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A B S T R A C T   

Background: As part of the development of the World Health Organization (WHO)/International Labour Orga
nization (ILO) Joint Estimates of the Work-related Burden of Disease and Injury, WHO and ILO carried out 
several systematic reviews to determine the prevalence of exposure to selected occupational risk factors. Risk of 
bias assessment for individual studies is a critical step of a systematic review. No tool existed for assessing the risk 
of bias in prevalence studies of exposure to occupational risk factors, so WHO and ILO developed and pilot tested 
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the RoB-SPEO tool for this purpose. Here, we investigate the assessor burden, inter-rater agreement, and user 
experience of this new instrument, based on the abovementioned WHO/ILO systematic reviews. 
Methods: Twenty-seven individual experts applied RoB-SPEO to assess risk of bias. Four systematic reviews 
provided a total of 283 individual assessments, carried out for 137 studies. For each study, two or more assessors 
independently assessed risk of bias across the eight RoB-SPEO domains selecting one of RoB-SPEO’s six ratings (i. 
e., “low”, “probably low”, “probably high”, “high”, “unclear” or “cannot be determined”). Assessors were asked 
to report time taken (i.e. indicator of assessor burden) to complete each assessment and describe their user 
experience. To gauge assessor burden, we calculated the median and inter-quartile range of times taken per 
individual risk of bias assessment. To assess inter-rater reliability, we calculated a raw measure of inter-rater 
agreement (Pi) for each RoB-SPEO domain, between Pi = 0.00, indicating no agreement and Pi = 1.00, indi
cating perfect agreement. As subgroup analyses, Pi was also disaggregated by systematic review, assessor 
experience with RoB-SPEO (≤10 assessments versus > 10 assessments), and assessment time (tertiles: ≤25 min 
versus 26–66 min versus ≥ 67 min). To describe user experience, we synthesised the assessors’ comments and 
recommendations. 
Results: Assessors reported a median of 40 min to complete one assessment (interquartile range 21–120 min). For 
all domains, raw inter-rater agreement ranged from 0.54 to 0.82. Agreement varied by systematic review and 
assessor experience with RoB-SPEO between domains, and increased with increasing assessment time. A small 
number of users recommended further development of instructions for selected RoB-SPEO domains, especially 
bias in selection of participants into the study (domain 1) and bias due to differences in numerator and de
nominator (domain 7). 
Discussion: Overall, our results indicated good agreement across the eight domains of the RoB-SPEO tool. The 
median assessment time was comparable to that of other risk of bias tools, indicating comparable assessor 
burden. However, there was considerable variation in time taken to complete assessments. Additional time spent 
on assessments may improve inter-rater agreement. Further development of the RoB-SPEO tool could focus on 
refining instructions for selected RoB-SPEO domains and additional testing to assess agreement for different topic 
areas and with a wider range of assessors from different research backgrounds.   

1. Background 

The World Health Organization (WHO) and the International Labour 
Organization (ILO) have produced the first WHO/ILO Joint Estimates of 
the Work-related Burden of Disease and Injury (WHO/ILO Joint Esti
mates) (Pega et al., 2021a,b, World Health Organization and Interna
tional Labour Organization, 2021a,b). For this, WHO and ILO, along 
with a large number of individual experts, have conducted a series of 
systematic reviews providing the evidence base for these global health 
estimates (Li et al., 2018; Descatha et al., 2018; Godderis et al., 2018; 
Bonafede et al., 2021; Descatha et al., 2020; Hulshof et al., 2019; Li 
et al., 2020; Mandrioli et al., 2018; Pachito et al., 2021; Paulo et al., 
2019; Pega et al., 2020a; Teixeira et al., 2019, 2021b; Tenkate et al., 
2019; Hulshof et al., 2021a; Hulshof et al., 2021b; Rugulies et al., 2019; 
Teixeira et al., 2021a; Schlünssen et al., in preparation). An overview of 
the entire series is provided elsewhere (Pega et al., 2021c). Of these, five 
systematic reviews synthesised evidence from studies estimating the 
prevalence (or, in short, prevalence studies) of exposure to selected 
occupational risk factors. Prevalence of exposure is defined as the 
presence (and sometimes also level or dose) of a risk factor to human 
health (or a health outcome) among individuals within the study pop
ulations or a representative sample at one point in time (Porta, 2014). 
The systematic reviews aimed to determine the prevalence of exposure 
to five diverse occupational risk factors: ergonomic risk factors, dusts 
and/or fibres, solar ultraviolet radiation, noise, and long working hours. 
Such prevalence studies differ in several ways from studies that estimate 
incidence or prognosis, or those that estimate the effect of an exposure to 
an occupational risk factor on a health outcome (Pega et al., 2020b). 
There are differences in the type of data used (e.g., studying incidence 
requires longitudinal data, whereas studying prevalence utilises either 
longitudinal or cross-sectional data). Exposure prevalence studies focus 
solely on exposures, not health outcomes or estimation of effects. 
Furthermore, prevalence studies on occupational exposures only use 
data from studies of human subjects, whereas evidence on effects of 
exposures can also come from other evidence streams, namely mecha
nistic or animal data. 

