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Abstract
Objective: In the course of performing systematic reviews on the prevalence of low back and neck pain, we required a tool to assess the
risk of study bias. Our objectives were to (1) modify an existing checklist and (2) test the final tool for interrater agreement.

Study Design and Setting: The final tool consists of 10 items addressing four domains of bias plus a summary risk of bias assessment.
Two researchers tested the interrater agreement of the tool by independently assessing 54 randomly selected studies. Interrater agreement
overall and for each individual item was assessed using the proportion of agreement and Kappa statistic.

Results: Raters found the tool easy to use, and there was high interrater agreement: overall agreement was 91% and the Kappa statistic
was 0.82 (95% confidence interval: 0.76, 0.86). Agreement was almost perfect for the individual items on the tool and moderate for the
summary assessment.

Conclusion: We have addressed a research gap by modifying and testing a tool to assess risk of study bias. Further research may be
useful for assessing the applicability of the tool across different conditions. � 2012 Elsevier Inc. All rights reserved.
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1. Introduction and background

Systematic reviews are often used by academic institu-
tions, governments, and other agencies to synthesize informa-
tion on a particular scientific question [1,2]. To minimize the
potential for biases such as sampling or measurement bias
in undertaking these reviews, rigorous methods should be
used to locate, select, and aggregate the results of individual
studies. Incorporating an assessment of risk of bias of these
studies is essential in interpreting their results and may help
to avoid under- or overestimating the parameter of interest [3].

Many tools have been developed to assess study quality,
although most have been developed for experimental stud-
ies [4], and those relevant to observational studies are gen-
erally considered to be unsatisfactory and not widely used
[5]. A recent systematic review of tools used to assess the
quality of observational studies performed by Shamliyan
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et al. [6] identified only five tools relevant to prevalence
or incidence studies. In general, the reviewed tools pro-
vided only limited information about development, reliabil-
ity, and validation; did not discriminate poor reporting from
quality of studies; and did not separate internal from exter-
nal validity. In addition, there was no consensus around
individual criteria of validity or ranking of overall quality
and the authors highlighted the need for collaborative efforts
to develop transparent quality assessment for observational
research. Importantly, they also acknowledged the paucity
of empirical knowledge about how potential sources of bias
may influence the results of observational research.

Some expert groups, most notably The Cochrane Collab-
oration, have drawn a distinction between assessment of
methodological quality and assessment of risk of bias,
which refers to whether a study has answered the research
question in a manner that is free from bias [3]. This change
in emphasis for considering the internal validity of a study
reflects recognition that studies may be performed to the
highest possible standards, yet still have an important risk
of bias, and that some current markers of study quality
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What is new?

Key findings
� We developed a risk of bias tool for prevalence

studies based on a review of the literature, expert
consensus, pilot testing of draft items, and refine-
ment of the tool.

� The tool consists of 10 items addressing four do-
mains of bias plus a summary risk of bias
assessment.

� Raters found the tool easy to use, and we demon-
strated high interrater agreement of the tool in as-
sessing risk of bias of prevalence studies of low
back and neck pain (overall agreement: 91%;
Kappa statistic: 0.82).

What this adds to what was known?
� Many tools have been developed to assess study

quality, but of those relevant to prevalence studies,
most are considered unsatisfactory.

� The tool developed in this study makes a distinction
between assessing whether the research was con-
ducted to the highest possible standards (methodo-
logical quality) and the extent to which the results
can be believed (risk of bias).

� Assessment of risk of bias provides invaluable in-
formation that can be incorporated into the analysis
and/or used to interpret the findings of systematic
reviews of disease prevalence.

What is the implication and what should change
now?
� Further research is needed to assess the applicabil-

ity of the tool across different conditions and in
different settings.

(e.g., obtaining ethical approval and performing a sample
size calculation) are unlikely to have direct implications
for risk of bias [3]. In addition, an emphasis on risk of bias
helps overcome ambiguity between the quality of reporting
and the quality of the underlying research. Although these
issues have primarily been considered for systematic re-
views of randomized controlled trials, they are also perti-
nent for systematic reviews of other study types.

