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Abstract Objective: Drug—drug interactions are rela-
tively rarely reported to spontaneous reporting systems
(SRSs) for adverse drug reactions. For this reason, the
traditional approach for analysing SRS has major limi-
tations for the detection of drug—drug interactions. We
developed a method that may enable signalling of these
possible interactions, which are often not explicitly
reported, utilising reports of adverse drug reactions in
data sets of SRS. As an example, the influence of con-
comitant use of diuretics and non-steroidal anti-inflam-
matory drugs (NSAIDs) on symptoms indicating a
decreased efficacy of diuretics was examined using
reports received by the Netherlands Pharmacovigilance
Foundation Lareb.

Methods: Reports received between 1 January 1990 and
1 January 1999 of patients older than 50 years were in-
cluded in the study. Cases were defined as reports with
symptoms indicating a decreased efficacy of diuretics,
non-cases as all other reports. Exposure categories were
the use of NSAIDs or diuretics versus the use of neither
of these drugs. The influence of the combined use of
both drugs was examined using logistic regression
analysis. Results: The odds ratio of the statistical inter-
action term of the combined use of both drugs was
increased [adjusted odds ratio 2.0, 95% confidence
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interval (CI) 1.1-3.7], which may indicate an enhanced
effect of concomitant drug use.

Conclusion: The findings illustrate that spontaneous
reporting systems have a potential for signal detection
and the analysis of possible drug—drug interactions. The
method described may enable a more active approach
in the detection of drug—drug interactions after mar-
keting.
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Introduction

Since the early 1960s, spontaneous reporting systems
(SRSs) have been used to detect adverse drug reac-
tions (ADRs) after marketing of drugs. Nowadays,
these reporting systems play a major role in pharma-
covigilance [1]. Since the size of data sets is increasing,
automated signal generation may be a promising tool
for selecting possible combinations of ADRs and
drugs that might be worthwhile analysing in more
detail [2, 3, 4]. For signal detection concerning possi-
ble unexpected ADRs, various measures of dispro-
portionality can be used, including reporting odds
ratios (RORs) [5, 6].

The basic principle of looking for disproportionality
can be extended to the detection of drug—drug interac-
tions, which are generally more difficult to detect. Usu-
ally a drug—drug interaction might be suspected in the
event that similar substances have proven to cause a
similar interaction. If this is not the case, detection
becomes more complicated. In the event a drug-drug
interaction is unexpected given the previous knowledge,
it is rarely reported to a SRS. Furthermore, in individual
patients, it is usually not clear whether ADRs arise
directly from the use of a certain drug or that the ADR
concerned is in fact the result of an underlying phar-
macodynamic or pharmacokinetic drug-drug interac-
tion. In particular in the elderly, additional factors such



734

as co-morbidity and multiple drug use may be present,
enhancing the number of possible explanations of a
certain unexpected clinical event. In pre-marketing trials,
patients with multiple drug use are usually excluded,
which makes the detection of drug—drug interactions in
the post-marketing period even more important.

In the event of a drug-drug interaction, one drug
influences the effect of another drug. This may sub-
sequently cause an increase or decrease in the number
of reported ADRs of the latter drug. By analysing
individual reports, it is usually difficult to recall
whether specific concomitant medication was also used
in similar reports. An automated statistical approach
may be helpful in analysing large numbers of these
reports and in revealing the existence of these complex
relationships. The influence of the combined use of
drugs can be studied by introducing a statistical in-
teraction term in a logistic model for the calculation
of RORs, as was shown in a previous study by our
group [7].

As an example of the approach described, in reports
received by the Netherlands Pharmacovigilance Foun-
dation Lareb, the concomitant use of both diuretics and
non-steroidal anti-inflammatory drugs (NSAIDs) was
associated with the occurrence of symptoms that may
point towards a reduction of the therapeutic effects of
diuretics. This drug—drug interaction has been described
in several case reports and studies [8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21].

