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Abstract

Purpose: Social media has led to fundamental changes in the way that people look for and share health related
information. There is increasing interest in using this spontaneously generated patient experience data as a data
source for health research. The aim was to summarise the state of the art regarding how and why SGOPE data has
been used in health research. We determined the sites and platforms used as data sources, the purposes of the stud-
ies, the tools and methods being used, and any identified research gaps.

Methods: A scoping umbrella review was conducted looking at review papers from 2015 to Jan 2021 that stud-
ied the use of SGOPE data for health research. Using keyword searches we identified 1759 papers from which we
included 58 relevant studies in our review.

Results: Data was used from many individual general or health specific platforms, although Twitter was the most
widely used data source. The most frequent purposes were surveillance based, tracking infectious disease, adverse
event identification and mental health triaging. Despite the developments in machine learning the reviews included
lots of small qualitative studies. Most NLP used supervised methods for sentiment analysis and classification. Very
early days, methods need development. Methods not being explained. Disciplinary differences - accuracy tweaks vs
application. There is little evidence of any work that either compares the results in both methods on the same data set
or brings the ideas together.

Conclusion: Tools, methods, and techniques are still at an early stage of development, but strong consensus exists
that this data source will become very important to patient centred health research.

Keywords: Social media, Health research, Umbrella review, Machine learning, Natural language processing, Methods,
Text analysis

Background

The rapid growth of social media (SM) has led to funda-
mental changes in the way that people look for and share
health related information. Of a global population of 7.6
billion, almost half (3.7 billion) are classified as active
(over once a month) social media users [1], with 72% of
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US adults using it for health purposes [2], either as a first
or second-line health information source [3] or exchange
resource [4, 5]. Restrictions and local lockdowns due to
the global COVID-19 pandemic are likely to have led to
an even greater use of health-related online use, as indi-
viduals may have avoided personal visits to clinicians or
been unable to access treatments [6]. Posts written by
individuals on social media platforms are creating vast
resources of spontaneously generated online patient
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experience (SGOPE) data in the form of unstructured
text.

As the numbers of individuals using the internet for
health-related purposes continues to rise, there has
been a corresponding increased interest in exploring
this online user generated content as a data source for
health research [7]. The potential benefits of social media
as a research resource for healthcare include reducing
research costs [8], improving patient empowerment [9],
engagement [10] and health communication [11]. Despite
the methodological complexities of analysing large vol-
umes of unstructured natural language text there has
been increased interest from both commercial and aca-
demic researchers into methods of generating knowledge
from it, and new methods are developing rapidly [12—14].
Although the use of health-related social media as a data
source is a relatively new subject area, it is being actively
researched across many other disciplines, including com-
puter science, sociology, philosophy, and business. The
volume of published literature is growing rapidly and
includes both academic and grey sources, but as yet there
is little literature bringing together the developments in
the area [15, 16]. A review of reviews from 2018 look-
ing at the potential uses, benefits, harms and tools was
inconclusive in terms of the effectiveness and uses of SM
as a data source for mental health research, concluding
that better research designs were needed [17]. As far as
we are aware, this is the first review of this type since
then. It summarises the current state of the art of how
and why SGOPE data is being utilised in health research
by conducting a scoping umbrella review of the recent lit-
erature with a particular focus on SGOPE data.

Aims & objectives

This review examines how SGOPE data is currently being
used within health research. Our main research question
for this review is “How and for what purposes is SGOPE
data currently being utilised within health research?”.
Sub-questions include:

+ Which sites / platforms are being used as data
sources?

+ What purposes is SGOPE data used for?

+ What tools and methods are being used in the stud-
ies?

+ What are the knowledge gaps and areas of future
research needed?

Methods

Study design, reason & justification

This study is an umbrella scoping review. An umbrella
review is a form of knowledge synthesis which by

Page 2 of 41

summarising existing review papers aims to describe the
subject area, what is currently known about it and iden-
tify the gaps in knowledge [18]. Scoping reviews are par-
ticularly useful when looking to get a broad overview of
an emerging area, drawing together the key concepts and
what it encompasses [19]. We chose this combined novel
method for two main reasons. Firstly, comparing existing
reviews gives a wide overview of the subject area, high-
lighting existing evidence and illustrating how research-
ers across the various disciplines are exploring the topic.
By avoiding the repetition of searches, screening of indi-
vidual papers, and the resynthesizing of existing studies it
provides an overall picture of the current state of the art
that can be used as a broad base to build from [18]. Sec-
ondly, as the literature base is so varied, a scoping review
enables the inclusion of any other relevant review litera-
ture that would not otherwise be included within a sys-
tematic review, such as grey or opinion literature. Much
of the most current research around natural language
processing (NLP) is interdisciplinary rather than being
published solely in the mainstream health based journals
[20]. Although not always subject to the peer review pro-
cess of the more traditional journals, these other sources
can be an important source of information for a review
on such a rapidly evolving subject area. Widening the
scope adds both to the depth and breadth of the literature
as well as reducing the potential for any publication bias.
Searching across disciplines, especially in an area where
the terminology varies and evolves rapidly means that it
is difficult to use tightly defined search terms. Many rele-
vant keywords relating to SM have yet to be indexed into
the MeSH system so it was not possible to rely purely on
MeSH terms for searching [7, 21]. Scoping review meth-
ods do not require a formal critical appraisal of the litera-
ture [19]. We conducted this umbrella review following
the methodology suggested by the Joanna Briggs Institute
[18].

Search strategy

We searched the following databases; Medline, Embase,
PubMed, PsychInfo, Web of Science, ACM and IEEE
Xplore. We also searched Google Scholar, Twitter,
Google and other text or opinion literature. Additional
literature, both published and ‘grey; such as conference
reports, was added from reference lists and an existing
bibliography previously compiled by JW. Final searches
were conducted on January 21st, 2021.

Search terms

The original search terms were based on keywords, first
based on input from a research librarian, then agreed
by JW and CD, clustered around the main areas of set-
ting, analysis, content, usage, and methods (Fig. 1). We
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Setting |Setting Analysis (Content |Usage Technique Technique | Tools Ontologies |Causality |Subject
(general) |(specific) (general) (specific)
social Facebook social patient symptom |natural word*embe | GATE UMLS causality |health
media media experience language dding

analysis processing
online twitter data patient side effect |[NLP supervised |CTakes SNOMED |causal link |iliness
space mining report*
social patientslikeme |text self side-effect |natural unsupervis |MetaMap RxNorm causal disease
network* mining reported language ed relationship
understanding
online askapatient infoveillan | patient adverse machine semi*super (word2vec SIDER health
network ce generated |drug learning vised related
reaction causality
blog* healthunlocked |crowdsou |user ADR artifiical annotation |doc2vec MedDRA  |causation
rc* generated intelligence
microblog |webmd crowd post effective* |Al dictionar* |GloVe lexicon causal
sourc* relation
discussion |reddit social message |outcome |deep learning |rule*based |BERT ontology
forum listening
online dataweilla |thread quality of |[reinforcement |SVM XLNet
community nce life learning
internet social conversati |QoL transfer decision*tr |BRAT
media on learning ee
listening
online social ePAT HRQoL neural network |knowledge* tagtog
media graph
mining
health signal UGC impact algorithm* CRF LightTag
forum detection
patient content |patient causality |corpus dictionary* |StanfordNLP
forum analysis |authored linguistics based
patient knowledge |causation |network Latent*Diri [NLTK
community sharing analysis chlet
online self- causal link |sentiment LDA spaCy
patient manageme analysis
community nt
message causal classifi* named gensim
board relationship entity
recognition
online drug Cluster* NER
health
community
forum intervention |topic model*  |entity
detection
forum pharmocov |semantic entity
(near igilance relation*
health/pati
ent/online)
community adverse |data science
""" effects
adverse big data
events
Fig. 1 Search term clusters
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combined the keywords in various options and then con-
ducted the searches as an iterative process, repeated as
further search terms were identified to optimise the effi-
ciency and targeting of the search process. Wildcards (*)
were used where possible to pick up multiple word end-
ings or ambiguities over hyphen usage.

Inclusion/ exclusion criteria

Papers were included if they were any type of review;
systematic, scoping, literature, or general that included
analysis of SGOPE data for health research. Non review
papers, those not referring to SGOPE usage, not health
related, entirely mathematical, or statistical, not in Eng-
lish or published before 2015 were excluded.

Study selection
After duplicate removal, the initial screening was a three
phased approach by two reviewers (JW and CD). Using
the Rayyan tool [22] to assess the reviews, the remaining
papers were initially classified independently as include,
unsure or exclude based on the title or headline. Both
JW and CD then read the abstracts or first paragraph
of those not excluded. Full texts were retrieved of rel-
evant papers. Initial agreement rate was 86%. Results
were compared and disagreements resolved through dis-
cussion while comparing perspectives of the inclusion
and exclusion criteria of the full text of the papers until
agreement was reached. Although critical appraisal is
not required for a scoping review, the reviews were infor-
mally assessed using the questions from the Confidence
in the Evidence from Reviews of Qualitative research
(CERQual) appraisal tool (Table 1) to ensure their suit-
ability for inclusion.

The final selection of included papers was collated into
a marked list on the Web of Science database for basic
bibliometric analysis.

Data extraction/ analysis

The data extraction form was designed by JW and FG.
The extracted data from each included paper comprised
title, author(s), date of publication, journal, keywords,
review type, objectives, research questions (where
stated), number and type of included studies, settings and
population studied, data sources, date ranges of included

Table 1 Components of CERQual appraisal tool (GRADE
CERQual, 2017)

Methodological Are the methods suitable for this project?
limitations

Relevance Do the findings relate to the research question?
Coherence How well does the data relate to the finding?
Adequacy Richness & quantity of data supporting the finding
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studies, key findings, future research needed if identified,
and strengths and limitations if included. This enabled us
to analyse the reviews in line with the research questions.
Frequency analysis was performed on the author gener-
ated words for each included paper, and a word cloud
generated.

Results

Of the 1759 records initially identified from the searches,
58 were included in the final review. Details and char-
acteristics of the included papers are summarised in
Table 2. The PRISMA flow diagram (Fig. 2) shows the
number of papers included and excluded at each stage of
the process.

General characteristics

The 58 included reviews covered the period 2015 to 2020
with the reported number of associated papers published
increasing each year, especially since 2017 [27, 34, 54, 59,
63, 73]. This is illustrated in the breakdown of included
review papers by publication year (Fig. 3).

The included studies came from wide range of jour-
nals, although only six journals provided more than one
review. Journal of Internet Mediated Research (JIMR)
contributed 11/58 (19%), Yearbook of Medical Infor-
matics 7/58 (12%), and IEEE 3/58 (5%), while PloSone,
Journal of Biomedical Informatics and the International
Journal of Qualitative Methods each provided 2/58 (3%).
The other 31 papers originated from individual journals
from a wide range of research areas (Table 3).

The interdisciplinary nature of the topic is reflected in
the included tree map of the research areas as defined
by the Web of Science database bibliometric analysis
that the papers are from (Fig. 4). Furthermore, one of
the larger reviews (414 papers) analysed the discipline of
each of the first authors; finding that in 90 papers (22%)
they were either from a non-health or unspecified back-
ground [34].

The characteristics of each review: the aims, health
condition of interest, data sources, review type and num-
ber of included papers of the 58 included papers are
shown in Table 2. In terms of the methodology of the
included reviews, almost half (27/58), were described as
systematic, with 15/58 being general, 12/58 scoping, with
one each of narrative, critical, survey and bibliometric.
The number of studies in the included reviews ranged
from 5 [55, 65] to 3419 [73], with an average of 118.

In line with the inclusion criteria the included reviews
cover two main areas; how spontaneously generated data
is used within health research and the methods and tools
that are used to analyse it. Just over half (34/58) of the
reviews cover both questions while 13/58 were primarily
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focused on uses and 11/58 mainly focused on the meth-
ods used (Table 4).

The word cloud of the individual author generated key-
words illustrates the range and frequency of the intended
purposes of the included reviews (Fig. 5).

RQ1: which SGOPE sites and platforms are used as data
sources?
Twitter has been by far the most utilised data source,
although a wide variety of general social networks and
disease specific communities have also been used. Six
(10%) of the reviews looked entirely at Twitter based
studies [15, 37, 46, 49, 63, 72]. A further eighteen (31%)
reviews included a wider range of sites but reported that
Twitter was the most frequently used source [20, 24, 25,
28, 29, 33, 39-41, 45, 48, 54, 59, 60, 62, 67, 74]. Both gen-
eral health sites and disease specific communities cover-
ing a wide range of conditions were also widely accessed
[20, 23, 24, 26, 31, 33, 35, 42, 45, 51, 58, 74]. One review
focused entirely on looking at the potential of blogs as a
qualitative data source [69]. Six (10%) reviews used both
SGOPE and electronic health records (EHRs) [30, 32,
44, 55, 66, 70] while Abbe [23] used a combination of
online posts, EHR’s, biomedical literature and qualitative
studies.

Four reviews highlighted that although there were
exceptions, most of the individual papers within the
reviews used data from a single source [20, 41, 43, 67].

RQ2: what purposes is SGOPE data used for?

The identified use cases for SGOPE data extended from
improving public health at a population level to fine
grained understanding of patient perspectives. We sum-
marised the varied aims, outcomes and key findings from
the included reviews in Table 5.

In terms of the specific health topic of interest, 22/58
papers included any health condition [7, 15, 16, 21, 30,
32, 34, 36, 37, 39, 44, 45, 47, 52, 54, 55, 62, 65, 69, 72—
74]. Twelve focused on mental health conditions [20,
23, 24, 28, 42, 48, 50, 53, 58, 64, 66, 71], 9 on adverse
drug reactions (ADRs) [31, 43, 46, 51, 57, 67, 68, 70,
75], 4 on infectious diseases [25, 29, 40, 41], two each
on chronic disease [26, 56], substance misuse [49, 60],
public health [27, 59], breast cancer [33, 38] and with
one each for symptom identification [35], use of com-
plementary and alternative medicine (CAM) therapies
[61] and the reasons for existing use by health research-
ers [63].

As a retrospective surveillance tool SGOPE has been
used to capture public reaction to health events in terms
of emotions [20, 42], fears, knowledge [26], attitudes and
behaviours [27, 41]. Karmegam [48] looked specifically at
studies evaluating the potential of SM data to understand
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the emotional and psychological impact of unforeseen
natural disasters in a community. Several reviews focus
on using SGOPE data to monitor behaviours, commu-
nication patterns and spread of health related concepts,
particularly relating to infectious diseases [25, 27, 29, 40,
41]. Both the speed and accuracy of tracking are seen to
improve on existing surveillance and signal detection
systems, although most conclude that SM surveillance
should currently be complementary to existing systems
rather than replace them [25, 29, 31, 67]. Analysis of
SGOPE data has been used to understand the various
network mechanisms of information spread, the top-
ics that are discussed, and to identify trends or patterns
within the conversations [23, 24, 26, 33, 34, 41, 43, 48-50,
54, 61, 63, 67, 73].

