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ABSTRACT

Introduction In recent years, the concept of living
systematic review (LSR) has attracted the attention of
many scholars and institutions. A growing number of
studies have been conducted based on LSR methodology,
but their focus direction is unclear. The objective of this
study was to provide a comprehensive review of existing
LSR-related studies and to analyse their whole picture and
future trends with bibliometrics.

Methods A comprehensive search strategy was used to
construct a representative dataset of LSRs up to October
2021. GraphPad V.8.2.1 and Mindmaster Pro presented the
basic information of the included studies and the timeline
of LSR development, respectively. The author and country
cooperation network, hotspot distribution clustering,
historical citation network and future development trend
prediction related to LSR were visualised by VOSviewer
V.1.6.16 and R-Studio V.1.4.

Results A total of 213 studies were eventually included.
The concept of LSR was first proposed in 2014, and the
number of studies has proliferated since 2020. There was
a closer collaboration between author teams and more
frequent LSR research development and collaboration

in Europe, North America and Australia. Numerous LSR
studies have been published in high-impact journals.
COVID-19 is the predominant disease of concern at this
stage, and the rehabilitation of its patients and virological
studies are possible directions of research in LSR for a
long time to come. A review of existing studies found that
more than half of the LSR series had not yet been updated
and that the method needed to be more standardised in
practice.

Conclusion Although LSR has a relatively short history,
it has received much attention and currently has a high
overall acceptance. The LSR methodology was further
practised in COVID-19, and we look forward to seeing it
applied in more areas.

INTRODUCTION

Health-based clinical research is a crucial
driver of human health and well-being.
However, the possible differences and contra-
dictory research results often confuse clin-
ical caregivers, who invest in various kinds

WHAT IS ALREADY KNOWN ON THIS TOPIC?

= Living systematic review (LSR) is continuously
updated to ensure the timeliness and accuracy of
evidence-based practice findings. Although sev-
enyears have passed since it was introduced, the
current status of its application is unclear.

= No overview studies have been conducted to anal-
yse the whole picture of LSR or to predict its future
trends.

WHAT THIS STUDY ADDS?

= LSR has continued to receive attention since its in-
troduction in 2014 and has proliferated since 2020,
with studies applying the method generally gaining
decent recognition and acceptance.

= There was a wide disparity in the level of LSR
conducted in different countries. In Europe, North
America and Australia, more LSR research was con-
ducted, and there was a close exchange and coop-
eration with the world.

= COVID-19 is the main focus of LSR at this stage, and
the rehabilitation of its patients and virological stud-
ies may be a future area of interest.

= More than half of the studies based on LSR meth-
odology have not yet completed at least one update,
and those that have done so have varied in the form
of their updates.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY?

= Different institutions and countries can promote the
application of LSR and strengthen the practice and
cooperation.

= LSR has supported the rapid evidence-based inte-
gration of COVID-19 and may be extended to more
areas in the future.

= Perhaps sharing criteria between the LSR series of
studies could lead to greater standardisation in their
production.

of research and fail to get their due return.
Over the past 30 years, the field of evidence-
based medicine (EBM) has developed a series
of evidence synthesis approaches to base all
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health decisions on the best available evidence.' System-
atic review (SR) and meta-analysis (MA) have bridged
the gap between original research and clinical prac-
tice, narrowing the gap between evidence and practice.
However, SR and MA have limitations, such as the time
lag in incorporating the latest clinical evidence, which
reduces the accuracy and usefulness, and some subjects
are not continuously maintained and followed up.” In
general, SRs are not updated or are only updated irreg-
ularly.” The gap between updates may lead to the uncer-
tainty of evidence recommendation. If the research
team does not update with the new one, it will be difficult
to form a new team, and a lot of completed work will also
start from the beginning, resulting in the loss of memory
and waste of resources.

The concept of living systematic review (LSR) was born
in 2014. It refers to a kind of SR constantly updated and
incorporates relevant new evidence to ensure the time-
liness and accuracy of evidence-based practice conclu-
sions.” ® Unlike Rapid Review, whose methodology may
be modified to support faster production,’ the LSR still
follows the SR’s standard methodology.” Currently, many
studies based on LSR have been published and widely
echoed by the community. The Cochrane Collaboration
has carried out a comprehensive and systematic interpre-
tation of the LSR methodology.” *'* LSR does not exist
in a vacuum either. The development of LSR has driven
the emergence and rise of living guidelines,® which is the
optimisation of the traditional guidance development
process to update individual recommendations as new
evidence becomes available. However, there seems to be
no consensus on how to update the rapidly evolving series
of studies conducted based on LSR in a standard way and
how to end this resource-intensive activity on time.

