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Abstract 

Background  Systematic reviews are viewed as the best study design to guide clinical decision-making as they are 
the least biased publications assuming they are well-conducted and include well-designed studies. Cochrane was ini-
tiated in 1993 with an aim of conducting high-quality systematic reviews. We aimed to examine the publication rates 
of non-Cochrane systematic reviews (henceforth referred to simply as “systematic reviews”) and Cochrane reviews 
produced throughout Cochrane’s existence and characterize changes throughout the period.

Methods  This observational study collected data on systematic reviews published between 1993 and 2022 in Pub-
Med. Identified Cochrane reviews were linked to data from the Cochrane Database of Systematic Reviews via their 
Digital Object Identifier. Systematic reviews and Cochrane reviews were analyzed separately. Two authors screened 
a random sample of records to validate the overall sample, providing a precision of 98%.

Results  We identified 231,602 (94%) systematic reviews and 15,038 (6%) Cochrane reviews. Publication of systematic 
reviews has continuously increased with a median yearly increase rate of 26%, while publication of Cochrane reviews 
has decreased since 2015. From 1993 to 2002, Cochrane reviews constituted 35% of all systematic reviews in Pub-
Med compared with 3.5% in 2013–2022. Systematic reviews consistently had fewer authors than Cochrane reviews, 
but the number of authors increased over time for both. Chinese first authors conducted 15% and 4% of systematic 
reviews published from 2013–2022 and 2003–2012, respectively. Most Cochrane reviews had first authors from the UK 
(36%). The native English-speaking countries the USA, the UK, Canada, and Australia produced a large share of system-
atic reviews (42%) and Cochrane reviews (62%). The largest publishers of systematic reviews in the last 10 years were 
gold open access journals.

Conclusions  Publication of systematic reviews is increasing rapidly, while fewer Cochrane reviews have been pub-
lished through the last decade. Native English-speaking countries produced a large proportion of both types of sys-
tematic reviews. Gold open access journals and Chinese first authors dominated the publication of systematic reviews 
for the past 10 years. More research is warranted examining why fewer Cochrane reviews are being published. Addi-
tionally, examining these systematic reviews for research waste metrics may provide a clearer picture of their utility.
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Introduction
The amount of scientific literature is growing exponen-
tially [1]. With the introduction of evidence-based medi-
cine in the late part of the twentieth century, synthesizing 
evidence became an area of focus [2]. The principles of 
evidence-based medicine dictate that the best clinical 
guidance should be based on the least biased and most 
up-to-date evidence available. This comes in the form of 
systematic reviews and meta-analyses, which are gener-
ally viewed as the study design that is least likely to be 
biased, assuming they are well-conducted and based on 
methodologically rigorous studies [3], and thereby pro-
viding the best evidence for informing decision-mak-
ers [4, 5]. In 1993, the Cochrane Collaboration (now 
“Cochrane”) was founded on the same ideals as evidence-
based medicine was built upon, with an aim of provid-
ing systematic reviews and meta-analyses of high quality 
[6]. While there are examples of synthesizing evidence 
systematically several hundred years ago [7, 8], the devel-
opment of the methodology and frequency of publica-
tion of systematic reviews has accelerated during the 
last 30 years where Cochrane has existed. Cochrane has 
played a considerable role in developing a thorough sys-
tematic review methodology [9, 10] and creating soft-
ware to ease the production of systematic reviews, e.g., 
RevMan Web (Review Manager Web, version 4.12.0, The 
Cochrane Collaboration, 2022). Other non-Cochrane 
initiatives to streamline and improve systematic review 
methodology have also been developed, e.g., the Meta-
analyses of Observational Studies in Epidemiology 
(MOOSE) guideline [11], the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses (PRISMA) 
guideline [12], and the Joanna Briggs Institute guidelines 
[13]. However, with the development and distribution 
of systematic review methodology, it is unclear how the 
distribution of systematic review production through the 
years has changed.

We aimed to characterize changes in publication of 
non-Cochrane systematic reviews (henceforth referred 
to simply as “systematic reviews”) and Cochrane reviews 
throughout Cochrane’s existence. Our primary objective 
was to determine the yearly publication rates of system-
atic reviews and Cochrane reviews through a 30-year 
period from 1993 to 2022. Our secondary outcome was 
to further characterize changes for both types of reviews.

