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Abstract

In pharmacovigilance, disproportionality analyses based on individual case safety reports are widely used to detect safety
signals. Unfortunately, publishing disproportionality analyses lacks specific guidelines, often leading to incomplete
and ambiguous reporting, and carries the risk of incorrect conclusions when data are not placed in the correct context.
The REporting of A Disproportionality analysis for drUg Safety signal detection using individual case safety reports
in PharmacoVigilance (READUS-PV) statement was developed to address this issue by promoting transparent and
comprehensive reporting of disproportionality studies. While the statement paper explains in greater detail the procedure
followed to develop these guidelines, with this explanation paper we present the 14 items retained for READUS-PV
guidelines, together with an in-depth explanation of their rationale and bullet points to illustrate their practical implementation.
Our primary objective is to foster the adoption of the READUS-PV guidelines among authors, editors, peer reviewers,
and readers of disproportionality analyses. Enhancing transparency, completeness, and accuracy of reporting, as well as
proper interpretation of their results, READUS-PV guidelines will ultimately facilitate evidence-based decision making in
pharmacovigilance.

READUS-PV guidelines comprise 14 items for reporting Individual case safety report (ICSR) databases collect
disproportionality studies. reports of suspected adverse drug reactions (ADRs) from
both healthcare professionals and patients [1]. Dispropor-
tionality analyses, exploring ICSR databases to identify
unexpected associations (in terms of nature or clinical pres-
entation) between drugs and adverse events, when combined
with a clinical review of the cases, provide valuable insight
into emerging drug safety concerns, notably for ADRs that
are unlikely to be fully captured by clinical trials [2-7].
Their apparent simplicity has led to a surge in the quantity of
published disproportionality analyses [8], rising from 40 in
Please also see the companion article available at https://doi.org/10. 2017 to 180 in 2021 according to PubMed data [9] (presum-
1007/540264-024-01421-9. ably an underestimate because of the lack of standardization
in reporting). This surge potentially overwhelms decision

Their uptake will help enhance transparency,
completeness, and accuracy, facilitating evidence-based
decision making.

Extended author information available on the last page of the article
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makers and contributes to these results being disregarded
due to the high ratio of noise to signal. Additionally, it may
also directly influence patients and clinical practice [10].
Notwithstanding, almost 75% of the published studies pre-
sent some type of spin, or distortion of study findings, which
in disproportionality analysis may manifest as inadequate
reporting, overstatement in the interpretation of the findings,
or causal statements without taking into account underly-
ing biases that may be sufficient to explain the association
[11, 12]. This lack of proper reporting and interpretation in
research is concerning, as it impedes the utilization and com-
prehension of research findings and contributes to research
waste [13-15].

To address this issue, in an international effort, we
developed the READUS-PV guidelines (REporting of
A Disproportionality analysis for drUg Safety signal

Box 1 Glossary of terms

detection using ICSRs in PharmacoVigilance) [16]. Com-
prising 14 reporting recommendations (plus four for the
abstract), these guidelines aim to (1) assist authors in the
preparation of transparent, complete, and accurate articles;
(2) allow self-assessment and replicability; (3) promote an
adequate understanding of the results and their limitations;
and (4) assist reviewers and editors in the evaluation of
disproportionality analysis for publication.
READUS-PV is published as a set of two papers. In
the development and statement paper, we outline the steps
taken to build the checklist [17]. In this explanation and
elaboration paper, aligning with the structure of EQUA-
TOR Network guidelines [18] and using streamlined ter-
minology (see Box 1 for a glossary of terms used), we
substantiate the inclusion of each item and provide bul-
let points detailing each recommendation. Additional

Term Definition

Adverse event®

Any untoward (i.e., noxious and unintended) medical occurrence that develops in an individual

exposed to a medicinal product. Possible conditions of exposure include appropriate medical
use, medication errors, off-label use, overdose, misuse, abuse, and occupational exposure. The
medical occurrence does not necessarily have a causal relationship with the exposure

Adverse drug reaction (ADR)*
has caused the event

Causality assessment®

Any adverse event characterized by an at least reasonable possibility that the medicinal product

The process of evaluating and assigning a causal judgment to an observed association between a

medicinal product and an adverse event, at the level of either individual ICSRs or case series.
Causality assessment can rely on expert judgment/global introspection, structured guidelines
and algorithms, or probabilistic approaches [19]

Drug

A drug is usually defined as any chemical substance that causes a change in an organism’s

physiology or psychology when consumed. To be consistent with pharmacovigilance
terminology (e.g., drug-related problem, adverse drug reaction, drug-event combination) we
adopted the use of the term drug, but these guidelines are valid for disproportionality analyses
on any medicinal product used in the prevention, diagnosis or cure of diseases (e.g., vaccine,
medical device, gene therapy, cell therapy, supplements)