Methods

Setting and design

The Netherlands Pharmacovigilance Foundation Lareb is the
national centre for submitting spontaneous reports of suspected
ADRs originating from health care professionals in the Netherlands
[22]. These reports are considered to be a reflection of the ADRs
that occur in daily practice, taking into account the various degrees
of underreporting that are an inherent attribute of spontaneous
reporting [23, 24, 25, 26]. The analysis of drug—drug interactions is
based on the assumption that specific ADRs may occur more fre-
quently when both drugs are used concomitantly in comparison
with separate use [7, 27]. This specific increase in reports is assumed
to be reflected in the number of reports to Lareb.

All reports submitted to Lareb between 1 January 1990 and 1
January 1999 of patients older than 50 years were included in the
analysis. Data concerning ages and genders of the patients had to
be available.

Selection of cases and non-cases

A decrease in the efficacy of diuretics may express itself as the
occurrence of oedema or signs indicating the onset or worsening
of congestive heart failure (CHF). After being received by Lareb,
the reported possible ADR is coded by a qualified assessor using
the World Health Organization (WHO) Adverse Drug Reaction
Terminology [28]. The presence of one or more of the following
WHO preferred terms on the reports was therefore considered as
an indication for this situation: ‘oedema’, ‘oedema dependent’,
‘oedema generalised’, ‘oedema peripheral’, ‘cardiac failure’, ‘car-
diac failure left’, ‘cardiac failure right’, ‘pulmonary oedema’ and
‘oedema legs’. Reports that mentioned one of the aforementioned

ADRs were defined as cases. Non-cases were defined as all other
reports.

Exposure categories

Information about concomitant drug use is requested on the
reporting forms. For the vast majority of the reports Lareb has the
patients’ drug dispensing history from community pharmacies. All
drugs in use at the moment the ADR occurred were considered
possible causes of the ADR. If a drug was used to treat the ADR it
is not listed as concomitant medication. The reporting health
professionals give an indication which drug is considered the sus-
pected drug. Usually, however, only one drug is indicated. Since we
were looking for drug—drug interactions, we therefore made no
distinction between suspected and non-suspected medication. All
medication that the patient was using according the medication
history on the calendar date of the event was considered.

Exposure categories were the use of NSAIDs [WHO Anatomical
Therapeutic Chemical (ATC) classification code MO1A], or diuretics
(ATC code C03) versus the use of neither of these drugs. Covariates
used in the analysis were: type of health professional that reported
the ADR (either pharmacist or physician), year of reporting, age and
gender of the patient involved, the use of antidiabetic drugs (ATC
code A10), cardiac glycosides (ATC code CO01), antihypertensive
drugs (ATC code C02), peripheral vasodilatating drugs (ATC code
C04), -blocking agents (ATC code C07), calcium channel blocking
agents (ATC code C08) and drugs acting on the renin angiotensin
aldosterone system (RAAS, ATC code C09).

Statistical analysis

For the analysis, the following logistic model was used:
log(odds) = fiy + BN + ,D + f3N"D + f,_Chx

where N=NSAIDs, D =diuretics, C,,_,=different covariates, i.e.
age, source and reporting year.

A statistically significant value of the interaction term f3 indi-
cates an additional effect of concomitant use of diuretics and
NSAIDs. Probability (P) values of 0.05 or less were considered
statistically significant. For all analyses the statistical package SPSS
8.0 was used.

Results

From January 1990 until January 1999, Lareb received
9907 reports of patients aged over 50 years. Eighty-five
reports were excluded because the age or gender of the
patient was not known. A total of 9822 reports, which
were separated into 305 cases and 9517 non-cases, were
included in the analysis.

Characteristics of cases and non-cases concerning age,
gender, source of the reports and the use of several cardiac
drugs are provided in Table 1. Among the cases, the
number of females and the age of the patients (P <0.01, ¢-
test) is significantly higher. Also the use of diuretics,
NSAIDs, antihypertensive drugs and calcium channel
blocking agents was more frequent among the cases.
There were no differences concerning the use of insulin
and oral antidiabetic drugs, cardiac glycoside drugs, pe-
ripheral vasodilatating drugs, beta-blocking agents, and
drugs acting on the RAAS in the medication history.