Methods
Reporting, eligibility criteria, and validation
This observational study was reported according to the 
RECORD guideline where applicable [14] as it was based 
on routinely collected metadata (Appendix). Records 
were eligible for inclusion if they were any type of sys-
tematic reviews published between 1993 and 2022 and 

indexed in PubMed or the Cochrane Database of Sys-
tematic Reviews (CDSR). All types of published system-
atic reviews were included, i.e., also updated Cochrane 
reviews, withdrawn Cochrane reviews [15], and retracted 
systematic reviews. We chose this period as it was the 
time from the creation of the CDSR until the last full 
calendar year before our date of search. We excluded 
records with missing data such as title, journal, or year; 
records with publication date registered before 1993 or in 
2023; protocols of Cochrane reviews, which was assessed 
via metadata from the CDSR regarding the stage of the 
report; duplicate records; and protocols of systematic 
reviews by searching the title of records for the terms 
“review protocol,” “protocol for a systematic,” “protocol 
of a systematic,” “protocol for the systematic,” “protocol 
of the systematic,” “protocol for systematic,” and “proto-
col of systematic.” The terms for systematic review pro-
tocols were determined by pilot searches. We performed 
additional pilot investigations of the extracted data to 
determine the best options for data cleaning. As our pilot 
investigations indicated errors in the indexation of pub-
lication date for early Cochrane reviews, we matched 
Cochrane reviews from PubMed to the CDSR based on 
their Digital Object Identifier (DOI) and collected data 
on publication date from the CDSR. The country of the 
first author was extracted in an automated fashion from 
the registered first author affiliation from the PubMed 
metadata. All countries that appeared over 100 times 
after data cleaning were validated manually and inte-
grated into the analysis. Furthermore, for the Cochrane 
reviews, we screened all records with more than one 
country mentioned in the affiliations and looked up unre-
solved countries to integrate these into the final analysis. 
For further validation, we screened a random sample of 
1182 without replacement of the extracted records (0.5%) 
and determined a precision [16]. Two authors indepen-
dently screened the 1182 random records from the Pub-
Med sample for relevance. Relevant records were defined 
as either identifying as a systematic review or conducting 
a literature review via a systematic search. Records were 
initially screened on title, subsequently abstract, and 
finally full text if needed. Conflicts were resolved through 
discussion between the two authors. In total, 21 records 
from the sample were irrelevant correlating to a precision 
of 98%. We found no sign of systematic errors among the 
21 ineligible records, thus, there was no further exclusion 
of records.

Data sources, linkage, variables, and study size
Data were obtained through an Application Program-
ming Interface (API) and Entrez Direct Server, for 
PubMed [17], and linked with the CDSR [18] via the 
Cochrane Reviews’ unique DOI. PubMed is the most 
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used biomedical scholarly database and provides good 
coverage of biomedical literature [19]. At the time of 
data extraction, the systematic review filter in PubMed 
was accurate and up to date (S Schmidt, Senior Techni-
cal Information Specialist, National Library of Medi-
cine, personal communication, 04 April 2023). The 
search of PubMed was done via Entrez Direct Server on 
26 April 2023. We extracted data on systematic review 
characteristics (title, authors, publication date, journal, 
International Standard Serial Number  (ISSN), affilia-
tions, funding, conflicts of interest statement, and DOI) 
through indexed metadata in PubMed via the API and 
from the CDSR. During reporting, countries were abbre-
viated following the United Nations Conference on 
the Standardization of Geographical Names abbrevia-
tions [20]. The study size was determined by the records 
obtained that met our inclusion criteria and none of the 
exclusion criteria. We did not attempt to limit the sample.

Statistical analyses
Data were descriptively analyzed for the full 30-year 
period and in three separate subgroups each covering a 
10-year period:1993–2002, 2003–2012, and 2013–2022. 
The number of authors was handled as continuous data 
and was reported with mean and standard deviation. 
Yearly percentual increase was calculated and displayed 
tabulated. Systematic reviews’ and Cochrane reviews’ 
growth rates were presented graphically by scaling the 
increases of the yearly number of reviews to a shared 
range between 0 and 1 by unity-based normalization. 
Other data were handled as categorical variables and 
reported as number and percent. Statistical analyses 
were done in Python v3.10, using Pyspark v3.4.1 for big 
data handling and several standard libraries like NumPy 
v1.22.4, Pandas v1.5.3, Scikit-Learn v1.2.2, SciPy v1.10.1, 
and matplotlib v3.7.1 for calculations and visualizations. 
Codes are available upon reasonable request.