In recent years, the need for rapid, evidence-based
decision-making has been more urgent than ever in the
challenging context of the global spread of COVID-19,
which has in part driven the practical application of LSR.
In order to clarify the future role of this novel research
method in evidence-based decision-making and medical
practice, it is necessary to understand better the whole
picture and emerging trends of LSR-related research.
Although some experts have put forward some prospec-
tive suggestions for LSR, no specific direction has been
provided for its application, and there are no evidence-
based evaluations based on bibliometric methods. We
have therefore conducted a comprehensive bibliometric
analysis of LSR-related research, reviewing the origins
and development of LSR, presenting the ongoing
research hotspots and status quo through visualisation,
and reflecting on the existing problems and future devel-
opment directions.

METHODS

Search strategy

Bibliometric data was collected using PubMed, the
Cochrane Library, Embase and Web of Science database,

supplemented with relevant citation information for
included studies using the Scopus database as of October
2021. We used subjectrelated search (including title,
abstract and keywords) to maximise the positioning
of content related to our research topic. The primary
search terms include living systematic review, living meta-
analysis, living network meta-analysis, etc. Specific search
strategies were available in online supplemental table
1. References to relevant studies retrieved were supple-
mented to extend the search.

Study scope

Since the concept of LSR was proposed, we have
conducted a longitudinal analysis of its related research
areas. The constraint conditions for selecting relevant
research were set thus: (1) the research topic must be
related to LSR; (2) the content of the paper can involve
only conceptual or methodological research of LSR; (3)
data synthesis research, review reports, etc based on LSR
methodology; (4) no restrictions on the type of published
language and research.

Criteria for studies based on LSR methodology: (1) the
research proposal or methodology should mention that
the research is an LSR; (2) the research needs to describe
its update plan and frequency briefly; (3) the significance
of living updates should be mentioned in the study.

Cases were excluded if any of the following occurred:
(1) the SRs update did not focus on healthcare interven-
tions, including disease progression, diagnosis, treatment
and prognostic care; (2) some serial renewal studies
changed their plans to LSR mid-stream, so researches
before the change were also not be considered.

Study selection

The retrieved literature was imported into the web-based
SR software, ‘Rayyan’ for screening analysis.'" All records
were screened back-to-back by two independent investi-
gators (QZ and ]JX) to determine whether they met our
inclusion criteria. Any disputes were solved by a discus-
sion with a third reviewer (JT). The literature screening
process went through the following steps: first, duplicate
literature was excluded, but the updated studies that
maintained the same title, author information and year
were screened carefully. Then, the remaining literature
was screened by title and abstract combined with inclu-
sion criteria. Uncertain studies were evaluated through
the full text and discussion. The specific filtering details
can be found in online supplemental figure 1A.

Data analysis

The annual number of articles, type of research and
the number of articles published in each journal were
collated using Microsoft Excel 2019 (www.microsoft.
com) and visualised with GraphPad Prism V.8.2.1. We
also conducted a detailed review of the included LSR-
related studies, flagging significant events in history and
creating a timeline of the development of the research
topic through Mindmaster Pro. Existing studies based
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on the LSR methodology were also categorised through
the latest version of the International Classification of
Diseases (ICD-11), and their actual updates were counted
along with the form of the updates.

VOSviewer (Leiden University, Leiden, Netherlands)
is a scientific knowledge mapping software tool that
uses network data (mainly document knowledge units)
to construct and visually analyse relationships, map
scientific knowledge and display relationships such as
structure, evolution and cooperation.'” The screened
LSR-related studies were imported into VOSviewer soft-
ware, and their authors and hot keywords were collected
and sorted out. After the synonymisation and threshold
setting was implemented, the cooperative relationship
between high-frequency keywords and high-yield authors
was mapped, and a network cluster graph was formed.
The cluster graph was composed of network nodes
and the connecting lines between them. The nodes
represented the analysed elements such as authors and
keywords, the size of which represented the frequency of
occurrence of the node, the lines between nodes repre-
sented node co-occurrence or related cooperative rela-
tionships and the colour represented different clustering
relationships.'”'*

Bibliometrix, a scientific bibliometric software based
on R language, can statistically analyse the index of rele-
vant scientific literature and conduct research and visual
processing in aspects of cocitation, coupling and co-word
analysis by constructing data matrices.'” After importing
the contents of LSR-related research into the Bibliome-
trix program in the format of BibTex, the interactive
menu could present the cooperation between countries,

Origin and development
of LSR

The concept of LSR

Published journal:PLoS Med

Publication of the first LSR

i Published time:February 2014 Published time:October 2015
Published journal:J Neurotrauma
topic:Guidelis i

historical citation relationship, annual hot trends and
hot strategic matrix of LSR-related research.