Among the cases, the following suspected ADRs were
mentioned on the reporting forms: oedema (n=68),
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Table 1 Characteristics of cases

Cases Non-cases Odds ratio
nd non- . NSAIDs non- > ’
R e
drugs; 95%CI 95% confidence
- . - - Mean age (years) 67.4 65.9
interval, RAAS renin angioten=  pomyjes 224 (73.4) 5848 (61.4) 173 (1.34-2.24)
Y Reports by physicians 210 (68.9) 6220 (65.5) 1.17 (0.92-1.50)
NSAIDs 67 (22.0) 1546 (16.2) 1.45 (1.11-1.91)
Diuretics 78 (25.6) 1697 (17.8) 1.58 (1.22-2.06)
Insulin and oral antidiabetic drugs 17 (5.6) 656 (6.9) 0.79 (0.49-1.31)
Cardiac glycosides 43 (14.1) 1185 (12.5) 1.15 (0.83-1.60)
Antihypertensive drugs 14 (4.6) 209 (2.2) 2.14 (1.23-3.73)
Peripheral vasodilatating drugs 3 (1.0) 79 (0.8) 1.19 (1.37-3.78)
Beta-blocking agents 66 (21.6) 1727 (18.1) 1.25 (0.94-1.64)
Calcium antagonists 127 (41.6) 1246 (13.1) 4.74 (3.74-6.00)
Drug acting on the RAAS system 49 (16.4) 1717 (18.0) 0.87 (0.64-1.19)
g?eztn% i 111) ézt;égiign nggfjcr;g:s’ Cases Non-cases Total OR (95% CI)
stratified g‘r’lrntﬁfﬁgfﬁn‘ig;?? 4. NSAID not present  Diuretic not present 185 6527 6712
. - . Diuretic present 53 1444 1497 1.29 (0.95-1.77)
ugs (NSAIDs) and diuretics. Total 738 7971 8209
95%CI 95% confidence inter- ota
val; OR odds ratio NSAID present Diuretic not present 42 1293 1335
Diuretic present 25 253 278 3.03 (1.82-5.08)
Total 67 1546 1613

oedema dependent (n=90), oedema generalised (n=14),
oedema peripheral (n=45), cardiac failure (n=14), car-
diac failure left (n=6), oedema pulmonary (n=3) and
oedema legs (n=66). The WHO term ‘cardiac failure
right” was not noted on the report forms. Since more
than one ADR can be attributed to one report, the total
number of suspected ADRs exceeds the number of cases.
The distribution of drugs present in cases and non-
cases, stratified for the use of NSAIDs and diuretics, is
shown in Table 2. The corresponding odds ratios with
95% confidence intervals are also shown. If no NSAID
was used, the crude odds ratio for the use of diuretics
was 1.29 (0.95-1.77). If an NSAID was used by the
patient, the crude odds ratio was 3.03 (1.82-5.08).
Crude and adjusted odds ratios and 95% confidence
intervals are shown in Table 3. The use of diuretics or
NSAIDs alone is not statistically significant as an in-
creased risk for onset or worsening of symptoms of CHF
or oedema. However, the odds ratio of the statistical in-
teraction term NSAIDs x diuretics is statistically signifi-
cant (adjusted odds ratio 2.0, 95%CI 1.1-3.7). This is an
indication for an enhanced chance of cases being re-
ported, associated with the combined use of both drugs.

Discussion
Methodology

In the event drug—drug interactions had not been pre-
viously observed clinically or experimentally, the detec-
tion in the post-marketing phase is troublesome. We
developed a method by which drug—drug interactions,
which were not reported explicitly, can be detected using

Table 3 Association between non-steroidal anti-inflammatory
drugs (NSAIDs), diuretics and covariates on the occurrence of
symptoms of congestive heart failure (CHF) during the use of
NSAIDs and diuretics. Odds ratio adjusted for age, gender, source,
year of reporting and the use of antidiabetic drugs, cardiac
glycosides, antihypertensive drugs, peripheral vasodilatating drugs,
p-blocking agents, calciumantagonists, and drugs acting on the
renin angiotensin aldosterone system (RAAS). 95% CI 95% con-
fidence interval;, 4TC anatomical therapeutic chemical