Drug-event combination

Individual case safety reports (ICSRs)®

The specific combination of medicinal product(s) and event(s) of interest

Format and content for the reporting of one or several adverse events that occurred in a single

individual at a specific point of time. It accommodates clinical phenotypes involving multiple
events that may manifest sequentially over time

Pharmacovigilance®

The science and activities relating to the detection, assessment, understanding, and prevention of

ADRs or any other drug-related problem

Case-by-case analysis

Analysis of each ICSR recording the drug-event combination to collect further information that is

useful for the causality assessment

Safety signal®

Information that arises from one or multiple sources (including observations and experiments)

that suggest a new potentially causal association or a new aspect of a known association between
medicinal product(s) and adverse event(s). The information is judged to be sufficient to justify

verificatory actions
ICSR database

A surveillance database that relies on ICSRs submitted by multiple stakeholders (healthcare

providers, consumers, and pharmaceutical companies) because of spontaneous initiative or

mandatory reasons)

Signal of disproportionate reporting (SDR)*

A statistical association between medicinal product(s) and event(s) identified by any

disproportionality analysis within an ICSR database

CIOMS Council for International Organizations of Medical Sciences, EMA European Medicines Agency

*Definitions adapted from the CIOMS cumulative glossary, with a focus on pharmacovigilance (version 2.1)

Definition adapted from the EMA definition of ICSR
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sub-items were also proposed, which provide supplemen-
tary information that may enhance the completeness and
usability of the study.

2 READUS-PVY Recommendations
2.1 Title

Item 1. Title Information

The title should comprehensively but succinctly convey
the study’s focus, using clear language, and avoiding
ambiguity and striking titles that could generate unjustified
alarm or safety endorsement [20].

Item 1a If disproportionality analyses are a prominent
component of the published study, the study should be
identified as a ‘disproportionality analysis’. The type of data
and name of the database(s) should be specified.

Explanation: Including ‘disproportionality analysis’
in the title facilitates identification by potential users,
appropriate indexing in databases and screening for
knowledge synthesis. This helps to provide a specific context
for the analysis and informs the reader about the nature of
the data under investigation. While alternative terms (e.g.,
‘case/non-case analysis’) have also been used, consistent use
of ‘disproportionality analysis’ going forward will reduce
ambiguity and simplify the extraction for future meta-
research and systematic reviews. Non-specific terms are not
recommended because they do not optimally align to the
study design and could result in misunderstandings.

Essential elements:

1. The study should be identified as a ‘disproportionality
analysis’ in the title.

2. Avoid non-specific (e.g., ‘data mining’, ‘real-world’,
‘pharmacovigilance’, ‘cross-sectional’, or ‘retrospective
study’) and misleading (e.g., increased risk) terms.

3. Identify the type of data in the title, specifying ‘ICSRs’
or other terms if appropriate (e.g., ‘social media’).

4. Clearly mention the name/acronym of the database(s)
used (e.g., ‘FDA Adverse Event Reporting System’,
‘Eudravigilance’, ‘VigiBase’) in the title.

1ditional el )

1. Any other important quantitative analysis
used in conjunction should be specified (e.g.,
‘pharmacovigilance/pharmacodynamic analysis’ or ‘a
disproportionality analysis and systematic review’).

2. When the study design is broader (e.g., hybrid design
combining different data sources such as systematic
review with meta-analysis and a disproportionality

analysis) or the use of ‘disproportionality analysis’ in the
title may be reductive, include the term at least among
the keywords.

Item 1b. Report the name of adverse event(s) and/or
drug(s) under study, when applicable.

Explanation: The title should inform about the object(s)
of the study. For example, a disproportionality analysis
could explore (1) a specific drug-event combination (DEC);
(2) the overall safety profile of a drug or its safety in a
subgroup of users (e.g., looking at differences between
sexes, or age groups); (3) the spectrum of potential
iatrogenic determinants of a disease; and (4) methodological
developments.

Essential elements:

1. Identify the research topic in the title, including the
drug(s) and/or event(s) investigated.

Additional elements:

1. Consider mentioning the population investigated, for
example when the analysis has been restricted to a
specific therapeutic indication or to reports concerning
pregnancy or children.

2.2 Introduction

Item 2. Background

In reporting a disproportionality analysis, it is crucial to
provide the reader with a clear explanation of the scientific
background and rationale for the study. This section sets
the foundation for understanding the subsequent objectives,
methods, and results, and helps the reader appreciate the
significance and relevance of the study.

Item 2a. Describe the drug(s) and its utilization, the
nature of the adverse event(s) under study and its frequency,
and the existing knowledge on the drug-event combination.

