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Objective: To evaluate tertiary drug information databases in terms of scope, consistency of content, and completeness
of COVID-19 drug information.

Methods: Five electronic drug information databases: Clinical Pharmacology, Lexi-Drugs, AHFS DI (American Hospital
Formulary Service Drug Information), eFacts and Comparisons, and Micromedex In-Depth Answers, were evaluated in this
cross-sectional evaluation study, with data gathered from October 2021 through February 2022. Two study investigators
independently extracted data (parallel extraction) from each resource. Descriptive statistics were primarily used to
evaluate scope (i.e., whether the resource addresses use of the medication for treatment or prevention of COVID-19) and
completeness of content (i.e., whether full information is provided related to the use of the medication for treatment or
prevention of COVID-19) based on a 10-point scale. To analyze consistency among resources for scope, the Fleiss multi-
rater kappa was used. To analyze consistency among resources for type of recommendation (i.e., in favor, insufficient
evidence, against), a two-way mixed effects intraclass coefficient was calculated.

Results: A total of 46 drug monographs, including 3 vaccination monographs, were evaluated. Use of the agents for
treatment of COVID-19 was most frequently addressed in Lexi-Drugs (73.9%), followed by eFacts and Comparisons
(71.7%), and Micromedex (54.3%). The highest overall median completeness score was held by AHFS DI followed by
Micromedex, and Clinical Pharmacology. There was moderate consistency in terms of scope (kappa 0.490, 95% ClI
0.399-0.581, p<0.001) and recommendations (intraclass correlation coefficient 0.518, 95% Cl 0.385-0.651, p<0.001).

Conclusion: Scope and completeness results varied by resource, with moderate consistency of content among resources.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic
presented many challenges to healthcare providers.
Knowledge of the biology and pathophysiology of SARS-
CoV-2 remains in its infancy, leading to frequent changes
to recommended treatment options. With over 1 million
US deaths since the onset of the pandemic, with a case-
fatality ratio of 1.1%, the public health impact of COVID-
19 remains high [1]. Since the beginning of the pandemic,
the pressure to release information quickly and the global
nature of the pandemic has challenged researchers’ ability
to conduct and complete rigorous, generalizable clinical
trials [2, 3]. Thus, clinicians have often had to rely on the
off-label use of drugs or await the release of study drugs
for clinical use through the FDA Expanded Access
Programs or Emergency Use Authorization. As of
October 2022, 13 treatments for COVID-19 were being
used off-label for emergency use while only 2 were FDA-
approved [4]. However, repurposing drugs also demands
a thorough process for determining the dose, treatment
duration, and dosing regimen [5]. These parameters are
conventionally studied in phase II clinical trials [6]. The
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absence of such trials for COVID-19 has made it difficult
to establish cause and effect relationships and has further
complicated the COVID-19 drug development process.

Especially during the early months of the COVID-19
pandemic, there was a lack of scientific evidence. This lack
negatively impacted the public health response [7].
Tertiary, point-of-care, drug information databases are
considered reliable sources of scientific evidence. We
sought to evaluate these databases in terms of scope,
consistency of content, and completeness of COVID-19
drug information. Specifically, we assessed the five major
compendia, which are considered the most important
online drug information resources: Clinical Pharmacology,
Lexi-Drugs, AHFS DI (American Hospital Formulary
Service Drug Information), eFacts and Comparisons, and
Micromedex In-Depth Answers [8, 9, 10, 11, 12].

METHODS

The five electronic drug information databases were
evaluated in this cross-sectional evaluation study, with
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data gathered from October 2021 through February 2022.
Study methods, including endpoints and statistics, were
developed based on a similar previous study evaluating
tertiary drug information database content for off-label
uses [13]. The resources were selected based on the
American Association of Colleges of Pharmacy (AACP)
Basic Resources for Pharmacy Education list and have
been included in previous studies [14, 15, 16, 17]. AHFS-DI
was accessed through the Lexicomp database. A sample of
medications was developed by extracting medications
acknowledged by three major clinical practice guidelines:
the National Institute for Health and Care Excellence
(NICE), National Institutes of Health (NIH), and the
Surviving Sepsis Campaign [18, 19, 20]. The medications
did not need to be recommended in the guidelines to be
included in the sample, in order to account for
medications that had not been positively recommended in
guidelines. To ensure that the list of drugs was as
inclusive as possible, the sample was then reviewed by a
subject matter expert in infectious diseases who
recommended several additional medications.