Covariates Adjusted Unadjusted
odds ratio odds ratio
(95% CI) (95% CI)
NSAIDs (ATC code MO1A)  1.22 (0.86-1.73) 1.15 (0.82-1.61)
Diuretics (ATC code C03) 1.05 (0.75-1.46)  1.29 (0.95-1.77)
Interaction term NSAIDs 2.00 (1.08-3.69) 2.35(1.29-4.28)

diuretics
Age (years)
Gender female
Source (physician)
Year of reporting
Antidiabetic drugs (A10)
Cardiac glycosides (CO01)
Antihypertensives (C02)
Peripheral vasodilatating
drugs (C04)
p-blocking agents (C07) 1.06 (0.79-1.41)
Calcium antagonists (C08) 5.25 (4.09-6.75)
Drugs acting on the RAAS 0.83 (0.60-1.15)
system (C09)

1.01 (1.00-1.02)
1.80 (1.38-2.34)
0.93 (0.71-1.22)
0.93 (0.88-0.98)
0.75 (0.45-1.25)
0.68 (0.48-0.98)
1.94 (1.09-3.45)
0.85 (0.25-2.86)

a spontaneous reporting system. Although this method
was developed to detect unknown drug-drug interac-
tions, in this case the well known interaction between
diuretics and NSAIDs was used to illustrate this new
approach.

In contrast to the exposure categories diuretics or
NSAIDs, the odds ratio of the statistical interaction
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term of the combined use of both drugs was increased,
which may indicate an enhanced effect of concomitant
drug use. As shown in Table 2, the ROR expressing the
magnitude of the association between diuretics and signs
of oedema or CHF increased when NSAIDs were used
among the concomitant medications. This odds ratio
can also be calculated as the product of the ROR of
diuretics (1.29) and the ROR of the interaction term
(2.35).

The analysis rests upon the assumption that the data
set of the SRS is a close representative of the event rate
occurring in the population of drug users. In this way,
the calculated odds ratios approximate the incidence
rate of the ADRs in the population of drug users. The
observation of a disproportionate association relative to
the whole database, even if different adjustments are
made, does not imply a causal relationship but suggests
an association and serves as a starting point for further
analysis. The methodology is to be used for signalling
interactions and not for signal testing. Interpretation of
the data should be done with great trepidation due to the
spontaneous character of the reports giving rise to all
possible sources of bias. If there is a specific interest in
an interaction for instance, a reporting bias might occur.
None of the original reporting forms, however, men-
tioned a suspicion of a possible drug—drug interaction.
Increased reporting due to a recent introduction of a
drug or attention for an ADR in the media does not
necessarily influence the reporting odds ratio since non-
selective reporting bias has a similar effect on both
numerator and denominator [5]. Another point of at-
tention is confounding bias. For instance, a third drug
may act as a confounder when it is associated with one
of the drugs or the concomitant use of both suspected
drugs. The interaction term NSAIDs x diuretics also
might have been increased due to confounding if a sta-
tistical interaction existed between the use of NSAIDs
and a pre-existing CHF, for which diuretics were used to
treat this condition. Therefore, in a separate analysis, the
interaction terms NSAIDs x cardiac glycosides and
NSAIDs x ACE-inhibitors were added to the logistic
model. The adjusted odds ratios for the latter interaction
terms were not significantly increased, whereas the ad-
justed odds ratio for the interaction term NSAIDs X
diuretics was 2.0 (95% CI 1.0-3.7). These findings are
supportive for an actual interaction between diuretics
and NSAIDs and not for confounding due to an inter-
action between the use of NSAIDs and a pre-existing
cardiac failure.

