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Abstract

Purpose: Real-world evidence (RWE) is increasingly used for medical regulatory deci-

sions, yet concerns persist regarding its reproducibility and hence validity. This study

addresses reproducibility challenges associated with diversity across real-world data

sources (RWDS) repurposed for secondary use in pharmacoepidemiologic studies.

Our aims were to identify, describe and characterize practices, recommendations and
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tools for collecting and reporting diversity across RWDSs, and explore how leveraging

diversity could improve the quality of evidence.

Methods: In a preliminary phase, keywords for a literature search and selection tool

were designed using a set of documents considered to be key by the coauthors. Next,

a systematic search was conducted up to December 2021. The resulting documents

were screened based on titles and abstracts, then based on full texts using the selec-

tion tool. Selected documents were reviewed to extract information on topics related

to collecting and reporting RWDS diversity. A content analysis of the topics identified

explicit and latent themes.

Results: Across the 91 selected documents, 12 topics were identified: 9 dimensions used

to describe RWDS (organization accessing the data source, data originator, prompt, inclu-

sion of population, content, data dictionary, time span, healthcare system and culture, and

data quality), tools to summarize such dimensions, challenges, and opportunities arising

from diversity. Thirty-six themes were identified within the dimensions. Opportunities

arising from data diversity includedmultiple imputation and standardization.

Conclusions: The dimensions identified across a large number of publications lay the

foundation for formal guidance on reporting diversity of data sources to facilitate

interpretation and enhance replicability and validity of RWE.

K E YWORD S

database and multi-database observational studies, diversity in secondary real-world data
sources, pharmacoepidemiology, real-world evidence methods, reproducibility, scoping review

Key Points

• This is the first systematic exploration of approaches to describe diversity across data

sources generating RWE, and the challenges and opportunities implied by such diversity.

• The review identified 91 documents offering recommendations and examples for characteriz-

ing diversity, or leveraging data diversity in pharmacoepidemiologic research.

• Our scoping review provides the basis for a framework to characterize data sources used to

generate RWE.

• Further research including formal guidance is needed to enhance replicability and validity of

RWE derived from diverse data sources.

Plain Language Summary

Health information collected in electronic databases is commonly used in studies of the safety

and effectiveness of medicines. These so-called real world data sources are typically diverse in

the kinds of information they contain, as well as their structure and format. Enhancing the

understanding of the features of and differences between data sources is essential for

researchers to understand how to reproduce studies, and in turn determine whether the results

are valid. This is the first systematic exploration of approaches to describe diversity across data

sources generating real world evidence (RWE), and of the challenges and opportunities implied

by such diversity. The review identified 91 documents offering recommendations and examples

for characterizing diversity, or leveraging data diversity in pharmacoepidemiologic research to

help researchers interpret or improve the validity of findings. Our scoping review provides the

basis for a framework to characterize data sources used to generate RWE.

1 | INTRODUCTION

Real-world evidence (RWE) plays a prominent role in regulatory

decision-making throughout the phases of medicines development,1

especially the post-marketing phase.2,3 However, there is still hesi-

tancy to trust the validity of RWE.4 One concern is that replicability

of RWE remains far from optimal,5 yet reproducibility and replicability

are necessary to ensure validity of scientific studies.6 In some cases,
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the variability in results may be authentic, stemming from differences

