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Study Objectives: Sleep research has grown substantially in recent decades, producing a large amount of data and an increasing number of meta-analyses.
This study sought to establish the volume of meta-analyses in this area and assess how this level of material has developed over time.
Methods: A bibliographic search of the Web of Science database was conducted (1945–2019). The total number of articles and the total number of
meta-analyses were extracted for both sleep medicine and a combination of 6 other medical specialties (cardiology, neurology, psychiatry, pulmonology,
otorhinolaryngology, and pediatrics).
Results: A total of 262,384 articles and 1,152 meta-analyses related to sleep medicine were identified. Considering the whole period under analysis, meta-
analyses represented 0.44% of the total number of sleep medicine–related articles. Throughout this period, the proportion of meta-analyses published has been
increasing in both sleep medicine and the other fields, but it is greater in the other fields. In 2019, meta-analyses in sleep medicine represented 1.10% of the
publication output in this area but represented 1.62% of the other areas. However, sleep medicine’s growth rate has been consistently higher than in the other
fields. The United States, China, and the United Kingdom have been the top meta-analysis producers.
Conclusions: Meta-analyses in sleep medicine are underused. As a recent medical field, sleep medicine has more potential to grow and is likely to grow
faster than other fields. Researchers should be encouraged to perform and publish meta-analyses on sleep medicine, as long as the analyses are reasonable
and feasible from methodological, statistical. and practical perspectives.
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BRIEF SUMMARY
Current Knowledge: Sleep research has grown substantially in recent decades, producing a large amount of data. Consequently, meta-analyses of sleep-
related data are becoming more common.
Study Impact: Meta-analyses in sleep medicine are still not as frequent as in other medical specialties. Researchers should be encouraged to perform
and publish meta-analyses on their field of research, as long as the analyses are reasonable and feasible from methodological, statistical, and
practical perspectives.

INTRODUCTION

Sleep research output has grown substantially in recent decades.
Between 2003 and 2012, both the number of original publi-
cations in this area and the number of sleep-related scientific
journals more than doubled worldwide.1 Almost 15,000 new
sleep-related articles are being published and indexed in
PubMedper year.With such a large publication output, valuable
research evidence has been piling up for decades. However,
considering the complexity and amount of data, it is difficult to
summarize all this information and knowledge into a practical
form to support clinical advances. In addition, because of
methodological heterogeneity and inconsistencies among the
results, overall and definitive conclusions are often hard
to achieve.

Systematic reviews and meta-analyses would seem to be
appropriate tools to use in this case because they are effective in
synthesizing data in medicine, usually leading to robust and
reliable conclusions. Briefly, a systematic review is a structured

and systematic way to comprehensively identify and gather
studies addressing a clear question, andmeta-analysis refers to a
set of techniques allowing different studies to be combined into
a single measure of effect.2 From a classical epidemiological
perspective, meta-analyses are regarded as the highest possible
level of medical evidence3 and have become a popular, pow-
erful, and versatile tool in evidence-based science, with respect
to both clinical practice and health policy-making.4,5 In this
review we therefore choose to focus on meta-analyses only.

Despite being relatively common and accepted in other
medical fields, meta-analyses in sleep medicine seem to be less
common. For example, previous data analyzing the number of
publications about insomnia showed that only 0.9% of them are
meta-analyses.6 In our experience, meta-analyses seem much
more common and well-established in other medical specialties
than in sleep medicine. Based on this hypothesis, the current
study sought to quantify the number of meta-analyses and ar-
ticles published in the field of sleep medicine (as has been done
for other medical fields7–10). We employed scoping review
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strategies to analyze research trends and the temporal evolution
of the publication of meta-analyses in sleep medicine.

METHODS

A bibliographic search was conducted using Web of Science
(“all databases” collection) to retrieve meta-analyses published
in sleep medicine. Web of Science was chosen because it
provides better bibliometric information and covers a longer
period compared with other databases.11 The search strategy
was limited to articles published between 1945 and 2019, and no
additional search filters were applied. Bibliographic searches
were performed on July 28, 2020.

First, the total publication output in relation to sleepmedicine
was identified using a search string containing only “sleep” as
the search word. Then the total number of meta-analyses
published in sleep medicine was identified by combining
meta-analyses-related keywords. The exact search strings used
are shown in Table 1.

