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Objective: The research evaluated the differences in formatting of adverse drug reaction (ADR) information in
drug monographs in commonly used drug information (DI) databases.
Methods: A cross-sectional analysis of formatting of ADR information for twenty commonly prescribed oral
medications in seven commonly used DI databases was performed. Databases were assessed for
presentation of ADR information, including presence of placebo comparisons, severity of ADR, onset of ADR,
formatting of ADRs in percentile (quantitative) format or qualitative format, whether references were used to
cite information, whether ADRs are grouped by organ system, and word count of the ADR section. Data were
collected by two study investigators and discrepancies were resolved via consensus. Chi-square analyses and
one-way analysis of variance (ANOVA) were used to evaluate for mean group differences in categorical and
continuous data, respectively.
Results: The seven DI databases varied significantly on each analyzed ADR variable, including variables
known to impact interpretation such as placebo comparisons and qualitative versus quantitative formatting.
Placebo comparisons were most common among monographs in Micromedex In-Depth Answers (70%) but
were absent among monographs in Epocrates, Lexicomp, and Micromedex. Quantitative information was
commonly used in most databases but was absent in Epocrates. Average word counts were higher in Clinical
Pharmacology and Micromedex In-Depth answers compared to other databases.
Conclusion: Substantial variation in ADR formatting exists between the most common DI databases. These
differences may translate into alternative interpretations of medical information and, thus, impact clinical
judgment. Further studies are needed to assess whether these differences impact clinical practice.

INTRODUCTION
Adverse drug reactions (ADRs), which are noxious
and unintended responses to medication at normal
doses, contribute substantially to patient morbidity
and mortality [1–3]. Recent estimates suggest that
ADRs may occur in over 16% of hospitalized
patients, and the Food and Drug Administration
(FDA) reports that medication errors may injure
over a million people annually [2, 4]. Health
librarians and clinicians alike are well positioned to
prevent and reduce the impact of ADRs in clinical
practice by identifying and acting on unbiased
medication information. Recent research suggests
that clinical pharmacy interventions can reduce the
number of ADRs and drug-related problems in both
hospitalized and ambulatory patients [5–7].
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Health librarians, physicians, pharmacists, and
other clinicians now rely on drug information (DI)
databases to quickly access drug monograph
information to help with clinical decision making
[8]. One situation in which DI databases may be
referenced is in differentiating a medication-induced
ADR from an adverse drug event. An adverse drug
event is an untoward medical occurrence during
treatment that is not caused by the medication itself
[3]. Unfortunately, the many available DI databases
vary substantially as to the specific information that
they present and their utility in answering different
types of clinical questions [9–11].
Recent research suggests that differences in the
presentation of medication information may impact
interpretation of the risks and benefits of therapy
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[12–14]. For example, it is known that both
physicians and patients are influenced by the way
that risk and benefit information related to
medications is displayed. Patient interpretation of a
medication’s risks can be influenced by the presence
or absence of corresponding placebo information
when ADR information is displayed [15].

To gain a representative sample of medication
monographs, the twenty most highly prescribed
prescription medications in the United States, as
defined by the Medication Expenditure Panel
Survey, were selected to be searched individually in
each DI database [20]. A full list of the assessed
medications and databases is in Table 1.

Likewise, both patient and physician
perceptions of medication efficacy differ when
presented with relative risk or absolute risk
information [16]. There is even evidence to
suggest that perceptual differences may impact
clinical decision making [12, 17–19]. Most
recently, a study demonstrated that pharmacists
and pharmacy students were more likely to deem
an ADR to be medication-induced if they were
given information derived from Micromedex: InDepth Answers, compared to participants who
received ADR information derived from
Lexicomp or Epocrates [17].

Each ADR section in the monographs was
evaluated for the following formatting criteria:
qualitative (use of words) or quantitative (use of
numbers) formatting of ADR frequency, presence or
absence of comparative placebo frequency, severity
assessment for ADRs, onset information for ADRs,
grouping of ADRs by organ system, presence or
absence of references for ADR information, and total
word count of the ADR section. These factors were

Given the possible consequences of deciding to
discontinue or continue a potentially ADR-inducing
medication, it is important for DI databases to
present this information in a manner that is easy to
interpret. Additionally, it is important for clinicians
and librarians to gain insight into how these
databases are formatted so that they can quickly
identify the necessary information from a database
that utilizes a format that is optimized for
interpretation and sound decision making. The
objective of this study was to evaluate differences in
the formatting of ADR information in drug
monographs in commonly used DI databases.