Explanation: The investigation of any research question
should be preceded by the collection of evidence already
accrued. The specific gap in knowledge should be identified
based on limitations of previous studies, conflicting results,
or unanswered needs.

Essential elements:

1. When a specific drug(s) is under study, describe their
relevant features, including the active ingredient
(preferably using the international nonproprietary
name), therapeutic class, mechanism of action,
pharmacodynamics, pharmacokinetics, indications, and
target populations, as applicable.

2. When a specific adverse event(s) is under study, describe
their relevant features, providing details about its nature,
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clinical manifestations, severity, seriousness, and impact
on the patient’s quality of life.

3. Describe the research question under study, present
evidence supporting it, and discuss known risk factors:
previously identified pertinent signals (e.g., when
investigating liver failure, present previous signals
of increased transaminases for the same drug), and
information retrieved from regulatory documents (e.g.,
Summary of Product Characteristics).

4. Highlight the specific gap in knowledge that necessitates
further investigation, explaining why the current
understanding is insufficient.

Additional elements:

1. Consider including further information on the drug(s),
including brand names, formulations, administration
routes, posology, dosing regimens, and duration of use.

2. Consider including information about the expected
number of patients exposed, the average duration of
exposure, and the background rate of the event(s), as
they impact the number of ICSRs [21, 22].

3. Consider including information about the approval date
and any relevant warning [23, 24].

Item 2b. Specify the rationale for performing the
analysis, e.g., as part of routine pharmacovigilance,
to investigate an overall safety profile, or to assess a
prespecified hypothesis.

Explanation: By specifying the rationale, the reader
gains a clear understanding of the purpose and context
of the analysis. Conception of a disproportionality
analysis, excluding methodological studies, can usually be
summarized as follows [25-27]: (1) reporting of signals
emerging from agnostic/untargeted pharmacovigilance
activities (e.g., emerging from routine analyses on the
entire [CSR database without a prespecified hypothesis);
(2) investigation of the overall safety profile of a specific
drug (e.g., in case of conditional accelerated approval or
a specific risk management plan [28]); (3) assessment of
a prespecified evidence-based hypothesis (e.g., based on
pharmacological plausibility, recent case report/series, or
imbalances observed in clinical trials).

Essential elements:

1. Explain the rationale for performing the
disproportionality analysis (see explanation).

Item 2c. Explain why ICSR databases and
disproportionality analysis are suitable to fill the knowledge
gap.

Explanation: Regardless of the journal type, authors
should carefully address the nature of spontaneous

A\ Adis

reporting data and the appropriateness of using
disproportionality analysis to investigate the research
question [29]. Notably, as with any study, the availability
of already published pharmacoepidemiological and/
or ICSR studies should be carefully considered before
planning a disproportionality analysis, to avoid research
waste and redundancies [25]. In particular, the question
arises on the actual added value of a newer but similar
analysis using the same ICSR database or datasets
generating overlapping signals of disproportionate
reporting (SDRs) [e.g., WHO VigiBase vs. US FDA
Adverse Event Reporting System (FAERS)] [30].
Replication studies should be carefully justified as efforts
to offer an additional novel complementary perspective,
for instance by providing a case-by-case analysis or by
accounting for previously unrecognized biases to assess
the validity of a signal.
Essential elements:

1. Justify the ability of disproportionality analysis to fill
the knowledge gap. If other studies addressing the same
(or in good part similar) question are available, explain
the actual added value of the current disproportionality
analysis (e.g., a bias that has been previously neglected,
new target population, different dosing regimen,
new indication, accelerated approval, rare events,
methodological limitations of previous studies).

Additional elements:

1. Consider concisely explaining, and providing
appropriate reference for, the nature of ICSRs and
disproportionality analyses.

2. In scientific journals not specialized in pharmacology
and pharmacovigilance, consider more exhaustively
explaining the nature of ICSRs and disproportionality
analyses.

Item 3. Objectives

The aims should directly align with the research
question(s) and provide specific objectives.

Item 3. State specific objectives, identifying the adverse
event(s), the drug(s), and the reference group, including
any prespecified hypothesis, if applicable.

Explanation: An explicit and concise statement of the
objective(s) will help readers understand the goal and
assess whether the data and methods used adequately
address it. Such statements may be written in the form
of objectives or questions, including the event(s) and
drug(s) under investigation, and the reference group used
for comparison. Question formulation frameworks such
as PICO (population, intervention, comparator, outcome)
or PEO (population, exposure, outcome) could also help
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in formulating the objective(s) [31, 32], in the lack of
frameworks specific to disproportionality.
Essential elements:

1. Provide an explicit and concise statement of all primary
and secondary objective(s) or question(s), logically
progressing from the knowledge gap.