between populations.7 Inconsistencies in results, however, are often

due to subtle differences in assumptions hidden in differences in

study design,8–11 or in small differences in implementation details.12

Strategies to improve reproducibility have been suggested, including

standardization of documentation, transparent reporting of design

choices,13,14,16–20 public sharing of protocols, statistical analysis

plans,21 and programming code.22,23

Nevertheless, lack of reproducibility continues to be an issue even

when study design and implementation are standardized. Conflicting

results have been observed between data sources included in multi-

database studies (MDS) when analyses are conducted in parallel across

more than one data source using a common study protocol and often

after conversion to a common data model using the same analytical pro-

gram.12,24–32 When employing an identical study design and implemen-

tation on inherently diverse data sources, heterogeneous results across

sites may be the consequence of diversity in the RWD and RWD envi-

ronments rather than authentic differences in populations: variations in

how crucial assumptions are met may cause different biases, leading to

different results. This may ultimately be a cause of heterogeneity in

results observed in MDS and of lack of reproducibility.24,29,33–35

A comprehensive understanding of real-world data sources

(RWDS) is therefore essential. However, to our knowledge, there is

currently no published guidance on the identification and recording of

data source diversity, or on how to leverage this information when

interpreting results. In 2020, following three related symposia at its

annual conference,36–38 this scoping review was funded by ISPE to

provide a foundation for developing best practices guidelines.

The primary objective of the scoping review was to identify,

describe, and characterize practices, recommendations and tools for

collecting and reporting diversity between RWDSs used in pharma-

coepidemiologic studies, specifically focusing on different dimensions

of data source diversity.

The secondary objective aimed to explore how diversity can be

effectively leveraged to enhance the quality of evidence generated in

pharmacoepidemiologic studies and facilitate its interpretation.

2 | METHODS

2.1 | Study protocol

This scoping review was conducted following the guidelines of the JBI

Manual for Evidence Synthesis39 and reported in accordance with the

PRISMA-ScR guideline for scoping reviews (see Supplementary

Material S1 for completed checklist). The study protocol received

input from experts in various disciplines, including biostatistics, math-

ematics, pharmacoepidemiology, and medicine. It was registered with

the European Union electronic Register of post-authorisation studies,

now HMA-EMA Catalogues of real-world data sources and

studies, (registration number: EUPAS39757) and is publicly

available.40

The key methods of the scoping review are summarized below

with further details in Supplementary Material S2.

2.2 | Eligibility criteria, search and selection of
sources

The authors identified documents that they believed met the inclusion

criteria outlined in the protocol. These documents include:

• Documents or published reviews offering recommendations or

guidelines for collecting and reporting on the diversity of data

sources, tools for describing data sources, or actual descriptions of

data sources

• Documents produced by an organization or a collaborative net-

work of organizations engaged in MDS, detailing the data sources

contributing to their studies.

• In exceptional circumstances, MDS that provide a substantial

description of data sources, or strategies leveraging diversity to

enhance evidence quality or interpret results more effectively.

Keywords for the search were established based on the identified

documents. Moreover, using the proposed documents as a reference,

the exclusion/inclusion criteria were refined, and a selection tool was

developed to screen and select documents for inclusion in the review.

Each nominated document was reviewed against this tool. Those

selected formed the ‘core’ set of documents for the scoping review,

finalizing the selection tool as described below

The keywords from these core documents informed the system-

atic search conducted in three steps: (1) a snowball search of the core

documents' reference lists (2) development of a PubMed search string

based on a published strategy41 and (3) a search for gray literature

online. The search process underwent iterative refinement to encom-

pass a minimum of 80% of the core documents covering all publica-

tions up to December 2021. Further details on the search are

provided in Supplementary Material S2

Each document identified through the literature search under-

went a two-step eligibility review using the final selection tool. Ini-

tially, titles and, where available, abstracts were screened and

excluded based on four criteria: focus on clinical trials; emphasis on

statistical methods for heterogeneity of results; lack of methodologi-

cal focus; or other, to be specified. Subsequently, full texts of the

remaining documents were reviewed with the same exclusion criteria,

including those that reported relevant information on diversity in data

sources (DDS) (e.g., MDS with pertinent DDS descriptions, tools for

DDS reporting, and DDS reporting guidelines) or strategies to utilize

DDS for evidence enhancement. This process was independently con-

ducted by two reviewers, with any disagreements resolved by a third.

The screening tool and results are documented in a Zenodo library

(https://zenodo.org/records/10633913).

