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Abstract 

Background Individual participant data meta-analyses (IPD-MAs), which involve harmonising and analysing par-
ticipant-level data from related studies, provide several advantages over aggregate data meta-analyses, which pool 
study-level findings. IPD-MAs are especially important for building and evaluating diagnostic and prognostic models, 
making them an important tool for informing the research and public health responses to COVID-19.

Methods We conducted a rapid systematic review of protocols and publications from planned, ongoing, or com-
pleted COVID-19-related IPD-MAs to identify areas of overlap and maximise data request and harmonisation efforts. 
We searched four databases using a combination of text and MeSH terms. Two independent reviewers determined 
eligibility at the title-abstract and full-text stages. Data were extracted by one reviewer into a pretested data extrac-
tion form and subsequently reviewed by a second reviewer. Data were analysed using a narrative synthesis approach. 
A formal risk of bias assessment was not conducted.

Results We identified 31 COVID-19-related IPD-MAs, including five living IPD-MAs and ten IPD-MAs that limited their 
inference to published data (e.g., case reports). We found overlap in study designs, populations, exposures, and out-
comes of interest. For example, 26 IPD-MAs included RCTs; 17 IPD-MAs were limited to hospitalised patients. Sixteen 
IPD-MAs focused on evaluating medical treatments, including six IPD-MAs for antivirals, four on antibodies, and two 
that evaluated convalescent plasma.

Conclusions Collaboration across related IPD-MAs can leverage limited resources and expertise by expedit-
ing the creation of cross-study participant-level data datasets, which can, in turn, fast-track evidence synthesis 
for the improved diagnosis and treatment of COVID-19.

Trial registration 10.17605/OSF.IO/93GF2.
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Background
The harmonisation and analysis of participant-level data 
and metadata for cross-study analyses, including indi-
vidual participant data meta-analyses (IPD-MAs), can 
inform COVID-19 response through improved evalua-
tion of diagnostic, preventative, and treatment measures. 
IPD-MAs have several analytic benefits over standard 
aggregate data meta-analyses when considering analyses 
of longitudinal data and the development and validation 
of clinical risk prediction tools [1–3]. IPD-MAs allow for 
joint consideration of study and subject-level heteroge-
neity to separate clinically relevant heterogeneity from 
heterogeneity related to study design or exposure and 
outcome ascertainment [1–3]. Separating clinically rel-
evant from spurious heterogeneity is central to under-
standing whether observed differences in the risk of 
long COVID and COVID-19-related mortality are due 
to actual differences in exposure or immune response or 
to study-level differences in selection, ascertainment, or 
residual confounding.

The implementation and management of IPD-MAs are 
resource-intensive [1, 2, 4]. Collecting the well-character-
ised metadata needed to appropriately describe included 
studies and cleaning and harmonising participant-level 
data from related studies require a significant invest-
ment of time and expertise from the primary studies and 
the IPD-MA management team [2, 5]. Additional barri-
ers to sharing participant-level health-related data [1], 
including fears of lost opportunities for publication and 
legal or ethical considerations, can prevent or slow down 
data sharing [6–8]. IPD-MAs are essential for inform-
ing research design, risk communication, and clinical 
practice for COVID-19. Given the significant resources 
needed to undertake an IPD-MA, identifying areas of 
overlap in exposures and outcomes of interest and inclu-
sion criteria can foster cross-IPD-MA coordination to 
avoid duplication and maximise the utility of existing 
data.

Our research aim was to identify areas of overlap in 
research aims and study populations, and to identify 
included studies across planned, ongoing, or completed 
COVID-19-related IPD-MAs. We conducted a rapid sys-
tematic review to identify and describe synergies across 
COVID-19 IPD-MAs with a focus on study inclusion and 
exclusion criteria, study populations and designs, and 
exposure and outcomes of interest. Our working hypoth-
esis was that there would be several areas of overlap 
across planned, ongoing, or completed COVID-19-re-
lated IPD-MAs. When identified early in the IPD-MA 
process, we expected that researchers could then exploit 
these cross-IPD-MA synergies to rapidly and efficiently 
conduct IPD-MA studies during the ongoing COVID-19 
pandemic.