Patient and public involvement
Patients and public were not directly involved in this
review; we used publicly available data for the analysis.

RESULTS

Publication outputs and a brief history of LSR development

A total of 213 studies were published in four languages,
most of which were published in English (97.7%), three
in Spanish (1.4%), one in Italian (0.5%) and one in
Chinese (0.5%). The primary forms of research papers
were Article and Review, which accounted for 79.8% of
the total papers. Other forms of publication included
conference summaries, letters, notes, etc (online supple-
mental figure 1B). The concept of LSR was first proposed
in 2014. From then on to 2019, only a few relevant studies
were published, showing a slow growth rate. The explo-
sive growth of LSR-related studies in 2020 and 2021 far
exceeded the total number of previous publications
combined (online supplemental figure 1C).

We combed through the timeline of the occurrence
and development of LSR (figure 1). In February 2014,
the concept of LSR was first introduced in PLoS Med by
Elliott with his team to bridge the gap between evidence
and practice.'® Subsequently, the LSR methodology was
first used in the Collaborative European NeuroTrauma
Effectiveness Research in Traumatic Brain Injury
(CENTER—TBI),17 and it was continuously covered in
subsequent updates. The project was dedicated to the
integrated treatment and management of patients with

LNMA methodological framework

@\ Published time:January 2016
Published journal:BMC Med

for adult TBI patients

Project:CENTER-TBI

thodol bliched

Cochrane collaboration

LSR

'y series p Cochrane LSR

Published time:September 2017
Published journal:J Clin Epidemiol

Part 1:LSR introduction

Published time:September 2017

Research Topic(Part 1):Delayed treatment regimens of antibiotics for respiratory tract infections

on living evidence

i Date of establishment:February 2016
Cochrane LSR online web page:June 2017
effects of

Part 2:LSR production and computer aided
Part 3:LSR statistical method
Part 4:LSR support for dynamic guidance

Publication of the first LNMA Publi

Research topic:Second-line intervention for
non-small cell lung cancer

COVID-19 related

Topic(Part 2):Additional

therapy

of the first living guideline

Published time:October 2017 Published time:August 2019

Published journal:BMC Med Published journal:BMJ Glob Health
Cooperation organization:WHO
Research topic:Maternal and perinatal health care

Research topic:Validity of diagnostic and
predictive models for COVID-19

Research topic:Convalescent plasma and high immunoglobulin

Research Topic(Part 3):Interventions to increase children's fruit and vegetable intake

Publication of the first Cochrane LNMA

@\ Published time:January 2020

Research topic:Systemic drug therapy for
chronic plaque psoriasis

topics Publication of the first LSR P of the first Cochrane LSR P of the first living guideline
Published time:April 2020 Published time:July 2020 Published time:September 2020
Published journal:BMJ Published journal:Cochrane Database Syst Rev Published journal:BMJ

‘Cooperation organization: WHO
Research topic:The role of pharmaceutical interventions in
COVID-19 treatment and prevention

preention of SARS-COV-2 infection

Figure 1 A timeline for the development of living systematic review. LNMA, living network meta-analysis; LSR, living

systematic review.
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TBI. The CENTER-TBI programme has completed the
release of five TBI series LSRs, all of which were distrib-
uted in the J Newrotrauma and the CENTER-TBI online
website (https:/ /www.center—tbi.eu).18_22 Following this,
the framework of living network meta-analysis (LNMA)
was proposed in 2016, providing complete and up-to-
date evidence for comparing all interventions for a
particular disease. In February 2016, the Cochrane
Living Evidence Network was launched, furthering
the LSR research process. An online website (https://
community.cochrane.org/review-production/produc-
tion-resources/living-systematic-reviews) was established
to introduce LSR-related concepts, display and dissem-
inate the completed research on living data synthesis,
and provide learning resources such as LSR webinars.
In the following years, the Cochrane Collaboration
also published several LSRs and LNMA-related studies,
leading the way in the field. The Cochrane Library was
also the platform for retrieving the most LSR-related
studies. In 2017, the Cochrane Dynamic Evidence Collab-
oration published four consecutive articles on LSR meth-
odology in | Clin Epidemiol, which systematically discussed
LSR from four aspects: introduction, computer-aided
automation, statistical methods and problems, and living
guidelines transformation.” *'° This laid a solid foun-
dation for the rapid development of periodic updates
of living evidence. Less than twoyears after the LNMA
framework was proposed, the first relevant study was
published, which discussed the effectiveness comparison
of various measures in the second-line treatment of non-
small cell lung cancer.”” In August 2019, the WHO intro-
duced living guidelines to update recommendations on
maternal and perinatal health,** ensuring that the guide-
lines were up-to-date with the latest evidence, shortening
the guideline development cycle.