Because there is no specific sleep medicine category in Web
of Science, a single search for the word “sleep”would probably
retrieve many false-positive results (ie, articles mentioning
“sleep” in the abstract but not directly related to sleepmedicine).
To increase the specificity of our search, we randomized 200
articles from the original search records and evaluated whether
they were actually related to sleep medicine. An article was
considered as being sleep medicine–related whenever its
population, intervention, or main outcome was related to sleep
(based on an abstract-only analysis). The percentage of sleep
medicine–related articles in the 200 evaluated articles was used
as a correction factor for all the sleep medicine–related data.

After this effort, the overall publication output and the
number of meta-analyses published were estimated for the 6
mainmedical specialties fromwhich sleepmedicine originated:
cardiology, neurology, psychiatry, pulmonology, otorhinolar-
yngology, and pediatrics (hereinafter referred to as “other
fields”). This assessment was done so that the output of articles
and meta-analyses in the field of sleep medicine could be
compared with the number of articles and meta-analyses in the
specialties from which it evolved. No correction factor was

needed for the other specialties becauseWeb of Science already
provides search filters for each of these areas. All the search
strings are shown in Table 1. For all search strategies, the
publication output per year and the source country of the included
articles were also extracted. All data were analyzed qualitatively
andchartedwheneverappropriate.Figures and inferential statistics
(when appropriated) were made using Prism 5 (GraphPad - San
Diego, CA, USA). Overlap analysis using Venn diagrams be-
tween meta-analyses pertaining to sleep medicine and meta-
analyses in each of the other fields were performed with
BioVenn.12 This scoping review was performed in accordance
with Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews).13

RESULTS

A total of 130 of the 200 articles from the initial “sleep” search
were directly related to sleep medicine, resulting in a correction
factor of 0.65, meaning that 65% of all articles using the word
“sleep” could be considered to be related to the field of sleep
medicine. All sleep-related data hereinafter presented consider
this correction factor (unless indicated otherwise).

A total of 1,152meta-analyses in the field of sleepmedicine
were identified from 1945 to 2019, out of a total publication
output of 262,384 articles. The publication of meta-analyses
is recent in sleep medicine, with the first one being published
in 1989. Since then, while the overall sleep medicine output
have had a steady and almost linear growth (Figure 1A), the
number of meta-analysis in sleep medicine has grown much
rapidly and exponetially, with 229 meta-analysis published in
2019 (Figure 1B).

Considering the entire period under analysis, meta-
analyses represented 0.44% of the total number of articles
in the field of sleep medicine. In comparison, in the other
fields combined, meta-analyses represented 0.46% of all
articles published (85,718 out of 18,784,820 articles).
Throughout this period, the percentage of meta-analyses
published has been increasing in both sleep medicine and
in the other fields, but it has been substantially greater among
the other fields (Figure 2A). In 2019, meta-analyses in sleep

Table 1—Search strategies used.

Areas Search String

Sleep—total publications TS=(sleep)

Sleep—meta-analyses TI=(meta-analysis OR meta-analyses OR metanalysis OR metanalyses) AND TS=(sleep)

Cardiology SU=(cardiology) AND TI=(meta-analysis OR meta-analyses OR metanalysis OR metanalyses)

Neurology SU=(neurology) AND TI=(meta-analysis OR meta-analyses OR metanalysis OR metanalyses)

Psychiatry SU=(psychiatry) AND TI=(meta-analysis OR meta-analyses OR metanalysis OR metanalyses)

Pulmonology SU=(respiratory system) AND TI=(meta-analysis OR meta-analyses OR metanalysis OR metanalyses)

Otorhinolaryngology SU=(otorhinolaryngology) ANDTI=(meta-analysisORmeta-analysesORmetanalysis ORmetanalyses)

Pediatrics SU=(pediatrics) AND TI=(meta-analysis OR meta-analyses OR metanalysis OR metanalyses)

SU, TI, and TS refer to the Web of Science research tags for research area (SU = subject), title (TI), and topic (TS). The search words are restricted to words
used in the title, in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses recommendations.
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medicine represented 1.10% of the publication output in this
area but represented 1.62% in the combined medical spe-
cialties. Notably, 2019 was the first year when the proportion
of meta-analyses in sleep medicine surpassed 1%, whereas in
the other fields a proportion of 1% of meta-analyses was
reached in 2015.

