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Summary

An increasing number of systematic reviews and raatdyses (SRMAS) have been
published in the field of sleep medicine. We eviddahe methodological issues of
these SRMAs. A protocol was developed in advanbeed databases were searched
from inception to October 2019 for SRMAs publishednajor academic journals of
sleep medicine that assessed healthcare intermenfilhe AMSTAR 2.0 instrument
was used to evaluate the methodological issues amdltivariable regression analysis
was conducted to investigate potential measureseciated with methodological
validity. We identified 163 SRMAs. The median numizé missing safeguards of
these SRMAs was 7 out of 16 (Interquartile ran@¥R:1 6-9), and on average, 2 of
these missing safeguards were critical weakne€aastegression analysis suggested
that SRMAs published in recent years (3=0.16; 95%@I8, 0.24; p=0.002), with the
first author from Europe (3=0.08; 95%CI: 0.02, 0.;£0.013) tend to have higher
relative methodological ranks. In conclusion, thetmodological validity for current
SRMAs in sleep medicine was poor. Further effootsntprove the methodological

validity are needed.

Keywords: Evidence-based decision, systematic reviews, nmebssis,

methodology validity, meta-epidemiological study

Abbreviations: Assessment of Multiple Systematic Reviews: AMSTARstematic
review and meta-analysis: SRMA; Interquartile ran@R; Population, Intervention,

Comparison, and Outcome: PICO



1. Introduction

In the era of evidence-based medicine, credibldemde is the foundation upon which
trustworthy decisions are built [1]. Systematic ieew and meta-analysis (SRMA)
serves as an important source of evidence to supgerision-making [2]. A
systematic review summarizes findings from all klde studies of the same topic,
with or without a meta-analysis, and is expectegrtvide comprehensive evidence
[3-5]. However, whether the evidence from a SRMAciedible largely rely on its
design and conduct. These include but are notdonib 1) how the literature was
searched and screened, 2) how the data were eallectd analysed, and 3) how the
results were interpreted and discussed. SRMAs wvgplmethodological issues may
generate non-credible results and mislead cliqgcadtice [6].

In order to make a valid evaluation regarding methogical quality, several
instruments have been developed in the past. Tihekale the Sacks’ checklist [7],
the Overview Quality Assessment Questionnaire {Bg Assessment of Multiple
Systematic Reviews (AMSTAR) [9], and the updatesiosm of AMSTAR (AMSTAR
2.0) [10]. These instruments are widely used tesssnethodological issues related
to SRMAs. Jadad et al evaluated 50 SRMAs on thatrtrent of asthma and found
that even after peer review there remain seriouhodelogical flaws [11]. Xu et al
investigated 529 dose-response meta-analyses amd finat 87.9% of them were
poorly designed and conducted [12]. These studiesal that a large proportion of
SRMAs may have poorly implemented safeguards thlidate their conclusions.

Since SRMA was introduced to the field of sleep itied, there has been an
increasing number of SRMAs published during thd dasades, some of which have
been used as evidence in clinical guidelines (@&8:15]) that governs physician’s

decisions, patients’ behaviours, and administratpddicies. What makes things



worrisome is the question around how well these 3BMvere designed and
conducted and therefore whether the evidence thmegluped is credible. In this
review, we conducted a comprehensive assessmesaimine the methodological
issues as well as investigate potential mechantsnimprove SRMAs conducted in

the field of sleep medicine.

2. Methods

2.1 Protocol

A protocol for the meta-epidemiological study waveloped in advance to formulate
the design and conduct of this studypdendix 1). A meta-epidemiological study is
defined as a methodological survey thaitnis to evaluate trends and patterns in the
literature with the overarching goal of improving the design, methods and conduct of
future research” [16-18]. The protocol contained details regardihg review question,
eligibility criteria, literature search, screen,atity assessment, data collection, and
data analysis. Some changes were made: First,edi the inclusion criteria to
focus on systematic reviews with meta-analysis @althcare interventions as
suggested by the reviewers; second, we replacegréredefined subgroup analysis
with a regression analysis considering that theradtion test of the potential
difference of the effects among groups is underpedevhen there are 3 or more
categories [19]; further, we addegast-hoc sensitivity analysis for the regression to

test the robustness of the results.

2.2 Eligibility criteria

We included systematic reviews with meta-analysesmeta-analyses alone on



healthcare intervention published in the major aoad journals of sleep medicine.
We focused on healthcare intervention because AMBZA was designed to assess
such types of systematic reviews [10]. Systemasuwiews had to contain a
guantitative synthesis, as the appropriate useetéfanalysis is part of the outcome
of interest. The definition of systematic reviewshaeen clearly documented in the
Cochrane handbook [20]. A meta-analysis refers tetaistical and quantitative
synthesis of available findings of similar studms the topic in question, which is
generally regarded as a type of systematic revidtv2{]. Overviews, scoping
reviews, and narrative reviews were not consideiade they differ from SRMAs
[25]. Pooled analysis that do not use a regulardture search for at least one
database were also not considered. Studies thatistemh of original data plus a
systematic review/overview/scoping review, agaierevnot considered. The primary
outcome of the current review was the methodoldgilzavs within the eligible
studies. The secondary outcome was to examine gbeciation between baseline

characteristics (see data analysis part) and melbgidal weaknesses.

2.3 Literature search and screen

Literature search was conducted by one experieresahrcher (XC). We searched for
SRMAs published in academic journals in sleep medidndexed in PubMed,
Medline and Embase databases from inception to @2-ZD19. We identified 23
related journals from SCIimago Journal & Country Rénttps://www.scimagojr.com/)
such as “Sleep”, “Sleep medicine reviews”, “Sleepdmine”. Of these we excluded
four predatory journals (e.g. Journal of sleep ists & therapy) based on the Beall’s
list and 19 journals were included. Of these nagdptory journals, we used indexing

status as an additional criterion (MedLine versos-NMedLine). A full list of the



journals and search strategy are presented in pipendix éppendix 1). Grey
literature was not considered as we only aimeckat peviewed SRMAs. We did not
review the reference lists of eligible SRMAs sirtise sample would be sufficient and
representative.