Methods
We conducted a systematic search of four databases 
and protocol repositories, including Ovid Medline, the 
PROSPERO International Prospective Register of Sys-
tematic Reviews, the Open Science Foundation (OSF), 
and the Cochrane Database of Systematic Reviews, using 
a combination of MeSH (where applicable) and text 
terms (Additional file 1). We ran the searches on 2 June 
2021, 29 October 2021, and 7 February 2022. The pro-
tocol for this systematic review was developed per the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA)-Protocol statement guidelines 
[9, 10]. Before implementing the searches, we uploaded 
the systematic review protocol and search strategies to 
OSF (10.17605/OSF.IO/93GF2) after unsuccessfully try-
ing to upload the protocol to the PROSPERO Registry 
of Systematic Reviews, which told our team that the sys-
tematic review of IPD-MAs was not a systematic review. 
This systematic review is reported per the 2020 PRISMA 
statement (Additional file 2) [11].

Study selection and data extraction
Eligible protocols or published studies were IPD-MAs 
that planned to include or included participant-level 
COVID-19-related health data. IPD-MAs that only 
included social or psychological measures and systematic 
reviews limited to aggregate measures rather than par-
ticipant-level data from included studies were excluded. 
Two independent reviewers determined eligibility at the 
title abstract and full-text screening stages. One reviewer 
extracted data into a pre-piloted data extraction Google 
sheet. Data were subsequently reviewed by a second 
reviewer. Differences of opinion and discrepancies in 
data extraction were resolved through consensus.

Analysis
We conducted a narrative synthesis of the results and 
summarise findings in a series of Sankey diagrams cre-
ated in RStudio version 1.4.1103. We did not include a 
formal risk of bias assessment as part of this rapid sys-
tematic review, as most IPD-MAs only had a protocol 
available for review at the time of data extraction.

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

Results
We reviewed 116 full texts and identified 31 COVID-
19-focused health-related IPD-MAs (see Additional file 3 
for the PRISMA flow diagram). The majority of IPD-MAs 
were identified through PROSPERO (n = 21), followed 
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by Ovid Medline (n = 8) and OSF (n = 2) [12, 13]. No 
IPD-MAs were identified from the Cochrane Database 
of Systematic Reviews. The 31 ongoing or completed 
COVID-19 IPD-MAs are described in Table 1. As shown 
in the Sankey diagrams in Fig. 1A–D, there were several 
areas of overlap in included study populations, designs, 
interventions, and outcomes of interest between ongoing 
or completed and static or living COVID-19-related IPD-
MAs. Figure  1C–D limit inference to the 21 IPD-MAs 
that requested data from authors, which requires more 
effort than IPD-MAs of data included in publications.

Study designs
Ten IPD-MAs included randomised controlled trials 
(RCTs), non-randomised intervention studies, or longi-
tudinal observational studies; an additional 10 IPD-MAs 
were limited to RCTs only. Three IPD-MAs included 
RCTs and longitudinal or cross-sectional observational 
studies [22, 24, 32]. Two IPD-MAs had case reports and 
case series [27, 33]. One IPD-MA each was limited to 
case reports [15], medical records [12], and case series 
and longitudinal studies [35]. One IPD-MA included any 
study design [17]; two others included any study design 
other than case reports [18, 21].

Populations
More than half of the 31 IPD-MAs were conducted 
with data from hospitalised or intensive care unit (ICU) 
patients (n = 17). Ten IPD-MAs included data from the 
general population, and two IPD-MAs were limited to 
children or adolescents [14, 21]. One IPD-MA was con-
ducted with pregnant women [37] and one with older 
adults and health care workers [42]. Most IPD-MAs were 
not limited by geography (n = 28). One IPD-MA was lim-
ited to studies in the US and Canada [38], another to the 
US, Europe, and China [29], and one to China [19].

Treatment or exposure
Sixteen IPD-MAs focused on the evaluation of medical 
treatments, including antivirals (n = 6) [13, 19, 20, 23, 
24, 36], antibodies (n = 4) [14, 15, 34, 40], angiotensin-
converting-enzyme inhibitors (ACEIs) or angiotensin 
II receptor blockers (ARBs; n = 2) [16, 38], convalescent 
plasma (n = 2) [25, 41], COVID-19 vaccines (n = 1) [31], 
and the Bacillus Calmette–Guérin (BCG)-vaccine (n = 1) 
[42]. One IPD-MA focused on extracorporeal membrane 
oxygenation (ECMO) [22]. Two IPD-MAs evaluated any 
medical or mechanical intervention, including ECMO 
[28, 29]. One IPD-MA had frailty as the exposure [39].

