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ABSTRACT

Inconsistent information about drug-drug interactions can cause variations in prescribing, and possibly increase the incidence of morbid-
ity and mortality. The aim of this study was to assess whether there is an inconsistency in drug-drug interaction listing and ranking in three
authoritative, freely accessible online drug information sources: The British National Formulary; The Compendium about Drugs Licensed
for Use in the United Kingdom (the Electronic Medicines Compendium) and the Compendium about Drugs Licensed for Use in the United
States (the DailyMed). Information on drug-drug interactions for thirty drugs which have a high or medium potential for interactions have
been selected for analysis. In total, 1971 drug-drug interactions were listed in all three drug information sources, of these 992 were ranked as
the interactions with the potential of clinical significance. Comparative analysis identified that 63.98% of interactions were listed in only one
drug information source, and 66.63% of interactions were ranked in only one drug information source. Only 15.12% listed and 11.19% ranked
interactions were identified in all three information sources. Intraclass correlation coeflicient indicated a weak correlation among the three
drug information sources in listing (0.366), as well as in ranking drug interactions (0.467). This study showed inconsistency of information on
drug-drug interaction for the selected drugs in three authoritative, freely accessible online drug information sources. The application of a uni-

form methodology in assessment of information, and then the presentation of information in a standardized format is required to prevent and

adequately manage drug-drug interactions.
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INTRODUCTION

Drug-drug interactions are the important cause of thera-
peutic problems and increased number of hospital admis-
sions within the European Union [1]. The study which
investigated the causes of hospital admissions of 18820
patients in the United Kingdom (UK) showed that drug-
drug interactions were responsible for about 17% of hospi-
tal admissions because adverse drug effects [2]. The with-
drawal half of drugs from the market in the United States
(US), because of safety reasons, during the period 1999-
2003, was associated with important drug interactions [3].
The adverse effects of drugs which is a consequence of
drug interactions, can be prevented by taking appro-
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priate action. It was estimated that more than three-
quarters of clinically significant drug interactions can
be avoided [4]. For adequate management of drug-
drug interactions, the access to relevant information
sources is very important for health professionals [5].
There are numerous compendia with information on the
drug interactions. However, compendia often do not docu-
ment methodology for listing as well as ranking the poten-
tial clinical severity of drug-drug interactions. This may be
reason for inconsistent informing. Inconsistent drug-drug
interaction information can cause variations and confusions
in prescribing, possibly increasing the incidence of morbid-
ity and mortality [6]. As an example, according to the British
National Formulary (the BNF) and the Summary of Product
Characteristics (SmPC) of amiodarone licensed for use in
the UK coadministration of amiodarone and beta-blockers
should be avoided, but can be safely administered under
close monitoring according to other authoritative sources
[7, 8]. Stockley's Drug Interactions even reports that co-
administration may be therapeutically beneficial. Addition-
ally, previous studies have shown that there is inconsistency
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in drug-drug interaction information [5, 9-15]. Studies were
included standard drug compendia such as the BNF, the
Vidal, the Micromedex” (Drug-Reax) program, the Drug
Interactions Facts, the US Pharmacopeia Drug Information,
the American Hospital Formulary Service Drug Information
(AHFS), Stockley's Drug Interactions, Hansten's Drug In-
teractions Analysis and Management, German Summary of
Product Characteristics (SmPCs), in printed or electronical
form. When it comes to information sources which doctors
and pharmacists use to identify potential drug-drug interac-
tion, the results of previous studies have shown that elec-
tronic references have been consulted most often (MicroMe-
dex, Internet, PDA, UpToDate) 51% and 79%, subsequently.
Printed information sources (AHFS, Facts & Comparasions)
have been used by 9% of doctors and 24% of pharmacists [16].
Health professionals often do not have specialized interac-
tion textbooks to hand or support drug-drug interactions
screening programs [17]. Therefore, the aim of this study is to
identify whether there is consistency in listing as well as rank-
ing clinical significance of drug-drug interaction in three au-
thoritative, freely accessible online drug information sources.

MATERIALS AND METHODS

Criterion for the selection of information sources for analysis

Three analysed compendia were the BNF [18]; the Compen-
dium about Drugs Licensed for use in the UK (the electronic
Medicines Compendia (eMC)) [19] and the Compendium
about Drugs Licensed for Use in the USA (the DailyMed) [7].
The BNF is a publication of the Medical Society of the United
Kingdom and the Royal Pharmaceutical Society of Great Brit-
ain, it is independent, reliable and practice-oriented source
of information which is widely used by clinicians around the
world [20]. The eMC and the DailyMed contain information
about drugs in the form of SmPC. The SmPC represents the
legal basis of information for health professionals on how
to use the medical product safely and effectively [21, 22].
These three selected compendia are characterized by
the unlimited access to information by the Internet.