1.1. Risk of bias assessment of prevalence studies 

A critical part of a systematic review is the assessment of the risk of 
bias (RoB) at the level of each included study. Risk of bias is the risk of “a 
systematic error, or deviation from the truth, in results” (Porta, 2014). 
When the development of the WHO/ILO Joint Estimates started, due to 
the differences between exposure prevalence studies and other study 
types that were highlighted above, no tool existed for assessing the RoB 
in prevalence studies of exposure to occupational risk factors (Krauth, 
Woodruff and Bero, 2013; Mandrioli and Silbergeld, 2016; Vandenberg 
et al., 2016; Whaley et al., 2016; NHMRC, 2019). None of the existing 
methods or instruments (Rooney et al., 2016; Morgan et al., 2019; 
Morgan et al., 2018b) were considered applicable for assessing preva
lence studies of exposure to occupational risk factors (Pega et al., 
2020b). 

Two checklists exist for assessing RoB in individual prevalence 
studies (Hoy et al., 2012; Munn et al., 2014; Munn et al., 2015; The 
Joanna Briggs Institute, 2017), however, these checklists do not allow 
for recording of transparent rationales for ratings. Provision of reasons 
for assigned ratings is important as RoB assessment is based on judg
ment. Additionally, they also produce a summary score for RoB, which is 
controversial (Boutron et al., 2020). 

Unlike the types of studies that existing methods focus on, occupa
tional exposure prevalence studies do not consider health outcomes or 
effects. Additionally, as detailed above, they make use of different types 
of data. Therefore, WHO and ILO, supported by a large number of in
dividual experts, developed the Risk of Bias in Studies estimating 
Prevalence of Exposure to Occupational risk factors (RoB-SPEO; (Pega 
et al., 2020b) tool, as a product of the WHO/ILO Joint Estimates. This 
new tool fills this gap and can be used in systematic reviews of occu
pational exposure prevalence studies. While drawing from existing tools, 
it is tailored to focus solely on domains relevant to assessing risk of bias 
in prevalence studies of occupational exposures. 

1.2. The RoB-SPEO tool 

The RoB-SPEO tool is described in detail in Pega et al., 2020b. 
Briefly, no prior existing tool for RoB assessment could be applied in its 
entirety to assess RoB in occupational exposure prevalence studies. 
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While components of prior existing tools may be applicable, they 
generally require revisions to make use of them in RoB assessments for 
studies of prevalence of occupational exposures because of key differ
ences in focus and data used (as described above) between prevalence 
studies of exposure versus studies related to health outcomes and the 
effects of occupational exposures. Prevalence studies also have some 
unique biases (e.g. bias due to differences in numerator and denomi
nator (Williams, Najman and Clavarino, 2006)), which are not 
comprehensively covered in methods in the prior existing tools for 
assessing RoB in other types of studies. 

RoB-SPEO comprises eight domains that address different types of 
bias relevant to prevalence studies of exposure, as detailed in Table 1 
(Pega et al., 2020b). Each domain consists of five components: i) guiding 
question to prompt the assessor; ii) description of bias and/or definitions 
of key terms and concepts; iii) considerations, which highlight poten
tially relevant domain-specific issues to assessors when conducting their 
assessment; iv) ratings and rating criteria and; v) a table for recording 
the assessment. For each study and each domain, RoB is judged using 
one of six standard ratings: i) low, ii) probably low, iii) probably high, 
iv) high, v) unclear and vi) cannot be determined. The tool was 

developed over multiple versions. Version 4.0 was pilot tested (Pega 
et al., 2020b), after which improvements were made (Appendix 1). 
Version 6.0 of RoB-SPEO was used to assess RoB in studies included in 
the five WHO/ILO Joint Estimates systematic reviews of prevalence. 

