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Abstract 

Background: AMSTAR‑2 (‘A Measurement Tool to Assess Systematic Reviews, version 2’) and ROBIS (‘Risk of Bias in 
Systematic Reviews’) are independent instruments used to assess the quality of conduct of systematic reviews/meta‑
analyses (SR/MAs). The degree of overlap in methodological constructs together with the reliability and any methodo‑
logical gaps have not been systematically assessed and summarized in the field of nutrition.

Methods: We performed a systematic survey of MEDLINE, EMBASE, and the Cochrane Library for SR/MAs published 
between January 2010 and November 2018 that examined the effects of any nutritional intervention/exposure for 
cancer prevention. We followed a systematic review approach including two independent reviewers at each step 
of the process. For AMSTAR‑2 (16 items) and ROBIS (21 items), we assessed the similarities, the inter‑rater reliability 
(IRR) and any methodological limitations of the instruments. Our protocol for the survey was registered in PROSPERO 
(CRD42019121116).

Results: We found 4 similar domain constructs based on 11 comparisons from a total of 12 AMSTAR‑2 and 14 ROBIS 
items. Ten comparisons were considered fully overlapping. Based on Gwet’s agreement coefficients, six comparisons 
provided almost perfect (> 0.8), three substantial (> 0.6), and one a moderate level of agreement (> 0.4). While there is 
considerable overlap in constructs, AMSTAR‑2 uniquely addresses explaining the selection of study designs for inclu‑
sion, reporting on excluded studies with justification, sources of funding of primary studies, and reviewers’ conflict of 
interest. By contrast, ROBIS uniquely addresses appropriateness and restrictions within eligibility criteria, reducing risk 
of error in risk of bias (RoB) assessments, completeness of data extracted for analyses, the inclusion of all necessary 
studies for analyses, and adherence to predefined analysis plan.

Conclusions: Among the questions on AMSTAR‑2 and ROBIS, 70.3% (26/37 items) address the same or similar meth‑
odological constructs. While the IRR of these constructs was moderate to perfect, there are unique methodological 
constructs that each instrument independently addresses. Notably, both instruments do not address the reporting of 

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  malgorzata.1.bala@uj.edu.pl
1 Chair of Epidemiology and Preventive Medicine, Department of Hygiene 
and Dietetics, Jagiellonian University Medical College, Kopernika 7 Street 
31‑034, Krakow, Poland
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12874-021-01457-w&domain=pdf


Page 2 of 10Swierz et al. BMC Medical Research Methodology          (2021) 21:261 

Background
With the ever-growing amount of published data, sys-
tematic reviews (SRs) and meta-analyses (MAs) became 
recognised methods for summarising the evidence in 
support of evidence-based decision-making in health-
care [1–3]. High quality systematic reviews/meta-analy-
ses (SR/MAs) are considered acceptable and important 
for decision-makers [4, 5]. However, with the increasing 
number of SR/MAs there are often issues of reliability, 
particularly when SR/MAs have conflicting results and 
suffer from extensive methodological shortcomings [1, 6, 
7]. In the context of these findings, users of the literature 
must distinguish lower versus higher quality SR/MAs 
to support healthcare decision-making. Instruments to 
distinguish the quality of conduct of SR/MAs have been 
designed and validated.

Currently, two instruments, namely AMSTAR-2 (‘A 
Measurement Tool to Assess Systematic Reviews, ver-
sion 2’) and ROBIS (‘Risk of Bias in Systematic Reviews’), 
are commonly used to formally assess the quality of con-
duct of SR/MAs. Both instruments provide a structured 
approach for readers to perform rapid and reproducible 
assessments of the quality, including a detailed evaluation 
of conduct and methodological rigour; however original 
constructs and specific details differ [8, 9]. AMSTAR-2 
has been developed as a critical appraisal tool for SR/
MAs that include randomised or non-randomised stud-
ies of health care interventions and is an updated ver-
sion of previously widely accepted AMSTAR that has 
been in use for over a decade [10]. AMSTAR-2 is com-
prised of 16 items, of which seven were determined to be 
critically important to the validity of a review, while the 
other nine are considered not critically important. Users 
of AMSTAR-2 are asked to make an overall judgment 
of ‘high’, ‘moderate’, ‘low’, or ‘very low’ confidence in the 
results of SR/MA based on the assessment of critical and 
non-critical items [11].