The Endnote X7 software was used to find duplicaié® Rayyan online app

(https://rayyan.qgcri.org/was used for literature screening, which allowsding of the

raters to ensure the process was independents &itlé abstracts were first screened
by the lead author (XC) and those that were claaotySRMAs were removed, st

hoc double-check of these excluded studies were paddrby another author (LFK);
the full-text of the remaining records were screehg two researchers (XC and LY)
separately to make a further decision. Any disagesds were recorded and discussed
until consensus was reached. The Cohen’s kappatisgmtwas used for assessing

inter-rater agreement [26, 27].

2.4 Data collection
Baseline characteristics such as first author’s eyanumber of authors, year of
publication, region of affiliation of the first eutr, number of studies included, use of
reporting guideline, funding information, type ofam meta-analysis used in
systematic reviews, and journal of publication atle SRMAs were extracted. This
was done by one researcher (LY) and double cheblgednother researcher (XC).
This information could be directly extracted ancerdfore no missing data was
expected.

Meta-analyses were categorized as either a stamdata-analysis or a special
type of meta-analysis. A standard meta-analysis deffhed by use of classical

synthesis methods based on head-to-head comparsgmsal type of meta-analysis



were those that involved more sophisticated assongptind comparisons including
diagnostic meta-analysis, dose-response meta-asalyetwork meta-analysis,
activation likelihood estimation meta-analysis, a@ahalysis of prevalence,
meta-analysis of means, meta-analysis of corre@latiand meta-analysis of nucleotide
polymorphism [28-40]. A detailed description offdient types of meta-analyses is

presented in Table S1.

2.5 Evaluation of methodological issues

The AMSTAR 2.0 instrumenthftps://amstar.ca/Amstar-2.phvas used to evaluate the
potential methodological issues of eligible SRMAS][ The validity and reliability of
this instrument has been critically assessed [4he AMSTAR 2.0 instrument
(appendix 2) consists of 16 methodological items for SRMA,eseof which (items 2,
4, 7,9, 11, 13, and 15) have been flagged asalritiems [10]. In the current study,
we did not consider item 2 as a critical item beeathe importance of protocol
registration for methodological validity is not Welerified [42]. Methodological
weaknesses in any of the remaining six items wddde greater impact on the
validity of the SRMA and therefore the conclusiafshe study.

The global methodology rating of a SRMA has routingeen judged by how
many critical and non-critical weakness were idedj for example, high quality has
been denoted as presence of none or only one itaralcweakness and critical low
qguality as two or more critical weakness [10]. Hoee such a judgement is
somewhat arbitrary and anchors the assessmeng timohwe have used. In order to
make this universally valid, we used thaative quality rank as an alternative to
measure the global methodological rating. This wiage by enumerating items

implemented out of 16 and creating a relative duatank by dividing each



enumerated count of safeguards by the maximum cmnoss the SRMAs. The best
SRMA thus has a rank of 1 (which serves as the @pdnd all lesser values are
below this (range zero to 1).

There were two (“Yes” or “N0”) possible responses &€ach item, except for
items 2, 4, 7, 8, and 9 where three possible resso(i'Yes”, “Partial Yes”, “No”)
were available to rate the extent of a SRMA adheeeto the criterion. If an item was
rated as “No”, it was regarded as a weakness ®ISIRMAS. If no information was
provided, a “No” response was rated [10, 43]. Femi8 (describes the characteristics
of included studies adequately), there was no dladicators to distinguish “Partial
Yes” (described all components but not in details) “Yes” (described all in details),
thus we contacted the principle investigator of AR for clarification but did not
receive a response. Therefore, we rated all ebg8iRMAs that described required
components of characteristics as “Partial Yes” ifem 8 to make a conservative
evaluation. The enumerated counts considered “#ss1 and “Partial Yes” as 0.5
while “No” was 0.

The lead author (XC), took charge of the assessmientethodological issues
using the AMSTAR 2.0 tool. To ensure the qualitytlté process, at most 15 SRMAs
were scheduled for assessment each day. A carefgk-checking process was
utilised after the evaluation of all eligible SRMAss completed. Then these records
were double-checked by another researcher (LY). disggreements were discussed

with two other methodologists (LFK and SD).

2.6 Data analysis

The baseline information of the SRMAs (e.g. autiamber, region) was qualitatively

summarized. A bar chart was used to describe theradce for each item with the



proportion of each response (“Yes”, “Partial Yeahd “No”). For methodological
issues, we focused on two separate aspects: a)utinéers of total weakness and
critical weakness for each SRMA and b) the relataek of all items and critical
items of each SRMA.

In order to investigate potential measures to impithe methodological validity,
we established a weighted least square regressidhdrelative quality rank against
four predefined variables. The best SRMA thus hasn& of 1 (which serves as the
anchor) and all lesser values are below this (raege to 1). The predefined variables
were: 1) region of affiliation of the first authkmerica, European, and Asia-pacific),
2) year of publication (<=2009, 2010-2017, 2018spr#), 3) number of authors (<=4,
5-7, >=8), and 4) use of reporting guideline (Y&ky). We categorized year of
publication based on the year of release of AMSTAB09) and AMSTAR 2.0 (2017)
[9, 10]. The number of authors were categorizedhsy quartiles. We did not use
funding information as a dependent variable bec@us@s already contained in the
AMSTAR 2.0, which would break thei.d assumption of regression analysis [44].
Considering that SRMAs published in the same jdunmay have clustering on the
methodological issues, a cluster robust-error nagavas used in regression analysis
[45].

A post hoc sensitivity analysis was employed under the caraiibn that the
detection of publication bias (item 15) could b#idilt or not defined for SRMAs
with special types of meta-analyses (e.g. netwoekaranalysis) in the current period
due to methodological constraints. Iltem 15 of AM&TA.0 may not be well suited
for these SRMAs. Therefore, we recomputed rédative quality ranks by removing
SRMAs with special type meta-analysis and repetitedegression analysis to see if

the results remained stable. The analyses wereuctewl using Stata 14.0/SE



(StataCorp, College Station, TX) with confidencecleset at 0.95.