1.3. Assessor burden and inter-rater reliability of risk of bias tools 

Ideally, a RoB tool should be efficient, placing the least possible 
burden on the assessor, while at the same time ensuring that an 
assessment is comprehensive and transparent. Therefore, studies testing 
the performance of RoB tools often assess the burden of the tool on as
sessors. A common indicator to that end is assessor-time per individual 
RoB assessment, generally measured in minutes (e.g., Jeyaraman et al., 
2020a). 

For a RoB tool to be fit for purpose, it must be a valid and reliable 
measure of the systematic differences from the truth. The tool’s validity 
has been assessed extensively during its development and piloting (Pega 
et al., 2020b), but assessors’ experience with the tool can provide further 
insights and are reported below. One measure of reliability is inter-rater 
reliability: the extent of agreement among raters (McHugh, 2012). 
Multiple assessors should apply the tool to assess a study, after which 
they should discuss conflicting ratings to reach consensus on final rat
ings. Individual judgement is an important part of RoB assessment; this 
makes perfect agreement for all studies an infeasible goal. In particular, 
it might be harder to reach agreement for studies which do not 
comprehensively report methods, data or results. However, ideally, 
variability in ratings between users should be low; detailed instructions 
for assessors, guiding them in how to reach a rating decision can help 
achieve this. 

Several studies have assessed inter-rater reliability of domain-based 
RoB tools. In their protocol, Jeyaraman et al. (2020a) described that 
they plan to assess inter-rater reliability of their ROBINS-E instrument 
for non-randomized studies of the effect of environmental exposures on 
health outcomes using the AC1 statistic developed by Gwet (Gwet, 2001; 
Gwet, 2008). Assessments of other tools have calculated correlation 
(kappa) scores; this included assessments of the Evidence Project RoB 
tool (Kennedy et al., 2019), Cochrane Risk of Bias tool (Armijo-Olivo 
et al., 2012; Hartling et al., 2013), OHAT, IRIS, TSCA (Eick et al., 2020), 
Cochrane ROB 2.0 (Minozzi et al., 2020) and ROBINS-I tools (Couto 
et al., 2015). Similarly, interrater-reliability of the RoB-SPEO Version 
4.0 was assessed using raw measures of agreement in the pilot testing 
(Pega et al., 2020b). While the improvements made on RoB-SPEO 
Version 4.0 were made with the main aim of aiding assessors to use 
the tool, it was hoped that while making it easier to use, the changes 
would also improve inter-rater agreement. We are not aware of any 
other inter-rater reliability assessments for RoB tools for environmental 
and occupational health, such as the RoB tools of the Navigation Guide 
(Woodruff and Sutton, 2014) and the US NIEHS Cancer Reports (NTP 
(National Toxicology Program), 2016), or the Risk of Bias Instrument for 
Non-randomized Studies of Exposures (Morgan et al., 2019). 

1.4. Assessor burden and inter-rater agreement of RoB-SPEO in the pilot 
testing 

During the pilot-testing phase of Version 4.0 of the RoB-SPEO tool, 
measurement of assessor burden was not reported, so this information 
has been unavailable for the tool so far. However, a raw measure of 
inter-rater agreement was calculated, as described previously (Pega 
et al., 2020b). Briefly, ratings were extracted by pilot tester, study 
domain, and record. The six standard RoB-SPEO ratings were coded into 
three analytical categories: i) low/probably low, ii) high/probably high, 
and iii) unclear/cannot be determined. During the piloting phase, the 
following levels of agreement were observed:  

• Bias in selection of participants into the study: 0.33  
• Bias due to a lack of blinding of study personnel: 0.65 

Table 1 
Domains of risk of bias in RoB-SPEO.   

