Pharm Pharmaceut Sci (www. cspsCanada.org) 9 (3): 427-433, 2006 
 
 

 
 

430 

ATC code “C” 3.71 3.03-4.54 0.0000 

ATC code “S” 4.16 1.85-10.51 0.0002 

ATC code “J” 2.17 1.79-2.64 0.0000 

Digoxin 16.79 7.35-47.17 0.0000 

Metoprolol 16.79 7.35-47.17 0.0000 

Aminophylin 14.60 3.66-126.75 0.0000 

Amiodarone 7.42 3.64-17.09 0.0000 

Fluoxetine 10.83 3.89-41.77 0.0000 

Warfarin indef 57.55 0.0000 

 
 
DISCUSSION 
 
This study revealed that the overall prevalence of 
potential DDI in Brazilian teaching hospital 
prescriptions was 49.7%, prevalence of major DDI 
was 3.4% and which factors were associated with it. 
Prevalence of DDI was on the expected range of 1 
to 66 reported before by other authors (Heininger-
Rothbucher et al, 2001; Bjorkman et al, 2002; 
Geppert et al, 2003; Bobb et al, 2004; Klarin, Wimo 
and Fastbom, 2005). In Brazil, there are few studies 
about it. However, our values cannot be directly 
compared with Brazilian authors who had reported 
previously (Meiners and Bergsten-Mendes, 2001; 
Miyasaka and Atallah, 2003) because of the 
differences in the study design and population. 

Our findings revealed also that the 
prevalence of potential DDI was positively 
associated with the patient’s gender and age. A 
higher rate of DDI was present between woman and 
patients who were 55 years old or more. This 
corresponds to other studies reporting that potential 
drug interactions were common in elderly people 
who were on multi-drug regimen (Hamilton, 
Briceland and Andritz, 1998; Bjorkman et al, 2002). 
Our study shows that the odds ratio of having a 
potential DDI was twice greater then that of ages 
less then 55 years old. The higher rate of potential 
drug interactions in old age in this study was 
probably because of the higher number of 
prescribed medications to this population. Results 
from Kohler et al (2000) indicated that the 
percentage of elderly patients with potentially 
interacting drug combinations prescribed increased 
greatly with the number of medications given.  

The rate of potential DDI was also 
associated with prescription size. This result was 
similar to that found by Bjerrum (2003), who noted 
that 15% of the population exposed to 
polypharmacy was exposed to drugs carrying a risk 
of harmful interaction. Results from other studies 
indirectly support this finding. Our study showed 
that the odds ratio of having potential drug 
interactions increased in a linear mode when the 
number of prescribed drug increased by one.  

Also, Pearson’s correlation showed positive 
association between total DDI and patient age, 
prescription size and number of therapeutic areas of 
drugs prescribed. Our data suggests that along with 
prescription size, medical specialty and number of 
prescribers are also clear predictors of potential 
DDI. 

Fijn et al (2002) had found a highest rate 
for Orthopaedists while we do found a highest 
prevalence for Cardiologists. In our study, the 
chance of interacting drug pairs per prescription 
was 8 times higher for Cardiology patients then to 
ones from other medical specialities. These 
differences suggest that the pattern of hospital drug 
prescribing and patients are not similar around the 
world.  

According to prescription data retrieved, it 
was not possible to estimate the duration of drug 
treatment. However, assuming that a patient had 
been taking any drug continuously prior to 
receiving another drug in the next period, we have 
shown that the rate of drug interactions was higher 
and dependent on the day of the week. 

This study also revealed the prevalence of 
the potentially major drug interactions in Brazilian 
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teaching hospital adult wards. Langdorf et al (2000) 
had found 25% of prevalence of DDI at California. 
The major DDI included the commonly 
cardiovascular prescribed combination regimen of 
digoxin and hydrochlorothiazide. The risk of 
digitalis toxicity is increased in patients receiving 
these drugs concomitantly. Patients given diuretics 
with digitalis should be told to add rich sources of 
potassium to their diet or they should be given 
potassium supplements, even though their serum 
potassium level is normal (Klasco, 2004). Twenty-
four percent of 144 patients on combination therapy 
of digoxin plus diuretic experienced digoxin 
toxicity, compared to only 9% of 53 patients on 
digoxin alone (Hurwitz & Wade, 1969). If a 
digitalis glycoside and a thiazide diuretic are used 
concurrently, the patient should be monitored for 
ECG signs of potassium depletion (Jorgensen & 
Sorensen, 1970). The clinical significance of such 
interactions depends on many factors such as drug 
dosage, period of concurrent drug use and extent of 
patient monitoring by physicians. These parameters 
were not the scope of this work, but are under 
investigation by now. 