Outcomes
IPD-MAs shared a number of common outcomes, 
including rate of mechanical (n = 8) or non-invasive 

ventilation (n = 2) [20, 39], ECMO rate (n = 2) [26, 39], 
rate of serious adverse events (SAEs) or adverse events 
(AEs; n = 7), viral clearance or viral load (n = 4) [13, 23, 
24, 28], COVID-19 infection rate (n = 3) [31, 32, 42], rate 
of hospitalization or rehospitalization (n = 3) [18, 23, 42] 
or admittance to the ICU (n = 6), time-to-hospital or ICU 
discharge (n = 12), hospital discharge location (n = 3) [17, 
18, 39], time-to-clinical recovery (n = 10), COVID-19 
severity score (n = 3) [25, 38, 41], quality of life-related 
measures (n = 3) [13, 29, 31], and mortality (n = 24). Areas 
of overlap in mortality measures included IPD-MAs that 
assessed in-hospital mortality (n = 7) and all-cause mor-
tality (n = 5). One IPD-MA assessed ICU mortality [22], 
and another pregnancy-related mortality [37]. IPD-MAs 
that specified time-to-death, included: 14-day mortality 
(n = 2) [38, 41], 28-day mortality (n = 2) [13, 41], 30-day 
mortality (n = 2) [12, 38], and 60-day mortality (n = 1) 
[13]. Individual IPD-MAs focused on the clinical presen-
tation of long COVID-19 [18] and COVID-19 in children 
[21]; time-to-recovery of smell or taste [30]; incidence of 
Guillain–Barre syndrome [27]; rate and spectrum of der-
matological outcomes in COVID-19 patients [33]; viral 
load at of sample collection and its effect on the accuracy 
of RT-PCR [35]; and adverse birth outcomes and vertical 
transmission in pregnant women with COVID-19 [37].

Types of IPD‑MAs
Ten IPD-MAs were limited to published IPD, which 
means that the group conducting the IPD-MA did not 
contact authors to request data. Five were living IPD-
MAs where datasets and related findings are regularly 
updated as evidence becomes available [29, 31, 37, 41, 
42]. Living IPD-MAs included a real-time IPD-MA [41], 
a network IPD-MA [31], and an IPD-MA of IPD-MAs 
[29]. Living IPD-MAs focused on COVID-19 vaccines 
[31], BCG vaccine [42], any treatment [29], convalescent 
plasma [41], and issues of interest to perinatal popula-
tions [37], Four of the five living IPD-MAs were limited 
to RCTs [29, 31, 41, 42].

Availability of data from IPD‑MAs
Fifteen IPD-MAs were published when we submitted 
the manuscript for publication. Three published IPD-
MAs made their data available through GitHub (n = 1) 
[24] or the journal supplement (n = 2) [17, 21]. Two pub-
lished IPD-MAs stated that interested researchers could 
request the dataset from the study team [29, 35], and five 
said that data would not be made available [15, 26, 27, 
31, 34]. Five others did not include a statement related 
to data availability [33, 36, 39–41]. Three of the living  
IPD-MAs were published [29, 31, 41], although only one 
indicated that data could be requested from the study 
team [29].
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Discussion
IPD-MAs are an essential tool for the rapid evidence 
generation needed to inform clinical practice, making 
them a vital part of the research response to emerg-
ing pathogens [43]. We conducted a rapid systematic 
review to identify ongoing or completed COVID-19-re-
lated IPD-MAs. There were many areas of overlap 
in the 31 COVID-19-related IPD-MAs, including in 
study design and population, exposure, and outcomes 

of interest. In particular, the 14 IPD-MAs that evalu-
ated the same medical exposures (antivirals, antibodies, 
ACEIs and ARBs, and convalescent plasma) represent 
a missed opportunity to exploit synergies. Most IPD-
MA protocols were registered on PROSPERO, which 
could flag these areas of overlap when researchers 
submit their protocol. IPD-MAs require a significant 
investment of time and expertise, both from the team 
conducting the IPD-MA and the groups contributing 
data to the IPD-MA. Rapidly identifying and exploiting 

Fig.1 Sankey diagrams showing overlap between ongoing or completed and static or living COVID-19 IPD-MAs. A Shows overlap 
between the focus, included study designs, and type of IPD-MA for all the ongoing or completed IPD-MAs. B Shows overlap between the included 
study population, interventions/exposures, and outcomes of all the ongoing or completed IPD-MAs. C Shows overlap between the focus, included 
study designs, and type of IPD-MA for only those IPD-MAs that requested data from authors. D Shows overlap between the included study 
population, interventions/exposures, and outcomes of only those that requested data from authors. ACEIs = angiotensin-converting-enzyme 
inhibitors. ARBs = angiotensin II receptor blockers. BCG = Bacillus Calmette-Guérin. ECMO = extracorporeal membrane oxygenation. GBS = Guillain‐
Barré syndrome. MIS-C = multisystem inflammatory syndrome in children. Obs = observational. RCTs = randomised controlled trials. RT-PCR = reverse 
transcription polymerase chain reaction
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shared inclusion criteria can help facilitate evidence 
generation and avoid unnecessary duplication of effort.