Although the proportion ofmeta-analyseswas higher in the
combined medical specialties (as shown in Figure 2A), the
publication of meta-analyses has grown faster in sleep
medicine (Figure 2B). The average growth rate in the number
of meta-analyses published was analyzed per quinquennium,
from 2005 to 2019. In sleep medicine, the average growth rate
formeta-analyses published during this time periodwas 34.12%
(ranging from –22.73% to 83.33%), whereas in the other
specialties it was 18.95% (ranging from 7.26%–34.91%). The
higher variability in sleepmedicine reflects the lower number of
meta-analyses in sleep medicine published up to 2010, leading
to an erratic pattern.Table 2 presents the number of articles and

meta-analyses published and the growth rate per quinquennium
since 1990, for both sleep medicine and the combined 6
medical specialties.

On the overlap analysis, we observed that sleep medi-
cine representation varied among the other fields, ranging
from 1.14% (cardiology) to 8.14% (otorhinolaryngology).
On the other hand, the percentage of sleep meta-analyses
classified as pertaining to each of the other fields was high,
ranging from 8.42% (otorhinolaryngology) to 70.10% (neu-
rology; Figure 3). Only 15.72% of all sleep medicine meta-
analyses were not classified as pertaining to any of the
other fields.

Regarding the number of meta-analyses published by
country, theUnitedStates, China, and theUnitedKingdomwere
the most productive countries when we considered the whole
period. When we considered only 2019, China was the most
prolific country, followed by the United States and the United
Kingdom. Table 3 presents country rankings for the number of

Figure 1—Publication output over time in sleep medicine.

Data are presented from 1990–2019. All numbers are given using the 0.65 correction factor. (A) Number of meta-analyses published in the field. (B) Number of
articles published in the field.

Figure 2—Comparison of the publication of meta-analyses over time, between sleep medicine and other fields.

(A) Percentage of meta-analyses out of the total number of articles published. Note that although meta-analyses in both sleep medicine and the 6 other fields
evaluated are progressively increasing, the proportion of meta-analyses in the other fields is consistently higher than in sleep medicine. (B) Growth rate of
meta-analysis publication per 5-year period. Each point represents the average growth rate of that year and the 4 previous years. Data were analyzed with a
repeated-measures analysis of variance followed by the Bonferroni posthoc test, using GraphPad Prism 5 and considering a significance level of 5%. Both
between-group (sleep medicine vs other fields) and within-group analyses (time) were significant (P < .0001), meaning that sleep medicine growth rate is
consistently higher than in the other fields. However, the sleepmedicine growth rate curve displays more oscillations, probably reflecting the still limited number
of meta-analyses being published. *Significant differences on the Bonferroni posthoc test (P < .05).
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meta-analyses published both during the entire period and
in 2019.

DISCUSSION

Sleep medicine is a relatively recent medical field. It began to ad-
vance as a research field with the discovery of REM sleep after the
observation of eye movements during infant sleep in 1953 by
Aserinsky andKleitman14 but with little description of any clinical
implications. In the 1960s, amore formal definition of sleep stages
and the standardization of polysomnography took place, which
helped sleep medicine develop as a medical field.15 Finally, from
the 1980s to the 2000s, sleepmedicine became established as an
important medical topic because sleep deprivation and sleep
disorders were progressively being associated with important
health and social outcomes.16,17 Thus, in the past 30–40 years
there has been tremendous growth in sleep medicine research,
both in terms of numbers and in reputation.18,19

Our results showed that the number of meta-analyses in this
area has grown consistently in recent years, with >100 being
published per year since 2015. This result is a natural finding
because it reflects the growth in overall publications in sleep
medicine. Interestingly though, we found that the proportion of
meta-analyses in sleepmedicine in recent yearswas consistently
smaller than in the other fields. Our results agree with previous
studies that have reported that meta-analyses about specific
sleep disorders are also less common than expected. For ex-
ample, meta-analyses about OSA are less common than those
regarding other chronic diseases,20 and meta-analyses about

insomnia account for only 0.9% of all articles on the subject.6 It
is possible to understand that as a recent medical field, sleep
medicine has more potential to grow and is likely to grow faster
than the other fields, which explains the achieved results. But in
general, these results allow us to conclude that meta-analyses
are underused and that there is still room for more of them to be
performed and published in sleep medicine.