2.3 | Data charting process

Each of the selected documents was then reviewed by one reviewer

using a data extraction tool designed to retrieve topics relevant to the

two research objectives. The tool included 10 topics associated with

the primary objective and 2 topics associated with the secondary

GINI ET AL. 3 of 11
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objective (Box 1). Among the topics associated with the primary

objectives, nine were dimensions used or recommended to describe

diversity, and the remainder referred to methods and tools used or

recommended to summarize diversity. Among the nine dimensions,

six (Organization, Data originator, Prompt, Inclusion in the population,

Content, Data dictionary) were chosen based on the study protocol,

and three (Time span, Healthcare system and culture, and Data qual-

ity) were added based on reviewers feedback. The topics associated

with the secondary objective were Diversity as a challenge and Diver-

sity as an opportunity. Possible responses for all topics comprised:

yes, partly, not clear, or no, with supporting text extracted from the

document. Besides the topics in Box 1, we extracted the year of publi-

cation, affiliation of the first author, and type of document (Review/

guideline, Original research article, Other). Finally, the reviewers were

invited to describe any other topics found in the documents that

could support either study objectives. The extraction tool, including

results, is available as Supplementary Material 3 in a Zenodo library

(https://zenodo.org/records/10633913).

2.4 | Synthesis of results

The extracted documents were described based on their year of publi-

cation, categorized as <2013, 2013–2015, 2016–2018, 2019–2021,

document type, and affiliation of the first author, categorized as North

America, Europe, Asia/Oceania, Africa/South America, and NA.

Furthermore, a content analysis of the 12 topics in Box 1 was

conducted. The content analysis is a form of qualitative analysis. It is

described as “a method designed to identify and interpret meaning in

recorded forms of communication by isolating small pieces of the data

that represent salient concepts and then applying or creating a frame-

work to organize the pieces in a way that can be used to describe or

explain a phenomenon”.42 Text extracted for each topic was indepen-

dently reviewed by two reviewers. Both reviewers coded from this

extracted text recurring explicit or latent concepts that described or

provided a deeper understanding of the respective topic. If needed,

for example, when extracted text was unclear or insufficiently infor-

mative, the original document's full text was evaluated to ensure a

thorough comprehension of the authors' rationale and reasoning.

Recurring concepts that were identified through review of text extrac-

tions from the different articles generated the ‘themes’ as presented

in the results. Themes were discussed by each pair of reviewers, and

summarized in an overview table, with their description and a point-

wise discussion.

3 | RESULTS

3.1 | Search and selection of sources

A total of 91 documents were included in the review: 24 core refer-

ence documents and 67 documents found through the literature

search. The full list of included documents and selection variables is

presented as Supplementary Material 3 in a Zenodo library (https://

zenodo.org/records/10633913), and the process is summarized in

Figure 1.

3.2 | Charted data

The number of documents that addressed either study question

increased over the search period with 40% published in the last

3 years (see Table 1 and the full dataset in Supplementary Material

4 in the Zenodo library https://zenodo.org/records/10633913).

Before 2015, most of the documents (<2013, 68.4% and 2013–2015,

64.7%) were authored in North America. Publications from Europe

became prevalent in 2016–2018 (61.1%) while those from Asia/

Oceania provided a relatively stable contribution (10.5% in the first

time period and 10.8% in the last). The first documents identified from

Africa/South America were published in 2019–2021. A total of

75 documents addressed the primary research objective, the majority

(N = 39) were reviews or guidelines. The majority (N = 30) of the

59 documents relevant to the secondary research objective were orig-

inal research articles.

3.3 | Content analysis

The content analysis resulted in identification of three to five themes

per dimension, and two to nine themes per each of the other topics

BOX 1 Topics extracted from the documents and analyzed in the
scoping review.

Primary objective. Dimensions used or recommended to describe
and/or report on diversity across data sources and related

methods or tools

Dimensions

Organization. Description of the organization that makes the data

accessible for research.