A study on chronic disease collated qualitative stud-
ies exploring how people shared knowledge within the
communities to show how the distinct characteristics
of online spaces helped patients self-manage their long
term conditions in ways that are difficult to replicate off
line, and how these spaces were filling an unmet need for
information and or emotional support [26, 36].

One of the most frequent use specific use cases was as
a new source for identifying adverse drug events or reac-
tions [16, 31, 43, 51, 57, 67, 68, 70, 75]. Identified advan-
tages of SGOPE data over existing sources include earlier
identification of ADRs [31, 43, 68, 70], the reduction of
associated economic costs and potential fatality num-
bers [57] and the highlighting of ‘mild’ adverse events
that may not be seen as serious enough to report through
existing routes. Golder [43] found that the prevalence of
adverse event reporting on SM ranged from between 0.2
to 8% of the posts, with ‘mild’ events being over repre-
sented, while ‘serious’ ones were under represented as
compared to other ADE discovery methods. Compari-
sons between the data sources show that SGOPE data is
generally in concordance with other regulatory sources
for most adverse events [43, 67], but that at this early
stage of method development that it should be used in
conjunction with other existing methods [68, 70]. Com-
bining SGOPE with EHRs and omics data is seen as an
essential method of detecting and predicting ADRs [75].
The additional context from the patient experience narra-
tive adds to existing post-marketing surveillance of inter-
ventions [16, 67].

Two reviews looked at the misuse of prescription medi-
cines [49, 60]. Kim [49] used findings from existing Twit-
ter analysis to create a typology of SM big data analysis
on the topic based on the four conceptual dimensions of
poster characteristics, communication characteristics,
predictors and mechanism for the discussion of prob-
lematic use, and the psychological or behavioural conse-
quences of discussing it on social media.
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Records identified through database searches: Medline,
Embase, PubMed, Psychinfo, Web of Science, ACM,
IEEE Explore, Google Scholar and snowballing
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Screening

abstract
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eligibility
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Non health n=5

'

Included

N=58

Included in the final review

Not a review =8
Not SGOPE = 12
Pre 2015=4
Paper not available n =1

N=30

Fig. 2 Prisma flow diagram

Other use areas included assessing the opportunities,
benefits, challenges and limitations that using SGOPE
data might offer healthcare providers and researchers
[23, 25, 36, 37, 42, 45, 52, 57, 62, 64, 71, 73]. Benefits
identified included providing a new channel for hearing
patient perspectives of their health experiences [23, 33,
42], faster data collection and reduced costs [25, 33],
and improved support for self-management of health
conditions [26]. Zhang [73] categorised SM based
papers by their role in public health, with the most fre-
quent use case being as an interactive intervention tool
aimed at modifying risky health factors. Classifying
studies into five categories encompassing, education,
disease modification, diagnosis, support and manage-
ment, Patel [56] evaluated the impact of social media
use on outcomes across a range of chronic conditions,
concluding that few studies suggested any harm from
its use and that as a data source it had tremendous
potential to improve patient care. Drewniak [36] looked

at the risks and benefits of using patient narratives for
patients, relatives and HCPs, finding that they were a
promising way of improving patient understanding of
their health conditions capable of impacting behaviours
and outcomes.

Ru [7] concluded that with improvements in analysis
methods, findings from SGOPE would be able to gener-
ate new research questions around effectiveness, ADRs
and health related quality of life.

Vilar [68] evaluated SGOPE as a method of identify-
ing drug-drug interactions (DDI). They conclude that
existing DDI resources such as DrugBank, Micromedex
and DDI Corpus, although good as knowledge or evalu-
ation bases show little consistency, and that SGOPE
had the potential to be instrumental in creating knowl-
edge sets and identifying unknown DDIs.

Calvo looked at the ways and levels that NLP could be
used within mental health, including triaging people at
risk and diagnosis of specific conditions. At a post level,
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emotions and risks can be identified, temporal changes
can be tracked at the author level, and general trends in
sentiment and attitudes established at a population level
[20].

One review identified how language markers, such
as higher use of pronouns, can be indicators of altered
mental state or suicide ideation [21]. Using predefined
semantic vocabularies allowed the identification of posts
indicating both medium and severe mental illness [16].

Yin [16] looked specifically at SGOPE data as a route
to understanding poster experience of health issues, con-
cluding that it gave insights into health factors that often
were not recorded in EHR systems. They summarised
103 papers into 5 research categories; those characteris-
ing health issues and patients, prediction of events such
as suicide, the correlation between SM posts and existing
data collection methods, those characterising drug usage/
adverse events/ misuse and detecting sentiment about
major health events such as post-partum depression and
how this impacted on posting behaviours. Recognising
that symptom discussion is a large component of SGOPE
data, one review focused on papers for symptom extrac-
tion [35]. Understanding how symptoms cluster is a rec-
ognised knowledge gap [76]. While pain and fatigue were
the most common symptoms that were identified, many
of the included papers in this review identified symptoms
from 10 of the 12 symptom categories the review authors
had previously defined, concluding that SGOPE data
could help with faster diagnosis and understanding issues
such as the recent opioid crisis and pain management.

RQ3: analysis methods identified by the reviews

Analysis methods have varied widely as new tools and
techniques have been developed, and the reviews reflect
this [51]. Eleven of the reviews focused on the meth-
ods utilised to analyse this type of online data, while 34

looked at both uses and methods (Table 4). A study cov-
ering 2003 to 2017 highlighted the absence of specific
trends in either approach, evaluation or performance
[35].

This review found that many papers, even recent ones
are still using traditional qualitative [26, 56, 69, 73] or
mixed methods [41, 46, 50, 72] of analysis on small quan-
tities of data. Of the 42 papers in the Patel review [56],
only 3 analysed over 1000 posts, with 26/42 analysing less
than 100 texts. Other reviews included papers using a
mix of manual and machine learning methods [29, 38, 40,
49, 51, 61]. Abbe [23] argued that while the debates about
qualitative and quantitative analysis continue, the explor-
atory yet highly automated approach of natural language
processing (NLP) can bridge the gap, offering the best of
both worlds.

Among the analysis methods used, sentiment analy-
sis was the most commonly utilised [15, 16, 20, 32, 37,
42-44, 48, 49, 53, 61, 62, 64, 71, 74]. Our review found
that much early sentiment analysis was often performed
on small volumes of text, using qualitative or content
analysis methods [46, 60]. Developed originally as a mar-
keting tool for business to understand consumer opin-
ion towards their product [15], sentiment analysis has
frequently been used to identify emotions that can sig-
nify a posters thinking and mood when trying to iden-
tify potential suicide risk [15, 20, 28, 53], to track ADRs
and to interpret patient reviews of health care services
[74]. Simple automated content analysis has used lexicon
based keyword techniques such as the LIWC (Linguistic
Inquiry and Word Count) text analysis tool to count the
frequency of keywords within the text [38] or compute
the percentage of positive or negative emotional terms in
a text [20, 29].

Machine learning methods have a myriad of different
algorithms and techniques of varying levels of complexity
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Review

Journal

Allen 2016 [26]

Barros 2020 [27]

Dol 2019 [34]

Drewniak 2020 [36]
Hamad 2016 [46]

Kim 2017 [49]

Mavragani 2020 [54]
Zhang 2020 [73]

Lardon 2015 [51]
Wongkoblap 2017 [71]
Lopez-Castroman 2019 [53]
Demner-Fushman 2016 [32]
Filannino 2018 [39]
Gonzalez-Hernandez 2017 [44]
Lau 2019 [52]

Neveol 2017 [55]

Neveol 2018 [21]

Staccini 2017 [65]
Pourebrahim 2020 [57]
Qiao 2020 [58]

Abd Rahman 2020 [24]
Dobrossy 2020 [33]
Charles-Smith 2015 [29]
Wilson 2015 [69]

Zhang 2018 [72]
Al-Garadi 2016 [25]

Gupta 2020 [45]

Skaik 2020 [64]

Fung 2016 [40]
Sinnenberg 2017 [63]
Patel 2015 [56]

Tricco 2018 [67]

Golder 2015 [43]

Vilar 2018 [68]
Edo-Osagie 2020 [37]
Santos 2019 [59]

Ho 2016 [75]

Karmegan 2020 [48]
Convertino 2018Kar [31]
Gianfredi 2018 [41]
Dreisbach 2019 [35]
Lafferty 2015 [50]

Abbe 2016 [23]

Sarker 2019 [60]

Falisi 2017 [38]
Castiilo-Sanchez 2020 [28]
Cheerkoot-Jalim 2020 [30]
Yin 2019 [16]

Zunic 2020 [74]

Journal of Medical Internet Research
Journal of Medical Internet Research
Journal of Medical Internet Research
Journal of Medical Internet Research
Journal of Medical Internet Research
Journal of Medical Internet Research
Journal of Medical Internet Research
Journal of Medical Internet Research
Journal of Medical Internet Research
Journal of Medical Internet Research
Journal of Medical Internet Research
Yearbook of Medical Informatics

Yearbook of Medical Informatics

Yearbook of Medical Informatics

Yearbook of Medical Informatics

Yearbook of Medical Informatics

Yearbook of Medical Informatics

Yearbook of Medical Informatics

IEEE

IEEE

IEEE

PLoSone

PLoSone

International Journal of Qualitative Methods
International Journal of Qualitative Methods
Journal of Biomedical Informatics

Journal of Biomedical Informatics

ACM Computer Survey

American Journal of Infection Control
American Journal of Public Health
American Journal of Medicine

BMC Medical Informatics & Decision Making
British Journal of Clinical Pharmacology
Briefings in Bioinformatics

Computers in Biology & Medicine
Computers & Industrial Engineering
Current Pharmaceutical Design

Disaster medicine and public health preparedness
Expert Opinion on Drug Safety

Frontiers in Public Health

International Journal of Medical Informatics
International Review of Psychiatry
International Journal of Methods in Psychiatric Research
Journal of American Medical Informatics
Journal of Cancer Survivorship

Journal of Medical Systems

Journal of Knowledge Management

JAMA Medical Informatics

JMIR Medical Informatics
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Review

Journal

Gohil 2018 [15]
Giuntini 2020 [42]
Sharma 2016 [61]
Calvo 2017 [20]
Injadat 2016 [47]
Sharma 2020 [62]
Wong 2018 [70]
Ru &Yao 2019 [7]
Su 2020 [66]

JMIR Public Health Surveillance

Journal of Ambient Intelligence and Humanized Computing
Methods of Information in Medicine

Natural Language Engineering

Neurocomputing

Pharmacology Research and Perspectives

Pharmocotherapy

Social Web and Health Research (book)

Translational Psychiatry

23 7

MEDICAL INFORMATICS PHARMACOLOGY

3

HEALTH CARE SCIENCES SERVICES 6
INFORMATION SCIENCE
LIBRARY SCIENCE

3

TELECOMMUNICATIONS

18
COMPUTER SCIENCE 4'

PUBLIC ENVIRONMENTAL
OCCUPATIONAL HEALTH 2
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2 P 2
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COMPUTATIONAL TECHNOLOGY OTHER TOPICS
BIOLOGY OTHER TOPICS

1 1 1
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SCIENCES DISEASES MEDICINE

1

BIOCHEMISTRY
MOLECULAR
BIOLOGY

LIFE SCIENCES ONCOLOGY
BIOMEDICINE
1 OTHER TOPICS

BIOMEDICAL SOCIAL
SCIENCES 1

LINGUISTICS

1

PSYCHOLOGY

GENERAL INTERNAL 1
MEDICINE

MEDICAL ETHICS

Fig. 4 Research area of included reviews — WoS bibliometric analysis (WoS 2020)

Table 4 Categorisation of the main purpose of the review

Uses [22,29,32,36, 38,45, 50, 55, 64, 66, 69, 74, 75]
Methods [20, 23,24, 37,46, 49, 65,70,72,73]
[

Both 7,19,23-27,35,37-40,42, 44, 45, 47-49,
51-53, 55,59, 60, 62-64, 67,68, 71-73, 75, 76]

in various stages of development. At a basic level they
can be divided into either supervised (classification) or
unsupervised (clustering) methods. Classification meth-
ods were often rule based, looking for a predefined words
or patterns of text and the accuracy of the model is heav-
ily dependent on the initial parameters in the choice of
words or expressions [32]. The majority of the machine

learning studies to date have used supervised meth-
ods. Common classification algorithms include Support
Vector Machines (SVM), Naive Bayes (NB), Decision
Trees (DT) and Random Forest (RF). All these and oth-
ers are frequently mentioned in the method discus-
sions although SVM is the most popular [25, 47, 59, 71,
74]. Gupta [45] noted that SVM was the most promis-
ing method for binary classification tasks. Unsupervised
techniques using topic modelling which do not require
large amounts of labelled data are beginning to become
more prevalent, especially for identifying themes and
topics within large quantities of text [29, 38] but were less
frequently utilised [37]. A comparison of all datamining
techniques found that they all had various strengths and
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weaknesses and that research objective and data should
guide the choice of method [47].

The methods of both SGOPE and clinical NLP (look-
ing at the unstructured text in EHRs etc.) have similar
issues and purposes, but although automatic methods
of processing are developing, the unstructured nature,
noise, domain specific content, problems with language
usage, understanding semantics and the complexities of
informal speech mean that there is still a lot of work to be
done in developing methods to maximise its usage [44,
45, 66]. Sarker [60] categorised the methods currently
used to identify and monitor such use, concluding that
there was still a lack of datacentric pipelines, and propos-
ing a new method based on shared annotation guidelines
and labelled datasets. One solution to the issues of ‘noise’
and irrelevant text within SGOPE is to use a combination
of methods to refine the content by using a binary clas-
sification method to exclude any irrelevant content and
then topic modelling to identify themes from the use-
ful content [40, 44, 60]. Health domain language can be
quite specific to the domain, even at a lay person level.
A variety of approaches are being explored to deal with

the inconsistencies of ‘patient language’ such as spelling
correction, and attempts to map lay language to medical
ontologies [32].