There may be an overlap between the classification of meta-
analyses pertaining to sleep medicine and to each of the other
fields. We expected some overlap from this study, which we
conducted using a bibliometric perspective, because more than
1 Web of Science subject area can be addressed to each article.
However, specific to sleep medicine research, this finding of
overlap highlights sleepmedicine as amultidisciplinaryfield, in
such a way that this overlapping classification can be under-
stood as natural. As an example, whereas meta-analyses about
sleep apnea would more probably fall within the scope of
pulmonology or otorhinolaryngology, meta-analyses on pol-
ysomnographic sleep patterns could easily be classified as
pertaining to neurology. From our sample, one can observe that
8 out of each 100 meta-analyses in otorhinolaryngology deal
with sleep, probably reflecting the increasing importance of
sleep apnea to this specialty practice; meanwhile, only 1 out of
each 100 meta-analyses in cardiology is related to sleep med-
icine. This overlap is unbalanced among sleepmedicine and the
other fields: Although sleep medicine meta-analyses represents
no more than 8.14% of the total number of meta-analyses in the
otherfields,meta-analyses classified as pertaining to someof the
other fields may account for as much as 70.10% of all sleep
medicine meta-analyses.

Table 2—Meta-analyses published and overall publication output per quinquennium.

Sleep Other Fields

Overall Publication Meta-Analyses Overall Publication Meta-Analyses

n/y Cumulative n/y Cumulative n/y Cumulative n/y Cumulative

2015–2019 19,032 262,384 165 1,152 726,816 18,784,820 10,151 85,718

2010–2014 12,086 167,226 45 325 631,198 15,150,738 4,363 34,963

2005–2009 7,955 106,794 12 100 502,883 11,994,749 1,484 13,150

2000–2004 4,307 67,022 5 40 369,729 9,480,336 603 5,729

1995–1999 2,619 45,488 2 17 329,926 7,631,689 340 2,716

1990–1994 1,801 32,391 1 7 302,811 5,982,031 151 1,018

1985–1989 1,350 23,384 0 1 264,493 4,468,007 43 264

1980–1984 1,141 16,635 0 0 211,558 3,145,544 10 51

1975–1979 864 10,929 0 0 160,536 2,087,752 0 1

1970–1974 614 6,611 0 0 113,978 1,285,074 0 0

1965–1969 405 3,541 0 0 68,297 715,182 0 0

1960–1964 152 1,515 0 0 31,635 373,696 0 0

1955–1959 65 756 0 0 17,594 215,521 0 0

1950–1954 53 433 0 0 15,985 127,550 0 0

1945–1949 34 168 0 0 9,525 47,627 0 0

Data are presented in periods of 5 years (quinquennia) for a more concise presentation. For data presented on an annual basis, see Table S1 in the
supplemental material. n/y refers to the average number of articles published in a given quinquennia. Cumulative refers to the total number of articles published
up to the end of a quinquennia.
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It is hard to estimate how many meta-analyses are needed
in any particular field. Previous studies have shown that ap-
proximately 1.2% of all articles published are meta-analyses,
but this number is increasing as meta-analyses are becoming
increasingly popular.4 However, the mass production of meta-
analyses has actually been widely criticized.21,22 The main
criticism is that many meta-analyses being published are of
limited practical value. It is estimated that only approximately
3% of them are actually clinically relevant, whereas many are
redundant, conflicting, flawed, or unnecessary.21 Thus, despite
meta-analyses being described as the research design associated
with the highest level of scientific evidence in evidence-based
medicine, this statement cannot be extrapolated to all meta-analyses
individually. In fact,flawedor imprecisemeta-analysesproduce less

evidence than a properly performed randomized controlled trial
or a rigorous observational study.

Journals possibly feel impelled to publish meta-analyses
because they are the most highly cited research design.23 Re-
cent discussion has focused on the need for journals to play a
moreactive role inensuring thequalityofmeta-analysesby rejecting
those that do not follow rigorous methodological standards (espe-
cially related to risk of bias, heterogeneity, eligibility, and conflict of
interests).24 Thus, although we encourage more meta-analyses
to be published in sleep medicine, this article should not be
interpreted as a license for their indiscriminate production.

We cannot be sure whether meta-analyses published in sleep
medicine in general lack quality, although some are clearly
flawed and redundant.Our experience suggests that it has not yet

Figure 3—Venn diagrams analyzing the overlap between meta-analyses in sleep medicine and in each of the 6 analyzed
medical specialties.

Blue circles represent sleep medicine, and red circles represent each of the other fields. Circle sizes are proportional to the number of meta-analyses included.
No correction factor applied. Images generated using BioVenn.12
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become awidespread problem. It is important that researchers work
to ensure that the number of high-qualitymeta-analyses in sleep
medicine grows in a responsible way and thatmeta-analyses are
only performed when there is a legitimate rationale to do so.