Table 1 Evaluated medications and drug information
databases
Top 20 oral medications
in United States

Drug information
databases

Levothyroxine

Micromedex

Lisinopril
Atorvastatin

Micromedex: In-Depth
Answers

Metformin

Epocrates

Amlodipine

Lexicomp

Metoprolol tartrate

Clinical Pharmacology

Omeprazole

RxList.com

Simvastatin

PDR (pdr.net)

Losartan
Albuterol

METHODS

Gabapentin

This cross-sectional study evaluated the
presentation of ADR information contained in drug
monographs in commonly used DI databases. Seven
electronic DI resources were selected for analysis:
Micromedex®, Micromedex: In-Depth Answers,
Epocrates®, Lexicomp®, Clinical Pharmacology®,
RxList.com, and Physician’s Desk References (via
pdr.net). For the purposes of this study, the adverse
events section of Micromedex and the additional
ADR information contained in Micromedex: InDepth Answers were considered separately, because
their ADR formatting differed substantially, even
though the two were linked within a single
database. Database analysis was performed during
the period of July 1, 2019, to August 30, 2019.

Hydrochlorothiazide
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Acetaminophenhydrocodone
Sertraline
Furosemide
Fluticasone
Acetaminophen
Amoxicillin
Alprazolam
Atenolol
Presented in order of use as of August 2019.
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p<0.01
F(6,133)=49.8
462 (± 184)
663 (± 400)
1,660 (± 712)
234 (± 117)
50 (± 18)
77 (± 37)
Word count: mean
(± SD)

6,883 (± 3,942)

p<0.01

p<0.01
χ2(6)=105.8
0
55%
100%
20%
0
0
References provided

100%

χ2(6)=102.0
5%
55%
5%
0
100%
100%
Severity assessment

100%

p<0.01
χ2(6)=123.3
0
90%
90%
100%
0
100%
100%

0
ADR onset

Grouping by organ
system

p<0.01
χ2(6)=110.0
95%
15%
75%
0
0

30%
30%
0
0
75%
0
Placebo comparison

100%

p<0.01
χ2(6)=82.9
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0

p<0.01
χ2(6)=123.8
0
85%
100%
0
100%
100%
Qualitative
formatting

95%

χ2(6)=74.7
90%
75%
95%
80%
0
100%
85%

Lexicomp
Epocrates
Micromedex:
In-Depth
Answers
Micromedex

Every medication (n=20) contained a representative
monograph in each of the DI databases, allowing
complete comparison for each of the formatting
variables (Table 2). There were statistically
significant differences (p<0.01 for all comparisons)
among DI databases for each of the analyzed ADR
variables. Every database, except for Epocrates,
utilized quantitative formatting for ADR prevalence.
Quantitative formatting was most common in
Micromedex In-Depth Answers (100%) and
completely absent in Epocrates (0). Most
monographs also framed the ADRs qualitatively, for
example, using terminology such as “common” or
“serious.” Epocrates, Micromedex, and Clinical
Pharmacology used qualitative wording in each of
the monographs (100%), whereas Lexicomp did not
use qualitative wording in any of the monographs
(0). There was also a large discrepancy in whether
databases included comparative placebo
information (comparative frame) in the ADR
sections or whether ADR information for the
medication was stated alone (single frame). Only
Micromedex: In-Depth Answers monographs used
the comparative frame in the majority of its

Database adverse
drug reaction
(ADR) variable

RESULTS

Clinical
Pharmacology

Two investigators individually (Moore and
Volgyi) assessed medication monographs for each of
the DI databases. Discrepancies were resolved via
consensus and input from a third investigator
(McConachie or Giuliano). Chi-square analysis and
one-way analysis of variance (ANOVA) were used
to evaluate for between-group differences in
categorical and continuous variables, respectively.
An a priori alpha value of 0.05 was established.

Quantitative
formatting

RxList.
com

Physician’s
Desk
Reference

Statistical
significance

selected based on formatting requirements listed in
prevailing FDA guidance documents for ADR
section labeling of package inserts (frequency,
severity, onset, comparator information), and other
criteria were selected based on consensus
discussions of the investigative team (word count,
references, qualitative, and quantitative information)
[21]. The investigative team only analyzed the
formatting of drug information and did not analyze
specific content related to the twenty medications.
Following assessment of all medication monographs
in each individual DI database, the investigators
assessed the percentage of the medications that
matched the criterion for each category for the
cumulative database.

p<0.01
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monographs (75%). Comparative frames were also
used in Clinical Pharmacology and RxList.com (30%
for both) but were absent from all monographs from
Micromedex, Lexicomp, and Epocrates (0).
Onset information for ADRs was commonly
included in Micromedex: In-Depth Answers (100%)
and PDR (95%) but was absent from Micromedex,
Lexicomp, and Epocrates monographs (0). The
majority of monographs grouped ADRs by organ
system; however, Epocrates and PDR did not.
Severity assessment was included for all
monographs in Micromedex, Micromedex: In-Depth
Answers, and Epocrates databases but was
completely absent from Lexicomp. DI databases also
varied widely in whether specific references were
provided for ADR information. References were
included in all monographs in Clinical
Pharmacology and Micromedex: In-Depth Answers
but was absent in monographs from Micromedex,
Epocrates, and PDR. Finally, databases were
significantly different with respect to the average
word count of the ADR section of the monograph.
On the upper end, Micromedex: In-Depth Answers
utilized the most words (6,883 words), followed by
Clinical Pharmacology (1,660 words), and all other
monographs were less than 700 words in length.
DISCUSSION
This study demonstrates the significant variability in
the formatting of ADR information currently
contained in DI databases. Every ADR formatting
factor in the study demonstrated significant
variation among available databases including those
known to impact clinical decision making, such as
frequency formatting and placebo comparison rates.
These prevalent formatting differences have the
potential to influence clinical practice, because
surveys demonstrate that a majority of pharmacists
reference DI databases on a daily basis or more
frequently [17]. Additionally, it is known that a
substantial proportion of DI questions posed in
practice deal with potential ADRs. By responding to
such queries, pharmacists and other clinicians can
add value to pharmacovigilance in health care
settings [8, 22–24].