The first COVID-19-related LSR study was published
in April 2020 by Wynants et al, describing the validity
of diagnostic and predictive models for COVID-19. In
September of the same year, WHO issued the first rele-
vant living guidelines to explore drug treatment and
prevention of COVID-19.*® During the same period,
many COVID-19-related studies based on LSR method-
ology continued to emerge.?”

Author, institution and country distribution and collaboration

The author publication volume and author cluster distri-
bution reveal the influential research groups and poten-
tial collaborative relationships. A total of 841 authors
were included in 213 articles. The top 10 authors, their
institutions, and the country’s distribution are shown in
table 1. As a newly emerging research field, researchers
were relatively concentrated, with the top 10 authors
accounting for nearly half of the total publications
(45.5%). Skoetz N (University of Cologne) and Rada
G (Universidad Catolica de Chile) have taken the lead
in LSR-related research, followed by Synnot A (Monash
University), Piechotta V (University of Cologne) and
Ceravolo M G (University of Ancona). Half of the top 10

Table 1 The distribution of the top 10 authors and their
institutions and countries

Rank Author n (%) Country Institutional units

1 Skoetz N 11(5.2) Germany  University of Cologne

2 Rada G 11(5.2)  Chile Universidad Catolica de Chile

3 Synnot A 10 (4.7)  Australia Monash University

4 Piechotta V 10 (4.7) Germany  University of Cologne

5 CeravoloM G 10 (4.7) ltaly University of Ancona

6 Patrini M 9(4.2) Italy IRCCS Fondazione Don
Gnocchi

7 Negrini F 9(4.2) Italy IRCCS Istituto Ortopedico
Galeazzi

8 Monsef | 94.2) Germany  University of Cologne

9 LazzariniS G 9 (4.2) Italy IRCCS Fondazione Don
Gnocchi

10 Andrenelli E 9(4.2) Italy University of Ancona

authors were from Italy, three were from Germany and the
other two were from Chile and Australia. VOSviewer was
used to conduct cluster cooperation analysis for authors
of more than two articles, and 119 authors were divided
into 10 categories (figure 2). Independent cooperative
groups often came from the same unit, and the author’s
collaboration groups were closely related to each other,
while the collaboration between different collaborative
groups often relied on a single scholar. Highly published
scholars such as Eliott J, Synnot A, Wells G A, Chalmani
A, Rada G, Ravaud P, Wang J, etc, served as core members
bridging the entire author collaborative network. The
current status of global LSR research progress and collab-
oration is shown in figure 3. The darker the country
block, the more relevant studies have been carried out,
and the links between countries represented partner-
ships. It could be found that many European countries
(UK, Spain, Netherlands, Italy, Germany, etc), the USA,
Canada, China, Australia, South Korea, Chile and other
countries have carried out a relatively large amount of
research and have collaborated more closely. However,
research in many African countries, Russia, Mexico and
Venezuela was relatively scarce.

Periodical distribution

A total of 213 articles were published in 69 different jour-
nals, 53 (76.8%) of which were included in SCI journals.
Table 2 shows the top 10 LSR-related journals, which
contributed 130 (61%) papers. Cochrane Db Syst Rev (43,
20.2%) ranked first, followed by Ann Intern Med (16,
7.5%), BMJ-Brit Med J (15, 7.0%), J Clin Epidemiol (12,
5.6%) and Eur | Phys Rehab Med (9, 4.2%). Most of the
top 10 journals were from the USA (3) and the UK (4),
with the rest coming from Japan, Italy and Chile. More
than half of high-volume journals belong to medicine,
general and internal, with six of the 10 journals having
an impact factor (IF) of more than 5. The 53 SCl-indexed
journals were presented as a bubble chart in online
supplemental figure 2, where the size of the bubble
represented the number of papers and the horizontal
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Figure 2 Author collaboration network and cluster distribution.

coordinate represented the IF. Journals with a relatively
high number of LSR-related studies (=5) were marked in
red, indicating the type of journals with a high level of
focus in the field.