2. Clearly define the adverse event(s) and drug(s) under
investigation.

Additional elements:

1. Specify when the disproportionality analysis has not
been implemented to investigate reactions (drug-event
association) but rather the co-occurrence of reactions
(event-event association) [33], the influence of
indication on ADRs (drug-indication-event association),
or drug interactions (drug-drug-event associations) [34].

2.3 Methods

Item 4. Study design

Presenting key elements of the study design early in
the paper allows readers to quickly grasp the context and
framework of the study, ensuring greater comprehension.

Item 4a. Identify the study (i.e., ‘disproportionality
analysis’) and the type of data used (e.g., ‘individual case
safety reports’).

Explanation: As already explained for the title, the use
of standardized terminology should be preferred to simplify
study appraisal and reduce ambiguity.

Essential elements:

1. Identify the study as a ‘disproportionality analysis’.
2. Specify the type of data used (e.g., ICSRs).

Item 4b. Provide an outline of the entire study design,
including primary and sensitivity analyses performed, and
other designs such as case-by-case analysis or literature
review.

Explanation: The study design should be presented in a
clear and structured manner, with appropriate justification
for each operational choice, to facilitate critical assessment,
replication, and interpretation of the study.

Essential elements:

1. Introduce the primary analysis with a clear reference to
the study objectives.

2. Introduce sensitivity/secondary analyses as efforts to
address potential sources of bias or uncertainty in the
study, to check analysis assumptions, or to investigate
effect modifiers or specific populations.

3. Specify whether a case-by-case causality assessment
and/or a systematic review of the literature were
conducted.

Additional elements:

1. For more complex study designs, consider including a
flow diagram providing a clear overview of the design
elements, such as data sources, population selection,
exposure assessment, and stratifications.

2. In case a more complex study design is implemented,
consider consulting other published checklists for the
reporting (cfr. Table 3 in the Statement article).

Item 5. Data description, access, and preprocessing

Provide a well-referenced description of the database(s),
including its extent and relevance to the research question.

Item 5a. Specify the name of the database(s), the
database(s) custodian, and the coverage. Specify the
type/number of drugs included within the database and
the thesaurus, taxonomies, or ontologies used for coding
drugs and events.

Explanation: Information about the database content
allows a correct interpretation of the results since
disproportionality analysis is intrinsically based on
comparing the ICSRs of interest with the underlying
database. Given that reporting rate, drug utilization, and
background rate may differ across countries, and due
to masking bias (see later), the content of the database
strongly affects the results.

Essential elements:

1. Specify the name of the database(s) used in the analysis.
Identify the database custodian [i.e., entity responsible
for managing the databases)].

3. Describe the timespan and geographical coverage
(catchment area).

4. Specify the type of medicinal products captured (e.g.,
drugs, vaccines, devices) or the number and class
of drugs in the case of pharmaceutical companies’
databases.

5. Identify the thesaurus, taxonomy, or ontologies used for
coding drugs and events and the version. Commonly
used ontologies include the Medical Dictionary for
Regulatory Activities (MedDRA) terminology for
events and the Anatomical Therapeutic Chemical (ATC)
classification for drugs [35, 36].

6. Specify the size of the database (number of reports).

Additional elements:

1. Consider providing the rationale or justification for
choosing a specific database(s). This may consider data
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availability or quality, representativeness, or specific
research objectives.

2. Consider providing information on data collection (e.g.,
possibility of a selection bias) and anonymization.

3. Consider describing quality measures applied to ensure
integrity and reliability of data.

Item 5b. Specify the extraction dates and describe and
Justify all choices used for data preprocessing, including
any data transformation or exclusion, if appropriate.

Explanation: Different operative choices in the
preprocessing may lead to different results and affect their
interpretation [37, 38]. These choices should be justified
by referencing established guidelines or best practices in
data preprocessing and addressing any potential biases or
limitations introduced by the chosen methods [37, 39].
It may be sufficient to refer to a detailed preprocessing
description available elsewhere, such as in a manuscript
or on a website, but it is recommended to explain any
preprocessing steps that significantly impacted the current
investigation and to note any deviations from the original
preprocessing algorithm.

Essential elements:

1. Specify the extraction/download date and the data access
mechanism (e.g., online portal, data sharing agreement,
dashboard, quarterly data). Provide a reference to the
URL if available.

2. Specify any approval required to access the database (in

accordance with the data availability statement).

Specify any restriction in place on access to data.

4. Describe the choices implemented in identifying and
removing duplicate entries, handling missing or nullified
data points, addressing incongruous or inconsistent data
values, managing follow-up information for individual
cases, and standardizing data elements (e.g., free-text
drug names to active ingredients), or provide adequate
reference.

5. Explain any data transformations performed to obtain
variables not directly available in the dataset, such as
doses, time-to-onset, or comorbidity (e.g., using drugs
as a proxy), together with any underlying assumptions.