Shared tasks and datasets have been identified as a
means of improving method development. Table 6 lists
details of some of the SGOPE shared dataset challenges
held to date that were identified in the reviews [39, 44].
Often used in computer science these approaches are
seen as the most comprehensive way to evaluate meth-
ods and techniques. All groups taking part in each chal-
lenge share the same training dataset, and then develop
algorithms or pipeline processes with the accuracy of
each method calculated with the test data [20]. This
allows an open assessment of the various approaches.
Results from these suggest that the best results are often
achieved by combining methods in a pipeline process,
but that there is no one single combination that is seen
as being the most effective [20]. Tasks such as entity rec-
ognition, especially using dictionaries, are much easier
than the more complex problems of correctly identifying
relationships between the entities. Reports from some of
the shared task challenges show that within clinical NLP,



Page 19 of 41

(2022) 22:139

Walsh et al. BMC Medliical Research Methodology

"34I| Ajlep Ul UORIPUOD

119y1 sbeuew sjdoad djsy
SANIUNUWILIOD 959U} MOY d1eu
-lwinj|l pue 3sod 03 uedNal
ale ajdoad Aym 1no pul4

sansinbull jeuon
-eindwod /swiyiobie Ja1ag

spoyiaw
191199 "sojoyd ‘0spIA ‘Olpne
4O uoIsn|oul ‘sabenbuey

Aydeibouyia ‘vd| drewayy
19 1US1UOD A103Y1 papunoib
‘Jl1eWaY} AR BND

'sain1ea) se sweibu
PasN IS0 "NAS Uoedyls
-se| ‘pasiaiadns Asop

'MOg ‘'sweibu 4gl-41 uon
-DRJIXD 21N1R24 'SIUNODIR
NSO Siuapuodsal bul
-$$9208 ‘saljleuuoiIsanb oul

150d 10U Op U0 Op 9|doad
AYm pueisisapun o) pas
“uoniqiyuisip pue Ajigeios
‘sdiysuonejas buiib ‘9bpa
-|MOU3| 9A11D9]|0D Bulleys
4bBNOoIY1 SUOIIPUOD WLIS)
/| 9beuew-49s 01 syusned
Hujbeinodua ul nydjsH
‘Spoyiaw

onsinbul| jeuoneindwod
pue swyiioble Janeq
pasaN AlAUSSRIdRI YIIM
swa|goad |[13S INQ SW1SAS
Bunsixe Juswa|dwod ued

(ct/v aN

'(T2/S) 44 18 Y71 'uonedyisse|d
Jejndod 1sow (¢z/€ 1) WAS
‘payIdads 10U US3O elep
123]95 01 PIsN SPIOMADY
9y "/ SI2Y10 '7 %00Gade4
'S 0 BUIS '8 JoNIM)
:92IN0S "0 payipadsun ‘|
9233219 ‘| uedef 'y 'sn ‘9
eulyd :jeoiydesboan y siap
-10SIP HIN ‘€ 2pIPINS ‘£ UOIS

suIsiueydaw
pue SaWaYl YIOMISN
‘spoylaw

pasiaiadns Jo sduewloyad
13YISSe|D pue $2In1ea4
"SSW0DIN0 PUE SWile

Apnis ‘poyiawl sisAjeue
‘SWN|OA pUB 32IN0S el

spoyiaW siskjeue ‘spoyiaw
UOIIDRIIXS 21N1e24 ‘Uo11ed0|

BUET
-abeuew-J|as buiroidwi 1oy
SaN|IGISSOd “sooeds auljuo
ul 9bpajmouy aleys aseasip
DIUOJYD Yum s1uaited moy
Jo buipuelsispun 191199

oluolyn

Rl
-|19AINs diuspued 1o NS

95e3SIP SNOdAJU| o suonenwl| / Asenbapy

swajqoud Hiy Bunsa1ap oy
1ep 3dOOS JO suonelwl|

[97] 910z us|Iv

(Sl 910 IpeieD-Y

J3Y10 ‘s921n0s 3|dnN)\  poYyISW 1NW ‘sisA[eue 1xa|  -sa1dap ‘g $$a11S :S3IpNIS 77 ‘UOIIPUOD) ‘S92IN0S B1R( YijesH [pausy  pue ‘sabusjeyd “Aoenbapy uewyey pay
‘POY15W 2J0D B
9W023q pue Ja1aq 196 ||Im
nQ 1uasaid 1e sanljigeded
dlseg 'snouaboialay s
-doy pue sanbiuyda|
‘paJoubl aq 10uUed 1By}
92IN0S B1eP VY "2IN1e3)|
[BOIPAW ‘SPIO3] [EDIPaW ‘siskjeue pue Hul
“ysijbug ‘annoadsiad yuaned ‘Abo  -ssadoid-aid 1oy pasn sjoo) “YoAsd
uey1 sabenbue| ajow 0} “UOIeDYISSeD dWOS ING  -joyredoydAsy :uonedidde 7 spoyiawl bujjepow didoy Ul s3sn |elzualod pue Juai
A|dde ‘sanbiuyda) panoidw|  SWS1SAS Paseq S|nt ARSOpy  JO Seaie UleW INOJ PIYRUSP|  PUB ‘S3IPNIs JO S9ANDSIGO Yi[eay [eIUS\  -IND 'SUONELIWI| %R SIYSUSg [£7] 9107 29qY
Yoieasay aining pauonuay spoyis|y pasesydesed sbuipuly Aoy passassy sawodInQ ealy swiy paseaydesed 19y

SUOI1S9HBNS YdJessal aininy pue pasn spoylaul sbulpuy Asy ‘sswodinNo ‘swiy § djgeL



Page 20 of 41

(2022) 22:139

Walsh et al. BMC Medlical Research Methodology

2bueyd

soouasgRld /swiopeld NS
‘e1ep aAleIUasaIdal 196 01
Se 05 'eIpaW [e120s JO sadA)
1BYM $3SN OYM UO YIOAN

'sa1pn3s jesodwial oQ 's|00}
mau dojaaag sndiod pazey
-ouue asn ‘sabenbue| JaYy10

'ssad04d ay3 bulnp payiuapl
e 1PY1 Yi[eay [eausw Woly
s 1e Bulaq se paynuapl
9|doad yim 10rIU0D B¥eW 01
MOY IN0Qe 3uly} 0S|y "sobenb
-Ue| JUJIYIP Ul 4N Buisn

'so1doy Aouanbauy Jamoj
10319p 01 SIsA|eue dl1eway}
pue uondsas A1snp

(v@7) bugjspow didoy

sisAjeue

JUSWIIUSS ‘UOIIDRIIXD
2In1es) 10} vS1'vad1 DMIT
‘Joradns

SBM U0 AUe Jayiaym
SUIWIISP JOU PN -3|ge
-|leAR saNbjuyd3) /5|100)
JUBIBYIP JO S10T 'Swiyioble
/SPOYIaU JO UOIIRUIGUIOD
£ U340 SPOyIaW poon
‘SISAjeur JUSWIRUSS pue
UOI1DRIIXD 2IN1ed) 10§ Y10]

“9DUE||I9AINS Hd 03U 'S
21e10d10DU] 01 SABM 10§ 4OO|
0} pasN 2bpsmouy ul sdeb
JO 5107 'saway1 Aousnbayy
J9MOJ 10} 10U 1nQ ‘sd1do)
peolq 1o} poob Bul|lspow
o1do] spoyiaul Bunsixa
Y1IM UOI1R[3110D) "$3BIGIN0
40 uondIpald Jaljie3

‘syuedidnled Jo

12gUINU 10 'UO1123||0d eIep
40 sueds awn buipiodas Jou
siaded 'WAS Buisn 91/01
‘sanbiuysal buluiuielep
1121|d%a 1odail sa1pnis

91/8 %S/ 10§ 3A13D3(q0
Ulew Uoleyissed 1xa|

‘K1euydidsipiaiul K19/ "sanss|
Aoeaud /so1y33 -aonoeid ul
11 0} 10831 01 MOY pUuY O}
pa3u 1nq 3sn 3ealb e ay||

'SINOIARYDQ B3y
UO 2DUSN|U| UoIeDY U
awsayy / d1do] sawi uon
-Ipaid 'SOsIeIS Yijesy
[eUOIIRU pUE B1eP BIPaW
|BIDOS U9M13Q UOJR[21I0D)

sanbjuyd3] 's|0o] 'SPOYIBIA

P=o15ei1Xa Sainies) 'S92IN0S

35835IP SNOMDU|

Y3eaH [eualy

§S9UI0DIN0 Yijeay
aA0Idwi| 01 SUOIIUSAIDIUI
1591 01 IO (9DUE||I9AINS
95e3SIP 40 PasN 3q I\'S ued

(eiep
WS Wouy apidIns 121paid 01
pasn sanbiuysal A 1eYm

iYyeay [pausw
Ul e1ep pa1eIausb Jasn uo

[6¢] S10T YHws-sapeyd

[8¢] 020C Zayduesojinse)

01Ul 42Je353) Op 01 PasN PIsN A|9PIM 1SOUW DMT SWD3S SaNssI H Buibel]  e1ep ‘saipnis Jo SaAnR(q0 Y1jeay [eaus|y PasN spoYIaW dIN 1eYA [07] 210z oAeD
'sioded Q| UYL SS9
Ul pasn a1am (| =u) sanbiu
-UDa1 Bbupjues pue ‘(€ = u)
sAaAINS (9= u)Ai0ay3 Ao
-lolwspida ‘(£ = u) sanbiu
-U231 paseqg-a|ny ‘79 1/01 selpaedo|dAous
siskjeue dnsinbul| ‘z91/01 oM pue ‘elpawl 130
uawdoeAsp Bujules dsag z9l/cl ‘saianb youeas Aq syusna
poy1aw aAoidull 01 S1aserep sisAjeue 21do1 ‘791 /81 elpaw 01 Aljigndadsns ‘uonoipaid spoyaw ‘sasodind
PJepPUE]S JO UOIIB3LD) ‘SIUDAD sisKjleue [enuely 'z91/0c  Ybiy se ||am se ‘sdnoib abe  sisoubelp ‘uonusw yijeay 'S92INOS *(3DUE.||ISAOJUI IO
eIpaW 01 JUIUO0D 'S JO Alljig S|opOoW [eD1ISIIeIS ‘791 // T 195N PIselq puUe SSAUDAI uosiad 151y ‘uonesaloe ABojolwapojul) 9dUe||I9AINS
-ndadsnS 'spusil Yijeay pue  Buiuies| sulyde (9 1/9t) -e1USSaIdDI Ul SUOIIRIIWI|  -IBYD 9SBISIP '9dUB|I9AINS yieay o1gnd Joy ssgj jo
SINOIARYDQ YDieas buibueyd  s|opoul uoissalbal (791/6S)  PaLIIUSPI OS|e SN ‘eale 159b ‘Bunsedsio) 1doy yiesy uonedydde ayy buipiebas
103|J31 01 spJomAy Bunepdn sisAleue uoneja1od)  -big 2yl 3seas|p snondyu| ‘aseasip 1eak ‘'odAy Jadey YiesH dlignd  sbulpuy yoieasai ssasse o [£2] 020T soueg
yoJeasay aining pauonusy spoyisy paseiydered sbuipuiy Aoy passassy sawodInQ ealy swiy paseaydesed 19y

(panunuod) g ajqey



Page 21 of 41

(2022) 22:139

Walsh et al. BMC Medliical Research Methodology

‘lennusiod
91eJ1SUOWSP pue abesn
asiwindo 01 spoyiaw pasN|

SN

'sJa11ddns YH3 pue yoieasal
dIN U29M13q UO[IBIOgR|[0D
‘SUleWop ssoJoe saujadid
Buipiod uo Yo\ “SOUBUWSS
UO YO S195e1eP [BDIUlD
d|ge|ieAe Apiignd a1ow pasN

‘spoyiaul
U0110219p [RUDIS JaY10 YiIMm
uondUN[UOD Ul 35 "SpPoyIaul
anoldwii 01 }I0M IO

‘Aoeindde buiroidw| 'S324N0s
ssoloe eyep bBuisipiepuels

JO SPOYIBN "1X31 JO SWIN|OA
343} Y1IM 3[eds ued eyl
spoyiaw ‘swbipeled eyep big

SN

SN

‘SpIom ueyy

191199 $92U1USS BuISN
‘Buissadoid duewas uo
PoPI3U IOM IO “Pasn
1SOW UONDRIIXD 1UDAD
pasinIadns 10 X363y paseq
9Ny ‘sisAjeue 1UaWINUSS

'g¢//¢€ leindod
150U A1eUOIDIP ‘SPIOMADY

‘uonoenxe diys

-UOoNIe[3) pue YN ‘Spoyiaul
47N "2in1eJ3)| pawolq

pue sYyH3 uo Ajurew -

pasn SN ‘deyesiy

ERHES
91 SUI9dUOD INg dAIIsod
S U995 A||el2uaD) Juawl
-1INJ1D3J sem asn 1596619

“JUS1UOD BulsAjeue /18

‘uole|ndod 19b1e}

3y1 Jo AoeJa| pue ‘sapnune
'sJ2119q pueISISPUN 0}
921n0s pooy) ‘s3sod ay3

4O 1USIUOD 3Y) pue ‘sadAy
135N Jo 301 ‘abe 1 payooT]
'S|001 UONeN[eAS

Aljenb asedyyjeay piepuels
3Y) O} UoNIppe S|gen|eA e
pue supIpaw uolsidaid 1oy
|00 B 3W023q 0} [enuslod
Buimoys snys ‘sysod
pa3e[al-y1jesy [enplAIpul
Buissaippe 03 spuai buuny
-ded woly buinowl ydieasay
dIN NS PUB [eD1Ul]5 Ul 430G
SUOp 3q 01 2IOW YdNN

‘Jej 05 JUSWISSISSe

Ayjesned oN ‘play buirow
154 'SPOY1aW pasiplepuels
pasN ‘palpnis-lapun |je

2Je uoleluswWa|dwl pue
AupljeA ‘A1jnn ing ‘sapusbe
Aloye|nbas Bunsixa uaw
-9|dwod 01 |ennualod 4O S107

421835l 3dOOS WOl 1y
-UsQ p|NO> OYM 1e PayooT]

-asodind Apnis

‘suiioje|d ‘palanod d1doy
yijeay ‘auljdinsip Joyine
1514 ‘A13UN0D APN3s ‘s|euinor

*S9UIAY1 ‘1USIUOD 3SIN0DSIP
‘soj04 Juedpinled ‘9sINo0dsIp
4O 2UWIN|OA ‘Suliojie|d

SPOYISIN JUSISSISSe
Ayjenb Joj 821n0s e se |\S

‘poylaw

UOIIDBIIXD 'S2IN183) [BDIUID
‘siied 3Qy-010.1d Bnup ‘uon
-ejndod Apnis ‘s921n0g

oJeasal Jo saled
-Jaudg [RIIUS104 pue S|00]
‘sanbjuyda] ‘s321n0g e1eQ

‘e1ep NS buisn
Auy 21 siaydieasal yijeay MoH

‘uon

-edNpa Jualied 1oy [enuslod
EVIIVEEYRIS =R e Rlplelel:
1EP NS JO JUSIUOD pue

Jodue) Isealg  syuedidipied ‘DUIN|OA SSSSY

‘saniunyioddo
MaU pue ‘sbenbue| jualied
Auy uo 47N Ul suawarosdul|

NS WOJ) UOIID919p

AJea 1oy [enuaiod ‘uon

-ewojul Jo Ailjenb ssasse

yavy ‘sa1b6a1e11S dSLRWIWNG

is9bus||ieyd sy aie 1y

iseale uoned|ddy jsiyauaq

OUA "IX3} [eDIpawiolq Ul

pasn 5001 ‘sayoeoidde

Auy Bululw 1x31 aY3 AJusp|

[rel 610 100

[€€] 020z Assoiqog

[2€] 9107 uewysn4-lsuwa(

[1€] 810T ounIaAu0D

[0€] 020Z Wijef-1003192y>

Yoieasay aining

pauonuap spoyIdN

paseiydeied sbuipulq £y

possassy sswodinQ

ealy swily paseiydesed

i ]