Data originator. Description of the organization that collects the data

and for which purpose.

Prompt. Description of the event(s) that prompted the recording of

the data.

Inclusion in the population. Description of the event(s) that cause

persons to be included in the data source population.

Content. High-level description of the information captured in the

data

Data dictionary. Description of the data dictionary, including coding

systems or free text.

Time span. Description of the time span when the data source is

available.

Healthcare system and culture. Description of the healthcare system

and/or the culture of the area where the data source is generated.

Data quality. Description of aspects of data quality of the data source.

Related methods or tools
Summary. Methods or tools to summarize diversity in the above

dimensions.

Secondary objective. Data diversity is represented as a challenge
and/or opportunity, and how this is addressed/used.

Diversity as a challenge. Is data diversity mentioned as a challenge?

Diversity as an opportunity. Is data diversity leveraged to improve

evidence and/or to assist interpretation, and if so, how?

4 of 11 GINI ET AL.
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(Table 2). Overlapping themes and those noted by reviewers as

‘other’ were all recategorized with the most logical topic. We describe

below three examples of how themes were identified and discussed

during the content analysis.

An example of a description that was extracted in the topic

Prompt reads as follows: “a registry-based study of a drug for rheuma-

toid arthritis which may focus on EHR records from rheumatology

clinics. Some care for this condition, however, may be delivered by

primary care doctors whose services might not be tracked in these

systems”.43 Several other documents,25,34,44–50 highlighted that cer-

tain aspects of healthcare may not be adequately captured in certain

data sources, leading to missing information. This absence of data

might occur within the same data source over time, across different

diseases, or among specific population strata, such as individuals with

limited health-seeking behavior, for example, those who are unvacci-

nated. Additionally, data gaps may arise across various data sources

due to the specific mechanism that prompts data generation in each

source. For instance, data sources relying solely on primary care

diagnoses may overlook acute myocardial infarctions, whereas those

with hospital-based diagnoses may miss diabetes diagnoses. In all such

instances, it was noted in the literature that the missing data are not

randomly distributed, constituting a notable limitation. This set of con-

cepts was identified as a theme. It was labeled as ‘Data are missing

not-at-random’ and is described more in detail in Table S1 in Supple-

mentary Material S2.

An example of a description that was extracted in the topic

“Diversity as an opportunity” reads as follows: “Multiple imputation

adapted to distributed data settings is a feasible method to reduce

bias from unmeasured but measurable confounders when at least one

database contains the variables of interest.”51 We found in a second

document52 a similar idea: that a form of multiple imputation could be

enacted across data sources. This concept was identified as a theme.

It was labeled as ‘Multiple imputation’ and is described more in detail

in Table S1 in Supplementary Material S2.

In the topic ‘Summary’ the analysts chose to explore nine themes,

one per dimension. In most dimensions, tools to summarize diversity

F IGURE 1 Flowchart of the
selection of the documents
included in the scoping review.
On the left column, preliminary
selection of the ‘core’
documents. On the right, results
from the systematic search and
two-steps eligibility review.

GINI ET AL. 5 of 11
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were not found, and concepts and ontologies to articulate

diversity were rarely available. An example where concepts seemed

consistent was the topic Time span, and they included: time since data

source inception, frequency of updating, time of last update, time

spans included in the study, and person time.

The full results from the content analysis of all topics are available

in Table S1 in Supplementary Material S2. The tools used in the con-

tent analysis are available as Supplementary Material 5 in a Zenodo

library (https://zenodo.org/records/10633913).

4 | DISCUSSION

To the best of our knowledge, this is the first systematic exploration

of approaches to describe diversity across data sources generating

RWE, and the challenges and opportunities associated with such

diversity. The review identified 91 documents offering recommenda-

tions or examples for characterizing diversity or leveraging data diver-

sity in pharmacoepidemiologic research. Prior to 2013, most of these

documents were published in North America, but they have gradually

expanded to the rest of the world and have become more frequent

recently. The study identified nine dimensions to characterize

diversity and investigated tools to summarize them. Challenges and

opportunities to leverage data diversity were also identified.