3. Results

3.1 Baseline characteristics

The literature search identified 1,630 recordswbich 936 were identified as
duplicates. We further excluded 104 records byestng the titles and abstracts
(appendix 1). Of the remaining 590 records screened by fuit;t853 were SRMAs.
Of which, we identified 163 that focused on headtiec interventions and were
included in the analysis (Figure 1). The kappaidtatwas 0.66 between the two
raters. A detailed description of the screeningess, list of included studies, and list
of excluded studies including the reasons for esicluare available iappendix 1.

Baseline characteristics of the included studies @esented in Table 1 and
appendix 3. For the 163 eligible SRMAs, most of which werélehed in 2010 and
after (90.80%), only 9.20% were published befor&®0n terms of region of the first
author, 38.65% (n=63), 33.13% (n=54), and 28.22%l&n were from Asia-Pacific,
America, and Europe, respectively. The median nurabauthors was 5 (interquartile
range, IQR: 4 to 7); there were 37.42% SRMAs witle 2 authors, 48.47% with 5 to
7 authors, and 14.11% with 8 or more authors.

The majority of the meta-analyses within these SRMwere standard
meta-analyses (n=157, 96.32%), and only 6 (3.68%¢8pecial type meta-analyses.
For SRMAs with special type meta-analyses, 5 wetevork meta-analysis and 1 was
activation likelihood estimation. About half (48%y of the SRMAs referred to the
use of a reporting guideline (e.g. PRISMA [46]).

The median number of included studies in each SRi44 13 (IQR: 8 to 23),



most of them included more than 10 studies (n=8%/64%). In terms of funding
information, 87 (53.37%) were supported by nondpr@overnment or institute)
funding, 4 (2.45%) were supported by profit (inadysfunding, 25 (15.34%) did not

receive funding, and 47 (28.83%) did not reportiag information.

3.2 Detailed methodological issues

The details of evaluation of the methodologicaluess for each SRMA are
presented imppendix 3. Figure 2 presents the adherence to each methmpdalaem.
Issue 1. Research questions and inclusion criteria

Most of the SRMAs (n=152, 93.25%; 95%CI. 88.32%,1960) presented a clear
research question and inclusion criteria in liglittlee population, intervention,
comparison, and outcome (PICO). However, there wstitesome SRMAs that failed
to clarify this (n=11, 6.75%; 95%CI: 3.81%, 11.68%jf which seven failed to
provide a clear comparison, four did not clearlgafy the population and one did not

specify both intervention and comparison.

Issue 2. Protocol registration

Protocol registrations were identified in 28 (124,895%CI: 12.16%, 23.71%)
SRMAs. There were 10 SRMAs that reported a protews developed in advance,
but failed to provide it, and we decided to ratesth as “No”. For the 28 with
accessible protocol, eight failed to develop a rasialysis plan, a plan for

investigating source of heterogeneity, and justify changes from the protocol.

Issue 3. Study designs for inclusion

There were only 12 (7.36%; 95%CI: 4.26%, 12.42%M3R that reported the



reasons why certain study designs were includedwi@th, one explained it in the
abstract, and 11 explained it in the introductionn@ethods section. The majority
(n=151, 92.64%; 95%CI: 87.58%, 95.74%) of the SRM#ked to report the reason.
For the 12 SRMAS, three stated why only randomizautrolled trials were included,
seven reported why both randomized controlledsrgadd non-randomized studies of
interventions were included, while the rest exmdirwhy only non-randomized

studies were included.

Issue 4*. Literature search (Critical Iltem)

In total, 19 (11.66%; 95%CI. 7.59%, 17.49%) of tI8RMAs used a
comprehensive literature search strategy thatfiestisll the components required
(rated as "Yes”). In addition, 125 (76.69%; 95%69.63%, 82.52%) of the SRMAs
searched two or more databases, provided keywarddgrategy, and justified any
limitations, which met the minimal requirement éatas “Partial Yes”). However,
there were 11.66% (95%CI: 7.59%, 17.49%; n=19)haf BRMAs failed to use a
comprehensive literature search (rated as “No”e Tdasons were: 13 of them only

searched one database and six did not provide kelgvaw search strategy.

Issue 5. Duplicate study selection, literature sene

There were 73.01% (95%CI: 65.72%, 79.24%; n=119hefSRMASs that stated
that the study selection process was conductetvbydviewers independently (rated
as “Yes”). It is notable that, of the 119 meta-gras, only eight provided objective

evidence (e.g. kappa statistic) that the processved two reviewers.

Issue 6. Duplicate data extraction



Similarly, 63.19% (95%CI: 55.56%, 70.21%; n=103)tl¢ SRMAs stated that
the data extraction process was conducted by twiewers independently (rated as
“Yes”). Again, only two of the 103 SRMAs providedijective evidence (kappa
statistic) that the process involves two reviewbtsre than one-third (n=60, 36.81%;
95%CI: 29.79%, 44.44%) of the SRMAs failed to parfostudy selection in

duplicate.

Issue 7*. Study exclusion and justification (Critét Item)

Only 23 (14.11%; 95%CI: 9.59%, 20.28%;) SRMAs pdad a list of excluded
studies and justify the reasons of exclusions, arf#l.84%; 95%CI: 0.63%, 5.27%)
provided a list of excluded studies but without tteasons for exclusion. The
remaining 137 (84.05%; 95%CI. 77.66%, 88.88%) thite provide a full list of

excluded studies, although two of them list a pathe excluded studies.

Issue 8. Description of included studies

In total, 139 (85.28%; 95%CI. 79.03%, 89.90%) SRMpwvided a clear
description of population (P), intervention (l),ngparator (C), outcome (O), and
study design (S) of the included studies. Howethaare were 24 (14.72%; 95%CI.
10.1%, 20.97%) SRMAs that failed to describe althefse components. In details, 13
out of 24 SRMAs failed to specify the study desadrthe included studies, four did
not provide any description on PICOS, four did describe the comparators, one did
not describe the outcomes, and two did not deseatilbeast two of the component (IC:

1, ICO: 1).