(panunuod) g ajqey



Page 22 of 41

(2022) 22:139

Walsh et al. BMC Medlical Research Methodology

aleys 03 s1ase1ep
palieA 210w pue 1abbig

'SIy1 op 01 pardwane
S9|D11e SISAjeue 1UIU0D Ay}
JO SUON "SWODINO Yieay
|e21sAyd pue ‘|leinoireyaq
‘|le1posoydAsd 03 1US3UOD NS
BuI22UU0D JBPISUOD PINOYS

seale
PaIPNIS $53| 0| YD1easal
0( 'spoyiaw pasiasadnsun

'suon
-USAISIU| PISBQ-dAIRLIBU O}
sayoeoidde sAnelUEND JOJ

splepueis jewido ay) auysp

01 PaPI3U S| Y2Je3sal ainin4

“WIR1SAS Y1jeay
pausd-1uaied e 01 [ednLD
SI‘su01dWAS JO JUBWISSSSEe
SUWII}-[BSJ PUB UONEIIUNWIWIOD
yyeay ut skejd 4o 1eya 9|0l
2y1 buipuelsispun "9duUsIds
woldwAs 01 adueA3[aI S
pue yde ybnoiyy passaidxa
syuaned Jo spasu ay1 Japis
-UOD PINOYS YdJeasal ainin

'$YS€1 UOWWOD
150U UOIIBDLISSe|D puR YIN

lenb ¢

uenb /¢ D18 Yd1=110¢
150d “DMIT= 1 10T 2id
1/ SUIOS / [enueul awos
‘sisAjeue 1US1U0D pIp 86/01

SNOJaWNN

SN

‘spoylaw

40O 9dA1 Jo uMmopyealq
ON 'WL+dIN L ‘Buiuiw
1X21 9 4N +1 :siaded |7

"210|dx3 0} s1a5€1EP

paLieA pue 310U PN
'SUOIIN|OS UDALIP-BIep O}
pUaJ} JB3|D 'SYSB) Pasn SO
3U UoNedYISSeD 18 HIN

S9WODINO Y3[e3y 0 JUSIUOD
pa3ul| S3PDI1IE M3 ING U
-eAa.d suonoeIRUl BIPSW
|BIDOS JO S3SAjRUR 1UDIUOD)
"UBISEONED-UOU M3 "SPJeOq
obessaw /swinioj poddns
aUI|UO AISON “Bulag|lam
|e12050ydAsd UO SN0+

‘uoledynuapl
[ed1ydesbosb pue bulydely
95easIp ‘bullsedsI0) ‘9oue)

-IBiIAoDeWIRYd ‘UOD3IP
JUSAS ‘9DUE||I9AINS Y1y
o1jgnd Jo s1o0adse g oy
92IN0S e1ep poob e 11IM|

UOIIBULIOJUISIUL WOy
Sysu [enuslod ybnoyye
SIENEIENINIIENED)

‘pIemIoy
SAOW 01 SUODIX3)| 2IBYS O}
P3N "SULID] JO UOIIDRIIXD

Uo sNd0oj Jualin) siaded
L2/S 1 104 Abojopoylow
Alewud ¢N '$92In0S pPo A19
-leA "SwoldWwAS palen|ess
150w anbpey pue uled

"aInseaw ‘aduewiiopad 1599

'9215 195B1eP '92IN0S B1ep
‘9dA1 e1ep ‘uondudsap yse|

"9WOIN0 Yijeay
pUE JUSIUOD NS USaMISq
UOoI123Uu0D ‘paskjeur
s10adse yd1ym ‘poyiawl
sisAjeue ‘uone|ndod Apnis
Jo Aud1uyiL ‘suiopeld

spuai swi pue [ediydesb
-09b ‘spoyiawi Siskjeue
'S92INOS B1ep 'SUONIPUOD

1I0Julod
‘apensiad Inoireyaq
[opou ‘2bebus ‘wiiojul
‘9AI1R1IBU 341 JO S9s0dingd

SOIBW DU
-Jojiad pue ‘uonen|ead
‘uonesuobared wordwAs
'32Jn0s elep ‘asodind Apnig

isysel
paJeys syl Ul papnpul
Auy SPOYIDW PUB SHYSe1 IYAA

ISIOAIAINS
192UeD 15831q JO Yi|eay Y}

Joduedsealg Ul Aejd NS S0P 9|04 1BYA

uijeay dlgnd ui
AUy B1BP JS1IM] JO S9SN JUSLIND)

{SdOH

10 ‘sannefal ‘syuaned 1oy

S1Y2USq 10 s s|geynuenb

AUy aAeY y21e3sa1 3JODS 20

XA NS
w01} SWoldwAs 10e11x

swordwiAs 03 spoylawl 4N buisn

[6€] 810 ouluue4

[8€] Z10T Is!jed

[£€] 020t 216es0O-0p3

[9€] 070z Yelumaiq

[S€] 610T Yaegsiaig

Yoieasay aining

pauonua spoyIdN

paseiydeied sbuipulq £y

possassy sswodinQ

ealy swiy paseiydesed

i

(panunuod) g ajqey



Page 23 of 41

(2022) 22:139

Walsh et al. BMC Medliical Research Methodology

'Salpn1s
AleudidsIpinw IO\

'S9DIN0S B1eP 3SISAIP Buielb
-91U1 JO SAem 01Ul yoieasal
Jayuiny pasN ‘aseasip oyidads
241 Jo 10edwi PIPaW 2y} 01
anp Ajgissod ‘sdeb Jo s107

22noeid

pue ydJeasal abpliq 01 pasN
'SINOIABYSQ SI9SN BIPAU
[PIDOS JO $1US1UOD eIpaW
|eI20S Jo abueyd [ejodwal Jo
sisAjeue 1oy e1ep [Nyasn apIA
-01d [|Im $13SN eIPAW [BID0S
JO $3IPNIS 1oyod aAdadsoud
BuoNpuUod JO S1aserep
RIPSW [BIDOS [BUOIIDS-5501D
9|diinwi BuisAjeue jo uon
-23J1P 9Y1 Ul YdJeasal ainin

‘ssoded NS Jo Aujenb asieidde

01 1SII¥934D MU & PasN|

SUODIX3)|

103y 19N-pIOM ‘UodIowWg
PIOM DYN ‘DMIT snid (019
INAS ‘10 ‘gN) pasiatadng

‘lenedsoab

'SISA[euUe [PUOIIR[21I0D
‘Buljjopow [edleuwayieul
‘sisAjeue 1US1UOD ‘s|sAjeue
SA11RLIBU ‘DAIIRY[END

DMIN
Buisn sisAjeue Aousnbauy

pue Bulpod [enuew Jo XI

“DMIT s Yans

SUODIX| YIM pauIquIod
SIBYISSE|D J]2YS SY1 O
Yum spoyisw pasiaiadng
‘ullofie|d pakojdwa 1sow
J91IM] "SUODIOWS USY}
“1X31 S| BIPaW Pasn 1SO

"92UeUOS3)
pue 10edw| eIpaW aY3 3q
01 SWaas abrIaA0D padue

-lequn siy3 Jo JueUIWIRIP
ulew ay3 pue ‘saseasip
|eaidosy-gnsy/jesidoy
3]CPIIUNWILLIOD P3ISA0D

13410 3yl |8 3|Iym ‘saseasip
|ed1douy pa1da|bau uo bul

-SN20J 31aM £ Ajuo ‘papnpdul

S9PILe /# 3Y1 JO INO
‘pawloyad Ajjnn saipnis
3U1 JO Uo[1eN|eAS ON "Pa3UEl
-lem s1 siauonndeld yieay
dlignd 01 Yoieasal eipaw
|BI20S JO AN 3y -=agn|

-NOA PUB JS1RIM| UO PasNI0}

24e3531 BIP3W [BID0S
P31e[24-35B3SIP SNJIA 8|00
payslignd ‘sabewi pue
SO9pIA JO bulpod [enuew
pasn saIpN1s J3d1|4/welbey
-sul/ agn1noA ‘buljispow
|BD11BUISYIBUI PIA|OAUL
SaIPN1S om| (| =Uu) buipod
[enuew pue (¢ =u) bujuiuw
1X31 PapN|dUl SPOYIDUI
SISAjeue 1U1U0d JanIM |
JUNODDE AIS Y3 JO $D1ISI
-1910eJeYd pue Blep-e1aW
150d qua1u0d NS Jo soidoy
/ S9UWaY} JO 3I0W IO U0
paipnis sepile ¢/ | ‘euon
-D35-550.2 3J9M SAIPNIS

[IV 2114 pue weibeisy
WOl | PUB ‘2N NOA WOy
€ '00Qae4 WO} | ‘OqISM
/191um ] wioyy g :suaded 7|

Abojopoyiawl

'DALIBJU SISPIOSIP JaY10
‘uonaa19p bulesy 0 uon
-owa WS Jo 9dA1 ‘wiopeld

sBulpuy ulew pue sisAjeue
40 2dAy ‘asodind Apnis ‘uon
-e20] [eojydesboab ‘popad
Apnis ‘aseasip ‘921n0s e1eQ

‘suonelwl|
pue ‘sbuipuy ulew ‘poylaul
SISAjeue ‘pasn SpIoMmAY
'SWel) aUl) ‘POYISW U013
-|03 e1ep ‘wie Apnis ‘uenb
1o |enb ‘ubisap Apnig

Y3eaH [eualy

9SeISIP SNONOaU|

9SeISIP SNOND9JU|

ISPOYIRW YDIYAA ¢SHIoMIsU
UDIYM ¢BIEP NS JO SadA)
1A 'SIDPIOSIP dAIssaIdap
BulAjIuapl Joy sisAjeue
UOIOWS PUB JUSWINUSS

i$yea1gino
Slwapida 01 suonoeal
oijgnd aimded Asyy ued
isuondipaid / 9duelIldAINs
95e3SIP J0j PAsN (| NS UeD

JeIpaw [e1D0S Pale|al
£|0Q3 UO Pasn spoyiaWl pue
SUONSaND yoieasal 1eyn

[¢v]) 0ZOT lununin

[L¥] 810T Ipayues

[0¥] 910z Bun4

Yoieasay aining

pauonuap spoyIdN

paseiydeied sbuipulq £y

possassy sswodinQ

ealy

swily paseiydesed

i ]

(panunuod) g ajqey



Page 24 of 41

(2022) 22:139

Walsh et al. BMC Medlical Research Methodology

(SIsAjeue ual

-UOD pue SPOY1aW Paxiw
JO XI1UW) SISA[euR JU1U0D
POUIGUIOD) "9JUB|[ISAOJU|
‘(@Aneljenb pue aAneln

sisAjeue Janim|

10} poyraw piemiopybiels
se siskjeue yDD sasodoid
‘sIsAjeue pue UoND3||0d
P1ED J0J USSOYD A1l
10U sem ubisap spoyiaw
-paxiW 9yl pue ‘sAlellenb
10 aAneuenb Ajpind

s1nsal Jo uon
-eluasald pue ‘uoiiepi|ea
'SPOY1aUl SISAeUE ‘U013

-|0> e1ep pue buidwes

(salpnis
INIS Paie|al-yieay ul pasn

SN -uenb) sisA[eue JUa1UOD 10U 2I3M P3SN SPOYISN ‘sbelysey pue spIomASY yav SISAjeue Jus3uod S| MOH [9¥] 9107 peweH
‘91egap
[EDI412 PapN|DUl S3IPNIS €
AuQ "uondipaid djuwspids
10§ s|opow aAndIpaid 1a11aq "uoleDYISSe|d Aleulq 'sabuajjeyd pue ‘suoned
dojanap ‘Uond319p WY} uolssaibay 18 131134 - (%EE) poylaw SUIDISAS -l|dde |enusiod 2oue||I9AINS
‘e1EP JSY10 YUM NS Bul  D1sIBoT ‘gN 15910} Wopuel Pasn 1S0W NAS “(9%179)  INS JO SUonelwI ‘sasessiqg yijeay paseq S 10j pasn
-UIquIOD) ‘UoIIdNPaI SION 'S9913 UOISINAQ ‘WAS 92IN0S PasN 1S0W JSNUM]  ‘S9DINOS e1eq ‘SPOLYIaN TN AUy 4B 'S9DINOS ‘SPOYIUL JRYM [S¥] 0z0Z B3dND
1001 Juswdo
'sabenbue| SISA|BUR JUSWIIIUSS  -|9ASP |NJISN S3SeY Paleys
10UNSIP Ul $19S B1ep P3|3q "uonedyIssed pasialadng  's1aselep paleys paleiouue
-e|un paabiey pue syaselep  “Huljlspow d1dol Y1 ‘xabal  Jo sbenioys -buiddew/uon
Po1B10UUR 35B3[3) pUB 318310 dTN NS U] ‘SISAjeue Jusiuod -BS|[PWIOU PUB UoNdNPaJ “1X31 PRINIDNIISUN WO
0} PaSN "UOI1DRIIXS UOlieal [e21x3] pasn siaded 9405 3SI0U UO Papaau YIOA 9AI1adsIad usned ayy
|eJodwia) pue 25UsJ991-0D 19AQ spoyiawl bujuies) "SWIS1SAS paseq bulules) "S3Se1 4O SadAl ‘adAy Bunnided oy piebas ul bul ad!
‘e1ep JO UO[1eS||ULION 01 Paseq 3|NJ Woij A0 01 Paseq 3|NJ WOy A0 SISAjeue ‘salis (NS Jo sadA| AUy -dojaAsp SI TN MOY MOYS /|07 ZPURUISH-Z3|ezuon)
"SJUDAS SSIDAPR
Pliw, pue pale|al,woidwiAs,
10} anJ1 AJejndiuied sem siyl
1By} pue e|paul [e1d0s Ul
PUNOJ SBM SIUIAS 3SISAPE
Jo Aouanbauy Jaybiy e
ey} Juswaaibe [eisuan poyiaul
‘paiinbal Apuabun si ‘98 01 70 WOl palien uosiiedwod ‘@duajeraid
eIpaW |e1d0s bulpnppul ‘'sus} SPOYISUI UOIIBN|BAS M3 souseAaId YOy odAl  yQy ‘wWie Apnis ‘UodSes INS Woly
-sAs aoue|ibirodewleyd |je Jo "A1euonoIp gedoA YijesH 92IN0S Pasn 150w swinioj  1s0d ‘pasn ABaiens ydieas SIUSWIWIOD YV JO anjeA
SISAjeue SSaUAIIDIY-1SOD J3WNSU0) pPasn 71/8 uolssnosIp ‘salpnis |5 ‘adAy yQgy ‘2dA1 aoinos eleq yay  pue Aousanbaly ‘9dusjessld [€¥] 5107 49p|0D
151 S199M] pajelouue
Ajlenuew jo sndiod dypads
—Buniss 21ed yieay e buisn 37Is uonesynsnf
paulell S199M1 JO SISAjeue "AoeIndde 10} pa1sal o|dwies ‘9zis ajdwes uon 10 uonepleA ‘buiutes
JUSWIUSS J0J |00) P31} M3} AI9 '5|00) 0dsag pue  -BlJOUUE [ENUBW ‘P3SN |00} oyioads yijeay Auy aied
pue 21eINdJe UB JOj Pa3U B S| 'S|00} [eIDISWIWIOD ‘92in0s uado  ‘poyiawl Jo adAy ‘spiemo -y1[eay / 191Im| 10y 5|00}
249Y31 1eY1 $15966Ns Apnis siyl  Jo XI “SIsAjeue 1usuiuas Jo Xiw spoyiaw a|diny JUSWIIUIS ‘eale y1eaH Auy SISAjeue JUswiuas 1y [S1]1810Z |'YoD
yoJeasay aining pauonusy spoyisy paseiydered sbuipuiy Aoy Passassy sswo021nQ ealy swiy paseaydeied JCY]