A few considerations about our methods and some limita-
tions are needed tomake a proper appraisal of our data. First, this
article should be interpreted under the concept of a scoping
review. This is a type of knowledge-synthesis approach that
aims at providing a broad overview about what has been
published in a field, is frequently used to map the literature, and
analyzes publication trends and knowledge gaps.25,26 It fre-
quently relies more on an exploratory and descriptive mapping
of the findings than on quantitative analysis and inferential
statistics.27 Second, our search strategy may have low sensi-
tivity because it included only 1 database. However, unlike in
meta-analyses in which any missing record influences the re-
sults, wewere not intending to synthesize all results but rather to
draw a picture of the research landscape. In this case, using a
single database is suitable and is common in purely bibliometric
analysis.28,29 Third, only studies using “meta-analysis” in the
title were included. This factor may have excluded some studies
from our sample, although the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement and
checklist are clear in advising that “meta-analysis” should be
mentioned in the title.30 It is reasonable to assume that the
majority of articles would follow Preferred Reporting Items for
Systematic Reviews and Meta-Analyses recommendations and
that restricting the search to articlesmentioning “meta-analysis”
in the title had little effect on our bibliometric results. Fourth, the
search focused on the word “sleep” but was not specific to
several sleep medicine–related terms that do not encompass
“sleep” (such as insomnia, narcolepsy, and parasomnia).

However, articles about any of these topics are very likely to
mention “sleep” at least once in their abstract or keywords.
Adding these terms to our search would have increased our
sample by 5%–10%, which would probably not change the
overall behavior of our data. Fifth, the comparator for this article
(a combination of meta-analyses from 6 medical fields) was
used based on the historical bond they havewith sleepmedicine.
Other types of comparatorsmay be possible (such as calculating
the average number of meta-analyses in the parent fields or
pooling nonsleep meta-analyses regardless of the source field)
but with minimal advantage over the current one. Finally, our
results exist only with respect to meta-analyses and are not
applicable to narrative or systematic reviews. Because our study
is based on the need to synthesize data, focusing only on meta-
analyses seemed to be the best approach.

In conclusion, this study provides an overview of the use of
meta-analyses in sleep medicine that can help structure and
design future research plans in thefield. Despite being relatively
common in other medical fields, meta-analyses in sleep med-
icine are less common, making sleep-related meta-analysis an
area with a broad potential for growth. Sleep researchers should
be encouraged to perform and publish meta-analyses on their
field of research, as long as the analyses are reasonable and
feasible from methodological, statistical, and practical per-
spectives. Such concerns are needed to avoid mass production
of meta-analyses and to assure analyses relevant to policy-
making, research, or clinical areas.
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29. Huamaní C, Rey de Castro J, González-Alcaide G, Polesel DN, Tufik S,
Andersen ML. Scientific research in obstructive sleep apnea syndrome:
bibliometric analysis in SCOPUS, 1991-2012.SleepBreath. 2015;19(1):109–114.

30. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. J Clin Epidemiol. 2009;62(10):e1–e34.

SUBMISSION & CORRESPONDENCE INFORMATION

Submitted for publication September 5, 2020
Submitted in final revised form November 24, 2020
Accepted for publication November 25, 2020
Address correspondence to: Monica Levy Andersen, PhD, Departamento
de Psicobiologia, Universidade Federal de São Paulo, Rua Napoleão de Barros,
925 Vila Clementino, SP-04024-002, São Paulo, Brazil; Tel: (55-11) 2149-0155;
Email: ml.andersen12@gmail.com

DISCLOSURE STATEMENT

All authors have seen and approved the manuscript. Preliminary data related to the
current study were presented as a poster at the 2019World Sleep Congress (September
20–25, 2019; Vancouver, Canada). GNP, ST, and MLA are supported by grants from the
Associação Fundo de Incentivo à Pesquisa (AFIP), theCoordenação deAperfeiçoamento
de Pessoal de Nível Superior (CAPES - Financial code 001), and the Conselho Nacional
de Desenvolvimento Científico e Tecnológico (CNPq). This article has not been
submitted elsewhere for publication. The authors report no conflicts of interest.

Journal of Clinical Sleep Medicine, Vol. 17, No. 4 April 1, 2021817

GN Pires, A Niyama, ML Andersen, et al. Meta-analysis in sleep medicine

mailto:ml.andersen12@gmail.com

	Publication of meta-analyses in sleep medicine: a scoping review