Issue 9*. Risk of bias assessment



There were 89 (54.60%; 95%CI: 46.94%, 62.05%) SRNMas adequately used
a risk of bias assessment for all of the importaiases. In addition, 35 (21.47%;
95%CI. 15.86%, 28.39%) of the SRMAs assessed parth® important biases
(Randomized controlled trial: concealed allocatenmd blinding; Non-randomized
studies of interventions: confounding and selectas), which met the minimal
requirement. The remaining 39 (23.93%; 95%CI: 18031.03%) failed to achieve
minimal requirements, of which, five did not reptiré assessment results, one did not

report which tool was used, and 33 did not as$essgk of bias.

Issue 10. Report on the sources of funding for inded studies
The majority of the SRMAS (n=154, 94.48%; 95%CI.8B%0, 97.97%) failed to
report the funding information of included studiasd only 9 (5.52%; 95%CI: 2.93%,

10.16%) reported this item.

Issue 11*. Methods for statistical combination

For the statistical methods of combination, we fidiexd 19 (11.66%; 7.57%,
17.49%) SRMAs with methodological issues to poel data. The main problem was
that most of them (n=15) incorrectly combined dif& types of studies together (e.qg.
cohort and cross-sectional study), of which, thedso had other problems, for
example, did not consider confounding and hetereigyenin addition, two did not
report the method of how the data were synthesiaed;used fixed-effect model and
did not consider heterogeneity; and one did notomegow adjustments for

confounding were handled.

Issue 12. Assess potential impact of risk of biastbe results



Three methods out of those available [47] were ubgdthe authors to
incorporate risk of bias into the results in 20.8§96%CI: 15.33%, 27.73%) of
SRMAs. These included, stratification (n=22), megtgression (n=3), and included
only low risk bias studies (n=9). However, the renmgy majority of SRMAs (n=129,
79.14%; 95%CI: 72.27%, 84.67%) failed to assesptitential impact of risk bias on

the results.

Issue 13*. Results interpretation with risk of bias

Again, most of the SRMAs (n=130, 79.75%; 95%CI:6020, 85.47%) did not
discuss risk of bias with the results interpretatiootwithstanding if bias was
incorporated into results or not. We documented (33.25%; 95%CI: 14.80%,
27.07%) SRMAs did consider risk of bias in resuti®rpretation of which 15 were
those that had adjusted results for bias as repatieve. Thus, most of these SRMAs

failed to assess the potential impact of risk biashe results.

Issue 14. Exploring and explanation of heterogeneit

There were 107 (65.64%; 95%CI: 58.06%, 72.50%)hef $3RMAs that had a
low between study heterogeneity or had some hetemty and attempted to explore
the source of heterogeneity and discussed the ftémpact on the conclusions.
There were 56 SRMAs (34.36%; 95%CI: 27.50%, 41.94%) some heterogeneity

but did not explore the source.

Issue 15*. Investigation and discussion of publicat bias
There were 76 (46.63%; 95%CI. 39.14%, 54.28%) SRMia investigated

publication bias and discussed the potential imitgeon the results (rated as “Yes”).



In addition, 23 (14.11%; 95%CI: 9.59%, 20.28%) stgated publication bias but
failed to discuss the potential influence (rated“Rartial Yes”). As much as 64
(39.26%; 95%CI: 32.09%, 46.92%) did not includeasigation of publication bias
(rated as “No0”). Amongst the 64, 58 did not defaablication bias, and six did not
provide results of publication bias. The reasonsewecorded by nine SRMAs that

the number of included studies were too small s#ss publication bias.

Issue 16. Report sources of conflict of interest
Source of conflict of interest was reported by tiegority of the SRMAs (n=158,

96.93%; 95%CI: 93.02%, 98.68%).

3.3 Rating of each issuand global confidence

Figure 3 presents the ranking for each item intlgfhthe proportion of number
of “No”. The majority of the SRMAs have a poor vhly on protocol registration
(item 2), study designs for inclusion (item 3),dstiexclusion and justification (item
7), report on the sources of funding for includéadees (item 10), assess potential
impact of risk of bias on the results (item 125ulés interpretation with risk of bias
(item 13); Of these, two of them (item 7 and 13)everitical important domains. In
addition, about one-fourth to two-fifth of the SRMAave a poor validity on study
selection (item 5), data extraction (item 6), riesk bias assessment (item 9),
heterogeneity exploring and explanation (item a#y investigation and discussion of
publication bias (item 15); again, two of themifit® and 15) were critical important
domains. For the remaining five methodological gefitem 1, 4, 8, 11, and 16), the
validity was well-quantified by most of the SRMAs.

Figure 4 presents the distribution of number ofaltoveakness and critical



weakness for these SRMAs. The median number dfdathcritical weakness were 7
(Inter Quartile RangdQR: 6-9) and 2 (IQR: 2-3).

For total items, the best SRMA had a safeguard tcofiri2.5 and thus was
regarded as the anchor for relative ranks. The amectlative rank was 0.64, with the
first quartile as 0.52 and the third quartile ag20(Figure 4). This indicated that the
top quartile SRMAs had up to a third (0-28%) of hwetological safeguards missing.
For six critical items, the best SRMA had a coun® aneaning that all the six critical
items were well adhered to. The median relativé i@as 0.5, with the first quartile as
0.33 and the third quartile as 0.58 (Figure 4).sTindicated that the top quartile

SRMAs had up to almost half (0-42%) methodologsadeguards missing.

3.4 Regression analysis

Our regression analysis suggested that, for tetative ranks, studies with first
author from the Europe (estimated 3=0.08; 95%@@2,00.14; p=0.013), published
more recently (e.g. 2010 to 2017 vs. 2009 and befstimated 3=0.16; 95%CI: 0.08,
0.24; p=0.002), and involves more authors (>=8<wsl; estimated 3= 0.06; 95%CI.:
0.01, 0.11; p=0.026) were associated with highdative quality ranks. These
associations were similar for critical items: estied 3 were 0.09 (95%CI: 0.03, 0.14;
p=0.007) for studies with first author from the &pe, 0.14 (95%CI: 0.005, 0.27;
p=0.043) for studies published between 2010 to 2Wif7ile the association were no
longer observed for studies with 8 or more autlfessimated 3=0.01; 95%CI: -0.08,
0.09; p=0.865), Table 2. Sensitivity analysis, rattee exclusion six SRMAs with
special type meta-analysis, suggested the assnwaivere mostly stable (Table 3),

except for the publication data (estimated 3=095456ClI: -0.004, 0.28; p=0.056).