(panunuod) g ajqey



Page 25 of 41

(2022) 22:139

Walsh et al. BMC Medliical Research Methodology

"SYIOMIUIBIY |ED112103 Y]
p|ING 01 SISU3| [EININD-01D0S
1uJa4Ip ybnouy erep

INS 95AjeUY "SaNSS! [eD1Y1T

‘palpnIsIapun
1uaWwabebua NS Jo sadusnb
-95U0?) "Buo}UOW 3SNS|W
9OURISqNS JOJ YIOMIWIRL) [BD
-132103U1 JO DB| B payuap|
“UO P|ING 01 95 B SB M3IAI
11941 $935 - I0W $107]

“JUSUOD
150d Ym SisAjeue }Jomiau
|e120s 21e40dJodu| “Bulssadoid
abewl pue 1x9) suIquIo)

‘SUIPWIOP |N'YH pue

INYD WOl4 10| B Ulea| pjnoD
"PIsN SpoyIDW 341 INOGe
Bulm 1noge poob 1ou si9
-U2Jeasal Y1|esH 95ed syl
JOU SeM UDIYm uonnguisip
[eullou e pasinbai payjdde
51591 943 JO AueW - Ing 'S} Nsal
JO S1591 [BD1IS11RIS DIOW PN
‘palusWR|dwil a1e sanbiu

sisAjeue suomiau
[e120S ‘A10941 papUNOID

RIVET]

-nuas ‘sulaned ‘sawayy
Ayuapl 01 I pasiaiadns
uou / pasiaiadns ‘aan
-e}jjenb ‘lenuew :2uNIXIN

SIsAjeue JUSWIRUSS
‘sSwyloB|e uopesyissed
BuISN UONDLIIXD 2IN1ea

"9JBD D113udd Juaned
'UDJe3S31 JO UONIPII-0 10}
sapunuoddo ‘uoisinoid
pue ‘A31j0d ‘9dxnoe.d jo
1uswdojansp yum diay
ued) 's9dualadxa Jualed
SWI1 |3l ‘|BUONRAISSAO

"PAPIIU oM dIO0W
1nq ‘|lenusiod Jo 510|935

Joadns

Sem poylaul auo Aue 1eyy
3pN|2U0D J0U P|NOD) "3OUE)
-|19AIns [ed1bojoydAsd 1oy
pasn sisAjeue JUBWINUSS
"924N0S PISN SO JDNIM |

9%8 AluO 25N yyjeay/[edipaly
‘SISKjeue 310MI2U [BIDOS pue
ssaulsng ul pasn 1O 1d
3 AN NS SPOYIaW pasn
1SOW "SUIRWIOP S9DIAI9S
pue |euisnpul JUsIayip

qul mm.>ﬁuw.ﬁo yoJleasal
1UBIBYIP 6 SS2Jppe 01 pasn

JUBWIINIDI

10} NS ‘SUOIIRISPISUOD
[EDIY13 'SUOIIRISPISUOD [©D
-16ojopoysw ‘e1ep se S

UIPWIOP (21413 ‘Ulewiop
|e2160jOPOYIDW ‘S3UIOINO
'SD11S1I910RIRYD UOEDIUNW

-W0D ‘sD13s1d10RIRYD 43S

spoylaw ‘uiiope|d

‘sanbiuyday Jo
$9SSaUNBIM PUR ‘SUIBUR.IS
'S9AD3[qO YDIeasay

i[eay [eruapy

3SNS|UW 2DURISANS

[eaH [BIUSIN

'sabus|jeyd pue
'S3yauaq 5|00y iAnelydAsd
Ul pasn bulsqg NS Sl MOH

sbnup uon

-duosaud jo asn onews|qoud
1O [EDIP3WIUOU JO sula)ied
|BINOIARYSQ pUB UONeDIU
-NWIWOD puerISISpUN 0}
pasn 9 ued eiep NS MOH

"AUNWILWOD 8Y1 UO J1Sesip
U99sa104un 4o 1oedwl [ed
-I6ojoydAsd pue jeuonowa
3y} pue3isiopun 03 elep

NS Buisn jo saunpadoud
PUB ‘SS3UAIIDAYD A|IqIS
-sod ay1 asA|eue 01 swily

‘spoy1aul

BuluIW 1P JO SISSIUNPIM
pue ‘sy1bualls ‘sanbjuydal
JO UosHedWOoD ‘@dueULO)

[05] S10T Auage

(6771 £10T Wiy

[8%] 0Z0T uebawiey

-UD31 MOY 01Ul YDJeasay 1A 'Ng ‘WAS ‘Buluiweieg — sanbiuysay buluiw exep 61 ‘sanbiuyda] ‘surewoq Auy -1ad ‘sease ‘sanbiuyds| [/¥] 9107 1epelu]
depelaiy g STAN Bnup
0112943 3{Ul| 01 UOIDYIS
-se|D "uoledylissepd + didoy
JO Xiu = bBue, 9184 aAIIsod
9s|ey9dNpaJ 01 SWyY  'saiunyoddo mau |je NS
"9SI0U SPN|IX2 01 UOIBDYIS  PUB SYHI ‘B1ep SOIWQ SYAY abpamouy Yay Jo
-se|D ‘bulp|ing ABOJOIUO  1D1paId/ 10913P O} [PIUSSSD POYIaN S92IN0S Se SYHJ pue elpaw
SN "YIN dIN Butuiweleq yoeoudde usAp ereg 'loo 3 e1e( ‘Sule Apns yay [PIDOS ‘S2IWIO S24pdwo) [S/1910Z OH
Yoieasay aining pauonus|y spoylay  paselydesed sbuipuiq sy Ppassassy sawodInQ ealy swiy paseaydesed 19y

(panunuod) g ajqey



Page 26 of 41

(2022) 22:139

Walsh et al. BMC Medlical Research Methodology

's3Nsa4 9r0Idwd] 01 1)
01 e1ep DIydeibowsp ppy

‘suonsanb
1ybu 2yl buiyse si yoieasal
1BY1 2INSUS 01 JUSUISA|OAUI

Jualied U0l “Y3eay Ul Iy
WoJj Juem syusiied 1eym 935

‘Aljenb eyep ssasse

01 SPOY1SW PISN "WD1SAS
9oue|ibirodewieyd oy ul
eIPSW [BID0S JO 9|0J 9yl dUIW
-1919p Aj9s12a1d 01 paiinbai
94e S9IpNis [eUORIPPY

Bujuiw
e1ep ‘Bul|jspow didoy
'SISA[BUR JUDUIIIUSS :SNOLIBA

S3IUNUWIWIOD

3UIJUO Ul SS3U||I pUB Yi[eay
JO S9DUBIAXD J2UINSUOD
pue juaned JaArodun

01 '(M31A31 [ENUBW pUP
‘sishleue aAieleNb ‘uon
-esijensiA “69) sayoeoidde
P3IYBIsul yum pauIquiod
‘(Buljspow uonedo|e
13|Yyo1Ig 1uS1e] ‘Buljjepow
oidoy ‘Buluiul 1xa3 se yons)
Suylobe UaALIp-eIep
Buisn Jo Abojopoyiaw uow
-WOd e paleys siaded 1599

‘SpoYIaW paseq
-9|nJ snoteA ‘buissadoid
-a1d ‘Buideids gap -0y
‘paxiu/ [enuew |1y :LOY

JSEIeEE

Y4OM 310W 5107 “UolUsARId
9pIdINS Ul 9j0s Jueodw
Sey NS Inq ‘sAep Ajie3
*SJI9UINSUOD pue

syuaned 1yauaq Ajjenioe
PINOD |y MOY UO 32U3PIAS
pue UoND3IIP JO 32e| e S|
2J3Y|] "S9IIUNWWIOD SUI|UO
Ul SSau||l pue yijeay Jo
S92USIIAXS JSWNSUOD pue
Juaed JaA0DUN 01 ‘(M3IARI
[ENUBW PUB ‘SISAjeue SN
-eyjenb ‘uonesijensia “6-9)
sayoeoidde paj-ybisul
YIM paulquiod ‘(Buljjapow
UOI1eD0|[e 13|Y21IJ 1US1eT]
‘Buljispow d1doy ‘Butuiw
1X31 SB Y2NS) swiyoble
uaAlp-e1ep buisn jo Abojo
-POYISW UOWWIOD B paJeys
siaded 159q € ay] “(Swnioy
UOISSNISIP aUljuo “6°9) e1ep
eIpaW [e1D0S JO SIsAjeue
AJIBPUOIDS S| SN UOWIUIOD
SO 'V Uo Indul Jawinsuod
pue 1uaiied padlfe 18yl
S3IPNIS ON SI2UNSUOD

pue sjuaied Joj yoieasal
(1) @2uab||21u] [e1PyRlY
paviodai siaded 8107 Ma4
e1ep Y1 Jo Aujigelja

10 ‘Ajllenb ‘ssausisidwiod
91 55955 01 P3|IRy SAIPNIS
papndul ‘sdeb osje 1ng
'Spoylaw Jo Alvuaboialay
payiusp|spoylsw
|enuew pasn siaded | |

|| dWay1 Uonesynuap|

SN

SN

‘UODIX3)
‘SpPOYIaU ‘SWN|OA e1ep
'321n0s elep ‘sbenbue

WS wouy

yieay [pIusyy  uonespl apidins budssQg

Sol1ewIoUl Yijeay ul |y Jo
uoned|dwi pue ‘sapuajjeyd
Auy  ‘sanjunuoddo Jo 10S 8107

PERIL][s]VNen)
-ewlleyd oy sbpasjmouy
4ay  JO 92IN0S MaU e aq NS UeD

[€5] 6107 UewoOSE)-Zad0T

[csleloz nel

(1G] §10T uopie

Yoieasay aining

pauonua spoyIdN

paseiydeied sbuipulq £y

possassy sswodinQ

ealy swiy paseiydesed

i

(panunuod) g ajqey



Page 27 of 41

(2022) 22:139

Walsh et al. BMC Medliical Research Methodology

‘SUIR1SAS abenbue)

-\ “paads asealdul 0}
1502 |euoneINdulod JIaMo|
UM SwialsAs dojenag

SN

"34eD [eDIUl|D> ar0idwl 01 Aem
1590 93 90 1ybIW Saseasip
oyidads 031 sa1pnis 19bue] 'seiq
10} [ennua10d 9oNPaY ‘SEW0D
-1n0 aA0idwll 01 1oeISIUI

ued 4231 pue si03oe) Jusned
'35BISIP MOY puerlSIapUN

‘A|Igesijelauab aseanu|
‘sobenbue| 12410 Ul HJOA

SN

“JU2UUSSasse wuw_QEOu
2J0W 10} $32IN0S [eUONIPEIL
UM e1ep WS auIquiod

uolissalbay
2151607 ‘gN 152104 Wopuel
'S9913 UOISINA ‘WAS

pasiatadnsun
‘uolssalbal ‘pasinadng

's|sAleue
1USIUOD) ‘SAIRElIEND
JIIBWAY] ‘SA1BIIUBND

‘Buiuies| dasp ‘uonelouue
sndiod ‘uondaap uonebaN
sannda(pe a|gepelb Jo
Buipunoib ‘uonn|osal U
-19§2102 ‘uonenbiquiesip
UONPIASIGQE 'UODRIIXD
UOI1eWIOJU| 'S9OUIUDS
|nNJasN JO UOEDYISSe|D

SN

WAS AJje1dadsa

‘spoyiaul pasialadns pasn
15O\ "Welbeisu| 4jquing
1Ippay 4SNim] Y00gSde
uonedyls

-Se[D pUB UOI1DRIIXD 2IN1ed)
‘Buissadoid-aid ‘sabeis
ulew aa1y] 'syqy Jo uoned
-yhuap! Aliea 1oy poob NS

(lenusy

-3dXa 40 ‘|PUOIOWS ‘|BIDOS)
10ddns 10} 9504 'sHo|q

10 %00G22e4 J2Y1I3 %58

‘SyuelieA abenbue)

Jo ue1s “buules) dasp jJo
Buluuibag ‘spoyraw ueyy
Jayies suonedldde buinup
-uo) "elodiod parelouur
JO UoIdNPOIJ "SI2U [einau
3 bululea| daap yum uon
-ebau pue uonesyissep
INS Se yons swiajqoid pjo
BUISIAI - SpUL) /10T

‘SIsKjeue 9sINodsIp

PUB ‘UOIIN|OS3) 9OUIJ210D
‘SOlpURWSS "9 Syse)
x3|dwod 210w ay3 uo bul
-}Je1S 'spoyiaw ueyl Iayiel
suoped|dde buidojpasg
‘joyod|e

/bupjows ‘sbnip ‘asedyyjeay
'sojuapIda ‘saseasip
/SUONIPUOD 31am s103fgns
payDIeasal SO “Wiiofie|d
P3SN 1S0W JaNIM] "810T
9DUIS ISa93Ul BulseaIdu|
‘leusnol pasn 1sow YINf

EIENT

uolen[eAd ‘swyLobie ‘uol
-DBJIX3 21N1e3) 'SPoyIRW
UOI123]0 ‘suliojie|d

RIENT
uolenjead pue siskjeuy

10949 INS ‘Alew

-uns poyla|y ‘uondudsap i
9715 o|dwies ‘ubisap Apnis
‘wie Apnis ‘asessip ‘A10Ha
-1ed AUIOUOXe| ‘Wiojie|d