Results
We extracted 264,127 records from PubMed. Two 
records were excluded as they had no registered 
date. Subsequently, 15,330 records were excluded for 
being published either before 1993 (n = 33) or in 2023 
(n = 15,297), and 1344 were excluded for being proto-
cols of systematic reviews. After a manual assessment of 
DOI duplicates, further 50 records were excluded. After 
DOI-matching to the CDSR, a total of 246,640 records 
were analyzed, of which 231,602 (93.9%) were system-
atic reviews and 15,038 (6.1%) were Cochrane reviews 
(Table 1).

Characteristics expressed as number (%) or 
mean ± standard deviation of included non-Cochrane 
systematic reviews and Cochrane reviews for periods of 
10  years and the total 30-year period. Regarding coun-
tries, the top five most common countries of first author 
affiliations for the given periods were listed with the total 
number of systematic reviews published. Countries are 
abbreviated following the United Nations Conference 
on the Standardization of Geographical Names abbre-
viations [20]. Data were collected from PubMed and data 
on Cochrane reviews were linked via the records Digital 
Object Identifier. For each outcome, n represents how 
many records had data available for the outcome.

The number of published systematic reviews increased 
continuously throughout the 30-year period (Fig. 1) with 
a median yearly increase rate of 26% (Table  2). Mean-
while, Cochrane reviews reached their peak in produc-
tivity in 2013 and growth rates fluctuated over the whole 
30-year period with a median yearly increase of 3%. Since 
2015, Cochrane reviews have been published less fre-
quently (Figs. 1, 2 and Table 2). For the period 1993–2002, 
1377 Cochrane reviews were published, constituting 35% 
of all systematic reviews indexed in PubMed (Fig. 1). For 
the period 2013–2022, 7240 Cochrane reviews were pub-
lished corresponding to 3.5% of all systematic reviews in 

Table 1  Characteristics of non-Cochrane systematic reviews and Cochrane reviews

Non-Cochrane systematic reviews Cochrane reviews

Period 1993–2002 2003–2012 2013–2022 Total 1993–2002 2003–2012 2013–2022 Total

Publications 2522 (1) 29,135 (13) 199,945 (86) 231,602 1377 (9) 6421 (43) 7240 (48) 15,038

Authors 3.6 ± 2.1 4.5 ± 2.9 5.9 ± 3.9 5.7 ± 3.8 3.2 ± 1.7 4.0 ± 1.8 5.3 ± 2.7 4.5 ± 2.4

Country n = 2118 n = 26,690 n = 178,445 n = 207,253 n = 1350 n = 6059 n = 7205 n = 14,614

#1 GB 716 (34) US 6172 (23) CN 27230 (15) US 33012 (16) GB 574 (43) GB 2177 (36) GB 2462 (34) GB 5213 (36)

#2 US 482 (23) GB 5416 (20) US 26358 (15) CN 28313 (14) AU 143 (11) AU 777 (13) AU 768 (11) AU 1688 (12)

#3 CA 197 (9) CA 2518 (9) GB 21056 (12) GB 27188 (13) CA 140 (10) CA 456 (8) US 497 (7) US 1072 (7)

#4 NL 182 (9) NL 1873 (7) AU 12103 (7) AU 14043 (7) US 120 (9) US 455 (8) CA 430 (6) CA 1026 (7)

#5 AU 128 (6) AU 1812 (7) CA 9877 (6) CA 12592 (6) NZ 50 (4) NL 308 (5) CN 374 (5) NL 657 (4)
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PubMed for the period, and in 2022 alone, 344 Cochrane 
reviews were published, corresponding to a share of 0.8%.

Systematic reviews had a mean of 3.6 authors per 
review in 1993–2002, which increased to 5.9 in 2013–
2022. Meanwhile, Cochrane reviews had 3.2 authors 
in 1993–2002, which increased to 5.3 in 2013–2022. 
Cochrane reviews continuously had fewer authors than 
systematic reviews for all 10-year periods. From 2013–
2022, Chinese first authors published most systematic 
reviews (27,230, 15%). Meanwhile, for Cochrane reviews 
in the same period, Chinese first authors published 5% 
of these. From 1993–2002 and 2003–2012, Chinese first 

authors published 4 (0.2%) and 1079 (4%) systematic 
reviews, respectively. Generally, the native English-speak-
ing countries the USA, the UK, Canada, and Australia 
combined produced a large proportion of the published 
systematic reviews for both systematic reviews (86,835, 
42%) and Cochrane reviews (8999, 62%) (Fig. 3). The UK 
had produced most Cochrane reviews throughout the 
30-year period (5213, 36%) and for all 10-year intervals, 
but the share of Cochrane reviews produced by UK first 
authors was decreasing (Fig. 3). In the first 10 years of the 
period, high-impact journals such as the BMJ, JAMA, 
and Lancet were among the journals publishing most 