We had found 10% of prevalence of major 
DDI and that is of great concern. We cannot 
quantify how many of these DDI were known by 
the prescribing physicians but we assume that they 
were possibly unaware of the potential risk 
associated with certain combinations. We suppose 
that pharmacy staff had also failed to mediate this 
information to physicians. The process of 
prescribing and dispensing drugs at Brazilian 
hospitals should be reengineered. 

The limitations of this study were most due 
to the retrospective design of it. To better quantify 
the clinical relevance of potential interacting drug 
combinations during hospital stay, a prospective 
design would be necessary, including a follow-up 
long enough after discharge to assess the outcome 
of DDI with a delayed onset too. More over, the 
clinical relevance of a DDI is often categorised 
along two dimensions (Roberts et al., 1996), the 
expected ‘severity’ of a patient’s physical reaction 
to a DDI and the ‘documentation’, i.e. the amount 
and quality of research that suggests whether a 
particular DDI will indeed occur in humans. The 
clinical effects of any DDI, regardless of how well 
documented, do not occur in every patient or to the 
same degree of intensity. They depend on patient-
related factors that usually require individual 

assessment (Jankel and Fitterman, 1993). Besides, 
an additional drug prescribed may sometimes 
counteract the potential adverse clinical 
consequences resulting from a specific interacting 
drug combination. Generally, drug interactions 
programs do not consider this. Moreover, the 
sequence of drug administration and patient-related 
factors may be crucial for the occurrence of adverse 
effects and they were not part of the computerised 
check for DDI because patients’ charts were not 
online. 

The potentially major drug interacting 
combinations can be associated with clinically 
relevant adverse reactions. This does not preclude 
from closely monitoring the drug prescriptions to 
minimize the patient’s risk of drug-related 
problems. A computerised drug-interaction program 
may be a valuable and helpful tool to check for 
DDI, but it has to combine with clinical 
pharmacological experience and expertise as well as 
the knowledge of relevant patient-related factors 
(Bond et al., 2001; Gray and Felkey, 2004). This 
also implies that computer programs should 
emphasize more on the practical importance of a 
drug interaction. 

One common problem in the study of 
prevalence of DDI in prescriptions is that there are 
little agreement among commonly used drug 
interaction compendia and the absence of a gold 
standard reference (Abarca et al, 2004). In spite of 
that, DrugReax® has been considered the most 
complete one (Malone et al, 2004). In fact, we have 
used in this study the one that lists the majority of 
known interactions and this could have 
overestimated DDI in our sample. One problem for 
this kind of research at developing countries is the 
affordability to appropriate drug databases and drug 
interaction computer prescribing software. Besides, 
analysis of great number of handwritten 
prescriptions is time consuming without electronic 
prescribing.  

All these points could have overestimated 
the risk of DDI.  For better assess of the clinical 
relevance of a DDI it would be of great interest to 
know how often a DDI indeed manifests at 
prescriptions. This is the major contribution of this 
study. These numbers are generally lacking because 
drug interaction studies are focused on the 
mechanisms, pharmacokinetic studies, or from 
single case reports or case series that give no 
information on the denominator of patients exposed 
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to this drug combination (Koh, 2001; McCabe, 
2004). Besides, DDI’ studies of clinical relevance 
are often performed in a small group of volunteers 
or derive from case series with specific patients or 
drugs. 
 
CONCLUSIONS 
 
Potential drug interactions are frequent among 
inpatients prescribed multiple medications. 
Prevalence of drug interactions increases by a linear 
mode according to number of drugs prescribed, 
number of therapeutic drug classes, patients’ gender 
and age. Our findings revealed a positive Pearson’s 
correlation between total DDI and patient age, 
number of prescribers, cardiology patients and 
hospitalization on weekends. Cardiology patients 
with comorbidity, age more then 55 years old, who 
had seven or more drugs prescribed (including 
digoxin) and hospitalized at weekends should be 
close monitored for adverse outcomes from DDI, to 
avoid clinically important consequences.  

Electronic prescriptions, bar codes 
identification of patients and drugs, accurate system 
of drug news inside the hospital and prescription of 
less than seven drugs, as well as careful selection of 
drugs and active pharmaceutical care practices are 
some of the suggestions strongly recommended to 
Brazilian hospital physicians and pharmacists. More 
integrative relationship between health 
professionals and ways to improve hospital care are 
also recommended. 
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