Two study investigators independently extracted data
from each of the five resources using a standard data
collection form prepared in Microsoft® Excel®. A third
investigator then verified and reviewed any divergence in
the data through discussion with the original
investigators. The five resources were searched using
either the generic name of each medication from the pre-
identified sample of agents, or the brand name if more
than one brand was available for the same generic
medication. Data were collected by searching through
each drug monograph for information specifically related
to COVID-19. In each resource, any information
referencing indication (or lack thereof), dosage, route, and
use in special populations (i.e., pediatrics, pregnancy, and
geriatrics) for COVID-19 were extracted for review.

Descriptive statistics were primarily used to evaluate
scope (i.e., whether the resource addresses use of the
medication for treatment or prevention of COVID-19) and
completeness (i.e., whether full information is provided
related to use of the medication for treatment or
prevention of COVID-19). For scope, the percentage of
medications covered by the resource out of the total
sample was calculated. For completeness, 1-point was
awarded for presence of each of the ten listed
completeness factors (itemized in Table 3) for each drug
for a total possible score of 10 points. Aggregate results
were described using median and interquartile range

(IQR).

To group references into tiers according to scope and
completeness, the highest scoring reference for each was
compared to the next highest scoring reference,
sequentially, until the difference was statistically
significant using an alpha of 0.05. A sequential, tiers-based
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approach was selected to identify resources that had
similar performance in each endpoint and to distinguish
them from those resources that had higher or lower
performance at each endpoint. Since the same sample of
medications was evaluated in each resource, the McNemar
test was used to compare scope (matched pair related
categorical data) and the Wilcoxon signed-rank test was
used to compare completeness (matched pair related
ordinal data) [21]. To analyze consistency among
resources for scope, the Fleiss multi-rater kappa was used.
To analyze consistency among resources for type of
recommendation (i.e., in favor, insufficient evidence,
against), an intraclass coefficient was calculated using
two-way mixed effects and measuring absolute
agreement. Statistics were computed using IBM SPSS
Statistics version 28.

RESULTS

A total of 43 COVID-19 medications were identified from
a review of clinical practice guidelines with 3 additional
medications added following expert review (43 for
treatment, 3 vaccinations, Table 1). As of October 2021, 40
of the 46 medications (87.0%) were acknowledged by NIH,
15 (32.6%) by NICE, and 10 (21.7%) by the Surviving
Sepsis Campaign. Guidelines recommendations in favor of
medication use were as follows: 16/40 (40.0%) in NIH,
11/15 (73.3%) in NICE, and 7/10 (70.0%) in Surviving
Sepsis. However, NIH frequently recommended against
use (14/40, 35.0%) or was indeterminate (10/40, 25.0%)
whereas the other guidelines only included positive
recommendations.

In terms of scope, use of the agents for treatment of
COVID-19 was most frequently addressed in Lexi-Drugs
(n=34, 73.9%), followed by eFacts and Comparisons (n=33,
71.7%), Micromedex (n=25, 54.3%), Clinical Pharmacology
(n=20, 43.5%), and AHFS DI (n=15, 32.6%) (Table 2). When
grouped into tiers by scope, Tier 1 consisted of Lexi-Drugs
and eFacts and Comparisons (p<0.05 vs. Tier 2), Tier 2
consisted of Micromedex and Clinical Pharmacology
(p<0.01 vs. Tier 3), and Tier 3 consisted of AHFS DI.

Table 3 describes the aggregate number of citations and
individual completeness factors across medication entries,
by resource. The highest overall median completeness
score (1 point for each factor, up to a maximum of 10
points) was held by AHFS DI (6) followed by Micromedex
(5), Clinical Pharmacology (5), eFacts and Comparisons
(2.5), and Lexi-Drugs (2). When grouped into tiers by
completeness, Tier 1 consisted of AHFS DI and
Micromedex (p<0.05 vs. Tier 2), and Tier 2 consisted of
Clinical Pharmacology, eFacts and Comparisons, and
Lexi-Drugs.
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Table 1 Sample of medications acknowledged by COVID-19 clinical practice guidelines