Fig. 1  Absolute change in non-Cochrane systematic reviews and Cochrane reviews. Total number (y-axis) of non-Cochrane systematic reviews 
(light blue) indexed in PubMed and Cochrane reviews (purple) indexed in the Cochrane Database of Systematic Reviews published per year (x-axis) 
from 1993 to 2022 as absolute number (A) and expressed logarithmically (B)
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systematic reviews (Table  3, Additional File 1). From 
2013 to 2022, gold open access journals constituted the 
top eight journals publishing systematic reviews, while 
the remaining two journals in the top ten used a hybrid 
open access model. In total, 8851 unique journals pub-
lished systematic reviews for the 30-year period.

Discussion
In this observational study, we found that the number of 
published systematic reviews has increased considerably, 
whereas Cochrane’s relative share of systematic reviews 
has decreased throughout its existence. While systematic 
reviews increased, the publication of Cochrane reviews 

has decreased steadily since 2015. During the last decade, 
Chinese first authors produced a large portion of system-
atic reviews. Gold open access journals were the larg-
est publishers of systematic reviews from 2013 to 2022, 
whereas high-impact journals were the largest publishers 
of systematic reviews from 1993 to 2002. The number of 
authors seemed to increase over time.

We found that publication of systematic reviews is 
growing rapidly. Compared with other general publica-
tions in life sciences, where authors found a growth rate 
of 5.1% [1], systematic reviews are growing faster. Our 
findings show that while the motivation for publishing 
systematic reviews was high, Cochrane reviews were 
being published less frequently. Cochrane reviews are 
known to take a long time to complete [21–23] com-
pared with systematic reviews [24–26]. This may be 
partly due to the process of a Cochrane review having 
more mandatory steps involved, e.g., minimum require-
ments for databases searched, searching trial registries, 
and requirements regarding which analyses to conduct. 
This may also explain why they are known overall to be 
of higher quality [27–32] and are valuable for developing 
healthcare policies [33]. The thought of high demands 
for resources and long publication times may intimidate 
potential authors. However, despite this, Cochrane’s 
author satisfaction was generally high [34]. Recently, 
Cochrane has begun rethinking their publication model 
[35] with several key projects aimed at improving the 
author experience and optimizing the publication pro-
cess [36].

We found that balances had shifted relating to produc-
tion and publication of systematic reviews over the past 
10  years. Regarding production, especially systematic 
reviews written by Chinese first authors have expanded, 
increasing their publication of systematic reviews by a 
factor of 25 from 2003–2012 to 2013–2022. The same 
productivity increase among Chinese authors was not 
seen in Cochrane reviews. Despite the rapid increase in 
productivity, one Chinese study found similar methodo-
logical and reporting quality between Chinese system-
atic reviews and those from the USA [37]. Regarding 
publication, gold open access journals had grown to be 
the largest publishers of systematic reviews from 2013 to 
2022. Open access has been gaining popularity and may 
be a step in the right direction for science [38]. However, 
gold open access journals operate with article processing 
charges that authors must pay to get their papers pub-
lished. These charges can be steep and have been increas-
ing rapidly over time [39]. There is a wish within the 
scientific community to transition to a diamond open-
access model, where articles are published open access 
but without authors or readers having to pay exorbitant 
fees [40]. While this is undoubtedly desirable, there are 

Table 2  Yearly percentual increase or decrease (indicated by 
negative numbers) in publication of non-Cochrane systematic 
reviews and Cochrane reviews throughout the 30-year period