ROBIS focuses intrinsically on the risk of bias (RoB) in 
the SR/MA and comprises three phases: assessment of 
relevance (optional), identification of concerns within the 
review process that put the SR/MA at RoB, and judge-
ment of RoB. The second of the aforementioned phases 
is composed of four domains with 21 items highlighting 
specific issues that need to be considered. In the third 
phase a judgement of ‘low’, ‘high’, or ‘unclear’ RoB is 
assigned after consideration of assessments performed in 
the second phase [12].

Upon applying both instruments, users can determine 
that they are similar in their general approach; however, 
differences do exist. A number of studies have inves-
tigated the similarity of assessments between original 
AMSTAR and ROBIS tools [13–15]. Nevertheless, so far, 
only one study has investigated the comparability of both 
instruments in terms of their domains and corresponding 
items, demonstrating a satisfactory correlation between 
the overall ratings of AMSTAR-2 and ROBIS while high-
lighting the differences in the conceptual frameworks of 
both tools [16].

There has been a profusion of SR/MAs in the health 
sciences literature [1], with several studies having already 
investigated their quality [7, 17, 18]. Nutritional epide-
miology is an area of scientific interest to the public, and 
while the quality of SR/MAs in the field has recently been 
shown to be sub-optimal [7], the related and burgeoning 
field of SR/MAs assessing nutrition for cancer preven-
tion has not been systematically evaluated. In this study, 
performed within the context of the systematic survey 
addressing trustworthiness of SR/MAs assessing nutri-
tion for cancer prevention, we aimed to compare the 
similarities, the inter-rater reliability (IRR) and any meth-
odological gaps of instruments for assessing the quality 
of conduct of those SR/MAs.

Methods
The protocol for the systematic survey was prepared a 
priori and registered in PROSPERO with an identifica-
tion number CRD42019121116.

Searches, eligibility, and sample selection
We systematically searched MEDLINE, Embase, and 
the Cochrane Library for SR/MAs published between 
January 2010 and November 2018 that examined the 
effects of any nutritional intervention/exposure for can-
cer prevention in the general population or in people at 
higher risk for cancer. Search strategies are provided in 
Supplementary file. We accepted studies labelled as SR/
MAs as described in the title, abstract, or full text, which 
included, according to their eligibility criteria, primary 
studies comprising a comparator group (i.e., interven-
tional studies with a control group such as randomised or 
non-randomised controlled trials, observational studies 
with participants categorized by intake or exposure level 
(e.g. lower versus upper quartiles)). The methods have 
been described in detail in the companion paper [19].

absolute estimates of effect or the overall certainty of the evidence, items that are crucial for users’ wishing to inter‑
pret the importance of SR/MA results.
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Screening and data extraction
Following a calibration exercise, pairs of two independ-
ent reviewers performed study selection, data extraction, 
as well as both AMSTAR-2 and ROBIS assessments, with 
conflicts resolved by discussion or consultation with a 
third reviewer. Each step was preceded with calibration 
exercises to ensure common understanding of inclusion 
criteria and to discuss any ambiguities. With respect to 
quality assessments, a number of authors have consid-
erable experience in conducting SRs and assessing their 
methodological quality (MJS, DS, JZ, MK, BCJ, MMB), 
while the remaining authors (PT, WS, MG, AS, AW, KK, 
JBC) underwent training. AMSTAR-2 and ROBIS assess-
ments were piloted on a set of three studies.