Longitude

Research hotspot and co-occurrence keyword clustering
network analysis

We generated a hot words cloud through word frequency
sorting by VOSviewer and the hot spot analysis function

Latitude
Figure 3 Current situation of national research publications and cooperation.
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Table 2 The top 10 journals in living systematic review-related field

Rank Journal Region Category n (%) Impact factor (2020)
1 Cochrane Db Syst Rev England  Medicine, general and internal 43 (20.2) 9.266
2 Ann Intern Med USA Medicine, general and internal 16 (7.5) 25.391
3 BMJ-Brit Med J England Medicine, general and internal 15 (7.0) 39.890
4 J Clin Epidemiol Japan Public, environmental and occupational health 12 (5.6) 6.437
5 Eur J Phys Rehab Med Italy Rehabilitation 9(4.2) 2.874
6 Medwave Chile Medicine, general and internal 9(4.2) 2.522
7 BMJ Open England  Medicine, general and internal 7 (3.3) 2.692
8 J Neurotrauma USA Neurosciences 7 (3.3) 5.269

Clinical neurology

Critical care medicine
9 Syst Rev-London England  Medicine, general and internal 7 (3.3) 2.522
10 J Clin Oncol USA Oncology (2.3 44.544

of the R-biblimetrix package, which can reveal the hottest
content in the field (online supplemental figure 3).
COVID-19 and SARS-CoV-2 have become the hottest
topics in the LSR series of studies. In addition, various
evidence production integration and recommendation
methods such as randomised controlled trials, SR and
MA, network MA and living guidelines have also received
particular attention.

Of the 1,163 keywords, 104 have a frequency of three or
higher. After analysis, VOSviewer categorised them into five
cluster directions and formed a network connection, revealing
the main areas and development direction (figure 4). The
different clusters were distinguished by distinct colours, each
representing the direction of a category of research hotspots.
Cluster 1 is the largest group, which included 35 keywords,
mainly related to drug therapy, LSR, treatment outcome,

adverse effects, epidemiology, diagnosis, and quality of life,
focusing on the role of LSR in disease prevalence, diagnosis
and treatment, and prognosis. Cluster 2 primarily included
nine keywords such as infant, child, feeding behaviour, and
psychological conditioning and focuses on children’s growth
and development, feeding, and psychological development.
Cluster 3 focused on the methodological aspects of LSR and
mentioned network MA, decision making, practice guidelines,
automation, clinical protocol and evidence-based practice.
Cluster 4 consisted of 32 keywords, including MA, male, female,
controlled trials, outcome evaluation, drug safety, drug combi-
nation, etc, concentrating on the efficacy analysis of different
genders in drug intervention in controlled trials. The last
cluster focused on global trends and treatment management
for COVID-19, covering SARS-CoV-2, responses, hydroxychlo-

roquine and angiotensin receptor antagonists, etc.
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Figure 4 Clustering distribution of keywords co-occurrence hot spot network. LSR, living systematic review.
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Table 3 Top 10 cited living systematic review-related studies

Rank Title First author Year Journal TCs

1 Prediction models for diagnosis and prognosis of COVID-19: systematic review and  Wynants L 2020 BMJ 888
critical appraisal
Antibody tests for identification of current and past infection with SARS-CoV-2 Deeks J J 2020 Soc SciMed 381
Clinical manifestations, risk factors, and maternal and perinatal outcomes of Allotey J 2020 BMdJ 338
coronavirus disease 2019 in pregnancy: living systematic review and meta-analysis

4 Occurrence and transmission potential of asymptomatic and presymptomatic SARS- Buitrago-Garcia D 2020 PLoS Med 284
CoV-2 infections: A living systematic review and meta-analysis
Drug treatments for covid-19: living systematic review and network meta-analysis Siemieniuk R A 2020 BMJ 233
Living systematic reviews: an emerging opportunity to narrow the evidence-practice Elliott J H 2014 PLoS Med 225
gap
A living WHO guideline on drugs for covid-19 Lamontagne F 2020 BMdJ 198
Living systematic review: 1. Introduction-the why, what, when, and how Elliott J H 2017 JClin 167

Epidemiol
9 Living systematic reviews: 2. Combining human and machine effort Thomas J 2017 JClin 124
Epidemiol

10 Hydroxychloroquine or Chloroquine for Treatment or Prophylaxis of COVID-19: A Hernandez AV 2020 Ann Intern 117
Living Systematic Review Med

TCs, total citation times.