Describing a data source across the nine dimensions clarifies

assumptions that can be made when reusing the data for research.

For example, describing which events prompt the recording of a diag-

nosis allows us to clarify whether it can be assumed that chronic dis-

eases are recorded immediately after diagnosis, or a delay should be

assumed. The themes identified in each dimension highlight areas

where common assumptions may fail to be supported by diverse data.

Dimensions and themes provide the basis for a framework to charac-

terize data sources used to generate RWE.

Data sources used to generate RWE are typically embedded in a

healthcare system, which is shaped by the policies and culture of the

respective country. These data are generated by specific organizations

for specific purposes, which dictate who is included in the data source

and determine which events prompt data records to be created, as

well as how and by whom they are created. Organizations that access

the data to conduct studies and produce evidence are (in most cases)

different from the data generators, and may have different levels of

expertise in research, leading to differences in their ability to identify

assumptions, strengths, and limitations for reuse in the context of a

specific study.

TABLE 1 Description of the documents included in the scoping review.

Time period

<2013

(N [%])

2013–2015
(N [%])

2016–2018
(N [%])

2019–2021
(N [%])

Total

(N [%])

N 19 17 18 37 91

Type of document Review/guideline 8 (42.1) 8 (47.1) 7 (38.9) 19 (51.4) 42 (46.2)

Original research

article

7 (36.8) 7 (41.2) 10 (55.6) 13 (35.1) 37 (40.7)

Other 4 (21.1) 2 (11.8) 1 (5.6) 5 (13.5) 12 (13.2)

Affiliation first author North America 13 (68.4) 11 (64.7) 3 (16.7) 12 (32.4) 39 (42.9)

Europe 4 (21.1) 5 (29.4) 11 (61.1) 16 (43.2) 36 (39.6)

Asia/Oceania 2 (10.5) 1 (5.9) 4 (22.2) 4 (10.8) 11 (12.1)

Africa/South

America

2 (5.4) 2 (2.2)

NA 3 (8.1) 3 (3.3)

Primary objective. Dimensions used or recommended to describe and/or report on diversity across data sources and related methods or tools

Number of documents

included

17 (89.5) 16 (94.1) 14 (77.8) 28 (75.7) 75 (82.4)

Type of document Review/guideline 8 (47.1) 7 (43.8) 7 (50.0) 17 (60.7) 39 (52.0)

Original research

article

5 (29.4) 7 (43.8) 6 (42.9) 7 (25.0) 25 (33.3)

Other 4 (23.5) 2 (12.5) 1 (7.1) 4 (14.3) 11 (14.7)

Secondary objective. Data diversity is represented as a challenge and/or opportunity, and how this is addressed/used

Number of documents

included

12 (63.2) 11 (64.7) 13 (72.2) 23 (62.2) 59 (64.8)

Type of document Review/guideline 3 (25.0) 6 (54.5) 2 (15.4) 9 (39.1) 20 (33.9)

Original research

article

6 (50.0) 4 (36.4) 10 (76.9) 10 (43.5) 30 (50.8)

Other 3 (25.0) 1 (9.1) 1 (7.7) 4 (17.4) 9 (15.3)
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The content analysis showed a different level of complexity

across the study topics: the results of Content and Data dictionary

were lists of themes and none of them had controversial discussion

points. This may be because these dimensions are also common in

descriptions of prospectively collected data from a study cohort. On

the contrary, in the topics Prompt and Inclusion in the population,

some themes were more complex. This could be attributed to the fact

that the former concept does not exist in the field of primary data col-

lection, and the latter has a different nuance when referring to a data

source population rather than a study cohort.