4. Discussion

In this review, we comprehensively evaluated théhoaological shortcomings of
published SRMAs of healthcare intervention in theldf of sleep medicine. Our
results suggested that most of these SRMAs haveriooe methodological issues
and 2 of which, on average, were critical issud®sE issues mainly were with study
inclusion and exclusion and risk of bias assessmamd interpretation. By
summarizing the relative ranks, we found that thegomity of the SRMAs were of
much lower quality than the best SRMA, and thisisre serious for the six critical
items. And even for the best one, there were3titlethodological items that were not
well adhered to.

Results from the regression analysis suggest tRMAS published in recent
years tend to have higher quality ranks. This figdndicates that the methodological
guality of SRMAs improved over the years. We furtbbserved that SRMAs with the
first author from Europe and the Asia-Pacific regiend to have higher quality ranks,
especially for critical items. However, we did rafiserve a stable improvement on
the methodological quality over the years for catiitems.

We found that use of a reporting guideline did hetpful to increase the
methodological validity of SRMAs for both global @ity and critical items. This
could be expected because reporting guidelines \werearily designed to help
authors remember all items that need to be reporédder than to conduct a SRMA
[48]. However, some of the methodological issuegewkighly correlated with
reporting problems, for example description of thelusion criteria, study section,
baseline characteristic, and conflict of intere$tse role of reporting guideline on the
methodological validity should be further investegg through well-designed

experimental studies.



The findings of the current study concurred withiee/s from other fields (e.g.
urology, bariatrics, general surgery) [49-54]. Egample, Corbyons et al conducted a
survey on SRMAs published in urology and their fing$ suggested that the
methodological quality of these studies was sulbagit{49]; Storman et al found that
99% of the published systematic reviews/meta-aealyig bariatric surgery were
critically low on methodological quality [50]. Thedindings revealed that, many
SRMAs may have serious methodological issues.

In this review, we did not use the rating schenoememended by AMSTAR 2.0
to rate the methodology confidence of eligibleteasl, the relative rank method was
utilized. In additional to the reason we mentiomedlier (i.e. subjective judgment),
the rating scheme of this instrument is not seresito distinguish the confidence of
SRMAs with critical low quality — all SRMAs with tavor more critical issues were
rated as critical low. Indeed, a SRMAs with 2 catiissues might be more credible
than one with 3 critical issues. The relative ramkthod provides a better solution to
rate the confidence and can avoid such problems.

We did not consider protocol registration as aiaaititem. Our previous study
suggested that developing a protocol in advandeowadfh of benefit to improve
reporting, may not represent the methodologicalityuaf SRMAs well [55]. Waugh
[42] has pointed out six issues with such regigtrafl) confidentiality of research
ideas, 2) deterrence of others from similar rede#inat may be of higher quality, 3)
no clear relevance of information requested in PREXSO, 4) no clear benefit in
terms of precedence in registration, 5) no cleamdate from the academic
community, and 5) finally the cost of time spentsus effectiveness of the process.
This whole concept needs revisiting to asses#iisds for purpose.

Based on current findings and our experiences, wepgsed some



recommendations about dos and don’ts of SRMAs le#ythe AMSTAR 2.0
instrument: 1) when starting a SRMA, it is helpoildesign and conduct it according
to a well-designed instrument (e.g. AMSTAR 2.0 )J1@) when including both
observational and experimental studies in a SRMAjsinot recommended to
incorporate data of these two types of studiesthegeas the former would introduce
risk of reverse causality; 3) it is highly recomrded to explain the selection of effect
estimator (e.g. odds ratio, risk ratio) to meadhee effects in the meta-analysis and
how the effect estimators were dealt with whenedéhce estimators were used by
these studies; 4) it is recommended to use two orenweighting methods as
sensitivity analysis when the effect was small Btadtistically significant; 5) if
applicable, a dose-response gradient should bestigated; 6) when measuring
publication bias, P-value driven methods (e.g. Eggest, rank correlation test [56])
are discouraged as these are dependent on the nwhisudies included in a
meta-analysis, instead non-P-value driven metheds (FK index [57]) should be
used.

In this review, we employed a comprehensive evalnabf SRMASs in sleep
medicine, to the best of our knowledge, this is fingt study that focuses on the
methodological issues of SRMAs in this field. Welexted nearly all published
SRMAs of healthcare intervention in the field okegp medicine, therefore, our
findings have a high level of representativeness.aéknowledge that our review had
some limitations. In this study, the literature rebawas based on 19 academic
journals of sleep medicine that there was no dthditsome related studies published
in other journals (e.g. general journals) were imngtuded, which may bring some
selection bias on the results. Previous study haclment that the methodology

quality of meta-analysis may differs from geneairpals and specialist journals [58].



However, it is difficult to identify meta-analysem this topic (sleep) from other
journals. Further, our study put focus on the metthagical validity of SRMAs, while
neglected the importance of the quality of indiatstudies included in these SRMAs.
The quality of these original studies is also vé@mportant. In addition, as we
mentioned earlier, some methodology tips may ndt reflected and covered in the
AMSTAR 2.0, which may affect the validity of curtesurvey. Moreover, the screen
and assessment processes, although were strictstifieat risk of systematic errors
since both were of somewhat subjective. Thesedtmits should be highlighted and

merit attention in the results interpretation.

5. Conclusions

In conclusion, the methodological validity of SRMA§$ healthcare intervention
was suboptimal when measured by AMSTAR 2.0 in tie&d fof sleep medicine.
Although the it has improved over time, methodatagiconfidence was lacking for
most of these SRMAs. Based on current findingsadsocate a critical evaluation on

the methodological validity of a SRMA before it da@ used as clinical evidence.



Practice Points

1. Most of the systematic reviews have 7 or more nulugical issues and 2 of

which, on average, were critical issues. Thesees®an have serious impact jon

the credibility of the evidence.
2. Relative ranks are likely a better quality-assesgnseheme than the absolt

judgments commonly used.