Criteria for selection of drugs for analysis

and comparison of information

Drugs selected for analisys have a high potential for interac-
tions (for example fluconazole) or belong to major thera-

TABLE 1. Drugs selected for analysis

peutic classes of drugs which are most frequently involved
in drug interactions (for example hydrochlorothiazide)
(Table 1) [18, 23]. No more than one drug of a given thera-
peutic class (third level according to Anatomical Therapeu-
tic Chemical Classification System) was included in analysis
because many drug interactions may be common to mem-
bers of the same class. SmPC for oral route of administra-
tion was randomly chosen in conditions where the drug was
licensed for use under different brand names. In the BNF
the section “Appendix — Drug Interactions” was consulted,
in the other two compendia the section “Interactions with
other medical product and other forms of interaction” was
always evaluated first and in case of cross-references, in-
formation included in the sections “Dosage and method
of administration”, “Contraindications” and “Special warn-
ings and precautions for use” were also taken into account.
All drug-drug interactions for 30 selected drugs were identi-
fied in all three compendia. Comparison of drug-drug inter-
action information was made on the basis of two criteria:
1. Whether drug-drug interaction was listed in the selected
source of information at all.

2. Are there clear recommendations for management of drug-
drug interaction (for example, adjustment of dosing regimen),
that is, whether the drug-drug interaction was considered
clinically significant.

The BNF uses bolding to mark clinically significant inter-
actions, which are assessed as potentially risky. Thus, it is
recommended that drug co-administration is avoided or
carefully monitored. In the other two compendia, clinically
significant interactions were considered those where ac-
cording to SmPC there are contraindications for a combined
administration of the drugs, or SmPC suggests avoiding the
combined administration of the drugs or using drug with
modification therapeutic regimen and/or closer monitoring
of the patient because of clinical significance of drug-drug
interaction. Additionally, if a case that SmPC did not com-
ment on the significance of interactions, we considered as
clinically significant pharmacodynamic (PD) interactions
which may have a significant risk for the patient and require
intervention [4, 24] and pharmacokinetic (PK) interactions
which increase and decrease PK parameters (area under the
curve, elimination half-life or total clearance), at least 100%
and 50%, respectively and for the compounds with a narrow
therapeutic window at least 50% and 33%, respectively [5].

Warfarin Methyldopa Gentamicin Atorvastatin Diclofenac Ciprofloxacin
Lithium Hydrochlorthiazide Fluconazole Clarithromycin Spironolactone Amlodipine
Digoxin Zolpidem Ethinylestradil-Levonorgestrel Verapamil Furosemide Insulin
Methotrexate Valsartan Paracetamol Bisoprolol Indapamide Fluoxetine
Carbamazepine Amiodarone Aminophylline Glimepiride Alprazolam Ramipril
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Statistical analysis

The consistency in listing and in ranking of clinically
significant drug interactions among three compen-
dia was estimated using descriptive statistics and cal-
culating intraclass coefficient of correlation (ICC) [25].

RESULTS

Listed drug-drug interactions

Overall, 1971 interactions were listed for 30 analyzed
drugs in all three compendia (range 8-179 per drug).
The most comprehensive source of information is the
BNF with 1378 listed drug-drug interactions which is
almost twice as more than in the DailyMed (Table 2).
Table 2 also shows how interactions were listed in each in-
dividual compendium reflecting their consistency. Thus,
the majority of drug-drug interactions 1261 (63.98%) were
listed in only one compendium (Table 2), while was in all
three compendia 298 (15.12%) drug interactions were listed.
The intraclass correlation coefficient (ICC) with cal-
culated value of 0.366 indicates a weak correlation
among the three compendia in listed drug-drug inter-
actions (values < 0.7 indicate a weak correlation) [25].

Ranked drug-drug interactions

Overall, 992 interactions were ranked as clinical-
ly significant in all three compendia (range o-153 per
drugs). The number of interactions per compendium
is in the range from 466 in the DailyMed to 487 in the
BNF (Table 3). The proportion of ranked interactions
in relation to the total number of listed drug-drug in-
teractions is the greatest in the DailyMed — 62.84%.
Table 3 also shows how interactions were ranked in each indi-
vidual compendium reflecting their consistency. Most of the

TABLE 2. Consistency among three compendia in listing of drug-
drug interactions

ranked drug-drug interactions 661 (66.63%), were identified
in only one compendium, while in all three compendia only
111 (11.19%) ranked drug-drug interactions were identified.
ICC was 0.467, slightly higher than ICC for the listed
drug interactions, although the value also indicated
a weak correlation among the three compendia [25].