6. Describe any data exclusion.

b

Item 6. Variables definition

Clearly define the population, events, drugs, potential
confounders, and effect modifiers investigated.

Item 6a. Describe the study population, including any
restriction.

Explanation: A comprehensive description of the study
population, identifying and justifying any restrictions
placed on the data, such as a specific period, age group,
or geographical region [40-42], provides valuable

A\ Adis

information to assess the generalizability of the findings
[43].
Essential elements:

1. Clearly describe the strategy implemented for any
restriction to the study population for both primary and
secondary analysis, when applicable.

Item 6b. Describe the nature and the meaning of key
variables assessed in the work.

Explanation: Ensure that readers have a clear
understanding of the key variables being assessed and how
they relate to the research question, to simplify appraising
the appropriateness of the analyses and of the interpretation
of the results. For example, it is important to clarify which
criteria were used to determine seriousness (e.g., death,
hospitalization, life-threatening, disability).

Essential elements:

1. Describe the nature and meaning of key variables, such
as whether they are continuous (e.g., age), binary (e.g.,
seriousness), or categorical (e.g., reporter qualification,
or country).

2. Describe the management of key variables with missing
values (e.g., sex unspecified).

Item 6c¢. Specify and justify any grouping of drugs
or events. For drugs, specify and justify whether active
ingredients/trade names/salts were considered and/or the
selected role.

Explanation: Ensure clarity in defining the objects of
the study. The choices should be justified based on factors
such as clinical relevance, data availability, pharmacological
interactions, or specific research objectives [44, 45].

When grouping multiple drugs or events, the authors
should refer to existing taxonomies (e.g., MedDRA or ATC
[35, 36]), standardized MedDRA queries (SMQs), previous
studies, knowledge engineering techniques, and justified and
detailed expert opinions, or, alternatively, provide a clear
clinical rationale [43, 46, 47].

Essential elements:

1. Specify and justify the assigned roles of drugs (suspect
primary and secondary/concomitant/interacting).

2. Specify and justify the focus on active ingredients, trade
names, or specific salts.

3. Specify and justify any groupings of drugs and/or
adverse events, for primary, secondary and/or sensitivity
analyses.

Additional elements:
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1. Consider providing the list of free text mapped to the
drug of interest.

Item 6d. Describe any additional data source used, the
type of data, and how they interact with ICSRs.

Explanation: The refinement, validation, and prioritization
of safety signals generated from disproportionality analysis
often requires evidence from other data sources and methods
[14]. Clinical trial reports, literature reviews, regulatory
documents, and datasets of labeled ADRs may help assess
expectedness [48]. Pharmacodynamic/pharmacokinetic,
bioinformatic, and chemoinformatic data help explore
pharmacological plausibility [49]. Healthcare and claims
databases (other sources of real-world data) point to a
possible alternative explanation and public health and
clinical impact [50].

Essential elements:

1. Describe any additional data source and the type of data.
2. Describe how these data were linked to ICSRs and
SDRs.

Item 7. Statistical methods

Describe all statistical methods, including those used to
control confounding, selective reporting, and other biases
specific to disproportionality analyses, and provide rationale.

Item 7a. Present any descriptive analysis performed,
specifying variables investigated, statistical tests, and
significance thresholds.

Explanation: Descriptive analysis can help to identify
patterns and trends in the data and help identify and
characterize both expected and unexpected confounders
and effect modifiers. Geographical characterization helps
exploring the impact of different pharmacovigilance
systems, local warnings, and populational specificities.

Essential elements:

1. Present any descriptive analysis performed.
Additional elements:
1. Specify and justify any reference/comparator group.

Item 7b. Describe the measure(s) selected for the
disproportionality analysis, including any threshold used
to identify SDRs. Explain the reason for this choice if
applicable.

Explanation: Although the choices of disproportionality
measures, thresholds and algorithms for identifying
SDRs have shown to impact their performances to detect
known ADRs [6, 43, 51, 52], they are poorly reported in
published articles [11]. Common measures used in 2D
disproportionality analyses include the reporting odds

ratio (ROR) [53], proportional reporting ratio (PRR)
[54], information component (IC) [55], and the Empirical
Bayes Geometric Mean [6, 51, 56, 57]. Measures used for
investigating interactions (i.e. 3D) include Q and INTSS
(interaction signal score) [58, 59].

Essential elements:

1. State the disproportionality measure used, including its
dimensionality (e.g., 2D or 3D).

2. Specify whether units are ICSRs or drug-event pairs
(more than one per ICSR).

3. Specify and justify the comparator group (e.g., non-
cases) [60].

4. Specify any ICSR and statistical threshold adopted for
identifying an SDR.

5. Explain methods used for investigating drug interactions
or other risk factors, if applicable.

Additional elements:

1. Consider explaining the disproportionality measure
using a contingency table.

Item 7c. Clearly describe any sensitivity analysis and
any tool to control confounding, including any restriction,
subgroup, stratification, adjustment, or interaction.