SpoyIaw 1xa}
dDH JO dIN "81ep NS JO 4N

ssaupoud jo suon
-D311g dIN JO suonedjddy

e1ep NS Jo sobel
-ueApesiq g sebeluenpy
's21d0) Y3jeaH ‘s921n0S
e1e( "S|euInol 3 aulpwi]

"UoNd19P
19pIOSIp [eyuaW 03 bupie|al

Yi|eaH [eIUSN SAIPNIS IS JO MIAIDAQ

INS WOl UoNDep YAV
4ay JoJ spoyiaw bujuiweleq

“UD4e3S31 3ININJ JOJ HIOM
-aulel) 3159h6nS NS Woly
S9UWODINO 3SeISIP JIUOIYD
1noge siaded Bunsixa

sS1uolyD Ssiewwns 13 as1i0H31eD

L10C Ul dIN
[ea1uld Joy siaded 3saq /
AUy UdIeasal JUSD31 SzlewWNg

910¢
Auy  josiaded 4N (21Ul 1599

'sdeb ya.easal pue spoyisw
J0 Aupljep “Abojolwapojul
AUy Paseq NS JO a1els JusnD

[85] 0Z0T °”ID

[£G] 0T0T wiyeigainod

(951 510€ [918d

(121 810T |09ASN

(5G] £10T |09ASN

[5] 00T uebeiney

Yoieasay aining

pauonuap spoyIdN

paseiydeied sbuipulq £y

possassy sswodinQ

ealy swily paseiydesed

i ]

(panunuod) g ajqey



Page 28 of 41

(2022) 22:139

Walsh et al. BMC Medlical Research Methodology

‘e1ep ul
95I0U 9DNPaY "uorIOUUE
[ENUBW 1O} JUSUISaI6R MOYS
“SPOYIaW $s00e Uosedwod
3|geus pue 1d3foid 10a11p
ay1 djay |1 s19se1ep
pa1e10UUR pUE SaUIRPIND
uonejouue paleys dojpnsg

[OEEWENIEW,
Buluies| dasp) sanbiuyday ui

pasiniadnsun ‘pasiaiadng

'sdde /sabenbue|

pasn 1soW UOYIAd pue
WYIM 'Y 'sanbiuydal pasn
1S0W ‘gN 152104 Wopuel

‘spoylaw
47N Spiemoy puaiy buimoib
NQ ‘SAleY[eNb [enuew
S9IPNIS J31[4PT "92IN0S Pasn
1SOW JaNIM] G 10T 9OUIS
paystignd 9508 ‘s31pN3s 6¢
'sIayDieasal Aq

e1ep JO 92IN0S Pasn Ajpusnb
-914 1SOW 33 SBM Ja1IIM |
‘UonIPpPe U| "Pa1dNpuod
2I3M S3IPNIS A3 2UBYM
AJ3UNOD UOWIWOD 3SOW 3y}
sem ‘g’ 3y AjAnoadsal
‘uoned|idde aiemyos pue
abenbue| bujwwesboid
UOWIWIOD 3SOU 83U} 219M
WMIM Pue Y 3iym ‘anbiu
-U23} UOWIWIOD 10w

3U1 319M (INAS) SUIYDeN
10109/ 1oddns 'siaded jo
Jagquunu 1saybiy ayx paysi
-gnd INO SO1d PUe YINP
'S9SBASIP DIUOIYD J0) SI01DB)
SSL PUB ‘S9SBSIP DIUOIYD
'S9SBASIP 3|gedIUNWIWOD
pue Dpyseled ‘SNold3jul UO
Ajsow buisnooy '/ | 07 92uls
358310Ul 9ANRIYIUDIS B pue
10z ul paysiignd siaded
JO J3qWINU Y3 U] 9seainul

‘sBulpuy
pUE 'Spoy18W ‘SaAI13(C0

Apnis ‘paipnis uopedIpaw

'971S 195e1PP ‘92JN0S PR 9SNSIW 20URISaNg

AJunod Apnis
‘abenbue| burwwelboid
/31em1yos ‘sanbiuyday
‘eale yyeay ‘asodind

‘auljadid d11uad e1ep Mau
asodoid ‘asnsiw 10 asnge

uonedIpawl paseq AS Jo
SpPOoY1aW BunsIxa 1e 4007

1e PAYOO] SaNSSI Y1jeay |
-gnd Ya1ym 's|oo1/spoy1aul
'saseqelep / SaLUNOD ‘sjeu

[09] 610 J=341eS

suoleLeA JO sisAjeue yidap uj 'S92.1 UOISIAQ ‘WAS 1Yyb1js e pamoys synsay Apnis ‘leuinor Jes yieayolgnd  -Inofl / siaded Jo siaquuinn [65] 610 soiues
BRI
PassNIsIP 9 AJUQ SPoYIaW
BulUIW 1X31 JO UOIeZIWOISND
pue JuswaAoidul Jayuny
9Y1 ul sal] abua|leyd ay “ay)| pasiatadnsun
Jo Auijenb paiejai-yieay pue ‘pasiaiadns ‘Bunsal sise
‘JudU1eaI] JO dN|eA paAladIad -y10dAy ‘sisAjeue Jua1uod jobiy / S9WODINO
'SJUAS BNIP 9SI9APE ‘SSU ‘(Bullepow 21do1 'yd  9JUSISYPE / SSOUSAIIDRYS / Yi[eay ‘poyiawi sisAjeue sabuajieyd
-9AI1D9Y9 JUSWIEaI UO  ‘welbN) Bululw 1x91 's1dad  S103)9 9pIS papN|dUl SSWO0D ‘poyraw buissadoud-aud nuoddo sisAjeue
Y21easai Jayuiny pa1sabbns  -uod Aynuspl ‘buiddew ‘43N -INQ SPoyIaW Jo A1aLiep ‘swn|oA ‘9dA1 eleQ Auy /SPOy1aW - e1ep 3d0DS [/16107 0_ATR NY
Yoieasay aining pauonus|y spoylaly paselydesed sbuipuiq £sy passassy sawodInQ ealy swiy paseaydesed JEX]

(panunuod) g ajqey



Page 29 of 41

(2022) 22:139

Walsh et al. BMC Medliical Research Methodology

'$10308})
%Sl JO uonesynuap! aroidw|

‘sojydesbowsp

Se 4dNs pIePeISW WOl SIasn
9s11910e1RYD 01 Saniunyoddo
MB3N "Y2Jeasal e|paw [e1D0s Ul
SUI9DUOD [eDIY3D pue Adeaud
ssalppe 1eyl sapijod pue
J311IM[ 9SN OYM SI3UDIeaS3l
y1jeay 1oy sauljepinb bul
-1lodal pazipiepuels
dojanap pnoys yiom ainin4

‘passasse
Aj2184 AoRINDDY JUswdo
-|oAp Jo abeis Ajieg 1A

spoyiaw piepueis pjob oN

‘paiINbal yiom
2J0W $107'3SN YD JO 3JUI)
-eaAald / soAndadsiad s Jasn

YD puBISISpUN 01 3JODS
BUISN UO UOP 3IOM 1

Buyy

-|opow d1do] ‘buippaquia
piopn ‘solydesbouwlsg
‘J110PIUAS ‘|edIxa us W
-NUsS 4a-4L VAT 'YHIM
‘5311834 W1ST 1A 94 Y1
‘9|qWIasug ‘WAS :SI9POW

sisAjeue
SIOMIDU ‘SISA[RUB 1UIUOD

BUILIGUIOD Al ‘UODIXST

Ale|ngedon yijeay
JauINsuo) ‘xabal ‘saydieas
PIOMADY ‘SISA|eur JUS1UOD
"Jl1eWay] ‘oAl eND

"UoID3IRS

2IN1e3) PUB SPOYIaW JO
A12USH0IRDH ‘]opowW
Pasn 1S0W NAS ‘921n0s
e1EP PIsN 1SOW JoNIM|
‘uonespl-spIdIins GZ/01
's19pJosIp aAIssaIdap S7/5 1
‘sanbiuyay uonesyissed
Y1|eay [eausw |9A3] uone)
-ndod 1e bupoo| sioded Gz
(5= u%b)

SISA[eUR 3}IOMIDU pUB ‘(F=U
9%/) UOIUSAISIUL (6= U
19%/) JUBWIINIDAL ‘(6] = U
91 1) Juswabebus ‘(9 = u
'9%97) DUB||ISAINS ‘(L /= U
'9696) SISAjeue Ju1Uod
2J9M AUIOUOXE} MaU e
91N113SUOD 184} YdIeasal
yieay utiaum| buisn 1oy
sayoeoldde Atewd ay|

‘lenuatod paddeun

4O 5107 "synsal panoiduwll
SPOYIaW YAy 49410 yim
S Buiuiqwiod (L TN ‘9
UODIXST) JUSWUSS 10}

N URY3 Pasn aJouwl paseq
uodIXaT (01/€) SHAY pue
(01//) uoledipaw JejnopJed
uo uoluidQ "yoeoidde
JUISISUOD JO 3287

SUOISSNISIP

wiojeld ejpauwl [e1D0s

pue exep A1anb yoieas

4O sIsAjeue ay1 buipnpul
‘SyusWIRAIL YD BulApuapl
104 saibojopoyraw buido
-[9ASP Ul 153J91Ul uedYIUbIS

sdeb pue
‘sao110eud 359q ‘suoned)dde
'SpoyIaW UOIDI3||0D)

Buipuny
pue ‘s31y1a 21doy yoleasal
‘91ep UoNeDIgN 'YdIeasal
yijeay ul pasn wioje|d 1oy

-UM] 1BY] SKem ‘SIayDieasal
AQ pasn e1ep Ja1IMm| SAeAA

"3sn [edulpd jenualod ‘pasn
poyiaw s “Adesayiodew
-Jeyd ‘suoIpUOD ‘92IN0S
1B ‘[RUINO J3A JoYINy

SN

4213531 Y3eaH

'sdeb youeasal buiknuap)
'SPOYIaW 4N pue N buisn
SI9PIOSIP [eIUBW 1D1paid

01 5350d e|paw |e120s Bulsn

}[BSH [RIUS 1O} S|OO PUB SPUSI} IUSIY

J4a1m] buisn s1aydieasal
yieay Aym pue moH

iAdesayrodewseyd spiemoy

play 1uswnuas oignd
pueisiapun 03 swiojie|d

eIPaU [BI20S UO Pa1dNpUod

AUy 39 SIsAjeue JuUsWiUSS ued)

REMIEV]]

2y1 Jano sbueydxa pue

'SS9D2B ‘SPaau Uoewlojul

(VD) SUIDIPSIA SABUISYY

pue Aieyusws|dwo) bul

-ApN1s Ul pasn spoyiaw

puUe $anss| Y21easal

YD 461YB1y pue Anusp

[9] 020T *1exS

[€9] £ 10z Biaquauuls

[29] 0Z0T eULIRYS

[191910¢ eulieys

Yoieasay aining

pauonuap spoyIdN

paseiydeied sbuipulq £y

possassy sswodinQ

ealy swily paseiydesed

i ]

(panunuod) g ajqey



Page 30 of 41

(2022) 22:139

Walsh et al. BMC Medlical Research Methodology

spoylaw
anoidull ‘seiq dnpay

'9o130e4d yijeay ul uondope
SAISSBW WOJ 1e4 "PIEP JO 3SN
A1BpUOD3S PUP JUSSUOD IO§
SIOMSWEJS [BUWLIO) B PISN
‘suonsanb ybu ayy bupyse si
INS/ IV 294D 031 pas "aJed
yijeay ul uopdope pasealoul
'SUJDDUOD [PDIY12-0120S "UO
310M 01 510 ‘sAep Ajies AIap

$I19p0dUR0INY ‘NNY ‘NND

sabuajeyp Jo s10]

1Ng [enualod Jo $107 '3 Nsal
[eriul buisiwoid panaiyoe
SABY pUE B1EP [EDIUID-UOU
pue [e21Ul)> yioq buisn
S|opow uonoipaid sl ases
-SIp padojanap aney salpnis
a|dinwi ‘AjJe|ndied ‘SoWwod
-1NO Yijeay [eausw bulApnis
10J s|apouwl @ buisn saipnis
4O Jaquuinu Buimoib v

"KI9AI|9p 21D Y1|eay IN0Cge
UOI1DBJSIIES 1O ‘JUBWIIUSS
‘Inoineyaq ‘abesn pue asn
1noge sbpajmous 31eindde
2Jow apiroid suonnuIsul
pue ‘sjeuoissajoid a1ed
y3jeay voddns o3 eiep jo
SIUNOUIR SAISSEUL S5O}
2J0|dxa ued swyioble
Buiuies| aUIYDB “SAIANDE
1o swajqoid yieay yum
9ouUaladXa 1ualied uo abpa
-|mouy| 23ea1d pue aJo|dxa
0} pasn AjJuaidyja g ued
sulojie|d eipawi [e1D0s

pUB ‘S3LIUNOD U93M1Sq
paziuoulley aq pjnoys asn
A1epuod3s SIY} MOjje 0}
sjuswia4INbay 'sAem Auew
01 buipiodde passaidxs aq
ued (e1ep plodai a1ed Yijeay
[euosiad wioly ede) exep
SN 1uaned Jo asn Aiepuodag

sanbiuya] ‘s|0o] ‘Spoya

€1ep 3d05S
4O $35N ‘UOfIRUOP 1R

Y3eaH [eualy

YiesH
|eus|y Ul buiulea| daag

P1EP Y1[eay JO asn Alepuo

AUy -235 10 S9BU|[RYD pUe SasN

[99] 00T NS

(9] £10T uders

Yoieasay aining

pauonua spoyid|y paselrydesed sbuipuiq Aoy

possassy sswodinQ

ealy

swiy paseiydesed

i

(panunuod) g ajqey



Page 31 of 41

(2022) 22:139

Walsh et al. BMC Medliical Research Methodology

“ydJeasal
aAeljenb dojaaap 01
SPOY19UI SAIBAOUUI JO) %00

‘9due|Ibinodeweyd

Ul 9|0J JI9Y) PUB S32IN0S3)
eIpaw [e120s Jo [enuaiod ayy
puelsispun pue ar0id A|jeal
01 AIBSS9I3U 3JE S3IPNIS IO

‘play Bulrow 1se

"SPOYISW PasIpiepuerls pasN
‘pouad awi 126Uo| e U190 Al
-|AN /$3sn 3e %00| 03 palinbal
SaIpN3S "duejIbirodeweyd
4o 3sodind sy 104 ‘pljeA a1e
sBulpuy ay3 1ey1 2INSUs 01

se ||om se sayoeoidde syl 9z
-plepueis pue usyibuaiis oy
palinbai s Yyo1easal Jayin

aAneyenb Ajping

a1
pasialadns ‘Bujuiw uope
-osse ‘buiydiew Aieuondig

‘PIsN 1SOU Paseq UODIX3|
/A1euondid 0//z€ YN 1o
[eNUB ‘0£/S TN 18430
'02/1 Bulwies| dasp 07/
pasialadnsun ‘0//9 paseq
3Ny '0£/S 1 pasiaidng