Domain Description of bias 

1 Bias in selection of participants 
into the study 

Bias in selection of participants into the study 
(commonly called selection bias) is the bias 
due to systematic differences between the 
characteristics of the study sample (defined 
as the sample of individuals participating in 
the study) and those of the target population 
(defined as the population for which the 
authors of the study sought to assess 
exposure) (Porta, 2014). 

2 Bias due to lack of blinding of 
study personnel 

Bias due to a lack of blinding of study 
personnel (commonly called performance 
bias) is the bias that arises when there is a 
lack of blinding of exposure assessors and 
other study personnel to relevant participant 
characteristics (e.g. disease status) that leads 
to exposure assessment that differs 
depending on participant characteristics. 

3 Bias due to exposure 
misclassification 

Bias due to exposure misclassification is 
“erroneous [and systematic] classification of 
an individual, a value, or an attribute into a 
[exposure] category other than that to which 
it should be assigned”, leading to under- or 
over-estimation of prevalence of exposure 
status (or level) (Porta, 2014). 

4 Bias due to incomplete 
exposure data 

Bias due to incomplete exposure data is the 
bias that arise from exposure data missing in 
a way that the exposure assessment is 
differential by exposure status (or level) in 
the target population (i.e., not random). 

5 Bias due to selective reporting 
of exposures 

Bias due to selective exposure reporting is the 
systematic difference arising from selective 
reporting (under- or over-reporting) of 
exposures or exposure categories. 

6 Bias due to conflict of interest Bias due to conflicts of interest is the bias 
introduced if financial and other interests 
influence the design, conduct, data 
collection, analysis and/or reporting of a 
study (Woodruff and Sutton, 2014). 

7 Bias due to differences in 
numerator and denominator 

Bias due to differences in numerator and 
denominator is the bias that arises when 
there is a mismatch of definition and/or 
counting of persons contributing to the 
numerator and the denominator in the ratio 
used to estimate prevalence (Williams, 
Najman and Clavarino, 2006). 

8 Other bias Other bias is any other bias specific to a 
particular study rather than applicable to all 
studies. 

Source: Pega et al., 2020b. 
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• Bias due to exposure misclassification: 0.76  
• Bias due to incomplete exposure data: 0.31  
• Bias due to selective reporting of exposures: 0.80  
• Bias due to conflict of interest: 0.51  
• Other bias: 0.51 (Pega et al., 2020b) 

Following this assessment during pilot testing, several changes were 
made to the RoB-SPEO tool, and it underwent an additional round of 
feedback and innovation, resulting in Version 6.0 of the RoB-SPEO 
(Appendix 1). Here, we describe the assessment of inter-rater agree
ment and assessor burden for this latest version of RoB-SPEO and present 
the results. While there are other methods and metrics for assessing 
inter-rater reliability, this opportunistic assessment uses data already 
generated as part of the series of systematic reviews for the WHO/ILO 
Joint Estimates. We believe that we present one of the first compre
hensive assessments of the real-world performance of a tool for assessing 
RoB in environmental and occupational health studies, as applied in a 
global health policy setting. 

2. Methods 

Version 6.0 of the RoB-SPEO tool was applied by individual experts 
in exposure science and occupational and environmental health research 
participating in the WHO/ILO Joint Estimates systematic review series. 
They assessed study records for RoB across four out of five systematic 
reviews on prevalence of exposure in the series (Table 2). Two system
atic reviews are completed (Hulshof et al., 2021a; 2021b; Teixeira et al., 
2021a; 2021b), and three are ongoing (protocols: Descatha et al., 2018; 
Mandrioli et al., 2018; Paulo et al., 2019; Schlünssen et al., in prepa
ration). One ongoing systematic review did not provide data for this 
assessment; it has not completed study selection at the time of writing, 
and therefore could not be included in this study. The complete data set 
of anonymised study records with their RoB-SPEO ratings can be 
accessed from Appendix 2. 

2.1. Data 

The data were collected as part of the four included systematic re
views conducted for the WHO/ILO Joint Estimates. A total of 342 risk of 
bias assessments made using RoB-SPEO version 6.0 and of studies 
included in the WHO/ILO systematic reviews were returned to WHO on 
request; 283 of the assessments made by 27 assessors for 137 studies 
were included in this examination of assessor burden and inter-rater 
reliability. Reasons for exclusion of studies and assessments are shown 
in Table 2. 