Explanation: Sensitivity/secondary analyses aim to
explore the robustness of the results to various assumptions
and methodological choices made, and to control for
confounding or effect modifiers, to the extent possible with
ICSRs [3, 61].

An extensive description of the list of biases in the
analysis of ICSR databases is beyond the scope of this
guideline, and the reader should refer to previous reviews
on this topic [1, 3, 62, 63].

Essential elements:

1. Describe and justify any sensitivity analysis.

Item 7d. Specify the variables and methods used for the
case-by-case analysis, including any algorithm or criteria
used to assess causality, if performed.

Explanation: The synthesis of ICSR characteristics and
the assessment of the causal role of drugs at the case-level
[64—67] is a crucial task in validation and prioritization
of SDRs and need to be described, taking into account
dechallenge/rechallenge, concomitant drugs, time to onset,
and, whenever available, medical history/comorbidities,
narratives [64—67].

Essential elements:

1. Provide a clear description of the variables analyzed in
the case-by-case analysis.
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2. Describe any method used for causality assessment.

Item 7e. Specify any statistical methods used for other
data sources.

Explanation: Because there is little evidence about
approximation of risk estimates by disproportionality
analyses [68, 69], any correlation with external data should
be acknowledged as a merely theoretical investigation, for
example, to explore pharmacological drug mechanisms [70,
71].

Essential elements:

1. Specify any statistical methods used for other data
sources.

2.4 Results

Item 8. Description of reports

Describe in detail the ICSR selection process (i.e., the
number of reports included and excluded at each step).

Item 8a. Specify the number of ICSRs included at each
stage, including reasons for exclusion.

Explanation: Authors should report the number of ICSRs
included at each stage of the study to simplify tracking and
evaluate the sample size.

Essential elements:

1. Report the number of ICSRs and cases included at each
stage of the study.

2. Report the reasons for exclusions (e.g., duplicates,
incomplete ICSRs, exclusion criteria).

Additional elements:
1. Consider using a flow diagram [72].

Item 8b. Provide key demographic and clinical
characteristics of cases, comparing cases with any
appropriate reference group if possible.

Explanation: This item can help provide a better
understanding of the population being studied and any
potential confounders or susceptibility factors, such as
age, sex, comorbidities, or concomitant drugs [42]. The
appropriate reference group will depend on the specific
research question and study design (e.g., the entire ICSR
database vs. other reports recording the same medication).

Essential elements:

1. Present the results of the descriptive analysis.
Additional elements:

1. Consider presenting this information in a table.
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Item 9. Results of disproportionality analyses

Describe in detail the results of disproportionality
analyses.

Item 9. Present all results, including confidence intervals,
as well as results of sensitivity analyses, if performed.

Explanation: The reporting of all disproportionality
results allows the readers to independently derive their
interpretation from the results of the study. Providing, even
in supplementary material, the figures of the contingency
tables and the number of expected ICSRs may help readers
to better understand the data underlying the calculations.

Essential elements:

1. Clearly present the results of the analysis, including
point estimates, confidence intervals, and results of
any sensitivity analyses. Provide the figures of the
contingency tables.

2. Provide the number of expected ICSRs.

Item 10. Results of case-by-case analysis

Describe in detail the results of the case-by-case analysis,
including the variables investigated.

Item 10. Present the case-by-case analysis of key
variables, as well as the causality assessment, if applicable.

Explanation: The analysis of cases included in the
calculation of disproportionality estimates may help
readers and decision makers to evaluate the validity of the
results. These variables include the drug’s suspected role,
concomitants, alternative causes, underlying disease, time
to onset, the outcome after dechallenge and/or rechallenge,
dose and route, sex, age, and other events. The results
emerging from the causality assessment should also be
included in the presentation. The case-by-case analysis
should provide a detailed synthesis of all, or a subset of,
ICSRs prioritized using criteria or algorithms [73], which
can help in identifying specific factors contributing to
adverse events and assessing causality. Remember that an
anonymization may be necessary to minimize the risk of
re-identification of patients notably in rare diseases and/or
drugs.

Essential elements:

1. Present the results of key features from the case-by-case
analysis, quantifying missing values.
2. Present the results of the case-level causality assessment.

Additional elements:

1. Consider providing a list of ICSRs with all the variables
assessed, in the form of a table.
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2.5 Discussion

Item 11. Key results

It is wise to begin the discussion with a short summary
of the key results with reference to study objectives. This
section will help readers assess whether the subsequent
interpretation and implications offered by the authors are
supported by the findings.