Research Agenda

Future studies should:

1. Undertake a critical evaluation of the methodolagicalidity of a systematic

review before using it as clinical evidence.

2. More focus should be put on the methodologicalditgliof the systematic review

and meta-analyses rather than simple checklistowet by inexperienceg

researchers.
3. Rigourous guidelines for the methodology for difier types of meta-analysis 8
needed to help systematic reviews’ authors to ingthe methodological qualit

of what they create.

S
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Figure Legends

Figure 1. The literature screen process.

Figure 2. Methodology adherence of eligible systematic regiew

Figure 3. Rating for the proportion of weakness of each item.

Figure 4. Histogram for the distribution of the number ofalodnd critical weakness

as well as the relative ranks of the methodologicality (Y-axis is the frequence).



Table 1. Basdline characteristics of included systematic reviews.

Basdline characteristics All publication (N=163)
Year
~2009 15 (9.20%)
2010~2017 88 (53.99%)
2018~present 60 (36.81%)
Region of first author
America 54 (33.13%)
Asia-Pacific 63 (38.65%)
European 46 (28.22%)
Author number [median (Q1, Q3)] 5(4to7)
<5 61 (37.42%)
5~7 79 (48.47%)
>=8 23 (14.11%)
Type of meta-analysis
Generic meta-analysis 157 (96.32%)
Specia type meta-analysis 6 (3.68%)
Type of study included
RCTs 90 (55.21%)
RCTsand NRSI 47 (28.83%)
NRSI 24 (14.72%)
Not reported 2 (1.23%)
Use of reporting guidance
Yes 79 (48.47%)
No 84 (51.53%)
Protocol
Yes, and accessible 28 (17.18%)
Yes, but not provided 10 (6.13%)
No 125 (76.69%)
Studies éligible for meta-analysis [median (Q1, Q3)] 13 (810 23)
<10 56 (34.36%)
10-29 76 (46.63%)
>=30 31 (19.02%)
Funding
Non-profit funding 87 (53.37%)
Profit funding 4 (2.45%)
No funding 25 (15.34%)
Not reported 47 (28.83%)

NRSI: non-randomized study of intervention (e.g. non-randomized controlled, pre-post study).



Table 2. Regression analysis for relative quality ranks of the methodology to four pre-defined

variables.

_ Systematic reviews with standard meta-analysis
Variables - ——

Total items P Critical items P

Region

America Reference Reference

Asia-pacific 0.06 (-0.01, 0.13) 0.075 0.09 (0.03, 0.14) 0.007

European 0.08 (0.02, 0.14) 0.013 0.12 (0.07, 0.18) 0.001
Year of publication

2009 and before Reference Reference

2010 to 2017 0.16 (0.08, 0.24) 0.002 0.14 (0.005, 0.27) 0.043

2018 to present 0.12 (0.05, 0.19) 0.004 0.08 (-0.07, 0.23) 0.245
Number of authors

<=4 Reference Reference

5t07 0.03 (-0.02, 0.07) 0.217 0.00 (-0.05, 0.05) 0.980

>=8 0.06 (0.01, 0.11) 0.026 0.01 (-0.08, 0.09) 0.865
Use of reporting guidance

No Reference Reference

Yes 0.05 (-0.005, 0.10) 0.071 0.04 (-0.03, 0.11) 0.246

Note: The relative quality ranks were normally distributed. Joint P for Skewness and Kurtosis was

0.3245 for ranks of total items, and 0.9146 for ranks of critical items.



Table 3. Sengitivity analysis of systematic reviews with meta-analysis after excluding 6 specia type meta-analyses.

Primary analysis

Sensitivity analysis

Variables X . : o
Total items P Critical items P Total items P Critical items P

Region

America Reference Reference Reference Reference

Asia-pacific 0.06 (-0.01, 0.13) 0.075 0.09 (0.03, 0.14) 0.007  0.07 (0.004, 0.13) 0.04 0.08 (0.04, 0.12) 0.003

European 0.08 (0.02, 0.14) 0.013 0.12 (0.07, 0.18) 0.001 0.08(0.04,0.13) 0.002 0.12 (0.07,0.17) 0.001
Year of publication

2009 and before Reference Reference Reference Reference

2010 to 2017 0.16 (0.08, 0.24) 0.002 0.14 (0.005, 0.27) 0.043  0.14(0.05, 0.23) 0.008  0.14(-0.004, 0.28) 0.056

2018 to present 0.12 (0.05, 0.19) 0.004 0.08 (-0.07, 0.23) 0.245 0.10(0.02, 0.18) 0.025 0.08 (-0.08, 0.24) 0.276
Number of authors

<=4 Reference Reference Reference Reference

5to7 0.03 (-0.02, 0.07) 0.217 0.00 (-0.05, 0.05) 0.980  0.02(-0.02, 0.06) 0.259 0.00 (-0.05, 0.05) 0.930

>=8 0.06 (0.01, 0.11) 0.026 0.01 (0.08, 0.09) 0.865  0.05(0.005, 0.10) 0.034 0.00 (-0.08, 0.08) 0.981
Use of reporting guidance

No Reference Reference Reference Reference

Yes 0.05 (-0.005, 0.10) 0.071 0.04 (-0.03, 0.12) 0.246  0.06 (-0.01, 0.12) 0.08 0.04 (-0.03, 0.11) 0.225

Therelative quality ranks were normally distributed (joint Pfor Skewness and Kurtosis were 0.3909 and 0.9566 for ranks total items and critical itemsin sensitivity analysis).



PubMed, Medline, and Embase for 19 journals in sleep medicine: PubMed (833), Medline
and Embase (997)
(22-Oct, 2019)

Total records

(1630)
Duplicates P |
(936) D l
Records screened Full-text articles excluded,
(694) with reasons (N = 237)
Records excluded | » Narrative review (78)
(104) D l * Pooled analysis (12)
 Clinical guideline (10)
Full-text articles assessed * Overview (8)
for eligibility —» * Letter (8)
(590) + Systematic review
Agreement test: | without a meta-analysis
Kappa=0.66 l (1’
» Contains original study
Systematic reviews with or scoping review (8)
meta-analyses
(353)
Not for intervention |
(190) D l

Eligible systematic reviews with meta-analysis for final assessment
(163)
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Re: Methodological issues of systematic reviews and meta-analyses in the field of sleep
medicine: A meta-epidemiological study (SM RV-D-20-00042R1)

Many thanks for giving us the opportunity to respda the reviewers’ comments. Our
specific responses are detailed below.