Quality of conduct and risk of bias assessment instruments
AMSTAR-2 consists of 16 items for which ‘yes (Y)’ or ‘no 
(N)’ judgments can be applied. For five items (2, 4, 7, 8, 9) 
in addition to ‘Y’ or ‘N’ responses, ‘partially yes (PY)’ can 
be selected. Items 11, 12, and 15 are not considered if a 
meta-analysis was not undertaken. Among the 16 items, 
seven are considered to be critical: ‘development of the 
study protocol’ (item 2); ‘comprehensiveness of the litera-
ture search strategy’ (item 4); ‘providing a list of excluded 
studies with reasons’ (item 7); ‘appropriate assessment 
of the RoB of individual included studies’ (item 9); ‘use 
of appropriate meta-analytical methods’ (item 11); ‘con-
sideration of RoB when interpreting and discussing the 
results’ (item 13); and ‘assessment of the presence of pub-
lication bias and discussion of its impact on the results’ 
(item 15). The remaining nine items are considered non-
critical. Subsequent to judging the 16 items, investigators 
can make an overall judgment of ‘high’, ‘moderate’, ‘low’, 
or ‘very low’ confidence in the results of the target SR/
MA, as follows [11]:

• High: no major flaws in critical items and ≤ 1 flaw in 
non-critical items;

• Moderate: no major flaws in critical items and > 1 flaw 
in non-critical items;

• Low: one major flaw in critical items with or without 
non-critical items;

• Critically low: > 1 major flaw in critical items with or 
without non-critical items.

ROBIS consists of 21 items assigned to four domains 
(study eligibility criteria; identification and selection of 
studies; data collection and study appraisal; synthesis 
and findings), for which respondents can answer ‘yes (Y)’, 
‘partial yes (PY)’, ‘partial no (PN)’, ‘no (N)’, or ‘no infor-
mation (NI)’. The overall concerns associated with each 
of the four domains are then judged as ‘low’, ‘high’ or 

‘unclear’. On the basis of the domain assessments, sup-
ported by consideration of correctness of SR/MA inter-
pretation of findings, relevance of included studies to the 
SR/MA’ question, as well as fairness and thoroughness 
within presentation of the results, a final consideration is 
performed on whether the SR/MA as a whole is at ‘low’, 
‘high’, or ‘unclear’ risk of bias [12].

Domain matching
For data collection and analyses we used Microsoft Excel 
(version 2016). After reviewing all items of each instru-
ment, based on the ROBIS instrument we categorized 
the items under four main domains based on conceptual 
similarities:

• Domain 1: Study eligibility criteria;
• Domain 2: Identification and selection of studies;
• Domain 3: Data collection and study appraisal;
• Domain 4: Synthesis and findings.

After assessing the concept, approach and definitions 
for each item, we matched items from each instrument 
to produce 11 comparisons including 12 AMSTAR-2 and 
14 ROBIS items. In some cases, two or more items from 
one of the instruments were combined within a single 
comparison (e.g. AMSTAR-2 item 4 was compared with 
ROBIS items 2.1, 2.2, 2.3, and 2.4). For 10 comparisons 
we judged items of both instruments as satisfactorily 
comparable with respect to concept, approach and defi-
nitions, while in the case of one comparison (examina-
tion of publication bias/robustness of the results) we 
judged the items from the instruments as only partially 
overlapping (i.e. robustness of SR/MA results includes an 
assessment of publication bias as well as other considera-
tions). There were four items on AMSTAR-2 and seven 
items on ROBIS that did not sufficiently overlap in con-
cept, approach, and description. Table 1 provides a sum-
mary of the overlapping and non-overlapping items.