Item 11. Discuss key results with reference to study
objectives, and contextualize them within the current
literature and other consulted sources. Clearly discriminate
between expected reactions and emerging safety signals.

Explanation: By carefully discussing the characteristics
of the ICSRs, key results, contextual evidence, and
pharmacological plausibility, the authors can provide
valuable insights into the validity of the safety signal(s)
and the safety profile of the drug(s). All stakeholders
should consider that the prevalent perspective in
pharmacovigilance is that an SDR alone cannot prove
causation and does not allow to calculate incidence or
compare risks between drugs [12, 25, 74, 75]. Similarly,
interpretation of a lack of statistically significant
disproportionality (negative finding) as an absence of
risk or of an inverse disproportionality signal (i.e., a
lower-than-expected reporting) as a protective drug-
related effect is discouraged [76]. In performing the
aggregated causality assessment integrating existing and
new evidence, the authors are referred to the Bradford Hill
guidelines [77-80].

Essential elements:

1. Present key results distinguishing between expected
reactions and emerging safety signals as applicable.

2. Contextualize results with existing knowledge,
highlighting inconsistencies and new findings.

3. Contextualize results with pertinent information on the
regulatory landscape, recent changes in prescribing
patterns, and warnings.

4. Discuss pharmacological plausibility, considering
mechanism of action, pharmacokinetics, and other
relevant factors.

5. Negative results must also be presented and discussed,
in the light of positive/negative control events for
contextualization (e.g., establish basic assay sensitivity/
specificity).

Item 12. External validity

Discuss the external validity of the study results.

Item 12a. Discuss the external validity of the results to
the general population.

Explanation: External validity refers to how well the
results of a study can be generalized to other populations
and settings. ICSR databases, compared with clinical

trials, are likely to be more representative of real-world
scenarios, accounting for factors such as comorbidities,
misuse, and comedications. However, if cases analyzed
share a peculiar characteristic, for example overdose or
misuse, the safety concerns identified may not be relevant
to clinical settings.

Essential elements:

1. Discuss the generalizability of results, with reference
to setting, catchment area, disease prevalence, drug
utilization, population characteristics, unusual patterns
of reporting (e.g., litigation-related or solicited reports).

Additional elements:

1. If applicable, consider discussing how different access
to medication, diagnostic procedures, warnings, and
regulatory actions may have resulted in different
reporting rates among countries, and how they may have
biased the results [81, 82].

Item 12b. Discuss the potential relevance of results in
clinical practice.

Explanation: The proposed risk minimization measures
should not only be based on the results and limitations
of disproportionality analyses but also the validity of the
safety signal(s) considering all sources of evidence. These
proposals may include updates to drug labels, additional
monitoring requirements, or restrictions on use in certain
patient populations. It is important to carefully consider the
potential benefits and risks. Providing recommendations
based on disproportionality alone should be avoided.

Essential elements:

1. Propose relevant and balanced clinical/regulatory risk
minimization strategies, if applicable.

Item 12c. Propose further study designs, if applicable.

Explanation: If the study identified a safety signal,
propose further studies to refine, support, or refute the
signal, quantify the risk, and identify risk factors. Healthcare
databases are traditionally viewed as a complementary
source of postmarketing real-world evidence and are suited
for hypothesis testing.

Essential elements:

1. Propose specific study designs or additional data sources
to further assess the safety signal(s).

Item 13. Limitations

Present general limitations of ICSR databases and
specific limitations of the strategy implemented.
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Item 13. Present general limitations, making it clear that
disproportionality analyses alone cannot prove causation
or measure incidence, and specific limitations, including
confounding and reporting bias and efforts to mitigate them.

Explanation: It is crucial to discuss the limitations of the
study to provide a balanced and appropriate interpretation
of the findings. If multiple data sources were used, the
limitations of each source and method should be discussed.

Disproportionality analysis alone can be one step
towards identifying safety signals but cannot formally
prove causation or measure incidence due to lack of details
about patient exposure [3, 74], reporting biases [3, 82], and
confounding biases. Efforts should be made to control for
these factors through appropriate statistical methods or study
design and to consider them as alternative explanations for
the findings.

Finally, the adequacy of the database(s) and the
information captured on key variables should be discussed
in relation to the study objectives, including factors such
as completeness, accuracy of coding, and consistency of
reporting.

Essential elements:

1. Present general limitations of ICSR databases and
disproportionality analyses.

2. Present specific limitations and efforts implemented to
mitigate them.

2.6 Declarations

Item 14. Declarations

Provide clear and exhaustive declarations about data and
software used, data and code availability, and conflicts of
interest.