Medications NICE NIH Surviving Sepsis

Acalabrutinib X

Acetaminophen X X

Anakinra

Atorvastatin

Azithromycin X

Bamlanivimab/ etesevimab

Baricitinib

Budesonide, inhaled

Casirivimab/imdevimab

XX | X | X

Colchicine X

Convalescent plasma

COVID-19 vaccine, adenovirus

COVID-19 vaccine, mRNA, Moderna

COVID-19 vaccine, mRNA, Pfizer-BioNTech

X | X[ XX
X | X | X[ X]| X

Dexamethasone

Doxycycline

XXX X]| XX

Enoxaparin

Famotidine

Fluvoxamine

Hydrocortisone X

Hydroxychloroquine

Ibrutinib

Interferon alfa

Interferon beta

Intravenous immunoglobulin

Ivermectin

Lenzilumab

Lopinavir/ritonavir

X IX|IX|IX| XX XXX X XXX

Mavrilimumab

Melatonin

Methylprednisolone X

Nitazoxanide

Otilimab

Pravastatin

Prednisone

XXX X| XX

Remdesivir
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Ruxolitinib

Siltuximab

Sotrovimab

Thiamine

Tocilizumab

Tofacitinib

Vitamin C

Vitamin D

Zanubrutinib

Zinc

XXX X| XX

NICE: National Institute for Health and Care Excellence; NIH: National Institutes of Health

Table 2 Scope results by resource

Medication

Clinical
Pharmacology

Micromedex

Lexi-Drugs

AHFS-DI

eFacts and
Comparisons

Acalabrutinib

X

X

Acetaminophen/ paracetamol

Anakinra

Atorvastatin

Azithromycin

Bamlanivimab/ Etesevimab

Baricitinib

Budesonide, inhaled

Casirivimab/ imdevimab

Colchicine

X X[ X[ X]| XX

Convalescent plasma

COVID-19 vaccine, adenovirus

COVID-19 vaccine, mRNA, Moderna

COVID-19 vaccine, mRNA, Pfizer-BioNTech

Dexamethasone

X | X[ XX

XXX X| XXX

XIX|IX| X XXX X| XXX

X | X[ X | X

X | X[ XX

Doxycycline

Enoxaparin (for VTE prophylaxis)

Famotidine

Fluvoxamine

Hydrocortisone

Hydroxychloroquine

X X[ XXX

Ibrutinib

Interferon Alfa

XXX X| XXX

XXX X| XXX
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Interferon Beta

Ivermectin

IVIG

Lenzilumab

Lopinavir/Ritonavir

Mavrilimumab

Melatonin

Methylprednisolone

Nitazoxanide

Otilimab

Pravastatin

Prednisone

Remdesivir

Ruxolitinib

Siltuximab

Sotrovimab

X | X[ X[ X]| X

X | X[ X[ X]| X

X | X[ X[ X]| X

Thiamine

Tocilizumab

Tofacitinib

Vitamin C (ascorbic acid)

Vitamin D

Zanubrutinib

Zinc

Total:

20, 43.5%

25,54.3%

34,73.9%

15,32.6%

33,71.7%

Table 3 Completeness Factor Scores by Resource

n=number of COVID-19
drug monographs

Clinical Pharmacology
(n=20)

Micromedex (n=25)

Lexi-Drugs
(n=34)

AHFS DI
(n=15)

eFacts and
Comparisons (n=33)

Provides a
recommendation (n, %)

20,100%

2184.0%

34,100%

14, 93.3%

33,100%

Addresses regulatory
status (n, %)

20, 100%

20, 80.0%

8,23.5%

10, 66.7 %

33,100%

Cites a CPG (n, %)

15,75.0%

23,92.0%

33,97.1%

13, 86.7%

33,100%

Cites a clinical study (n, %)

8,40.0%

22,88.0%

10, 29.4%

14, 93.3%

14,42.4%

Addresses statistical
significance (n, %)

1,5.0%

14, 56.0%

1,29%

4,26.7%

0,0%

Provides an effect size (n,
%)

1,5.0%

10, 40.0%

1,2.9%

11,73.3%

0,0%

Provides a specific dose (n,
%)

20,100%

12, 48.0%

12,35.3%

14, 93.3%

12,36.4%
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Addresses use in pediatrics 11, 55.0% 6,24.0% 8,235% 7,46.7% 9,27.3%
(n, %)

Addresses use in pregnancy | 1,5.0% 5,20.0% 10, 29.4% 2,13.3% 13,39.4%
(n, %)