"92IN0S3) MU SIYL

Jo abeyueApE 23E1 01 S||I%S
pue abpajmouy dojaasp
0) P9 ;UonewlIOojSuUR)
[eqol6 Jo 1ed |enuad,se
sbo|qg $996 Aunba yieay
4O JuswiaAoidwil uedylubIs
10} [eRUR10( suonejndod
42©31 JO 1IN0 HUISSIIIE 10}
POOD) JUSWIINIDAI pUe
UoI1D3||0 e1ep o) Pasn

'slgd ou sygy uo

U294 sey siseyduwa 3ua1nd
's1aQ Buknuapl 1oy sanijiq
-15s0d M3U SI9JO IJOOS

‘Al1|Igelj31 Jo Sspoyiaw Jo
uonen(eAs oN ‘61//1 Ul A1s
-AODSIP 3 1US1SISUOD ‘e1ep

paiepljeA Yim s3y paniodal
NS piedwod syuswndop
0//61 "sxuswndop 1ybia ul
P3YIIUSP! IaM BIEP BIPAW
[BIDOS BUIW 03} SUISISAS
UOI12BJ1X3 UOIBWLIOUI
Bunsixa-a1d usAas “(aseyd
[erUSWdOl2ASP BY3 Ul) suon
-BSISAUOD BIPaW [BIDOS WOl
s3y 1onpoud yijeay 10319p
01 W1SAS UONDRIIXD UoN
-BULIOjUl pa1PWOINE-|WSS
10 pajewoINe Ue pagudsap
(9%699) S1USWIND0P 0£/9

“4o1easal yijeay ul
pasn e1ep MOU ‘swife Apnis
‘uoledo| [ea1ydesbosn

SPOY12aW ‘924N0S 1R

synsal

2WODINO ‘WIASAS bujuaisi|
4O $9dA3 ‘spoyiswi ‘suonip
-U0D Y3[eay ‘sosua1deieyd
1USWNJ0P ‘$921N0S ke

Auy

dav

dav

ydJeasal yijeay an
-e)ljenb 1o} pasn aq pjnod
sbojq moy buipueisiapun
‘pasedwod

suoneyw|| pue sabuajieyd

‘@2inielall| dYnusIds 'S92IN0S

2due(ibirodeweyd Woly
suonoesa1ul brup-bnip
Bunoa1sp Jo poylaw e
se bujuiuelep malAal o

SUOIBSISAUOD

9Y1 24 3|gEeI|24 1O PIjeA
MOH jsudiojie|d JO $onsL)
-deleyd / sadA] "uonodalep
4ay 404 3d0OS buisn

[69] G10T UOS|IM

[89] 810T 4BIIA

[£91 810T 020U

Yoieasay aining

pauonuap spoyIdN

paseiydeied sbuipulq £y

possassy sswodinQ

ealy

swily paseiydesed

i ]

(panunuod) g ajqey



Page 32 of 41

(2022) 22:139

Walsh et al. BMC Medlical Research Methodology

ERETAETle]

21e61159AUI 01 SISAjeue yiom
-13N 'S2UO pariodal-j|as ueyy
Jay3el syuaned pawiyuod
UM JUSIUOD NS Buluiquiod)
'SI9PIOSIP A13IXUE 10 SS213S
Bupd319p 10y S|ppowl Jo
30e7 "pauysp Aes|d Jou
e1ep |\'S buisn jo syoadse
|BDIY1F "9POD/ MO IOM /
S195e1ep 2IeYS - SPIRPURIS
9DU3IDS USdO SPIEMO) SAOIN

‘e1EP 92IN0S

-U9do JO 3WIN|OA PaseadU|
'SaNSS! [BD14Y313 "UOIIIR1IP YAY
anoidwl 03 SURWIOP JUSISHIP
W04 $92IN0S elep a1elbaiu|

‘Bujuies| dasp
pasn 85/1 AuQ sjppou
9AIIPald / pasiniadng

'SISA[UR JUSWIIIUSS DT
UUM SISA[BUR X1 SeMm
POYISUI UOWIWIOD 1SO

‘Paseq edonsnes SIIAN
YiIm 1x23 Buisipiepuels
‘paseq dnsinbul -bulIsN|d
sueaw-y pasiaiadnsun
1ayissed 4y ‘pasiaiadng

‘sanbiuyday

sonAjeue a1eudoidde Hul
-129[9s pue Juasuod bul
-Beuew o1 piebas yym osje
INQ ‘SPOYIdUI UOIID3||0D dY3
UM pR1e|D0SSe $35e|q O}
anp Ajuo jou Dnews|gold
S| J9PJOSIP [eruSaW Ylm
$I3SN BIPAW [B1D0S JO
s1aseiep Aljenb-ybiy ‘oble|
Buliquuassy 1sisiad swa)
-goJd UOWIWOD SWOS ‘e1ep
3I0MIBU [B1D0S Buisn saNss|
Yijesy [erusw bunebnsaaul
SaIPNIS JO Jaguinu bui
-sealoul ue adsa sebenb
-UB| SSOIDB YI0M SPOYISIN

‘PasN0y

1uaited 210w - s9duUuRYRId /
SaN|eA ‘saW021N0 patiodal
1d S €16 'S|PLY Ul papNUl
10U U31j0 ‘uswom jueubald
‘ualp|iyd se yans sdnoib

10§ poob NS ‘suonendod
ssouoe BulIolUOW 3eds
-abJe| buniqiyul buleys
e1ep JO 42e| AQ panwl]
‘Wl [eas /BulAes aul|

“UOI1EDYLISA [9POW pUe
‘UOIIDNIISUOD [9POW ‘Uo1)
-D3]95 24N1e3) 'UONDRIIXS
2In1eay ‘buissadoid-aid
e1ep ‘sanbiuyda) UoI9||0d
P1ED ‘SD1ISHR1ORIRYD ADY

Spoy1auW ‘924n0s

elep ‘A19jes uonedipaw
01 47N buiA|dde ui sabug)
-|eYD 'SOLIDW UofeN|eAS
'$§se1 N Jo uonuysg

{p[eay [eluaiy

dav

'SUISDUOD [B21Y1T NS
Buisn poyiaw aApdipald

M3U 4O suonepul| g 2dods [1£] £10¢ dejgodbuom

1X3) 934} WOl
SIUDAD 2SI9APE BulAyuUap!

JO SPOYylall MalAal O] [0/1810¢C OCO\S

Yoieasay aining

pauonus spoy1s

paseiydeied sbuipulq £y

possassy sswodinQ

ealy

swy pasesydesed JEN|

(panunuod) g ajqey



Page 33 of 41

(2022) 22:139

Walsh et al. BMC Medliical Research Methodology

‘sbuipuy
3U1 Jo AJljIqerj2) pue ‘s3nsai
Bul|jspow Jo uoneiaidiaiul

‘abenbue| [einieu yum bul
-|eap pue s1oyod Apnis
Buip|ing uaym pasnpui seiq
‘elep painguUuod Ajjeuosiad
BuisAjeue jo sydadse [ed1y13

(11) buruies| dosp
‘(z1) Bujulea| s|quiasua

(£1) sokeg anEN (81) WAS
‘(z2) uolssalbal d3s1bo]

‘PaAjOSAIUN
sabua|eyd [ea1yia pue
BuIssad01d 'SYHI Ul 10U Uon
-euLIojUl Y3[eay ulea| ued
3dODS anuaAe bunsaiaiul
Ajjernuaiod e sqdH / siaad
ol 9d1Ape bundIyuod
“JDN JOHUOW P|NOYS OYm
- 901oeud Ul uopnedlddy
"anss| ue AjIgIpald [esiulD
‘yoddns [epos pue ‘salb
-91e435 Buidod ‘suonowa
pue ‘SJUSWIIUSS ‘9duUaLadX
JuSWIea} 31am $21d0o)
UOWIWOD (S | = u) Jaoued
pue (6€ = U) y1eay [pIusw
2J9M swidjgo.d paiebnsanul
150w a8y (1| = u) bujules)
daap pue ‘(7| = u) buluies)
d|quuasua ‘(£ = u) sekeg
SAIRU (8] = U) SauUlydewW
10123/ 1oddns ‘(zz = U)
uolssaibal o1sIbo| a1am
SI9POW A J[2YS-241-JO
Jendod ‘sjppow N Ul
pal|dde sainieay jo sadAy

¥ puUe 'spoyiawl uoljeaid
195e1ep plepuels pjob ¢
'sa1623e13S UOIID||0D BlEp

€ 'so110b31ed yoieasal G

01 123dsal Yum pazuew
-uns ‘saipnis 3|q1bis €01

9715 19se1R(] '9bRND
-ue ‘anss| Y1jeaH ‘921nos
e1eq ‘saAiId3(go ‘spoyIs N

'suon
-ebisanul yieay euosiad

10} DO 01 sa1bojopoyraw

(W) Butuies| auiyoew

BulAjdde Jo ssauanindays

AUy U1 MIIA3I A||BD11BUIRISAS O

[O11610T UA

Yoieasay aining

pauonus spoyIs

paseiydeied sbuipulq £y

possassy sswodinQ

ealy swy pasesydesed

i ]

(panunuod) g ajqey



Page 34 of 41

(2022) 22:139

Walsh et al. BMC Medlical Research Methodology

‘lenuaiod |esibojopo
-y1aw a3y} dojansp 01 pasN

‘Spoyiau [euon
-eIndwod JO 3SN 31| YUM
‘uenb 1o jenb Apsow ||

'salpnis buipnpul
sjewinof pue suonediignd
JO Jaqwinu Buimoin

"uond9||0d
1J9A0D JO LIAAO - SDIY1L ‘Uon
-edylaA apnpul sabuajieyd
“UOI1D3||0 B1ep 1IA0D PUB
aAIssed Ajpueuluopaid
uonD3||0d eleq ‘palojdxaun
A|2bJe| sulewal ydJeasal
Y3[eay Ul |00} UO1123]|0d
1EP PUP JUSWINIDSI B

se Ja1um| buiziinn exep
4218953) SUIW PUE U2Jeas
01 PasN AJUSND J233IM |
“‘eUsWousyd pjiom-jeal

01 pasedwlod 92edsiagAd
pue ‘sainzias Jo [eAelpiod

40 suondadiad a1 suon
-IpPUOD JO 9SINOISIP [BIDOS
‘I95uUed pue ‘saulelbiw
‘uled papnpul suonsanb
yoJeasal pue so1doy LyijeaH

spoyiaw
21e3534 ‘NS JO 3|0J
'S9WaY} ‘spuaJ} uoiedlgnd

‘POYISW YD1e3sdl
yi[eay e se Ja1im| uo

"Yo1easas y3eay dljgnd
paseq IS Ul pasn spoyiaw
Auy pue saway ‘WS Jo 3]0y

(/] 0z0T Bueyz

'S1942JB3531 10§ SDIYID (8= U) SPOYIW Paxiw pue  uojuido s Joyine ‘sjoo} ‘spo EIETRIELSY)

"UO[IBIYLIDA ‘UOJIDD]|0D BIRp Spoylw paxiw ‘(£ =u) aAneyenb ‘(z=u)  -yiaw dpkjeue ‘sanbiuydal 3By IO} 32INOS BIRp B Se
IN0Qe SUoRsINb Mau sa1ea1) 'SAl1e}UBND ‘DARRYEND aaieyuen siaded /| UOII3||02 ‘UBISIP U21eIsaY Auy 1911IM] JO UOIIRISPISUOD) [z/] 810z Bueyz
Yoieasay aining pauonuap spoyialy pasesydesed sbuipuly Aoy passassy sawod1nQ ealy swy pasesydesed JEN|

(panunuod) g ajqey



Page 35 of 41

(2022) 22:139

Walsh et al. BMC Medliical Research Methodology

“e1ep diydesbouwsp Jo uols
-N|DUl U0 "S1ase1ep dyinads
urewop pasiwAuoue ‘abie)
SIBYS pUB 21831 0] PISN
'SUODIX3| / S195e31eP DYIDads
UleWOP JO 3De7 'Spoy1aw
SISA[eUR JUSWIIUSS [RIDUSD
AQ paAsIyde UeY] $S3| 9dURW
-10J494 "spoyiawl paroidu|

‘Buiules)

dasp pasn Apnis | AluO
‘Bunsooq aAindepe pue
‘uoIssaibal d1sI60o) ‘saa13
uoIs|Dap ‘bulules) ueisakeg
SAIPU ‘SUIYDBUI J01DDA
poddns papn|oul 331042
UOWIWOD ISOW S wiioyiad
01 Pasn aIam spoyiaw

4O 3buel IPIM Y/ S|003 JO
XIW ‘SISA|eue JusWwiuag

‘suyalioble jo
921042 3Y3 0 ‘BIIX3| U
-11USs dyIdads-ulewop Jo

oe| 2y ‘s1aseiep Buiuiely jo

5715 9y} ‘'sobenbueigns oAl
->adsal JIay) pue sulewop
SU1 USSMISQ S90UIYIP
ISULIIUI Y3 JO 9SNed3(q
3Je $9NSS| adurWIONSd JI
Jespun sasodind yoleasal
104 Ap1ignd paseys ale
eDIX3| pue e10di0d dyldads
-UlPWOP M34 "9brIaAR UO
909 MO|3q '21035-4 'SPO
-U19W SISA[PUR JUSWIIUSS
|e12uab AQ paAalyde ueyy
SS9 92UBWLIOLRd “BuluIed)
daap pasn Apnis | Alup
‘pasinIadns AjUle s 104
pasn spoyiaul AUeA SN
-su12e.eyd dlydeibowsp
pavodal  AuQ "WDIA
SpINS pue Jaed ‘Jusied
‘1D1ppe ‘Ia19)Ns ;payliuspl
sajoJ Ja3sod G '|essusb ul
SIDIAIDS 24BD Y)|eay pue
‘suemisAyd jenpiaipul
'S9DIAISS DIIUOPOYLIO
‘A196JNs ‘UoieuIddeA ‘suon
-eJIpaw apnppul so1do|
‘s91ed A1DIUOIYD / AII9ASS
ub1Y Yum suonipuod Yyjeay
puNOo.e WIoj 0} pua) SaN
-lunwwo) “1oddns [ep0os
/abueydXa UONEWIOUI SI
SUONPSISAUOD 3UI|UO JO
asodind Atewd ‘swiopeld
Buljieias paseq-gap /bul
S{JoMIau [eID0S WOl B1ep
Jo Ayuiofe sa1pnis 98

$32IN0S3I [eDIX3)|
'aouewIOpRd UORDYISSe|D
VS 10} pasn swyiloble N
'e3JR Y1[B3Y 'PAPI0D3I SN}
-e3) dlydelbowap Joyine
350d JO 9|01 's321N0S eIeQ

SISA[PUB JUSWINIUSS JO S|9AJ)
9duewlopad 1ualnd pue
spoylaw ‘suonedydde |e>

-11oeld sease didoy si1sod

40 soiydesbowap pue ‘suon

AUy -BAIIOW '$3]01 ‘$92IN0S B1e(]

[¥£]1 020z 2lunz

Yoieasay aining

pauonua|y spoyisly pasesydeied sbuipuid Loy

poassassy sswodlnQ

ealy swiy paseaydesed

Ed ]

(panuNUOd) § 3jqey



Walsh et al. BMC Medlical Research Methodology (2022) 22:139

named entity recognition (NER) can achieve an accuracy
of over 70%, but relation extraction methods are much
less successful with performances below 50% [39]. These
figures are likely to be lower in SGOPE data where the
variations in language, grammar and sentence construc-
tion are much wider.