Analysis of being cited status of LSR-related studies Update status of LSR

Table 3 shows the top 10 most frequently cited LSR-related
studies. ‘Prediction models for diagnosis and prognosis
of COVID-19: systematic review and critical appraisal’
published by Wynants et al in BMJ in 2020 received the
most frequent citation. This research® reported on
diagnostic and prognostic models of COVID-19 using
LSR, which could greatly aid clinical decision-making
and COVID-19 control. Seven of the top 10 studies
were related to COVID-19, and the other highly cited
studies’ ® ' introduced LSR methodology. A breakdown
of topical LSR-related research by year, with links to their
internal citation networks, further illustrated the devel-
opment process of LSR (online supplemental figure 4).
The concept of LSR was proposed in 2014, and its system-
atic rnethodology5 810 was elaborated in 2017, which laid
a firm foundation for the subsequent research on LSR.
Many COVID-19-related studies were published in 2020
and beyond, and more citations may follow.

Disease distribution based on IGD-11

We discussed the specific contents of all the studies
related to LSR and analysed the disease types involved
based on ICD-11, presenting them in a rose plot (online
supplemental figure 5). It was clear that certain infec-
tious or parasitic diseases dominated the lion’s share of
the LSR-related postings (57.7%), most of which were
related to COVID-19. Second, 10 articles were related
to various tumours and cancers, such as renal cell carci-
noma, non-small cell carcinoma, prostate cancer, etc.
Research on other diseases was scattered and not wide-
spread, and there was room for further advancement. In
addition, methodology-related articles also occupied a
relatively large part (16.0%).

A collation of all LSR series articles showed that less than
half of the studies were updated at least once in the study
cohort (38.0%). Studies with a total publication size
greater than or equal to four and updating with a specific
frequency were shown in table 4, including 10 studies,
half of which were published in Cochrane Database Syst Rev.
The vast majority of these series have been registered for
research protocols, mainly on PROSPERO or Cochrane
Library. Some studies™* were not considered LSR at the
initial registration or preliminary study but used the LSR
methodology in subsequent study updates.” The most
frequently updated was published in Ann Intern Med, with
the title ‘Risks and Impact of Angiotensin-Converting
Enzyme Inhibitors or Angiotensin-Receptor Blockers
on SARS-CoV-2 Infection in Adults: A Living Systematic
Review’, updated in nine editions.”” **** The series was
registered with PROSPERO, the first article was published
on 4 August 2020, and the last edition was published on
27 April 2021, during which time it has been updated
roughly monthly. In addition, other articles have been
updated with a specific frequency, most of which were
related to COVID-19, while others covered child nutri-
tion, e-cigarette use and psoriasis. It was worth noting
that few articles were updated with multiple editions and
the frequency of updates was generally erratic for most
series.

Trends in LSR research and themes distribution

The relationship between the changes in LSR-related
research hotspots over time was shown in online supple-
mental figure 6, which could reflect the trends topic of
LSR research. The span of the horizontal line indicated
the period of word outbreaks, and the size of the shadow
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Table 4 Update status of continuous living systematic review studies

Update
Rank Title n frequency Journal Registration scheme
1 Risks and Impact of Angiotensin-Converting Enzyme 9 8 Ann Intern Med PROSPERO
Inhibitors or Angiotensin-Receptor Blockers on SARS-
CoV-2 Infection in Adults
2 Interventions for increasing fruit and vegetable 7 5 Cochrane Database Syst Rev ~ Cochrane Database
consumption in children aged fiveyears and under Syst Rev*
3 Rehabilitation and COVID-19: the Cochrane Rehabilitation 7 6 Eur J Phys Rehabil Med PROSPERO
2020 rapid living systematic review
4 Electronic cigarettes for smoking cessation 6 3 Cochrane Database Syst Rev  Cochrane Database
Syst Rev*
5 Convalescent plasma or hyperimmune immunoglobulin for 5 4 Cochrane Database Syst Rev  Centre for Open
people with COVID-19: a living systematic review Science
A living WHO guideline on drugs for covid-19 BMJ -

Hydroxychloroquine or Chloroquine for Treatment or
Prophylaxis of COVID-19: A Living Systematic Review

8 Systemic pharmacological treatments for chronic plaque 4
psoriasis: a network meta-analysis

9 Thoracic imaging tests for the diagnosis of COVID-19 4

10 Drug treatments for covid-19: living systematic review and 4

network meta-analysis

Ann Intern Med -

2 Cochrane Database Syst Rev  Cochrane Database
Syst Rev*

3 Cochrane Database Syst Rev ~ Cochrane Database
Syst Rev

3 BMJ -

*Subsequent studies have shown changes in research plans that are inconsistent with the initial registration scheme.