Addresses use in geriatrics 4,20.0% 0,0% 0,0% 2,13.3% 1,30%

(n, %)

Total completeness score 5, 4.00-6.00 5,3.25-6.75 2,2.00-5.00 6, 5.00-7.00 3, 2.00-6.00
(median, IQR)

CPG: Clinical Practice Guideline

When consistency of scope was analyzed, there was
moderate agreement (kappa 0.490, 95% CI 0.399-0.581,
p<0.001) in coverage of the 46 medications among the 5
databases; as described above, inconsistency was driven
by Lexi-Drugs and eFacts and Comparisons having
greater coverage than other resources, especially AHFS
DI. When consistency of content was analyzed using the
type of recommendation as a surrogate, there was
moderate agreement (intraclass correlation coefficient
0.518, 95% CI 0.385-0.651, p<0.001). The inconsistency
appeared to be driven by Clinical Pharmacology,
Micromedex, and AHFS DI being more likely to provide a
recommendation in favor of use (100%, 81%, 86%,
respectively) compared to Lexi-Drugs and eFacts and
Comparisons (53% and 44 %, respectively). The most
commonly described medications, which were included in
all 5 databases, were bamlanivimab/etesevimab,
casirivimab/imdevimab, dexamethasone, hydrocortisone,
hydroxychloroquine, lopinavir/ritonavir,
methylprednisolone, remdesivir, sotrovimab, tocilizumab,
and the 3 vaccinations. When considering the 65
recommendations for these 13 medications across the 5
resources, 57 (87.7%) of recommendations were positive, 4
(6.2%) were indeterminate, and 4 (6.2%) were against use.

DISCUSSION

Overall, our study provided insight regarding the
common drug information tertiary resources’ scope,
completeness, and consistency of content for COVID-19
drug information. Lexi-Drugs and eFacts and
Comparisons were mostly likely to acknowledge or
address the use of a medication for treatment or
prevention of COVID-19, whereas AHFS DI and
Micromedex provided more complete information.
Consistency was reported as moderate agreement among
all 5 databases. Specifically, Lexi-Drugs and eFacts and
Comparisons together had greater coverage of the 46
COVID-19 medications (consistency of scope) and Clinical
Pharmacology, Micromedex, and AHFS DI were more
likely to recommend in favor of use (consistency of
content).

Journal of the Medical Library Association

Factors that contributed to low completeness scores
included a lack of reported measures of statistical
significance and effect size, and a lack of guidance for use
in special populations, specifically geriatrics and
pregnancy. More quantitative information from primary
literature would help clinicians and health care providers
make more nuanced treatment decisions that consider the
clinical significance and risk-benefit ratio of the
medication, not just whether the study was successful.
These points may be helpful for information professionals
to share with trainees, to help them identify when direct
use of primary literature may be necessary to answer a
clinical question. With many of these medications being
new to market, it is expected that information guiding use
in older adults and pregnant patients will emerge with
time. In the meantime, with many COVID-19 clinical trials
having substantial geriatric representation, the
information provided for non-geriatric adults may be able
to be extrapolated to geriatric patients.

Similar to the results of our study, Lexi-Drugs
(Lexicomp) has been one of the top drug information
tertiary resources in scope and consistency in a variety of
analyses. In a study from 2007, Lexicomp was able to
answer 82.9% of 158 drug information questions [15]. It is
important to note that an update to this study would be an
area for future research. Specifically, when assessing drug
interactions in drugs of abuse, Lexicomp had the highest
percent of interaction pair entries (43.4%) compared to the
other databases [16]. In addition, the severity of
interaction consistency was high in Lexicomp (83.1%).
Similar scope score and consistency results were reported
for drug-ethanol interactions: 84.9% and 75.6%
respectively [17]. Lexicomp was also found to have the
highest sensitivity and negative predictive value in regard
to detecting oral oncolytic drug interactions [22]. In
studies specifically assessing pharmacogenomic drug
information, Lexicomp was found to include the most
information for drugs assessed compared to the other
compendia [23, 24]. The results of our study and previous
studies, which have consistently reported Lexicomp as
one of the top resources, can assist heath sciences
librarians in determining whether the cost of Lexicomp is
justifiable. When conducting a search for new COVID-19
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treatment options, Lexicomp was found to be the best
resource to consult first due to the high scope scores
(73.9%).