DISCUSSION

The results of this research have shown inconsistency in
listing and ranking drug-drug interactions among three
compendia. Sixty four percentage of interactions were
listed in one drug information source, and 66.63% of inter-
actions were ranked in one drug information source. In
all three compendia the percentage of listed and ranked
drug interactions was only 15.12% and 11.19%, respectively.
Inconsistency in providing information on drug interac-
tions across compendia could be explained by several factors.
Firstly, analyzed compendia do not list information sources
which were used to assess drug-drug interactions. Therefore,
there is a possibility of considering different and limited avail-
able drug information sources such as unpublished research
by pharmaceutical companies, spontaneous drug interaction
reports collected through national post-marketing surveil-
lance systems or published studies about drug-drug interac-
tions in the other languages than English. Secondly, there is
inconsistent and inaccurate classification of drugs. For ex-
ample, according to the US SmPC, the co-administration of
digoxin and calcium channel blockers may lead to blocking
atrio-ventricular (AV) of conduction, while according to the
UK SmPC there are reports for digoxin and each calcium
channel blockers individually (diltiazem, nifedipine, nisoldip-
in, amlodipine, felodipine, isradipin, lercandipin, nicardipine,
nimodipine, nitrendipine and verapamil), with noticed differ-

TABLE 3. Consistency among three compendia in ranking of
drug-drug interactions

Number DDIs listed in different combinations of

Number DDIs ranked in different combinations of

compendia® compendia®
o Number }miquc The The The . Number unique The The The
DDIs listed in: D(I;I.tsolztgd BNE MC DailyMed DDIs ranked in: Dl()%stgatl;]l;cd BNE MC DailyMed
All three compendia 298 (15.12) 298 298 298 All three compendia 111 (11.19) 111 111 111
Two compendia 412 (20.90) 206 206 Two compendia 220 (22.18) 75 75
100 100 38 38
106 106 107 107
One compendium 1261 (63.98) 774 248 239 One compendium 661 (66.63) 263 188 210
Total 1971 (100.00) 1378 858 743 Total 992 (100.00) 487 481 466

Abbreviations used: DDIs, drug-drug interactions; the BNF, British
National Formulary; the eMC, electronic Medicines Compendium
(Compendium about drugs licensed for use in the UK); the DailyMed,
Compendium about drug licensed for use in the USA.