sphere referred to term frequency. COVID-19 and its
virology-related research occupied the top position of
LSR-related research. Due to the current high global
epidemic, they may continue to become a hot research
topic. Research on living evidence integration of neuro-
logical function prognosis of TBI has been ongoing
for many years and will continue to be focused on in
the future. As research into the aetiology of COVID-19
deepened and patient mortality continued to decline,
the patient prognosis for rehabilitation was becoming a
hot topic of research,**® which could also be found in
the hot word cloud (online supplemental figure 3). The
concept of living guidance has also received sustained
attention since it was first proposed in 2017. With the
promulgation of COVID-19 guidelines and the contin-
uous improvement of more living evidence integration
systems, the LSR methodology will be further improved,
and more living guidelines will come into our vision to
provide efficient and accurate evidence recommenda-
tions for clinical practice. Studies on cannabis mainly
focus on epilepsy in children, chronic analgesia and its
safety,"” but have lost momentum in the last twoyears.
Figure 5 shows the distribution and future trend of
current research topics related to LSR in the form of
strategic coordinates. The first to fourth quadrants
represented motor themes, niche themes, emerging or
declining themes, and basic themes. Essential topics such
as TBI, living guidelines, virology research of COVID-19,
patient prognosis and rehabilitation have significantly
developed. EBM, GRADE (the Grades of Recommenda-
tions, Assessment, Development and Evaluation), auto-
mation, crowdsourcing and machine learning were the

cornerstone of LSR research. While promoting the devel-
opment of LSR-related research, they also need to be
further explored. In the early stage, Elliot et al explored
the effectiveness and safety of cannabis in the treatment
of paediatric epilepsy with the method of LSR,* which
also provided guidance and reference for the subsequent
series of LSR studies.

DISCUSSION

LSR, as a new method of SR updating, aims to break
down the trade-off between rigour and currency of
current methods and provide a reliable and up-to-date
synthesis of evidence.* This study reviewed 213 existing
LSR-related studies and found that studies conducted
based on LSR methodology have overgrown since 2020,
and LSR was gradually gaining more attention and
recognition by more researchers. The development level
of LSR varied greatly among different countries, with
Europe, North America and Australia leading the way.
COVID-19-related research will continue to be the main
focus of LSR for a long time. More than half of the LSR-
based series has not yet been updated, and more practice
details need to be standardised.

Seven years have passed since Elliott et al first proposed
the LSR concept.” The previous studies on LSR were
tepid, but the outbreak of COVID-19 also triggered
many related studies. However, in general, research on
LSR was still relatively scarce, and the field was still in its
early stages of development, with much room for growth.
Throughout the development of LSR, we could find that
the integration of living evidence has been expanded and
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Figure 5 Strategic distribution of living systematic review related research concerns.

applied in a short period, including the release of the
LSR systematic methodology, the proposal of the LNMA
framework and the development of living guidelines.
After a certain period of exploration, the methodology
associated with LSR has been refined through experi-
mentation. The rapid global epidemic of COVID-19 has
prompted numerous clinical trials, which raised high
demands for the rapid and efficient integration of clinical
evidence,” °! essentially promoting the development of
LSR-related studies and, to some extent, demonstrating
the potential for LSR development.

The vast majority of published studies were in English
(97.7%). As a relatively new concept, LSR has not been
widely concerned by researchers. Some institutions and
scholars from Italy and Germany had certain advantages
in this field and dominated the research component.
There was a relatively close collaboration between them,
but collaboration between different groups was rela-
tively sparse. We look forward to further collaboration
to promote the development of LSR-related research.
LSR research has been conducted worldwide, but some
differences and imbalances remain. LSR has been
studied more frequently in Europe, North America and
Australia, and a great deal of cooperation was carried out
with other countries. As more and more scholars world-
wide gradually realise the feasibility and significance
of LSR, it is bound to progress and develop even more

soon. Although the concept of LSR was relatively new, its
related research was still widely accepted. Most journals
that published LSR research were included in SCI jour-
nals. Many flagship journals such as BMJ, Ann Intern Med,
J Clin Oncol, Eur Urol, etc, have shown high acceptance.
There were few existing studies on LSR, with a relative
concentration of research hotspots. The main focus was
methodology development and exploration, child growth
and nutrition, disease epidemiology, diagnosis treatment
and prognosis, and the prevalence, treatment and prog-
nosis of COVID-19. In the short time since the concept of
LSR was introduced, scholars have been exploring which
types of diseases could be substantively helped by the
LSR methodology. Since the outbreak of COVID-19 in
late 2019, there has been an explosion in the use of the
LSR methodology. LSR could provide rapid and compel-
ling evidence for public health outbreaks, contributing
partly to disease treatment and infection control. In the
global COVID-19 pandemic, the rapid integration and
updating of evidence provided by LSR have contributed
significantly to the pandemic’s prevention, treatment,
control and prognosis, as evidenced by the high cita-
tion rate of the LSR series of studies. As a result, the LSR
methodology has received increasing attention and will
be applied in more innovative ways in the future. On the
other hand, the feasibility and necessity of the LSR meth-
odology have been proven by various empirical studies,
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which further contributed to the refinement and rigour
of the LSR methodology and provided help and refer-
ence for future research and application in more areas.