In contrast, eFacts and Comparisons has not typically
held high scope scores in previous studies (15.1-69.8%)
[16, 17]. However, the findings of our study are not
surprising since both databases are now owned by
Wolters Kluwer and are increasingly becoming more
visually and contextually similar. This finding also
highlights that the quality and completeness of resources
may vary over time and by subject matter.

When comparing our completeness results to other
studies, Micromedex has also been consistently high. In
the study from 2007, Micromedex had a completeness
score of 97.0% [15]. In the studies assessing drug
interactions in drugs of abuse and drug-ethanol
interactions, Micromedex had completeness scores of 5 out
of 5 in both cases [16, 17]. Most notably, a similar recent
study found that Micromedex had among the highest
scores for scope and completeness looking at information
for off-label uses and infectious disease information [13,
25]. Conversely, compared to Clinical Pharmacology and
Lexicomp, Micromedex reported fewer drug-drug
interactions for assessed antiviral medications in a recent
study [26]. These results, in combination with assessment
of user needs and other comparable resources in the
collection, will assist health sciences librarians in assessing
the appropriateness of continued support of Micromedex
despite price increases. Micromedex’s completeness score
makes this resource a critical second option to search
when conducting COVID-19 research. When end users are
seeking a resource that provides comprehensive
information on off-label uses, this study and others
suggest Micromedex may be a good option for
information professionals to recommend.

To our knowledge, this is the first study of its kind to
assess COVID-19 drug information scope, completeness,
and consistency of content in commonly used databases.
These results are important to inform practitioners of the
best tertiary resources to consult for COVID-19 treatment
information in this ever-evolving landscape and may also
provide guidance in future pandemics or situations of
rapidly evolving medication information. Additionally,
health science librarians and drug information
pharmacists would benefit from this contribution to the
literature as it illustrates resources that provide well-
referenced information during a health crisis and are most
reliable when conducting research. When educating
medical personnel in the use of resources, librarians can
utilize the results of our study to illustrate the importance
of checking more than one resource, given lack of
consistency among resources. In addition, librarians can
highlight Micromedex and AHFS as the best options for
completeness of information and Lexicomp as the best
resource in terms of scope for information related to
COVID-19. When conducting a literature search for an end
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user, all resources provide helpful context, but
Micromedex and AHFS appear to most consistently cite
and discuss primary literature that can be used as a
starting point.

Some strengths of our study include the thoughtful
and rational approach for determining our treatment
sample. Clinical practice guidelines were consulted to
determine which COVID-19 medications should be
searched in the databases. As a result, our sample was
comprehensive at the time of generation and even
included dietary supplements. All five major compendia
databases were included in our study. Data collection was
conducted by two independent investigators and
discrepancies were assessed by a third investigator.

Our study had a few notable limitations. First, during
the COVID-19 pandemic, information about these
medications was constantly being updated. As a result,
the information obtained from the resources may have
changed since our analysis. AHFS-DI is updated monthly
whereas Micromedex, Lexi-Drugs, eFacts and
Comparisons, and Clinical Pharmacology are updated
daily [27, 28, 29, 30]. This could have affected the
performance of AHFS-DI in our study. The approach to
assessing completeness of the information was used from
previous studies but was not validated, though there is
not currently a fitting, validated alternative. If a validated
alternative becomes available, these resources should be
reassessed using a validated measure. Additionally,
differences in language were discovered in the databases.
For example, some resources (e.g., Micromedex) tended to
provide their own recommendations, based on the
literature, whereas others simply summarized what was
being stated in the literature without critical appraisal or
assessment (e.g., Clinical Pharmacology, AHFS DI).
Consistency of scope and recommendation results suggest
that some databases (e.g., Clinical Pharmacology) may be
more likely to acknowledge medications being used for
COVID-19 when that use is recommended, versus
addressing other medications that may be used despite
low levels of evidence.

Overall, our study will assist healthcare providers in
determining the best resources for COVID-19 treatment
information and provide health science librarians with
justification for resource funding. While no resource is
perfect, Lexi-Drugs (scope) and AHFS (completeness)
were found to provide the most information regarding
medications used to treat COVID-19. Our study highlights
the importance of always checking more than one
resource when responding to a drug information question,
especially during the COVID-19 pandemic. If only one
resource is used, important information could be missed,
and patient care could be affected.
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