Reliability
For comparing the similar items across instruments, 
using the Gwet’s AC1 statistic (Gwet’s first-order agree-
ment coefficient) we calculated the reliability between 
raters [20, 21]. In order to do so, pairs of reviewers inde-
pendently assessed each SR/MA using AMSTAR-2 and 
ROBIS. When we found ambiguities in our assessments, 
we discussed, and if we could not come to consensus a 
third senior reviewer was consulted. Subsequently, items 
with consensus appraisals for each study were used to 
calculate the IRR. Assumptions for each comparison are 
provided in the footnotes of the Table. 1. Based on estab-
lished guidance, we classified agreement as poor (≤ 0.00), 
slight (0.01–0.20), fair (0.21–0.40), moderate (0.41–0.60), 
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substantial (0.61–0.80), and almost perfect (0.81–1.00) 
[16, 22].

Results
We identified 24,739 records, of which 20,413 were 
screened after duplicates were removed. Based on the 
eligibility criteria, we included 737 studies, of which a 
random sample of 101 articles was selected and analysed. 
The study flow is presented in Fig. 1 [23].

The 11 comparisons produced varying levels of agree-
ment coefficients, presented below.

Domain 1: study eligibility criteria
Two comparisons were created within this domain. The 
comparisons addressed the comprehensiveness of eligi-
bility criteria and the prospective publication of review 
methods (protocol), with an almost perfect agreement: 
0.87 (95% CI, 0.78 to 0.96) and 0.99 (95% CI, 0.97 to 1), 
respectively.

Domain 2: identification and selection of studies
Two comparisons were discerned within this domain. 
One addressed the comprehensiveness of search strate-
gies with a substantial level of agreement: 0.79 (95% CI, 

Fig. 1 PRISMA 2020 flow diagram. PRISMA ‑ Preferred Reporting Items for Systematic Reviews and Meta‑Analyses
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0.74 to 0.85), and the other investigated duplicate study 
selection with an almost perfect level of agreement: 0.87 
(95% CI, 0.77 to 0.96).

Domain 3: data collection and study appraisal
Three comparisons were formed within this domain. 
One addressed duplicate data extraction with an almost 
perfect level of agreement: 0.88 (95% CI, 0.79 to 0.98). A 
second comparison explored the comparability of items 
regarding the adequate description of characteristics of 
studies included in the review showing a moderate level 
of agreement: 0.6 (95% CI, 0.44 to 0.76). A third com-
parison addressed the use of appropriate RoB assessment 
methods showing an almost perfect level of agreement: 
0.88 (95% CI, 0.79 to 0.98).

Domain 4: synthesis and findings
Four comparisons were created within this domain. 
Three were considered fully overlapping, while one was 
partially overlapping. One comparison, concerning an 
appropriate statistical combination of results, proved 
an almost perfect level of agreement: 0.81 (95% CI, 0.69 
to 0.92). Two comparisons, one regarding assessment 
and interpretation of biases in included studies, and 
one concerning appropriate consideration of heteroge-
neity within the results, both showed substantial levels 
of agreement: 0.77 (95% CI, 0.64 to 0.89) and 0.73 (95% 
CI, 0.59 to 0.86), respectively. The fourth comparison 
addressing publication bias and robustness of the results 
(e.g. funnel plot or sensitivity analysed) was considered as 
partially overlapping and showed a slight level of agree-
ment: 0.18 (95% CI, − 0.03 to 0.38).

Methodological gaps
In addition to documenting the similarities and IRR 
between instruments, we also noted major methodo-
logical gaps in both tools. Both instruments could be 
improved with respect to guidance and assessment of 
subgroup analysis, ideally based on an a priori publicly 
available study protocol detailing the planned assess-
ment of effect modification [24]. We also noted that both 
instruments do not consider the presentation of results 
using of absolute estimates of effect (e.g. risk difference 
for all dichotomous outcomes) [25], nor do they have an 
item on the overall certainty of evidence (e.g. assessed 
using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach) for 
each outcome [26].