Year Non-Cochrane systematic 
reviews

Cochrane reviews

n % n %

1993 8 0 0 0

1994 27 238 0 0

1995 38 41 1 0

1996 60 58 54 5300

1997 140 133 36  − 33

1998 230 64 111 208

1999 313 36 167 50

2000 406 30 261 56

2001 549 35 357 37

2002 751 37 390 9

2003 897 19 477 22

2004 1152 28 486 2

2005 1264 10 508 5

2006 1805 43 604 19

2007 2372 31 646 7

2008 2755 16 557  − 14

2009 3451 25 699 25

2010 4037 17 730 4

2011 5024 24 724  − 1

2012 6378 27 990 37

2013 7844 23 1032 4

2014 9640 23 906  − 12

2015 11,416 18 987 9

2016 13,123 15 854  − 13

2017 15,018 14 764  − 11

2018 17,544 17 661  − 13

2019 22,383 28 588  − 11

2020 27,366 22 575  − 2

2021 34,665 27 529  − 8

2022 40,946 18 344  − 35
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still costs associated with academic publishing and deter-
mining how the diamond open-access model should 
be financed is not an easy matter. With the increasing 
amount of research production, there has been discus-
sion of “research waste” [41], i.e., unnecessary and non-
contributing research. It was argued already in 1994, at 
the beginning of our inclusion period, that the scientific 
community should aim towards producing fewer reviews 
and instead focus on increasing the quality of publi-
cations [42]. Since then, we have had 30  years of expo-
nential increase in evidence synthesis. Relating to this 
concept, several suggestions towards reducing redun-
dancy of reviews have been put forward [43]. Addressing 
research waste seems to be a topic gaining focus [43, 44]. 
We also found an increasing number of authors through 
time. This aligns with the findings of other studies [45, 
46]. This may relate to an increasing amount of data in 
modern research thereby increasing complexity [47]. One 
study, however, found that adjusting for factors relating 
to increased complexity did not explain the increase in 
authorship when it came to trials and non-randomized 
studies [48]. Furthermore, systematic reviews differ from 
clinical trials in that data are available remotely through 
searches, and therefore, the resource demands may be 
lower. Interestingly, Cochrane reviews had fewer authors 
than systematic reviews. This may seem counterintui-
tive, as Cochrane reviews generally have higher demands 
and should therefore demand more resources. It is not 
clear what is causing the increasing number of authors in 
medicine.

Our study had several strengths. Firstly, we analyzed 
a very large dataset with the goal of having generaliz-
able conclusions. We only searched PubMed, which 
is a biomedical database, where records are manu-
ally screened for indexation as systematic reviews. We 
thereby avoided a great deal of false positives that tradi-
tional searching would produce. This was demonstrated 
by validating the search and finding a practical preci-
sion of 98%. Generally, searches in large bibliographic 
databases have low precision [49]. One of the authors, 
a professional data analyst, conducted data cleaning to 
adjust for wrongly registered data. Furthermore, we col-
lected data on publication dates from the CDSR, which 
is the primary source of Cochrane reviews. Therefore, 
we are confident that Cochrane reviews were correctly 
and sufficiently identified. However, our study also had 
some limitations. With large datasets, it is likely there 
were some miscategorized records. Based on our pre-
cision estimate and after data cleaning, we estimate 
this to be about 2% overall, but some areas may have 
had more than others. Despite the National Library 
of Medicine’s personal screening of records, we still 
found some protocols indexed as systematic reviews, 
indicating that the systematic review filter, while good, 
is not 100% perfect. Still, it is a more reliable method 
of retrieving systematic reviews than through searches 
and the most feasible method owing to the size of our 
sample. While searching PubMed ensured high external 
validity, there are undoubtedly more systematic reviews 
produced in the period indexed in other databases. 

Fig. 2  Normalized yearly change of non-Cochrane systematic reviews and Cochrane reviews. Unity-based normalization in a range of [0, 1] 
of absolute yearly changes in non-Cochrane systematic reviews and Cochrane reviews
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However, correcting for this bias in our results would 
only exaggerate the conclusion that systematic reviews 
are increasing rapidly and constitute an increasingly 
larger portion of all systematic reviews compared with 
Cochrane reviews. On the other hand, a small portion 
of the increase in systematic reviews may be attrib-
uted to the post-indexation of older records and jour-
nals in PubMed. We do not believe this potential bias 
would impact the overall conclusions. Generally, we are 
confident that the assumed miscategorized data would 

not change the overall conclusions. This study cannot 
address the quality of the included systematic reviews 
or if there is an overlap of the research question of these 
systematic reviews, thus, whether unnecessary system-
atic reviews are being published.