Item 14a. Provide the source of funding/sponsorship and
the role of the funders/sponsors for the present study and
for any original study on which the present article is based.

Explanation: This item helps readers assess the likelihood
of potential conflicts of interest. It should also be disclosed
whether the funder or sponsor has been involved in defining
the question, collecting, and analyzing data, interpreting
results, or approving the final report.

Essential elements:

1. Disclose sources of financial (e.g., salary) or non-
financial (e.g., analytical service, access to commercial
dataset) support, specifying relevant grant ID numbers
for each funder. If no specific financial or non-financial
support was received, this should be declared.

2. Explicitly report any interests (commercial, financial, or
intellectual) that the funder/sponsor/author(s) may have
in obtaining certain results.
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3. Disclose any active involvement of the funder/sponsor
(e.g., defining the question, collecting and analyzing
the data, interpreting the results, or approving the final
report). If funders or sponsors had no role in the study,
this should be declared.

Item 14b. Clearly identify potential commercial and
intellectual conflicts of interest (e.g., link to any drug/event
investigated, whether financial, legal action, or software
used).

Explanation: It is essential for authors to transparently
disclose any potential commercial or intellectual conflicts
of interest that might have influenced the study design,
results, discussions, or conclusions. For instance, authors
may have links to the drug or event under investigation,
received financial compensation from companies involved
in the study or related to its topic, or been engaged in
legal actions involving the company or product being
researched, or a competing product. Additionally, if
authors used software or other tools developed or owned
by a specific company, this could also influence the study’s
results and discussions.

Essential elements:

1. Disclose any of the authors’ relationships or activities
that readers could consider pertinent or that could have
influenced the study.

2. If any authors had competing interests, report how they
were managed.

Item 14c. Declare any institutional approval needed or
granted in the investigation.

Explanation: Examples of such approvals may involve
Ethics Committee or Institutional Review Boards (IRB),
regulatory agencies, or data access committees. The
manuscript should state the name of the approving body
and the reference number or other identifying information.

Essential elements:

1. Declare any institutional approval.

Item 14d. Include a statement on data availability,
code availability (including the version of the statistical
software used), and protocol registration.

Explanation: By sharing data, analytic codes, and other
materials, others can reuse the data, identify potential errors,
attempt to replicate the findings, and gain a deeper under-
standing of the analysis beyond what is described in the
Methods section [83]. Several publicly accessible reposi-
tories, such as Open Science Framework, Dryad, and Fig-
share, are available for hosting shared materials, and provide
a URL/DOIL. The clean dataset(s) used for analysis may be
shared in a readily reusable format, such as a CSV file. For
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code sharing, authors can provide the analytic code used
in software with a command-line interface or detailed step-
by-step descriptions for point-and-click software. Addition-
ally, it is essential to mention the software used, along with
its version number, in the Methods section, or a separate
statement about the statistical analysis methods. If authors
encounter barriers preventing them from sharing certain
materials due to legal or licensing restrictions (e.g., commer-
cial databases), they should make a clear declaration about it.
Essential elements:

1. Declare whether preprocessing data, postprocessing
data, and code are available. Provide a URL or DOI.

2. Provide the URL or DOI to the protocol, if applicable.

3. Specify the software used and its version.

2.7 Abstract

Explanation: An abstract providing key information about
the main objective(s), methods, results, and implications
of the findings should help readers decide whether to
access the full report. For some readers, the abstract may
be all that they have access to. Therefore, results must be
presented for all main outcomes for the main objective(s)
regardless of the statistical significance, magnitude, or
direction of effect. Terms presented in the abstract will be
used to index the disproportionality analysis in bibliographic
databases. Therefore, reporting keywords that accurately
describe the question (such as population, drug, and
event) is recommended. Of note, meta-epidemiological
studies and several articles have highlighted the common
misinterpretation (also called spin) of results from
disproportionality analyses in published studies, notably
in abstracts. Indeed, many disproportionality analyses
intentionally or unintentionally overstate the strength
of causal links, lack proper handling and discussion of
biases, or over-extrapolate results to provide clinical
recommendations, comparing drug safety profiles or
claiming that a drug is well tolerated [12, 20, 25, 74, 75,
84]. We therefore encourage authors to appropriately present
and interpret their findings in abstracts, which are often the
only part of articles read and accessible to everyone.
Essential elements:

1. Report an abstract addressing each item in the
READUS-PV for Abstracts checklist.

3 Conclusion

This explanation and elaboration paper justifies and

details the selected reporting recommendations for
disproportionality analysis. The adoption and editorial

support of READUS-PV guidelines will have a positive
impact on the reporting of disproportionality analyses
conducted using ICSR databases. Increased transparency
and accuracy resulting from improved reporting will benefit
the research community, leading to enhanced evidence-
based decision making and better patient care.
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