In the course of performing systematic reviews on the
prevalence of low back and neck pain as part of the Global
Burden of Disease 2010 Study (GBD 2010) [7], we were
unable to find a tool specifically designed to assess risk
of bias in prevalence studies that provided detailed informa-
tion on how it was developed, had been tested for interrater
agreement, and had clear guidelines for use. We did
identify a checklist developed by Leboeuf-Yde and Laurit-
sen [8] in the early 1990s to assess study quality in a review
of the prevalence of low back pain in Nordic countries. It
included 11 criteria related to representativeness, data qual-
ity, and case definition. As well as a lack of provision of in-
structions for its use and empirical evidence of its
reliability, it used an arbitrary system to numerically score
study quality (if 75% or more of the criteria were fulfilled,
the authors considered the study to be methodologically ac-
ceptable). The authors acknowledged the likelihood of re-
viewer bias with the nominal cutoff point for determining
study acceptability and emphasized the importance of hav-
ing stringent, systematic criteria in future such reviews [8].
Walker [9], Dionne et al. [10], and Louw et al. [11] subse-
quently adapted the tool by respectively adding an item on
whether a proxy respondent was used in the data collection
process, modifying the response rate item, and altering the
threshold for study acceptability.

The objectives of our study were to (1) develop a new
risk of bias tool for prevalence studies based on modifying
the Leboeuf-Yde and Lauritsen tool from recommendations
from previous users, a literature search, and an expert con-
sensus exercise and (2) test the final tool for interrater
agreement.
2. Methods

The process we followed is shown in Fig. 1. To establish
face validity of the tool, we (1) examined checklists that
were regarded as good quality in previous reviews [12e14];
(2) listed key recommendations from previous reviews of
study assessment tools [4,6,12,15]; (3) searched the peer-
reviewed literature for tools for assessing risk of study bias,
particularly those relevant to low back and neck pain
prevalence studies [3,8e11,13e17]; (4) collated a list of
relevant criteria for assessing risk of bias in prevalence stud-
ies; and (5) undertook a series of consensus exercises with
the Global Burden of Disease GBD 2010 Low Back and
Neck Pain expert group (comprising six musculoskeletal
epidemiologists), to generate a more refined list of core
criteria. The exercise involved rounds of discussion and
ranking of the list of core criteria. Each round comprised
commenting on and ranking items via e-mail, followed by
a teleconference to further discuss and refine the list. The
aim was not to make an exhaustive list but to reduce the list
to the most relevant and practical items to apply. In line with
recent recommendations, items related to study reporting, as
opposed to risk of bias, were not included [6]. After five
rounds of discussion and ranking, we agreed on a draft tool.

The pretesting of the draft tool was conducted in three
stages. In stage 1, one author (D.H.) used the tool on a ran-
dom sample of 30 of the 240 studies included in the low
back and neck pain prevalence systematic reviews, and areas
of ambiguity within the tool were clarified. In stage 2, a fur-
ther 12 studies were randomly selected and these were



Literature search to identify tools for assessing risk 
of bias of prevalence studies  

Consensus exercise to develop items, response 
options, definitions, criteria and examples 

Round 1 pre-testing: Use of tool by one reviewer; 
and amendment (30 studies)

Round 2 pre-testing: Assessment of inter-rater 
agreement; and amendment (12 studies) 

Round 3 pre-testing: Assessment of inter-rater 
agreement; and finalisation of tool (32 studies)  

Inter-rater agreement testing of the final tool (54 
studies) 

Fig. 1. The process for developing the risk of bias tool and testing in-
terrater agreement.
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assessed by three authors (D.H., P.Br., and R.B.). Agreement
was examined and further refinements made. For the third
stage, six researchers (R.B., P.Br., L.M., A.W., F.B., and
a researcher from Thailand) assessed a further four to six
randomly selected studies each. D.H. also assessed these
studies, and these results were compared with those of the
six reviewers. Based on these comparisons, the tool was fur-
ther amended to clarify areas of uncertainty that appeared to
limit agreement.