2.1.1. Assessor burden 
Assessors recorded the time (in minutes) spent completing each in

dividual RoB assessment for each study. Overall, 23 assessors provided 
at least one time recording; time taken was stated for a total of 271 RoB 
assessments (Table 2). Time was missing for 12 RoB assessments made 
by nine assessors. 

2.1.2. Inter-rater agreement 
Each individual expert independently assessed each study record 

along each of the eight domains in the RoB-SPEO tool. For each domain, 
each assessor judged the RoB by assigning one of the six standard RoB- 
SPEO ratings: “low”, “probably low”, “probably high”, “high”, “unclear” 
or “cannot be determined”. Per study, each assessor recorded the 
selected RoB-SPEO rating for each RoB-SPEO domain in an individual 
assessment sheet. If an assessor provided no rating or a non-standard 
rating for a domain, these were treated as missing for the respective 
domain and excluded from the analysis for inter-rater agreement for the 
domain. Overall, 27 assessors provided a total of 2,249 RoB-SPEO rat
ings for a total of 283 assessments (Table 2). For domains 1, 5, 7 and 8, 
there were 1, 1, 6 and 7 ratings missing, respectively. Within domains, 
they all related to different studies resulting in the exclusion of the same 
number of studies from the analysis of each domain. 

Table 2 
Information about risk of bias assessments in this examination of assessor burden and inter-rater agreement.  

Systematic review topic Publications No. of assessors who 
provided RoB assessmentsa 

No. of studies 
included in each SR 

No. of studies and assessments 
included and excluded 

The prevalence of occupational 
exposure to ergonomic risk factors 

Protocol and systematic review: Hulshof 
et al., 2019; Hulshof et al., 2021a 

5 5 Included: 6 assessments for 3 studies 
Excluded: 2 studies   

• Only one RoB-SPEO assessment 
returned – 1 studyb  

• No RoB-SPEO assessment returned – 
1 study 

The prevalence of occupational 
exposure to silica, asbestos and coal 
dust 

Protocol and systematic review: Mandrioli 
et al., 2018; Schlünssen et al., in 
preparation 

10 88 Included: 116 assessments for 54 
studies 
Excluded: 34 studies   

• Assessments made at study record 
level − 28 assessments for 8 studiesc  

• Only one RoB-SPEO assessment 
returned – 22 studiesb  

• No RoB-SPEO assessment returned – 
4 studies 

The prevalence of occupational 
exposure to solar ultraviolet 
radiation 

Protocol: Paulo et al., 2019 6 41 Included: 63 assessments for 31 studies 
Excluded: 10 studies   

• Only one RoB-SPEO assessment 
returned – 8 studiesb  

• No RoB-SPEO assessment returned – 
2 studies 

The prevalence of occupational 
exposure to noise 

Protocol and systematic review: Teixeira 
et al., 2019; Teixeira et al., 2021a 

8 65 Included: 98 assessments for 49 studies 
Excluded: No RoB-SPEO assessment 
returned – 16 studies  

a Two individuals were assessors for two systematic reviews; hence there were a total of 27 individual assessors across the four systematic reviews. 
b Only receiving one RoB-SPEO assessment for a study meant that it was not possible to assess inter-rater agreement. 
c Assessments were made at the study record level, not the study level. 
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2.1.3. User experience 
As part of a survey of user experience, each assessor was asked to 

answer the following questions related to each domain:  

• “What are the advantages of the new tool in the [relevant] domain?”  
• “What are the disadvantages of the new tool in the [relevant] 

domain?”  
• “How could the tool be further improved in the [relevant] domain?” 

Additionally, they were asked about the performance of the entire 
tool:  

• “What are the overall advantages of the new tool?”  
• “What are the overall disadvantages of the new tool?”  
• “How could the tool be further improved in general?”  
• “Were any domains missing or could any domains be considered 

unnecessary?” 

The responses were free text, providing qualitative data for analysis. 
In total, 13 assessors of studies included in this analysis responded to one 
or more of these questions. 

2.2. Analysis 

All analyses were conducted solely by authors of this current study 
(NCM, KNS, FP) who were not involved in the RoB assessments for the 
systematic reviews included in this study. The statistical analyses were 
conducted solely by authors who had not been involved in the devel
opment and pilot testing of RoB-SPEO (NCM, KNS). 