Discussion
Our study aimed to compare the similarity and reliability 
of the AMSTAR-2 and ROBIS instruments based on 101 
SR/MAs assessing nutritional interventions/exposures 

for cancer prevention. AMSTAR-2 is comprised of 16 
items while ROBIS has 21 items, of which 12 and 14, 
respectively, were combined into 11 comparisons based 
on their conceptual similarities. Overall, we found that 
70.3% (26/37) of items assess the same or similar meth-
odological constructs. Ten comparisons were judged to 
fully overlap in concept and definitions, and one com-
parison was partially overlapping. A number of items 
from both tools (four in AMSTAR-2 and seven in ROBIS) 
were unique to each instrument and were not amenable 
for paired comparisons due to non-overlapping concepts, 
approaches, and descriptions. Both instruments do not 
address the reporting of absolute estimates of effect and 
the overall certainty of the evidence.

The study by Pieper et al. was the first to compare both 
instruments in terms of validity, reliability, and applica-
bility [16]. The authors matched relevant AMSTAR-2 
and ROBIS items into 12 comparisons, of which 10 were 
considered as fully overlapping, and two comparisons 
as partially overlapping (appropriateness of restriction 
of eligibility criteria and publication bias/robustness of 
the results). Our approach was similar; however, we dis-
missed the partially overlapping comparison between 
AMSTAR-2 item 3 ‘Did the review authors explain their 
selection of the study designs for inclusion in the review?’ 
and ROBIS item 1.4 ‘Were all restrictions in eligibility 
criteria based on study characteristics appropriate?’ as 
we believe these items are different constructs and are 
not similar enough based on underlying definitions and 
assessment guidance. Furthermore, while for data extrac-
tion we compared AMSTAR-2 item 6. ‘Did the review 
authors perform data extraction in duplicate?’ with 
ROBIS item 3.1 ‘Were efforts made to minimize error 
in data collection?’, Pieper et  al. additionally considered 
ROBIS item 3.5 ‘Were efforts made to minimize error 
in risk of bias assessment?’ within this comparison. We 
did not include ROBIS item 3.5 into this comparison as 
we believe duplicate RoB assessment and duplicate data 
extraction should be assessed separately.

Before AMSTAR-2 was published, researchers 
attempted to compare the reliability of ROBIS and the 
original AMSTAR tool. The correlation coefficients 
ranged from moderate to substantial [13]. Generally, 
apart from one comparison of AMSTAR-2 item 8 with 
ROBIS item 3.2, our calculations resulted in higher coef-
ficient values as compared to those reported by Pieper 
et  al. [16]. Their calculated agreement levels concern-
ing similar methodological constructs were reported to 
be perfect for one comparison, substantial in six com-
parisons, moderate in two comparisons, fair in one com-
parison, and slight in one comparison. By contrast, our 
calculations provided six items with almost perfect com-
parisons, three with substantial, one with a moderate, 
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and one with a slight level of agreement. One possible 
explanation for these discrepancies could be the quality 
of included studies. In our sample of 101 articles pub-
lished within the field of nutrition for cancer preven-
tion, only 1% of SR/MAs were of high quality according 
to AMSTAR-2, and 3% were of low RoB according to 
ROBIS, which indicates mostly low scores in the major-
ity of items of both instruments, which might result in 
high agreement coefficients’ values. Alternatively, unlike 
Pieper et al., it may be that our coefficients were higher 
because pairs of reviewers participated in calibration and 
consensus procedures, which ensured that differences 
in assessments were discussed, thus reducing the num-
ber of outlying assessments that might have occurred. In 
Pieper et al., no consensus procedure between reviewers 
was introduced and final judgement on items within each 
comparison was based on the judgments of most of the 
raters, resulting in the possibility of higher variation of 
assessments, and thus lower agreement scores.