Using the final tool, two researchers (D.H. and a research
assistant) independently assessed the risk of bias of 54 stud-
ies chosen at random from the list of the neck pain preva-
lence articles. One of the reviewers (D.H.) was involved in
the development of the tool and had significant experience
in critical appraisal. The research assistant had a master’s
degree in Public Health, had some experience in critical
appraisal, and was not involved in the tool development.
She had 30 minutes of training in use of the tool that pri-
marily included demonstration of how to check articles
for data errors resulting from typographical errors or mis-
calculations (item 10). There was no attempt to blind re-
viewers to study authors, institutions, or journal.

Agreement between the two raters was assessed overall
and for each item in the tool using proportion of agreement
( p0) and the Kappa statistic. The p0 is the raw proportion of
the number of times the two raters agree. A disadvantage of
p0 is that it does not take into account chance agreement,
how agreement is distributed, or ordering of agreement in
the case of ordinal data [18]. A benefit of using the Kappa
statistic is that it does take chance agreement into account.
Kappa values range from �1 to þ1, with 0 and less consid-
ered poor agreement, 0.01 to 0.20 slight, 0.21 to 0.40 fair,
0.41 to 0.60 moderate, 0.61 to 0.80 substantial, and 0.81 to
0.99 almost perfect agreement [19]. For assessment of the
interrater agreement for the summary item, we weighted
the Kappa statistic to take ordering of response options into
account [20]. Raw agreement, Kappa values, and their 95%
confidence intervals (CIs) were calculated using Stata Ver-
sion 10 (StataCorp, College Station, TX, USA) [21].
3. Results

The final risk of bias tool comprises 10 items plus a sum-
mary assessment (see Appendix on the journal’s Web site at
www.jclinepi.com). Items 1 to 4 assess the external validity
of the study (domains are selection and nonresponse bias),
and items 5 to 10 assess the internal validity (items 5 to 9 as-
sess the domain of measurement bias, and item 10 assesses
bias related to the analysis). We included the item assessing
whether the results of the study were representative of the
national population (item 1) as this is an important issue
for GBD 2010 and indeed for any attempts to describe dis-
ease patterns in a country. The summary assessment evalu-
ates the overall risk of study bias and is based on the rater’s
subjective judgment given responses to the preceding
10 items. This is based on the Grades of Recommendation,
Assessment, Development and Evaluation (GRADE) and
Cochrane approaches [3,22].

The main differences from the tool originally developed
by Leboeuf-Yde and Lauritsen [8] and adapted by others
[9e11] are that (1) items on representativeness are sepa-
rated into representativeness of the target population and
representativeness of the sample frame and determination
of whether random methods were used to select the sample
or whether a census was undertaken; (2) the item on
whether the study was primarily performed to collect data
on low back pain prevalence was excluded as we argue that
if measures for minimizing study bias are performed, such
as provision of a clear case definition, representativeness,
and validation or other testing of the survey instrument,
then bias should not be affected by whether the survey
was designed specifically for a particular condition, in this
case, low back pain; (3) for each item, the emphasis is risk
of bias rather than quality of reporting; (4) we added
instructions for use and examples to our tool; and (5) we
undertook rigorous pretesting to ensure that the instructions
and criteria for assessing risk of bias are clear. Where ap-
propriate, we aligned the tool with the risk of bias tool used
by The Cochrane Collaboration for assessing risk of bias of
experimental studies [3].

Response options for individual items were either low or
high risk of bias. If there was insufficient information in the
article to permit a judgment for a particular item, then the
item was deemed to be at high risk of bias. We elected not
to include an unclear response option because in most

http://www.jclinepi.com
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instances methods that minimize risk of bias are likely to be
reported in the article, and, in practice, most empirical stud-
ies have combined the high and unclear categories into
a single category in any case [3]. We initially also included
a moderate risk of bias response option but found that this
response option was used to negate having to make a deci-
sion between high and low risk of bias. When this response
option was removed, agreement improved considerably, al-
though this may have also been influenced by other amend-
ments to the tool. Response options for the summary
assessment were low, moderate, or high risk of bias.