to interpretation [25]. The numerous scoring systems
designed to assess ADR probability in practice
demonstrate a large amount of disagreement, as do
experts when they are asked to assess likely ADR
causality [26–29]. The ambiguity surrounding ADR
interpretation creates a situation in which clinical
judgment is more likely to be required.
However, it is well established that judgment of
medication information is influenced by the
formatting of the medication risk and efficacy
information [12–14]. For example, when given
comparative efficacy information in terms of relative
risk, physicians and patients are both far more likely
to view the drug as favorable than when given the
same information in an absolute risk format [16].
Additionally, patients are more likely to view a drug
as risky when given comparative placebo
information than when the drug is presented with
medication risk information alone [15]. Intuitively,
providing medication information in a comparative
format is more likely to lead to a more informed
medical decision. In fact, surveys demonstrate that
the majority of physicians feel that pharmaceutical
companies should be required to provide
medication risk and efficacy information alongside
corresponding placebo information [15]. It is
surprising, therefore, that the vast majority of DI
databases provided medication ADR rates in a
single-frame format. In fact, only Micromedex: InDepth Answers provided this information for the
majority of the analyzed drug monographs. Health
librarians could use this information to guide
students, clinicians, and patients toward databases
that provide comparative formatting.

Unlike other DI questions, which can be fairly
straightforward (such as those concerning dosing,
contraindications, or administration instructions),
ADR questions are unique because they often
require an assessment of causality, which is subject

Other formatting parameters can also impact
clinical decision making [30, 31]. For example, health
communication researchers often advocate for the
use of quantitative rather than qualitative formatting
of frequencies because quantitative formatting gives
a more detailed assessment of risk [32]. However,
Epocrates, a widely used DI database, contains no
quantitative risk information, instead labels ADR
frequencies under ambiguous headings such as
“common.” Additional formatting variables that
were determined to be significantly different
between databases in this study—including word
count, grouping of reactions by organ system, or
inclusion of onset and severity information—are not
well studied in the risk communication literature. It
is unknown whether differences between these
parameters could impact clinical decision making or
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whether clinicians have a particular preference for
one format over another. Further studies in this area
are needed as this could impact which databases
health librarians recommend to clinicians in practice.
The variability of both content and formatting
of ADRs in DI resources is alarming given that the
resources are designed to improve clinical decision
making. This variation raises the question of
whether librarians, pharmacists, and other medical
practitioners should have more of a say in how
these databases are constructed. There is no
literature that the authors are aware of that has
sought to achieve consensus among medical
practitioners as to how to optimize the clinical
utility of DI databases for physicians, pharmacists,
or other health care providers. This is likely the
only method to determine whether formatting
differences in word count, grouping mechanism,
and referencing impact users or are likely to
impact patient safety and care. Until that point,
database users should be wary of the limitations
and biases of individual databases and consider
referencing multiple DI sources in practice.
This study has a number of limitations. First of
all, the analysis was limited in scope. Only twenty
medications were used as a representative sample
for all prescription medications that are currently
approved for use. However, by evaluating the most
commonly used medications, including a mix of
medications approved both before and after the
Food, Drug, and Cosmetic Act and the KefauverHarris Amendments (the passage of which changed
regulations regarding the quantity of clinical safety
and efficacy studies that were required prior to drug
approval), the authors believe the information
drawn from the databases was likely representative
of medication monographs, in general [33].
Additionally, the study lacks an assessment of user
preference. Currently, the optimal method of
formatting ADR information in DI databases is
unknown, and there is no professional guidance in
this area. Other studies that have evaluated user
preference for DI databases have generated mixed
results [10, 24].
In the absence of clinical outcome studies or
professional consensus, it is impossible to estimate
the optimal method of formatting ADR information
in regard to criteria such as word count, referencing,
grouping of ADRs, and framing of ADR
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information. Finally, the study did not evaluate
other factors, such as content or ease of use, which
may influence the choice to use one particular DI
database over another. However, this study does
provide a starting point upon which further
discussion and future studies regarding the impact
of ADR formatting on clinical decision making can
be built.
Despite these limitations, this study provides
meaningful data demonstrating significant and
potentially clinical meaningful differences among
current DI databases. It also demonstrates that there
is substantial variation in DI databases regarding the
content and formatting of ADR information. As
there is evidence suggesting that information
formatting can impact risk interpretation and
subsequent clinical decision making, librarians and
clinicians must be wary of where and how they are
finding and interpreting DI in clinical practice.
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