We identified at least 10 IPD-MAs that limited their 
analysis to data included in published reports. While IPD-
MAs that are limited to published IPD have been con-
ducted previously, the volume of the research response to 
COVID-19 coupled with the push for reproducibility and 
transparency have likely facilitated the rise in IPD-MAs of 
data that were included in the study publications. Almost 
half of the IPD-MAs of published data included case study 
or case series data (n = 4/10; 40%) [15, 27, 33, 35]. Given 
that the utility of the IPD-MA is limited by the quality of 
the studies that contribute data [2], findings from these 
rapidly produced IPD-MAs should be considered prelim-
inary and updated when more detailed and less selective 
participant-level datasets become available. This finding is 
in keeping with a methodological review of published data 
that compared the methodological and reporting quality 
of COVID-19 and non-pandemic research and found a 
reduction in quality in the former [44].

While we reviewed the protocols for all IPD-MAs, 
we could only identify the restriction to published IPD 
for those IPD-MAs that had published their analyses, 
which suggests a need to clarify inclusion criteria in 
IPD-MA protocols to specify the intent to limit infer-
ence to published IPD. Some of the unpublished stud-
ies identified in our review may be misclassified as 
having the classical approach to conducting an IPD-
MA, which includes the challenges associated with 
requesting the data from the data producers.

Living IPD-MAs are regularly updated as more evi-
dence becomes available, representing substantial 
investments. There was overlap in study design, expo-
sure, and outcome measurements in several of the five 
living IPD-MAs and between the living IPD-MAs and 
static IPD-MAs, which represents an opportunity to 
share limited resources and expedite findings.

Only a few IPD-MAs of data received from authors 
had been published when this manuscript was submit-
ted for publication (n = 5/21; 24%), so we could not 
quantify the overlap in datasets across IPD-MAs that 
collected datasets from research teams which would 
be an important measure of cross-IPD-MA redun-
dancy in efforts. Only three of the ten published IPD-
MAs had made data available through a repository or 
the publication of supplementary materials [17, 21, 
24], which suggests a continued need to encourage 
data sharing.

Working collaboratively to harmonise and share 
data across related IPD-MAs would maximise lim-
ited resources and shorten the timeline to deliver 
results that best inform clinical and public health 
practice. Testing the same hypotheses, especially with 

the same study designs or populations, represents a 
missed opportunity to evaluate novel hypotheses. Our 
findings support similar calls from a living review of 
COVID-19-related clinical trials and a scoping review 
of COVID-19-related data sharing platforms, which 
urged coordination across initiatives to reduce redun-
dancies [45]. We propose the creation of a task force 
to identify concrete steps to enable cross-initiative 
collaboration and ensure that the harmonised partici-
pant-level data and study-related metadata correspond 
to the findable, accessible, interoperable, reusable 
(FAIR) principles for data resources [46]. These steps 
could include a cross-platform algorithm that uses 
natural language processing to alert researchers to 
similar initiatives during protocol deposition. The 
pandemic’s global scope and rapidly evolving nature 
underscore the need for more meta-collaborations to 
bring together data-sharing efforts and cross-national 
analyses. The coordination of ongoing or planned IPD-
MAs is a good starting place.

Conclusions
IPD-MAs are important for informed research and pub-
lic health response to COVID-19. To identify areas of 
overlap, we conducted a rapid systematic review of com-
pleted or ongoing COVID-19 IPD-MAs. We identified 31 
COVID-19-related IPD-MAs, including five living IPD-
MAs, and found several areas of overlap in study designs, 
populations, exposures, and outcomes of interest. This 
review shows several potential areas of collaboration 
across related IPD-MAs which can leverage limited 
resources and expertise by expediting the creation of 
cross-study participant-level datasets. This, in turn, can 
fast-track evidence synthesis for the improved diagnosis 
and treatment of COVID-19.
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