According to ICD-11, current hotspots were mainly
focused on certain infectious or parasitic diseases. Many
previous studies and topics based on LSR methodology
were updated irregularly but have been overshadowed
by the strong impact of COVID-19. Methodological
exploration of LSR also occupied a large area of existing
research, with scholars committed to the ongoing promo-
tion of its application and continuous improvement of
the shortcomings of LSR methodology and further stan-
dardised differences in practice.

Although Elliott et al’s system introduction to the LSR
concept described its production schedule,’ it stated that
the LSR needed pre-registration and updated roughly
once a month. Based on the findings, fewer than half of
the current studies have been updated at least once, and
many of these did not complete standardised registra-
tion or changed their plans midway through the process.
Most of the registered research was not reported and
updated according to their protocols, and there was no
set frequency of updates. Different LSR studies were
updated in various forms, such as Article, Review and
Letter, and no uniform form has been reached.

Considering the distribution of thematic trends and
the current state of the global epidemic, COVID-19 and
its virological studies, patient recovery and prognosis will
remain a hot topic for LSR research for a long time to
come. Although the CENTER-TBI project was launched
in 2015" and has been committed to improving the
medical care treatment and treatment difference of TBI
patients, the thematic outbreak only appeared in 2021
because the coverage renewal strategy of the project
replaced previous studies. The update strategy varied
considerably between studies. Not all studies retained all
the evidence updated in previous dynasties, and some
LSRs retain only the evidence of the latest issue, which
was also worth our attention. The LNMA and living
guidelines have attracted much attention in recent years.
We look forward to their further application and dissem-
ination, thus contributing to the continuous progress of
EBM.

After carefully reviewing existing studies on LSR, we
also raised specific considerations. Since LSR is a process
of continuous dynamic renewal and its workload is often
substantial, most LSR studies did not mention plans to
end or discontinue research. Some studies also failed to
explain the advantages of LSR over cumulative MA or
whether there is a need for conversion between the two,
which may be instructive for further clinical trials. Some
LSR studies maintained the same title and coauthor order
in historical updates, which may lead readers to believe
they were mistakenly the same study. This indicates that
LSR studies need to standardise their replacement evolu-
tion while maintaining series’ similarity to help distin-
guish them. As clinical studies are usually undertaken
freely, and LSRs are often conducted with a clear purpose,

it is difficult to track the differential outcome indicators
included in each study, which inevitably leads to a loss
or waste of resources in the original study. In traditional
SR and MA, the evidence quality is usually assessed using
the GRADE Working Group method.”® As for the spec-
ificity of the evidence integration of LSR, we also need
to determine the quality of its update. However, we are
not sure whether the GRADE system is entirely appro-
priate. In addition, we also mentioned above the issue of
the updated presentation form, and we look forward to
the refinement and progress of this excellent research
method in practical experiments.

To our knowledge, this is the first study to provide a
comprehensive bibliometric analysis of the development
of the LSR since it was proposed, the current state of
LSR-related research, and future perspectives. Based on
the comprehensive review and visual presentation, we
also put forward some reflections on the research using
this methodology. However, there are still some poten-
tial limitations in our study. First of all, although we
searched the LSR-related studies as comprehensively as
possible and made manual supplements, we could still
not obtain old versions of a small number of coverage
update studies, which might cause differences in litera-
ture count, but would not affect our assessment of update
frequency. Second, in the author analysis, we tried our
best to find the affiliation of similar authors. If they were
from the same unit, we added up their contributions.
However, we could not tell whether several authors of the
same name automatically merged by the software were
the same researcher.

CONCLUSION

This study comprehensively reviewed the related research
on LSR and analysed its whole picture and future trend
with bibliometrics. Although the history of LSR was not
long, it has received much attention and good overall
recognition. There was still a wide gap in the attention
and application of this research method between coun-
tries. Most studies based on the LSR approach were
currently focused on COVID-19, and its patient recovery
and virological studies may still be the research direction
of LSR for a long time to come. The current update of
the LSR series of studies varies considerably, and more
details need to be further standardised. We look forward
to seeing LSR used in more areas in the future.
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