The latest developments in NLP move from rule-based
systems to deep learning [16, 21, 37, 44, 74]. These meth-
ods aim to improve on the semantic level of understand-
ing, by using language models such as word embeddings
and distributional semantics [70]. Based on artificial neu-
ral networks, deep learning uses ‘hidden layers’ to extract
more detail from the raw input. Within healthcare it
is deep learning techniques that are behind the recent
advances in automated image processing. As yet they
seem to be rarely used within text based healthcare analy-
sis, with only 1/86 papers using sentiment analysis meth-
ods using deep learning and 4/86 using word embeddings
[74] although one review commented on how researchers
were starting to use these methods on existing classifica-
tion and negation identifications problems [21]. Only one
review focused on deep learning methods, but these were
mostly applied on EHR and biomed literature data with
only a few examples of SGOPE data usage [66].

RQ4: gaps and future research needed

All the reviews acknowledge that method develop-
ment is still at an early stage and that much more work
is needed before the full potential of SGOPE can be uti-
lised. Particular challenges include algorithm design [25,
59], method refinement [51, 72] integrating diverse data
sources [41, 70], pre-processing, coreference and tempo-
ral relation extraction [44, 51], spelling correction, nor-
malising poster language [51], and reducing bias [16, 56,
66, 71]. Studies to date have considerable heterogeneity
in methods and outcomes, further work is also needed to
define the optimal standards for these [15, 28, 30, 31, 40,
51, 63].

Sentiment analysis performance on health related text
was found to be lower than that of other domains [74]
but that may be because most of the commonly used sen-
timent lexicons have been developed from publicly avail-
able film or restaurant reviews, but these do not work as
well on health topics [74]. There are calls for the develop-
ment of annotation guidelines [60] and sentiment analy-
sis tools trained on health care specific corpora [15]. One
of the problems with current standard sentiment lexicons
is that they are too general for health topics. Attempts
to map them to the Unified Medical Language System
(UMLS) found that less than 1% of its content is covered
by common existing lexicons [74].

At this early stage of method development there are
a variety of tools and algorithms available to analyse
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unstructured text, but a lack of studies that compare their
efficiency or accuracy [15] and therefore a lack of consen-
sus as to which are the most useful [15, 43, 74]. Several
reviews suggest greater sharing of datasets [32, 39, 44,
71, 74] and the wider development of shared tasks, where
different groups can work towards solving a particular
task on the same dataset [27, 32, 39, 44, 60].

The frequent lack of clear explanation of the methods
used in studies [28, 47] and the poor reporting of datasets
used [28] means that it is hard to assess the accuracy of
many results and may lead to selective outcome reporting
or publication bias [43].

Further work is needed in terms of evaluating the
findings from SGOPE data, both against existing signal
detection methods [31], and to psychosocial, behavioural
and physical outcomes [38]. Comparisons of SGOPE data
to that in clinical text such as EHRs or biomedical liter-
ature identified the potential value of SGOPE but high-
lighted the particular issues of noisy, irrelevant content,
language inconsistencies and ambiguity [23, 32, 44, 55],
but made no comment on how the accuracy of SGOPE
data analysis compares with these methods [7].

Other areas for future research identified include the
need to adapt the methods to languages other than Eng-
lish [20, 21, 23, 24, 28, 44, 58], cost-effectiveness stud-
ies [43], better understanding of how SGOPE can help
posters self-manage [26], maximising the representa-
tiveness of the data [29, 35], facilitating evaluation [61,
67], integrating SM text with audio and video sources
[24, 45, 48], and a better understanding of how SGOPE
could integrate with existing systems [51]. Three reviews
commented on the lack of demographic analysis, despite
geotags being easily accessible from Twitter data [53, 63,
67, 74]. Each individual tweet has potentially 38 data fea-
tures including detailed metadata such as geotags, but
these seem to be unexplored at present [63]. Methods
that included temporal analysis could help identify event
sequences and causal inferences [28]. Only one review
focused on health outcomes [7]. A lack of linking SGOPE
interactions and analysis with health outcomes has also
been identified [38].

There is a lack of both theoretical [49] and methodo-
logical data centric frameworks [60] for SGOPE usage,
hindered by the discipline boundaries where research-
ers in one area often do not know of relevant literature
in another. This is compounded by differences in lan-
guage, terminology and methods that exist [20]. Giuntini
suggests that a multi-disciplinary approach could help
develop better algorithms [42]. The need for interdiscipli-
nary collaboration between NLP and health researchers
in order to maximise the opportunities available is high-
lighted [20, 32]. A gap between academic NLP research
and the commercial NLP systems as beginning to be used
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Table 6 Shared dataset NLP challenges since 2015
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Event Data Source Task

No tweets / posts

Best result Methods used Data availability

2015 CLPsych  Twitter Binary classification 7.857 million
of users based on

depression / PTSD.

1. Depression vs

control

2.PTSD vs control

3. Depression vs PTSD

2016 CLPsych  ReachOut forum  Classify triage level 65,024
(1-4) for professional

support

2017 CLPsych  ReachOut forum  Classify triage level 157.963
(1-4) for professional

support

1. Classify ADRs.

2. Map to UMLS (NER)
3. Concept normalisa-
tion

1. Classify ADRs.

2. Classify drug intake.
3. Concept normalisa-
tion

2016 SMM Twitter 10,822

2017 SMM Twitter

9961 testing

2017 NTCIR-13 Twitter Label disease / symp-

toms

2560 (English,

nese)

15,717 training

Japanese & Chi-

With IRB approval &

Average precision SVM /TD-IDF weight-
i privacy agreement

80% ing

F1-42% Variety of classifiers With IRB approval &

privacy agreement

F1-46.7% Variety of classifiers With IRB approval &
privacy agreement

F1-42% Random forest Yes

F1-61% (ngram)

No result CRF

1.F1-43.5% 2. SVM CNN LR/Deep- Yes

F1-69.3% Learn

3. Acc —88.5%

Hierarchical attention
networks (HAN) plus
CNNs

Exact match accuracy
of 88%

Training data only

Adapted from [39, 44]

on electronic health records (EHRs) has been identi-
fied, in that academic work tends to be more advanced
[44]. One review looking at the development of methods
identified a number of approaches that were in devel-
opment for analysing SM text but concluded that many
NLP developments are not getting as far as being used
in applications — ‘they are often explored, published and
then shelved’ [32].

Concerns around the ethics of using social media data
posted in public spaces are ongoing and several reviews
mentioned the need to be aware of ethical issues [16, 20,
28, 34, 49, 50, 63, 65]. The absence of any form of discus-
sion around the ethical implications of this form of data
use was highlighted in 23/26 surveillance studies [45]
and 13/16 studies on suicide ideation [28]. The need for
guidelines and harmonisation of regulation around sec-
ondary use of SM data and data donation was identified
[65, 72] together with a call to analyse data through dif-
ferent socio-cultural lenses [50].

As issues around privacy and consent begin to be
resolved, further questions emerge about the how find-
ings should be incorporated into health care practice [35,
51, 52, 65]. Regarding its use as a method of public health
surveillance there is a lack of guidance as to how health
organisations should accept or react to data from SM
discussions [29]. In the area of mental health questions
remain as to if and how any posters deemed to be ‘at risk’
should or could be contacted [20].

This type of data source has traditionally been seen as
lacking credibility, although recently several of the major
science journals have begun to publish articles support-
ing its use within health research [34]. One identified lim-
itation is the potential for the content to be influenced by
media events or coverage [27, 29]. To increase its accept-
ability efforts need to be made to bridge research and
practice by demonstrating how the research can translate
into practice [16, 40]. Aligning SGOPE data with clinical
EHR data could help to both bridge a credibility gap and
help both posters and clinicians reach a better under-
standing of how health issues impact on individual’s lives
[16].

Discussion

In total, 58 review papers were included that answered
the research question of how and why SGOPE data is
being used in health research in terms of the sub ques-
tions. Of these, 13/58 looked primarily at the purposes,
11/59 primarily at the methods, while 34/58 addressed
both the purpose and the methods. Despite the hetero-
geneity of studies included, the early stage of method-
ology development and the many challenges still to be
overcome, there was universal agreement between them
of the potential of SGOPE data to improve health and
deliver patient centred care. Twitter is the most widely
used data source, and the majority of studies to date
have used either qualitative, quantitative or supervised
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machine learning methods. The growing significance of
this type of data source is reflected in the volume of pub-
lished literature especially since 2017.

RQ1 which SGOPE sites / platforms are being used as data
sources?

The high prevalence of Twitter as a data source probably
reflects the easy accessibility to large volumes of data
that has been accessible through their API, rather than
its suitability for health research. Facebook was another
common source, but recent privacy issues have resulted
in far fewer messages being publicly accessible in recent
years [15]. Access to some of the potentially more useful
online forums and communities is being restricted, due
to a combination of privacy concerns and commercial
interests, as the economic value of health data is increas-
ingly recognised [77].

Restricting individual studies to a single data source
may be simpler for method development, but it does
decrease the overall validity of the studies due to the ele-
ments of emotional contagion or other bias [78, 79] that
may be present on a single data source, especially if it is a
relatively small community. Even a massive source such
as Twitter is still quite limited in the demographics of its
posters which has implications for the generalisability of
findings based on it [50].

RQ2 what purposes is SGOPE data used for?

Although SGOPE data adds a new dimension to health-
care research [11], the topics that have been researched
to date reflect both the early stages of methodology and
the type of posts that are most available. The most active
communities are known to be those with long term condi-
tions or rare diseases [74]. Simple key word searches are
easy to implement and can be very effective when search-
ing through large volumes of text for mentions of selected
drugs or conditions, but as methods develop the range of
use cases will widen. Much of the use to date has been ret-
rospective or evaluative, but as methods improve higher
degrees of semantic meaning can be accurately extracted,
and its role as a predictive or triage tool may become more
widespread. One of the potential problems of studies
based solely or mainly on one data source such as Twitter
is that the content posted there tends to be heavily biased
by media coverage of events, so that potential use cases for
research is driven by the availability of the data [27, 41].

RQ3: which analysis methods are being used

in the studies?

The level of detail reported varied widely between
reviews, with some of the reviews that looked at both

Page 38 of 41

uses and methods going into far greater detail of the
individual methods used than some of the pure method
focused reviews.

Although most of the machine learning methods used
supervised techniques, these all require large quantities
of annotated data, with both volume and the annotation
quality having direct influence on the resulting accu-
racy. Annotating a dataset is a time intensive, and often
expensive process as it requires domain specific knowl-
edge [21, 44]. The general lack of availability of health
specific trained or labelled data has implications for the
accuracy that can be achieved. Zunic [74] suggests that
increased use of shared datasets could increase the use of
deep learning methods, improving the performance lev-
els, as well enabling comparison between methods. How-
ever the use of complex deep learning methods requires
a trade-off between the computational cost involved and
the performance levels that can be achieved [58].

RQ4: knowledge gaps

The strongest message from these reviews was confirm-
ing how much more work there is to do in this emerging
area. Knowledge gaps, defined areas for future research,
as well as limitations with existing studies were identi-
fied in all the included papers. Despite the increase in
interest in this area in the last few years, a recent review
that looked at Covid-19 related social media found that
there was a lack of studies both into the application of
machine learning on the data and into its use for real
time surveillance [80]. The lack of systematic testing of
methods and results impacts on the credibility of the
findings. The importance of reproducibility is a current
issue in healthcare research, so future work in this area
should make clear what methods are used [81].

From the literature to date, there seemed to be lit-
tle evidence of this data source being used to assess
or evaluate the patient perspective of the effectiveness
of a treatment, intervention, or service, other than for
detecting adverse events or reactions. Given that so
much is still unknown about the relationships between
patient characteristics, environment and disease, pat-
terns of symptoms, behaviours or effects that can be
extracted from SGOPE may give new insights that can
be used to improve outcomes [82].

Although many of the reviews acknowledged that
sharing knowledge between online users was one of the
big factors in online health information use [20] only
one of the reviews focused on how important this was
to those with long term conditions [26]. Very few of the
studies had explored or compared unsupervised meth-
ods to identify the themes being discussed.

Few reviews looked at identifying any form of
inferred or perceived causal inference from the social
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media posts. Dictionary-based systems that can match
explicit interventions and symptoms within defined
units of text can be a simple and very effective way of
identifying potential relationships [83]. Determining
that a possible relationship exists is however, different
to determining what the actual effect is, especially if
as a retrospective event. Very few of the review stud-
ies look beyond the co-occurrences of named entities
to indicate a possible relationship between items. There
has been less focus on assessing causality to identify
true drug-ADE pairs [44, 51]. One suggestion is that
the low quality of the information precludes the evalu-
ation of causal links [31, 51], although the quality of the
posts in terms of completeness varies widely between
sites [51]. Identifying temporal data to sequence events
could help distinguish true causal links [44], as will the
continued working on the more complex tasks of lexi-
cal semantics, coreference resolution and discourse
analysis [55].

Strengths and limitations

Using an umbrella scoping review approach sum-
marises the current state of the art of this fast-mov-
ing field. One of the strengths of this method is that
although some of the individual studies may have been
included in multiple reviews, each review paper has had
different research questions, thus generating a range of
different perspectives on any such papers. Seven data-
bases were searched, together with grey literature and
reference lists. It is however subject to the usual limita-
tions of the keyword-based searches, in that it is possi-
ble that some relevant literature may have been missed.
Searches were also limited to those in English. However
this was mitigated by the deliberately broad inclusion /
exclusion criteria which were intended to ensure that as
many as possible relevant reviews were included in the
final analysis.

Conclusion

SGOPE data remains an underused resource in health-
care. It has the potential to increase knowledge of many
different aspects of healthcare and as such has a multi-
tude of potential uses. Despite the raft of suggestions for
future research and methodological development that is
needed, the consensus from the included reviews in this
study is that SGOPE is a data source capable of offering
considerable benefit to healthcare researchers and pro-
viders, and that NLP will become an important methodo-
logical tool within health research.
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