*Total do not reflect sum of entries because of duplicate interactions in
different combinations of compendia
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ences in the clinical significance of interactions. Or, according
to the UK SmPC, we should avoid concurrent use of metho-
trexate and potentially hepatotoxic drugs. The information in
the US SmPC are more precise, for example azathioprine, sul-
fasalazine and retinoides were defined as hepatotoxic drugs.
The results of our study are in concordance with the results
of other similar studies. Previous studies analyzed different
drug information sources and used different approaches in
the evaluation of interaction information and also showed
inconsistency in informing about drug-drug interactions.
Thus, Fulda's et al study showed inconsistency in listing
and ranking clinical significance of interactions in five US
compendia (the US Pharmacopeia Drug Information, the
American Hospital Formulary Service Drug Information,
Hansten's Drug Interactions Analysis and Management, the
Drug Interaction Facts (Facts and Comparisons) and the
Micromedex” program) for five therapeutic class of drugs
(angiotensin converting enzyme (ACE) inhibitors, benzodi-
azepines, beta blockers, calcium channel blockers and non-
steroidal anti-inflammatory drugs (NSAIDs)) [10]. Com-
parative analysis showed that between 58.0% and 64.4% of
interactions were listed in only one of the compendia, while
between 1.0% and 3.1% of interactions were listed in all five
compendia, depending on analyzed therapeutic class. When
it comes to ranking the clinical significance of the interac-
tion, there were not any ranked interactions which were
identified in all five compendia for four therapeutic classes
(benzodiazepines, beta blockers, calcium channel block-
ers, NSAIDs), whereas in the class of ACE inhibitors, 66.7%
of ranked interactions were identified in all five compendia.
Bergk et al. [5] compared information about clinically sig-
nificant interactions (listing, class labeling, description of
effects, recommendations for management) in the Ger-
man SmPC and three standard drug interactions sourc-
es, the DRUGDEX, Hansten/Horn's Drug Interactions
Analysis and Management and Stockley's Drug Interac-
tions. The results showed that information was equivalent
for only 33.0% (192/579) of analyzed interactions, 16.0%
of interactions were not identified in German SmPC
and 51% of information was not sufficiently informative.
The Vitry's study analyzed 50 drugs which have a high poten-
tial for interactions or belong to major therapeutic classes of
drugs which are most frequently involved in drug interac-
tions. Only 6.33% of major drug interactions were listed in
all four analyzed international compendia, i.e. the BNF, the
Vidal (French drug compendium) and two US compendia,
the Drug Interaction Facts and the Micromedex” program
while between 14% and 44% interactions which were classi-
fied as major were listed in only one of the compendia [9].
Reggi et al compared the consistency of information on indi-
cations, dosage in adult population, side effects and precau-
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tions for ciprofloxacin, fluoxetin and nifedipine in the BNF,
the UK SmPC and the US SmPC. Their results showed high
consistency of information in the BNF (as a golden stan-
dard) and information in the UK SmPC for all three ana-
lyzed drugs, and high consistency of information in the BNF
and information in the US SmPC for two analyzed drugs
(degree of information agreement was > 3 for grouped all
varibles) [20]. In contrast, according to results of our study,
these compendia were not consistent for information refer-
ring to drug-drug interactions. It means if we observe three
information sources (the BNF, the UK SmPC and the US
SmPC), the consistency of drug information depends on
the observed variables. Thus, information for variables in-
dications, dosing in adult population, side effects and pre-
cautions are consistent, while information for drug-drug
interactions are not consistent. Therefore, findings suggest
that there is only need to improve information agreement
among the BNF, the UK SmPC and the US SmPC for vari-
able drug-drug interactions. However, using different ap-
proaches in evaluation of drug information in Reggi's et al
and our study requires further researches for final conclusion.
There are several limitations for this study. Firstly, we did
not analyze all the interactions of all drugs. Also, drugs
which belong to the same therapeutic class were not
selected for analysis. However, previously published
studies indicate that it is unlikely that the selection of
drugs for the analysis contributed to the inconsistency
of information on drug-drug interactions [10, 14, 15].
Secondly, the selection of the SmPC for analy-
sis may affect research results. International com-
parative study showed that drug information con-
tained in the SmPCs different brand names of a same
compound can be different even within one country [20].
Finally, information in compendia in which there were not
clear recommendations for the management of interactions
may result in a different interpretation of clinical significance
of the interaction. For example, prolonged regular use of
paracetamol may enhance anticoagulant effects of warfarin
and other coumarins [18, 19]. Or, co-administration of hy-
drochlorthiazide and iodine-based contrast agents in high
doses may result in increased risk of acute renal failure [19].
Terms prolonged regular use of paracetamol and use of io-
dine-based contrast agents in high doses are not precisely de-
fined. To achieve uniformity in ranking a clinical significance
of interactions, Hansten et al. [26] besides quality of evidence
and severity of side-effects, were proposed and additional cri-
teria for classification of drug-drug interactions, those were
consistency of the reported effect with the known interactive
properties of two drugs, frequency in using two drugs in gen-
eral patient population and its relationship with the number
of reported cases of adverse drug interaction, and medico-
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legal consideration (i.e. if there are warnings in drug labeling).
Also, Partnership to prevent drug-drug interactions developed
sixteen criteria to define a list of clinically important drug-
drug interactions in community and ambulatory pharmacy
settings. Criteria (i.e. questions) were grouped in four sec-
tions: evidence supporting the interaction, severity of the in-
teraction, probability of the interaction, and probability of co-
administration of the interacting drugs. The answer to every
question was ranged from 1 to 10, and finally, 25 clinically im-
portant drug-drug interactions were identified by consensus
process [27]. However, these initiatives to improve classifica-
tion of drug interactions have not contributed to consistency

in listing and ranking drug interactions in information sources.
CONCLUSION

The study has shown the inconsistency of information on
drug interactions in three authoritative, freely accessible
online compendia in listing and in ranking of clinical signifi-
cance of drug-drug interactions. The inconsistency enhances
for both study criteria with increasing number of drug in-
formation sources. The results are more significant because
analyzed drugs belong to the class of drugs with high or fre-
quent potential for clinically significant interactions. Since
these analyzed compendia do not document methodology in
listing as well as in ranking of the potential for clinical signifi-
cance interactions, the application of a uniform methodology
in assessment of information based on the best evidence, and
then the presentation of information in a standardized format
is required to prevent and adequate management of adverse
effects which are the consequence of drug-drug interactions.
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