Different covariates were used in the analysis. Since
pre-existing impairment of kidney function, enhancing
the risk of using NSAIDs, for instance in case of dia-
betes mellitus and hypertension, cannot be excluded [29],
both antidiabetic drugs and antihypertensive agents
were used as covariates. The use of NSAIDs alone (in
the absence of the use of diuretics) is also associated with
signs of CHF [20, 30, 31] and oedema is a common ADR
of these drugs [32]. The use of calcium antagonists is also
associated with leg oedema [33]. In our study, the

influence of calcium antagonists on the occurrence of
symptoms of CHF, mainly oedema, was evident. If an
additional analysis is done after exclusion of all reports
that mention the presence of one of the calcium antag-
onists in the medication history, the adjusted odds ratio
of the interaction term NSAIDs X diuretics was still 2.6
(95% CI 1.2-5.3).

The source of the reports was also used as a covari-
ate, since physicians might report signs of CHF more
often than pharmacists; however, pharmacists might be
more familiar with the drug-drug interaction under
investigation. In the logistic model we corrected for age
of the patient, since the change on CHF increases in
elderly patients. In this age group the use of NSAIDs
also might increase, i.e. because of rheumatological
disorders. Because of the various degrees of underre-
porting that are inherent to SRS, it is difficult to estimate
the true incidence of a possible interaction.

NSAIDs and diuretics

Several reports in the literature suggest that concomitant
use of diuretics and NSAIDs might lead to a decrease in
the effect of the diureticdrug[8,9, 10, 11,12, 13, 14, 15, 16,
17,18,19,20, 21]. This applies to sulphonamides as well as
thiazide diuretics. Because of the small number of reports
with combined use of NSAIDs and diuretics, we did not
make a distinction between different classes of NSAIDs
and diuretics. In larger databases that also offer the pos-
sibility of the use of concomitant medication, studying the
different classes of NSAIDs would be possible.

In this study we used a limited number of ADR codes
that might indicate a decrease in the effect of diuretics.
Since the starting point in the analysis was a reduction in
the effect of diuretics, the analysis was not restricted to
oedema only. Nevertheless, the number of cases that were
coded as cardiac failure was rather low (6.5%). This
might be partially related to the original descriptions of
the reporting health professional, which sometimes
hampers assigning an appropriate diagnosis. In such
cases only the symptoms can be coded. Since it was not
always clear when codes for dyspnoea and related pul-
monary problems should have been attributed to respi-
ratory or cardiological problems, they cannot be used for
automated signal detection. In our database, the majority
of cases of dyspnoea is used for shortness of breath
resulting from a pulmonary cause. Using the code dysp-
noea in the analysis will therefore result in a dilution of
the effect.

Practical considerations of detecting
drug-drug interactions

Detecting drug—drug interactions in data sets of SRS
implies a meticulous process. In theory a large number
of drug—drug interactions is possible. For various com-
binations, either selected at random, or selected based



on a related drug—drug interaction, the interaction term
of the covariates involved can be derived. For this rea-
son, analysis of drug—drug interactions should be de-
veloped as an automated process. The first selection is
based on the presence of a disproportionate increase in
the number of reports of a certain ADR in association
with a combined drug use (unadjusted odds ratio). This
step might be executed automatically by a computer
programme. A second step is the refinement of the signal
using a dedicated correction for possible confounders
present in the database (adjusted odds ratio). In general,
a sufficient number of cases where both drugs are used
concomitantly is a prerequisite for detecting interactions
in a database for ADRs. Furthermore, the drug—drug
interaction should lead to an increase in the number of
reports, which implies a rather strong clinical effect. If
the association is monitored for in pharmacist or phy-
sician information systems, there is a chance that it will
be reported less frequently since it might be considered
as a well-known interaction.

The aim of the present study was to illustrate the
possible use of an SRS as a tool for signalling drug—drug
interactions. Our results were indeed supportive for this
drug—drug interaction. Given the fact that this interac-
tion was present in a relatively small database, the use of
larger databases may be promising. Although in our
example we strengthened a signal that was already
known in literature, SRS may also be used for the actual
detection of drug-drug interactions, provided high
quality reports are available and concomitant drug use is
filed in the database. Due to an increase in the size and
quality of the SRS databases, detection and analysis of
drug-drug interactions clearly offer a major challenge
for pharmacovigilance in the near future. In contrast to
the present way of detecting drug—drug interactions, the
method described provides an active approach in the
post-marketing phase of drugs.
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