In these topics, we found that a distinction is often not made

between the description of data sources, the data source instances

extracted for the purpose of a study, and the variables derived from

the data source instance. For example, in the topic Inclusion in the

population, the theme ‘Data source entry and exit dates not men-

tioned’ found cases where dates of entry and exit from the study

were mentioned, with no apparent awareness that a study cohort

derived from the secondary use of a data source must be nested in

the data source in the first place.43,47,53,54

In one paper,55 a statement implied that the date of entry in the

data source was not retrieved from the data source itself but was

instead chosen as the date of the first record prompted in the data

source (‘population of all patients with at least one record in the data-

base’), and there was an acknowledgement that this may induce

important bias. Without transparent reporting on such elements, it

becomes challenging to determine their impact on study results,

which may ultimately hamper their reproducibility.

At the inception of this scoping review, the guidance available

for study reporting offered only rudimentary directions for the

characterization of data sources. The RECORD-PE checklist, aimed

at study reports, does advocate for the description of the health-

care system and the mechanism of data generation, yet its focus is

narrowly confined to measuring drug exposure.56 A more recent

advancement is the HARPER template,19 which consolidates and

updates four earlier templates, including the ENCePP checklist for

study protocols.57 This template introduces a section specifically

dedicated to the description of data sources, comprising both an

unstructured entry and a detailed metadata list aimed at facilitating

the extraction of the study cohort from the data source. Our pro-

posed framework is designed to bring structure to this unstruc-

tured entry, offering a systematic approach to data source

characterization.

Furthermore, the structured methodology for identifying fit-

for-purpose data, as recently proposed by Gatto and colleagues,15,16,17

underscores the necessity of having comprehensive information about

potential data sources. This requirement is to ensure they meet the

minimum criteria for validly capturing design elements. Our frame-

work not only aligns with this need but also furnishes the essential

metadata in a structured format, thereby facilitating a more informed

assessment of fitness-for-purpose of data sources for generation of

reliable RWE.

In the topic Summary, our main finding was that tools and ontol-

ogies for describing data diversity are lacking in most of the nine

dimensions of our framework. Among recent attempts to establish

such ontologies, the European Medicines Agency launched an online

cataloe of data sources on December 4, 2023, which includes infor-

mation compatible with our nine dimensions.58,59 It relies on an even

more comprehensive metadata list developed by the MINERVA

project.60,61

The challenges identified in the scoping review were not unex-

pected and can be attributed to our understanding of the complexity

and how we handle its consequences. Dealing with complexity pre-

sents an opportunity to enhance the standardization of processes at

multiple levels. When examining this opportunity, we highlighted

examples of generalization of the multiple imputation methodology to

the case of MDS. We also identified awareness of the potential

to assess the influence of local culture on study outcomes, which is

partially mediated by data diversity. Our scientific community is still

poised to develop methods that can fully capitalize on both of these

opportunities.

4.1 | Strengths and limitations

The major strengths of this scoping review are a systematic process

and transparency, with a pre-specified JBI compliant,39 publicly reg-

istered protocol. The involvement of a diverse group of ISPE mem-

bers with varied backgrounds facilitated contributions to the

selection of core documents and enabled content analysis to be

completed in pairs. This literature search was restricted to articles

within the field of pharmacoepidemiology, aligning with our primary

focus. Thus, we may have overlooked pertinent studies from other

relevant fields. For practical purposes, a large team of reviewers con-

ducted the data extraction and coding. As a result, the quantitative

analysis performed was less extensive than originally planned in the

protocol, due to inconsistencies in the extraction of some categorical

variables. To prevent this in the content analysis, reviewers fre-

quently referred back to the original articles to locate the necessary

information.

5 | CONCLUSION

This systematic and comprehensive study has successfully identified

the dimensions that characterize diverse data sources used to gener-

ate RWE, facilitating a better understanding and interpretation of the

results. However, in most dimensions, tools to summarize diversity of

data sources were not found, and ontologies to articulate diversity

were rarely available. The findings of this study will establish the foun-

dation for formal guidance on the reporting and conduct of studies

utilizing diverse RWDS.
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