Detailed criteria and examples are given for each item to
help guide reviewers. Raters reported that they found the
tool easy to use and the examples and additional notes very
helpful. We had initially been concerned that reviewers
may find the amount of text in the tool overwhelming
and the process too time consuming; however, reviewers re-
ported that once the first two or three studies had been as-
sessed, the process became substantially quicker.

Overall interrater agreement, which was calculated by
considering each of the 10 items plus the summary assess-
ment for the 54 studies, was 91% (539/594 items) with
a Kappa statistic of 0.82 (95% CI: 0.76, 0.86), indicating
an almost perfect level of agreement (Table 1). Raw agree-
ment between the two reviewers for individual items ranged
from 83% to 100% with Kappa values indicating substan-
tial or almost perfect agreement for nine of the 10 items.
Moderate agreement between the raters was observed for
the item assessing whether the study’s sampling frame
was a true or close representation of the target population
(item 2).
Table 1. Results of interrater agreement testing between two raters in using

Item %

External validity
1. Was the study’s target population a close representation of the

national population in relation to relevant variables?
2. Was the sampling frame a true or close representation of the

target population?
3. Was some form of random selection used to select the sample,

OR was a census undertaken?
4. Was the likelihood of nonresponse bias minimal?

Internal validity
5. Were data collected directly from the subjects (as opposed to

a proxy)?
6. Was an acceptable case definition used in the study?
7. Was the study instrument that measured the parameter of

interest shown to have validity and reliability?
8. Was the same mode of data collection used for all subjects?
9. Was the length of the shortest prevalence period for the

parameter of interest appropriate?
10. Were the numerator(s) and denominator(s) for the parameter of

interest appropriate?
11. Summary item on the overall risk of study bias

Overall agreement for the 11 items

a Weighted.
For the summary assessment of a study’s risk of bias,
agreement between the raters was 72% (weighted agreement,
85%) with a weighted Kappa value of 0.48 (95% CI: 0.31,
0.64), indicating amoderate level of agreement. For this item,
both assessors rated two studies as low risk of bias, 27 studies
as moderate risk of bias, and 25 studies as high risk of bias.
There was perfect agreement for 39 of the 54 studies, moder-
ate disagreement for 14 studies (i.e., where one assessor rated
a study as moderate risk of bias and the other rated it low or
high risk of bias), and substantial disagreement (i.e., where
one assessor rated a study as high risk of bias and the other
rated it low risk of bias) for one of the 54 studies. When we
limited our analysis to the 10 individual items on the tool,
agreement between the raters was 93% with a Kappa value
of 0.83 (95% CI: 0.78, 0.88).
4. Discussion

Assessing the risk of study bias is an important step in
performing and interpreting systematic reviews of the liter-
ature. Risk of bias tables are now routinely included in
Cochrane systematic reviews that assess the efficacy and
safety of treatment interventions [3]. Reviews have found
that tools used for assessing quality of nonrandomized stud-
ies are poorly developed or have been specifically designed
to assess randomized controlled trials and thus fail to include
key criteria important for nonrandomized studies [12].

We developed a new risk of bias tool because we
were unable to identify any existing risk of bias tools for
prevalence studies. Although checklists developed by
the risk of bias tool

Complete agreement Kappa value

95% Confidence intervals

Lower limit Upper limit

94 0.84 0.67 1.00

83 0.43 0.12 0.74

96 0.85 0.66 1.00

89 0.78 0.61 0.94

98 0.79 0.39 1.00

94 0.82 0.63 1.00
94 0.89 0.77 1.00

100 1.00 1.00 1.00
87 0.61 0.35 0.87

89 0.61 0.34 0.88

72 0.48a 0.31a 0.64a

91 0.82 0.76 0.86
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Strengthening the Reporting of Observational Studies in
Epidemiology statement [23] and Tooth et al. [24] are use-
ful for assessing quality of reporting, their intention is not
to specifically measure risk of study bias. As outlined pre-
viously, bias can occur in well-conducted studies and not
all methodological flaws introduce bias. The only tool that
we found that approached our criteria was a methodological
checklist that had been used in previous systematic reviews
of the prevalence of low back pain [8e11,25]. However,
there was no published information about its development
and no guidelines for use and it used an arbitrary system
to numerically score study quality and had no data on reli-
ability. Furthermore, several authors had already modified
the checklist based on observed deficiencies in the content
and scoring of the tool [9e11].