It is unclear why Cochrane reviews were being pub-
lished less frequently in the past 10 years. As Cochrane 
reviews are expected to be updated and despite them 
not always being updated frequently [50], we expected 
the number to increase given the combination of new 

Fig. 3  Country of first authors for non-Cochrane systematic reviews and Cochrane reviews. The plot of the number of publication (y-axis) 
of Cochrane reviews (A) and non-Cochrane systematic reviews (B) by the top 10 first-author affiliated countries from 1993 to 2022 (x-axis). Analysis 
was based on 14,614 records (97%) (A) and analysis was based on 207,253 records (89%) (B)
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Cochrane reviews being published and older ones being 
updated. It may be favorable to have more Cochrane 
reviews published, as they are generally of high quality 
owing to their thorough peer review process and rigor-
ous methodology [27–32]. Some of the decrease in publi-
cation of Cochrane reviews may be due to them generally 
taking a long time to complete [21–23] and including 
many procedural and methodological demands [9, 10]. 
Future studies exploring why Cochrane reviews were 
being published less frequently are warranted. The con-
tinually increasing publication rates of systematic reviews 
may risk an information overload, where stakeholders 
cannot reasonably stay orientated and updated with new 
literature. It is, however, unclear to which degree the 
increase in publication of systematic reviews results from 
overlapping or redundant reviews being published, or if 
the new studies, in general, are of value to the research 
community. Further research into field overlap and the 
methodological quality of newer systematic reviews may 
clarify this.

In conclusion, the publication of systematic reviews 
has increased rapidly in the past 30  years, while fewer 
Cochrane reviews have been published since 2015. Espe-
cially Chinese first authors conducted many systematic 
reviews through the last 10  years. For the same period, 
gold open access journals were the largest publishers 
of systematic reviews. It may be favorable to have more 
Cochrane reviews published, as these are generally of 
higher quality than systematic reviews. Furthermore, fur-
ther research regarding metrics related to research waste 
may clarify questions regarding the utility and value of 
systematic reviews throughout time.

Appendix
RECORD reporting guideline checklist. The 
RECORD statement—a checklist of items, extended 
from the STROBE statement, that should be reported 
in observational studies using routinely collected health 
data

Item 
No

STROBE items Location in 
manuscript 
where 
items are 
reported

RECORD items Location in 
manuscript 
where items 
are reported

Title and abstract

1 (a) Indicate 
the study’s 
design with a 
commonly used 
term in the title 
or the abstract, 
(b) provide in 
the abstract 
an informative 
and balanced 
summary of 
what was done 
and what was 
found

Page 1–3 RECORD 1.1: 
The type of data 
used should be 
specified in the 
title or abstract. 
When possible, 
the names of 
the databases 
used should be 
included
RECORD 1.2: If 
applicable, the 
geographic 
region and 
timeframe within 
which the study 
took place should 
be reported in the 
title or abstract
RECORD 1.3: If 
linkage between 
databases was 
conducted for the 
study, this should 
be clearly stated in 
the title or abstract

Page 1–3

Table 3  Journals publishing non-Cochrane systematic reviews. National Library of Medicine (NLM) abbreviations of journals with 
most published non-Cochrane systematic reviews based on International Standard Serial Number (ISSN) expressed as follows: total 
number (%). For ISSN see Supplementary File 1

Rank 1993–2002
(n = 2522)

2003–2012
(n = 29,135)

2013–2022
(n = 199,945)

Total
(n = 231,602)

#1 BMJ (print) 95 (3.8) JBI Libr Syst Rev 535 (1.8) PloS One 4404 (2.2) PLoS One 4680 (2.0)

#2 Health Technol Assess 91 (3.6) BMJ Clin Evid 452 (1.6) Medicine (Baltimore) 2263 (1.1) Int J Environ Res Public 
Health

2278 (1.0)

#3 JAMA 31 (1.2) BMJ (print) 298 (1.0) Int J Environ Res Public 
Health

2262 (1.1) Medicine (Baltimore) 2270 (1.0)

#4 Br J Gen Pract 31 (1.2) PLoS One 276 (0.9) BMJ Open 1735 (0.9) BMJ Open 1765 (0.8)

#5 Lancet 30 (1.2) Ann Intern Med 170 (0.6) Nutrients 1234 (0.6) Nutrients 1237 (0.5)

#6 BMJ (electronic) 27 (1.1) Spine 157 (0.5) J Clin Med 1040 (0.5) J Clin Med 1040 (0.4)

#7 Spine 25 (1.0) Health Technol Assess 154 (0.5) Front Oncol 978 (0.5) Front Oncol 978 (0.4)

#8 Thorax 22 (0.9) Obes Rev 136 (0.5) Sci Rep 927 (0.5) Sci Rep 927 (0.4)

#9 Br J Surg 21 (0.8) BMC Public Health 134 (0.5) World Neurosurg 799 (0.4) BMC Public Health 829 (0.4)