Reviewer #1:

| thank the authors for their responses and apgeetie effort that went into revisions of
this work. There remain points to be clarified asslies resolved before the reader can
make an informed decision as to the findings of tesearch.

| still have concerns about methodology part of ttesearch. In response to my earlier
concern, you clarified that this is an epidemiotadjisurvey on methodological quality of
published meta-analytic reviews of healthcare ugetion in the field of sleep medicine,
where meta-analyses of RCT, NRCT, and "not repbrbeidinal studies were included.
You further stated that "We conducted the studyoating to AMSTAR 2.0 where
relevant items were applicable. There is no needi$pin principle, to follow AMSTAR
when reporting this paper.”

The clarifications are needed to the following igam

1. Re statement: "The current study does not aiassess healthcare interventions, but
rather a survey on methodological quality. Therefave only defined the "P" and "O".
"P" was systematic reviews with meta-analysis ddlifeare intervention, "O" was the
methodological quality.” AND "By going through thist, several studies were narrative
reviews (References 97, 304, 347, 352, etc). Wiaatwour rationale to include them?"

a. Please clarify inconsistences in inclusion/esiclu criteria- systematic reviews with
meta-analyses, OR meta-analyses OR both. Thisidedias significant implication for
your study searches, selection, appraisal, andtsesu

Response: We have revised the description of the inclusioitega, now it says “We
included systematic reviews with meta-analysesmeta-analyses alone of healthcare
intervention...”

b. Please provide definition of "survey on methodatal quality” as it concerns methods
used in epidemiological research applied in thuglgt This should also be reflected in the
title and in manuscript's method section, as peSAKR 2.0.



Response: We have changed the term *“survey on methodologigaality” to
“meta-epidemiological study”, and added the deabnitof “meta-epidemiological study”.
This change is reflected in the title and methaattisn in the revised manuscript.

In a recent studyJ(Comp Eff Res. 2020;9(7):497-508&he term “meta-epidemiological
study” refers to a study type that aims to evaltia@eds and patterns in the literature with
the overarching goal of improving the design, mdthand conduct of future research.

2. You indicated that you used The AMSTAR 2.0 instent to evaluate the
methodological issues of each study included irs tldsearch. The AMSTAR was
developed to enable appraisal of systematic revidwandomised and non-randomised
studies of healthcare interventions.

a. Please provide rationale for using this framéwor appraise narrative reviews that
applied quantitative synthesis of multiple studiasd studies that included mixed data
(i.e., longitudinal studies, cross-sectional.,)etc.

Response: Narrative reviews often use qualitative summaryaometa-ethnographic
technique to qualitatively synthesize the findings
(https://guides.library.uab.edu/c.php?g=63689&p=4BYH. They do not involve a
guantitative synthesis. In another word, a revieith wuantitative synthesis is either a
systematic review with meta-analysis, or a poolealysis (differs from meta-analysis, as
it does not have a regular literature search). Ashave clarified a pooled analysis was
not included.

There were few SR/MAs that included mixed data sashlongitudinal studies or

cross-sectional one, while in the healthcare irtetion part, they only use experimental
study for the analysis (e.g. sleep Breath. 201@)2P{9-731.). For longitudinal studies
mentioned in the included SR/MAs, these were basedost-pre design, so they can be
considered quasi-experimental (i.e. NRSI).

The different study designs do not impact the appateness of using AMSTAR 2.0.
There were several items related to this point {eeg 3, item 11, item 12), while there is
a very clear criteria to assess RCTs and NRSIgagha For example, for item 11, both
cohort and cross-section studies should adjugpabential confounding, and studies with
different designs should not combine together. litognal study is analytic design,
while cross-sectional is observational design, @alcc not be combine together. As we
reported in the resultsThe main problem was that most of them (n=18) iremily
combined different types of studies together @mpgort and cross-sectional study)...

3. Some studies included in your reviews were syate reviews with meta-analyses
and some were meta-analyses. You also stated ponss to my earlier comment
(revision 1) that "References 97, 304, 347, and iBSsRided quantitative synthesis of
multiple studies (i.e. meta-analyses)" and theeefoere included. Please elaborate on
how rating for the proportion of weakness of eaemi of the AMSSTAR 2.0 varied



based on each different study methods.

Response: Please see our response to Qla. A systematic rawiayv not include a
meta-analysis, while a meta-analysis is alwayspa tyf systematic review. In our study,
we included systematic reviews with meta-analysaseta-analyses alone, which means
they were all systematic reviews, and all contagtaranalyses. In essential, they are the
same.

4. The revised version of the manuscript STILL utds numerous reviews within the
169 selected that do not concern healthcare iméores. Some of them are listed below:

1. Brockmann, P.E., P. Bertrand, and J.A. Castrdriguez, Influence of asthma on sleep
disordered breathing in children: A systematic eawi Sleep Medicine Reviews, 2014.
18(5): p. 393-397.

2. Kendzerska, T., et al., Incident cardiovascetaents and death in individuals with
restless legs syndrome or periodic limb movementaep: A systematic review. Sleep,
2017. 40(3): p. zsx013.

3. Leong, R.L.F,, et al., The effects of sleep avspective memory: A systematic review
and metaanalysis. Sleep Medicine Reviews, 2019 478-27.

4. Ma, N., et al., How acute total sleep loss aff¢lece attending brain: A meta-analysis of
neuroimaging studies. Sleep, 2015. 38(2): p. 23B-24

5. Morgenthaler, T.I., et al., High school starhés and the impact on high school
students: What we know, and what we hope to lelacnal of Clinical Sleep Medicine,

2016. 12(12): p. 1681-1689.