2.2.1. Calculation of assessor burden 
We calculated the median time taken (minutes) to complete one 

individual assessment and the interquartile range (due to the data being 
skewed; skewness values of − 1.42 to − 2.74 for each of the domains). 

2.2.2. Calculation of interrater agreement 
As was done for the pilot testing (Pega et al., 2020b), one author 

(NCM) coded the six RoB-SPEO ratings assigned by the assessors into the 
same three analytical categories: i) low/probably low, ii) high/probably 
high, and iii) unclear/cannot be determined. If an assessor provided no 
rating or a non-standard rating for a domain, these were treated as 
missing for the respective domain; the relevant study was then excluded 
from the analysis for inter-rater agreement for the domain. A second 
author (FP) independently checked the raw data against these codes. 
Random numbers were assigned to study records and individual asses
sors to ensure anonymity. 

Separately for each of the eight RoB-SPEO domains, we calculated 
inter-rater agreement (Pi) across all assessors and all study records. The 
following formula (Morgan et al., 2018a; Armijo-Olivo et al., 2012; 
Bilandzic et al., 2016; Savovic et al., 2014; Losilla et al., 2018) was used 
to calculate the proportion of all ratings given by all pilot testers to the j- 
th analytical category (Pi): 

Pi =
1

n(n − 1)
∑k

j=1
nij
(
nij − 1

)

where i = 1,…d is the number of domains (here, d = 8); j = 1,…k is the 
number of possible analytical categories (here, k = 3); and n = number 
of assessors for the study record. Agreement could range from 0.00 (no 
two pilot testers chose the same rating) to 1.00 (pilot testers in all pairs 
chose the same rating). 

In addition to examining overall agreement between assessors by 
domain, we carried out the following three subgroup analyses to assess 
the robustness of our results. First, we calculated inter-rater agreement 
by systematic review (anonymised and reported in random order). 
Second, we classified assessors by their experience with RoB-SPEO, 

classifying assessors who had carried out ≤ 10 included assessments 
using RoB as “less experienced” and those that assessed > 10 as “more 
experienced”. We then calculated the inter-rater agreement by assessor 
experience, including in this subgroup analysis only those pairs of as
sessors whose experience with the tool was concordant, namely either 
both assessors carried out ≤ 10 studies or both carried our > 10 studies). 
Third, we divided time taken to complete the RoB assessment into ter
tiles (divided at the 33rd and 66th percentiles of reported times, i.e., 
short 0–25, medium 26–66, and long ≥ 67 min). If there was concor
dance between the times reported by the assessors on a study, the study 
was included in the calculation of inter-rater agreement by tertile of time 
taken (shortest, medium, longest). Time taken is difficult to interpret: it 
may decrease with experience, increase when additional care is being 
taken, or be particularly high when a paper/topic is very complicated or 
when a study is poorly reported. Spearman’s rank correlation (Sedg
wick, 2014) was used to test for a trend in inter-rater agreement with 
time taken. Statistical significance was at the p < 0.05 level. If there was 
discordance, the study was included in the fourth group: missing/ 
discordant time taken. 

2.2.3. Themes in user experience 
We analysed the qualitative survey data using thematic analysis 

(Braun & Clarke, 2014). We identified key topics in the user experiences 
and then the themes within each topic. 

Fig. 1. Time taken as recorded for each study assessment with the RoB- 
SPEO tool. 
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3. Results 

3.1. Assessor burden 

Time recorded for assessments is shown in Fig. 1. Median time taken 
to assess each study was 40 min (interquartile range 21–120 min). 
However, the largest proportion of assessors seemed to use approxi
mately 25 min per assessment, while a small proportion of assessors 
reported spending a very larger number of minutes, such as > 150 min 
(Fig. 1). 

Time taken varied by systematic review, with median times for each 
systematic review ranging from 20 min and 120 min. Among assessors 
who carried out ≤ 10 assessments (n = 14), median time reported was 
26 min; among those who carried out > 10 assessments (n = 13), median 
time was 49 min. 

3.2. Interrater agreement 

3.2.1. Main analyses 
Overall inter-rater agreement, as measured with Pi, for each domain 

of RoB-SPEO is shown in Fig. 2. Agreement ranged from 0.54 (for bias 
due to differences in numerator and denominator) to 0.82 (for bias due 
to a lack of blinding of study personnel and selective reporting of 
exposures). 