The strengths of our risk of bias tool are that it was de-
veloped based on an exhaustive literature review to identify
potentially relevant items followed by an expert consensus
exercise. Although it is not possible to directly measure the
presence or absence of bias, our tool focuses on identifying
whether studies had attempted to minimize bias. We delib-
erately did not include an overall numeric rating of risk of
study bias but, instead, made a judgment of the overall risk
of study bias based on assessment of risk of bias of 10 indi-
vidual items. This approach is consistent with the Cochrane
and GRADE systems [3,22]. In addition, we have provided
empirical evidence of its interrater agreement.

Agreement was generally higher for individual items on
the tool than for the summary assessment of overall risk of
bias. This was not surprising, given that criteria for the
overall assessment were less prescriptive than for individ-
ual items, and there were three response options rather than
two increasing the opportunity for disagreement. Most
summary ratings were for moderate or high risk of bias
(104/108), and raters reported difficulty in drawing a dis-
tinction between the two. The inclusion of a summary as-
sessment of risk of bias was discussed at length in the
development of the tool. Some authors wanted to avoid
a global study rating as they felt it could be potentially mis-
leading as some biases may be more important than others,
a position also held by a number of other experts [26,27],
whereas other authors argued that a summary rating would
be important in the analysis phase of GBD 2010 Study. The
resulting consensus was to include the item to be consistent
with approaches used by The Cochrane Collaboration and
GRADE [3,22]. In addition, having an overall judgment
of risk of bias does not preclude the performance of sensi-
tivity analyses to explore individual items of bias in system-
atic reviews.

An important consideration for being able to use the tool
in other settings is whether a minimal level of critical ap-
praisal expertise and training is required to ensure the con-
cepts within the tool are well understood. For the reliability
exercise, we purposely included a research assistant with no
prior knowledge of the tool. We found that 30 minutes of
training was sufficient for her to understand and use the
tool, and both raters found the tool easy to use. However,
this needs further evaluation in different settings. A limita-
tion of our study was that we did not record the time taken
to assess the risk of bias of each study. However, both raters
estimated that the average time to review an article was
between 30 and 60 minutes.

Coincident with the development of our tool, Shamliyan
et al. [28] recently published a pilot study reporting on the
development and testing of two checklists developed to as-
sess the quality of observational studies of incidence, prev-
alence, or risk factors of diseases. They undertook a similar
approach in developing key criteria for assessing study
quality including literature searches for existing tools for
assessing the quality of prevalence studies, generation of
a list of items for use, and refinement of items by incorpo-
rating the views of experts. While items considered impor-
tant for inclusion were largely consistent with our tool,
including sampling bias, nonresponse bias, and measure-
ment bias, their objective was to assess the methodological
and reporting quality of observational studies. In contrast to
our reliability results, the interrater agreement of their
checklist tested by seven experts on 10 articles was found
to be poor and further refinement was deemed necessary
to improve interrater agreement. One possible explanation
for the poor agreement may be the lack of specific exam-
ples to assist users, a strength of our tool. They reported
that the completion of the study assessment was time con-
suming, particularly for those studies with major flaws.
5. Conclusions

Wehave developed a risk of bias tool, which builds on pre-
viouswork, to assess risk of bias of studiesmeasuring disease
prevalence. This tool was found to be easy to apply and dem-
onstrated high interrater agreement. We have now applied
our risk of bias tool for assessing prevalence studies of gout,
osteoarthritis, and rheumatoid arthritis for GBD 2010. Fur-
ther research is needed to assess the reliability of the tool
for assessing prevalence studies of other conditions.
Supplementary material

Supplementary data associated with this article can
be found, in the online version, at 10.1016/j.jclinepi.2011.
11.014.
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