#10 Arch Intern Med 21 (0.8) Aliment Pharmacol Ther 123 (0.4) Cureus 775 (0.4) World Neurosurg 802 (0.3)
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Item 
No

STROBE items Location in 
manuscript 
where 
items are 
reported

RECORD items Location in 
manuscript 
where items 
are reported

Introduction

  Back-
ground 
rationale

2 Explain 
the scientific 
background 
and rationale 
for the inves-
tigation being 
reported

Page 3–4

  Objec-
tives

3 State-specific 
objectives, 
including any 
prespecified 
hypotheses

Page 4

Methods

  Study 
design

4 Present key ele-
ments of study 
design early 
in the paper

Page 4

  Setting 5 Describe the set-
ting, locations, 
and relevant 
dates, includ-
ing periods 
of recruitment, 
exposure, follow-
up, and data 
collection

Page 4–5

  Partici-
pants

6 (a) Cohort 
study—give 
the eligibil-
ity criteria, 
and the sources 
and methods 
of selection 
of participants. 
Describe meth-
ods of follow-up
Case–control 
study—give 
the eligibil-
ity criteria, 
and the sources 
and meth-
ods of case 
ascertainment 
and control 
selection. Give 
the rationale 
for the choice 
of cases 
and controls
Cross-sectional 
study—Give 
the eligibil-
ity criteria, 
and the sources 
and methods 
of selection 
of participants

Page 4–5 RECORD 6.1: 
The methods 
of study popula-
tion selection 
(such as codes 
or algorithms 
used to identify 
subjects) should 
be listed in detail. 
If this is not possi-
ble, an explana-
tion should be 
provided
RECORD 6.2: Any 
validation studies 
of the codes 
or algorithms 
used to select 
the popula-
tion should 
be referenced. 
If validation 
was conducted 
for this study 
and not pub-
lished elsewhere, 
detailed methods 
and results should 
be provided

Page 4–6

Item 
No

STROBE items Location in 
manuscript 
where 
items are 
reported

RECORD items Location in 
manuscript 
where items 
are reported

(b) Cohort 
study—for 
matched 
studies, give 
matching crite-
ria and number 
of exposed 
and unexposed
Case–control 
study—for 
matched stud-
ies, give match-
ing criteria 
and the number 
of controls 
per case

RECORD 6.3: 
If the study 
involved the link-
age of data-
bases, consider 
the use of a flow 
diagram or other 
graphical display 
to demonstrate 
the data linkage 
process, includ-
ing the number 
of individuals 
with linked data 
at each stage

  Variables 7 Clearly define 
all outcomes, 
exposures, pre-
dictors, potential 
confounders, 
and effect modi-
fiers. Give diag-
nostic criteria, 
if applicable

Page 6 RECORD 7.1: 
A complete 
list of codes 
and algorithms 
used to classify 
exposures, out-
comes, confound-
ers, and effect 
modifiers should 
be provided. If 
these cannot 
be reported, 
an explana-
tion should be 
provided

Page 7

  Data 
sources/
measure-
ment

8 For each vari-
able of interest, 
give sources 
of data 
and details 
of methods 
of assessment 
(measurement)
Describe 
comparability 
of assessment 
methods 
if there is more 
than one group

Page 6

  Bias 9 Describe 
any efforts 
to address 
potential 
sources of bias

Page 5–6

  Study 
size

10 Explain how 
the study size 
was arrived at

Page 6

  Quan-
titative 
variables

11 Explain 
how quantita-
tive variables 
were handled 
in the analyses. 
If applicable, 
describe which 
groupings 
were chosen, 
and why

Page 6
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Item 
No

STROBE items Location in 
manuscript 
where 
items are 
reported

RECORD items Location in 
manuscript 
where items 
are reported

  Sta-
tistical 
methods

12 (a) Describe all 
statistical meth-
ods, including 
those used 
to control for 
confounding
(b) Describe 
any methods 
used to examine 
subgroups and 
interactions
(c) Explain how 
missing data 
were addressed
(d) Cohort 
study—if applica-
ble, explain how 
loss to follow-up 
was addressed
Case–control 
study—if appli-
cable, explain 
how the match-
ing of cases 
and controls was 
addressed
Cross-sectional 
study—if appli-
cable, describe 
analytical 
methods taking 
account of sam-
pling strategy
(e) Describe 
any sensitivity 
analyses

Page 6–7

  Data 
access 
and clean-
ing 
methods

RECORD 12.1: 
Authors should 
describe the extent 
to which the inves-
tigators had access 
to the database 
population used 
to create the study 
population
RECORD 12.2: 
Authors should 
provide informa-
tion on the data 
cleaning methods 
used in the study