After performing assessments using both instru-
ments, we were surprised that both instruments did not 
have items devoted to the assessment of the magnitude 
of the effects based on absolute estimates (e.g. risk dif-
ference) for dichotomous outcomes, or the certainty of 
evidence for each outcome. Providing the information 
on these items is supported by the GRADE guidance, 
the Cochrane Handbook, and the Joanna Briggs Insti-
tute Manual [27–30]. Rating certainty of the evidence for 
each assessed health outcome improves the interpreta-
tion of SR/MA results and should be considered a vital 
characteristic of quality in reviews. Regarding the mag-
nitude of the effects, authors commonly report effects 
as relative estimates such as risk ratios or hazard ratios 
while underreporting absolute measures such as the risk 
difference or number needed to treat [25]. Evidence sug-
gests that reporting both relative and absolute estimates 
and their corresponding certainty of evidence allows for 
optimal interpretation of review findings [7, 25, 31–33]. 
Future updates of ROBIS and AMSTAR-2 instruments 
should consider adding these items, and interim users of 
the instruments might consider these items, particularly 
in nutrition for long term health outcomes, where the 
absolute effects may be small and uncertain [34–36].

We followed Cochrane guidance on systematic review 
methods strengthening the validity of our findings, 
including calibration exercises and duplicate screening, 
abstraction, and quality assessment. Furthermore, our 
methods followed an a priori study protocol and included 
a random sample of 101 nutrition studies, a large sam-
ple in the same healthcare field. With regard to weak-
nesses, first, many items in the AMSTAR-2 and ROBIS 
instruments were dissimilar and did not always allow 
for reliability comparisons, so our coefficients could be 

misleading to readers who may have the impression that 
the instruments are the same or close to the same for 
assessing SR/MA quality. That is, while there were many 
overlapping conceptual items (70.3%), there were a sub-
stantial number of dissimilar items (11/37), and so apply-
ing each instrument to the same study could result in 
important material differences with respect to the quality 
of conduct of a SR/MA. Second, while our team reported 
that ROBIS took longer than AMSTAR-2 assessments, we 
did not formally measure the time it took for reviewers 
to complete the assessments for each instrument. Com-
parisons have previously been reported indicating vary-
ing results, ranging from AMSTAR assessment taking 
slightly longer than ROBIS, to ROBIS assessment taking 
substantially longer than AMSTAR [13, 16, 37]. Third, we 
chose a random subsample of 101 of 737 identified stud-
ies, as completing assessments of all identified studies 
was not deemed feasible due to time constraints. Fourth, 
since the reliability of the majority of included studies 
assessed with AMSTAR-2 and ROBIS was critically low, 
the agreement coefficients between instruments in other 
fields of health care might differ from ours, particularly 
if there is more variability in the quality of SR/MAs or if 
higher quality SR/MAs are included.

Conclusions
AMSTAR-2 and ROBIS are instruments designed to 
facilitate the assessment of SR/MA quality. Among the 
instruments, 70.3% of items address the same or similar 
methodological constructs. While the IRR of these items 
was moderate to perfect in fully overlapping compari-
sons, and slight in partially overlapping, there are unique 
methodological items that each instrument indepen-
dently addresses. Further investigation based on samples 
of SR/MAs from different fields of medicine and health 
science might further elucidate similarities and discrep-
ancies between both tools. Notably, AMSTAR-2 and 
ROBIS do not address the reporting of absolute estimates 
of effect or the overall certainty of the evidence, both of 
which are important for the optimal interpretation of SR/
MA findings. The choice to use one or both of the instru-
ments should depend on the aim of the investigators or 
users’ of the SR/MAs (i.e. overall methodological qual-
ity versus RoB assessment only) and other factors such 
as experience with the instrument or time constraints. 
It has previously been suggested that both instruments 
have areas for improvement [16, 37], findings that our 
systematic survey corroborates. One pragmatic instru-
ment that fully considers RoB together with other meth-
odological quality items such as the presentation of both 
relative and absolute estimates and the certainty of these 
estimates would optimally help users’ of SR/MAs better 



Page 9 of 10Swierz et al. BMC Medical Research Methodology          (2021) 21:261  

assess and interpret a reviews overall quality and impor-
tance of reported results.
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