6. Pires, G.N., et al., Effects of acute sleep igafion on state anxiety levels: a
systematic review and meta-analysis. Sleep Medi@0&6. 24: p. 109-118.

7. Schrimpf, M., et al., The effect of sleep degation on pain perception in healthy
subjects: A metaanalysis. Sleep Medicine, 2015116¢. 1313-1320.

Please reflect on the probability of a random e(i@., mistakes).
Response: Thanks for this comment. We have carefully checdéthe 169 SR/MAs, and
removed those (n=6) which did not include healtagatervention.

From the 7 references pointed out by the reviewesere removed, while the other 3
included healthcare intervention (references 47)6,We also removed other 2 studies
(Bowers JM et al Sleep Health 3 (2017) 423-431; &asA 2004,27(3):453-8.as they
did not contain healthcare interventions.

We re-analyze the data and no substantial changesabserved.

5. Table 1 refers to descriptions of the differéypes of meta-analyses and related
citations. It is not clear why this table was presd in the main body of the manuscript
as most types of presented meta-analyses areleeaméto your research question. Also,
citations presented in your examples are not fomititin your selected and analysed 169



articles. Please elaborate on the rationale teeptehis table in the main text.

Response: We presented table 1 in the main body becauseelievb it will be useful for
readers to understand different types of meta-aralyAccording to your suggestion, we
now put it into the supplementary file (Table S1).

For the citations in the examples, we did not lme 169 articles, as you can see in the
appendix data file that the majority of the 169ckes were generic meta-analysis and
only 6 were special type meta-analysis (5 netwoetaranalyses, and 1 coordinate-based
meta-analysis), which we were not suitable to sttewdifferent types of meta-analysis.

6. The process of study selection, analyses, vistedentation of the results, as well as
citations of included studies can only be founthim supplementary material. This creates
difficulty to the readership to follow research sas and results reported by researchers.
Transparent reporting, linkage of information thmmade a basis for your reporting,
included but not limiting raw data that made aggtem in Table 2, Table S1 (baseline
characteristics, standard meta-analyses OR spggal meta-analyses, study origin,
reporting guidelines, funding information, etc.patd be available. For example, when a
reader faces statement like this one: "There weér¢53.25%) SRMAs that adequately
used a risk of bias assessment for all of the itapbrbiases.... The remaining 42
(24.85%) failed to achieve minimal requirements, vafich, 5 did not report the
assessment results”, he/she would like to conrexget statements to specific studies,
which is currently not possible. Not only reportimgmbers do not make any application,
but also the extent of risk of bias is unknownislanticipated that included studies are
cited in the main body of the manuscript and arkdd to reporting of the results.
Response: We now present the raw data of study baseline ackernistics in the
supplementary file (appendix 3). In addition, tmegess of study selection (Figure 1) and
sensitivity analyses (Table 3) are now in the ntexa.

The included studies were not cited in the mainybahge to the restrictiorA(maximum
of 100 references requested by the journal’s palioy the number of references.

7. Your limitation section should be revisited. (@aéive studies, non-systematic reviews,
publications within other but major journals, alydtematic reviews of observational data
were falling outside the score of your researchd #rerefore it is unclear why you
reported these features within your limitation gettThe focus of your limitation section
should be on the credibility of your research, clearriteria, validation of keywords for
searches, omission of attention to the risk of besessment of the individual studies that
were included in each systematic review with metahses, type of intervention, etc.,
and overall " methodological survey" design anddean, to let the reader be informed
how well your results, including pooled estimategre protected against misleading
results.

Response: We have revised the limitation section accordingig now focus on the
credibility and validity of our study.



Minor issues:

1. Clarification is needed on what "inadequate methogical validity” refers to in the
conclusion section. How adequacy was defined?

Response: We have revised the conclusion, now it say& ‘tonclusion, the

methodological validity of SRMAs of healthcare imémtion was suboptimal when
measured by AMSTAR 2.0 in the field of sleep nmelici

2. Clarification is needed on the statement indtveclusion, which does not seem to be
supported by results of your research: "Finallyhpes registration of systematic review
should be removed from AMSTAR 2.0 as this item doest impact on the
methodological quality of systematic reviews". Bidu perform sensitivity analyses?
Please provide rationale to support this conclusion

Response: We have removed this sentence.

3. Incomplete citation:

Hornyak, M., et al., Efficacy and safety of dopaenggonists in restless legs syndrome.
Sleep Medicine.

Response: We revised this (in appendix 1) and the full ettatis “Hornyak, M., et al.,
Efficacy and safety of dopamine agonists in restliegs syndrome. Sleep Medicirleep Med.
2012;13(3):228-236." We also checked other citations one by one irafipendix file.

4. Inconsistency in writing style (i.e., "Amonggtet 67, sixty-two did not detect
publication bias, and five did not provide resafgpublication bias". Generally, numbers
below 10 are written in words, 10 and above in nersb

Response: It has been revised throughout the manuscript.

In summary, while the revised paper improved sigaiftly in term of reporting from the
initial version, excluding many studies, | am lefth concern about quality of databases'
searches, methods of the manuscript, and the retafplity of the research findings,
given that studies included in this work (n=169Ya&veot reported in the main manuscript,
and were not linked to results. These should batpdo further refinement of the work
by referencing included studies in the main bodyhef manuscript and linking the key
results to the data and citations, so results @aditectly inspected. By doing so, you
increase the likelihood that the results you repagtcorrect, and this also provides means
to extend the research on the quality of systemawews and meta-analyses in the
future. In the current state, it remains uncleaethbr this work is protected against
misleading results. Moreover, the journal's requieats of transparent reporting and
reproducibility are not met.

Response: Thanks for your valuable comments on our reviseduseript, we have
revised manuscript carefully.

For the studies included in this work, we have ddtie citation in the appendix data file



(appendix 3 we added two additional column named “citatiomt dcitation refers to
reference listed in appendix 1” for included stslli® make it easier to follow.

In appendix L'list of included studies” the list of includeduslies is reported in the same
order as irappendix 3

As mentioned before, we did not include the refeesnin the main text because of the
journal’s policy on number of references

Reviewer #2: | am satisfied with the changes made to the maipiscr
Response: Thanks for your positive comment.