Page 5–6

  Linkage RECORD 12.3: State 
whether the study 
included person-
level, institutional-
level, or other data 
linkage across 
two or more 
databases. The 
methods of link-
age and methods 
of linkage quality 
evaluation should 
be provided

Page 5–6

Item 
No

STROBE items Location in 
manuscript 
where 
items are 
reported

RECORD items Location in 
manuscript 
where items 
are reported

Results

  Partici-
pants

13 (a) Report 
the numbers 
of individuals 
at each stage 
of the study 
(e.g., numbers 
potentially eli-
gible, examined 
for eligibility, 
confirmed 
eligible, included 
in the study, 
completing 
follow-up, 
and analyzed)
(b) Give reasons 
for non-partic-
ipation at each 
stage
(c) Consider 
the use of a flow 
diagram

Page 7 RECORD 13.1: 
Describe in detail 
the selection 
of the per-
sons included 
in the study (i.e., 
study population 
selection) includ-
ing filtering based 
on data quality, 
data availability, 
and linkage. 
The selection 
of included 
persons can 
be described 
in the text and/
or by means 
of the study flow 
diagram

Page 7

  Descrip-
tive data

14 (a) Give 
characteristics 
of study par-
ticipants (e.g., 
demographic, 
clinical, social) 
and information 
on exposures 
and potential 
confounders
(b) Indicate 
the number 
of participants 
with missing data 
for each variable 
of interest
(c) Cohort 
study—summa-
rize follow-up 
time (e.g., aver-
age and total 
amount)

Page 7–12

  Out-
come data

15 Cohort study—
Report numbers 
of outcome 
events or sum-
mary measures 
over time
Case–control 
study—report 
numbers in each 
exposure cat-
egory, or sum-
mary measures 
of exposure
Cross-sectional 
study—report 
numbers of out-
come events 
or summary 
measures

Page 8–14
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Item 
No

STROBE items Location in 
manuscript 
where 
items are 
reported

RECORD items Location in 
manuscript 
where items 
are reported

  Main 
results

16 (a) Give 
unadjusted 
estimates and, 
if applicable, 
confounder-
adjusted esti-
mates and their 
precision (e.g., 
95% confidence 
interval). Make 
clear which 
confounders 
were adjusted 
for and why 
they were 
included
(b) Report cate-
gory boundaries 
when continu-
ous variables 
were catego-
rized
(c) If relevant, 
consider trans-
lating estimates 
of relative risk 
into absolute 
risk for a mean-
ingful time 
period

Page 8–14

  Other 
analyses

17 Report other 
analyses done—
e.g., analyses 
of subgroups 
and interactions, 
and sensitivity 
analyses

Page 11–13

Discussion

  Key 
results

18 Summarize key 
results with ref-
erence to study 
objectives

Page 14

  Limita-
tions

19 Discuss 
the limitations 
of the study, tak-
ing into account 
sources 
of potential bias 
or impreci-
sion. Discuss 
both the direc-
tion and mag-
nitude of any 
potential bias

Page 16–17 RECORD 19.1: Dis-
cuss the implica-
tions of using data 
that were not cre-
ated or collected 
to answer the 
specific research 
question(s). 
Include discussion 
of misclassification 
bias, unmeasured 
confounding, 
missing data, and 
changing eligibil-
ity over time, 
as they pertain to 
the study being 
reported

Page 16–17

Item 
No

STROBE items Location in 
manuscript 
where 
items are 
reported

RECORD items Location in 
manuscript 
where items 
are reported

  Interpre-
tation

20 Give a cautious 
overall interpre-
tation of results 
considering 
objectives, 
limitations, 
multiplicity 
of analyses, 
results from sim-
ilar studies, 
and other rel-
evant evidence

Page 17–18

  General-
isability

21 Discuss the gen-
eralisability 
(external valid-
ity) of the study 
results

Page 17–18

Other information

  Funding 22 Give the source 
of funding 
and the role 
of the funders 
for the present 
study and, 
if applicable, 
for the original 
study on which 
the present 
article is based

Page 19

  Acces-
sibility 
of protocol, 
raw data, 
and pro-
gramming 
code

RECORD 22.1: 
Authors should 
provide informa-
tion on how to 
access any 
supplemental 
information such 
as the study pro-
tocol, raw data, 
or programming 
code

Page 19
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