3.2.2. Subgroup analyses 
Inter-rater agreement analysed by subgroups is also shown in Fig. 2. 

Systematic reviews are anonymised and appear in random order, but 
colour coding indicates the tertile of raw agreement (white 0.00–0.33, 
light blue 0.34–0.66, dark blue 0.67–1.00). For Systematic Review A, 
three domains had raw agreement scores in the middle tertile and five 
had raw agreement scores in the highest tertile. Systematic Review B in 
all domains had raw agreement scores in the highest tertile. For Sys
tematic Review C, inter-rater agreement was in the highest tertile for 
two domains, the middle tertile for five domains, and the lowest tertile 

for the domain of bias due to differences in numerator and denominator. 
Agreement scores for Systematic Review D were in the highest tertile 
across all domains. In summary, inter-rater agreement varied between 
systematic reviews, which could reflect that agreement is harder to 
achieve for certain topics. 

For 117 studies, all assessors had reviewed the same number of 
studies included here (≤10 assessments or > 10 assessments). Inter-rater 
agreement scores by the number of included assessments that assessors 
had conducted are shown in Fig. 2. Raw agreement was higher for three 
domains among those pairs whose assessors had each carried out > 10 
assessments. This does not appear to support that increased experience 
would lead to more agreement. 

For 128 of the 137 studies, all assessors stated the length of time the 
assessment took them (271 of the 283 assessments). Time taken was 
divided into tertiles: ≤25 min, 26–66 min or ≥67 min. For 75 studies, 

Fig. 2. Inter-rater agreement of the RoB-SPEO tool by domain. Footnotes: aData by systematic review has been anonymised and randomized in order. Instead of the 
colour scale used in the rest of the graph, the scale was split into tertiles and colour coded accordingly, to ensure anonymity (white 0.00-0.33, light blue 0.34-0.66, 
dark blue 0.67-1.00). bAgreement shown for studies where all assessors had carried out a similar number of assessments (≤10 or >10). cDomain 1 score missing for 
one study record, resulting in 105 records from three systematic reviews included in the >10 assessments category; Domain 5 score missing for one study record, 
resulting in 105 records from three systematic reviews included in the >10 assessments category; Domain 7 score missing for five study records, resulting in 103 
records from three systematic reviews included in the >10 assessments category (for the other two with missing scores, the reviewers did not have concordant 
experience). dAgreement shown for studies where all assessors recorded similar time for assessment, and where discordant times were recorded. eDomain1 score 
missing for one study record, resulting in 17 records from three systematic reviews included in the ≤25 minutes category; Domain 5 score missing for one study 
record, resulting in 17 records from three systematic reviews included in the ≤25 minutes category; Domain 7 score missing for five study records, resulting in 17 
records from three systematic reviews included in the ≤25 minutes category, 19 records from three systematic reviews included in the 26-66 minutes category, and 
59 records from four systematic reviews included in the discordant times category. fDomain 1 and 5 scores missing for one study record, resulting in 137 records from 
four systematic reviews; Domain 7 score missing for five study records, resulting in 133 records from four systematic reviews. 

Table 3 
Spearman’s rank correlation between time taken (tertiles).   

RoB-SPEO domain Correlation 
coefficient 

P-value 

1 Bias in the selection of 
participants into the study  

0.53  0.000000712*** 

2 Bias due to lack of blinding of 
study personnel  

0.32  0.0027** 

3 Bias due to exposure 
misclassification  

0.34  0.0013** 

4 Bias due to incomplete 
exposure data  

0.50  0.00000209*** 

5 Bias due to selective reporting 
of exposures  

0.26  0.0114* 

6 Bias due to conflict of interest  0.47  0.00000915*** 

7 Bias due to differences in 
numerator and denominator  

0.74  0.0000000000000319*** 

8 Other bias  0.28  0.0081**  

* Statistically significant at the p < 0.05 level 
** Statistically significant at the p < 0.01 level 
*** Statistically significant at the p < 0.001 level 
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there was concordance between all assessors regarding reported time 
taken for the study; for 62 studies, times were missing or discordant 
between assessors. Inter-rater agreement scores by time taken to review 
the studies (split by tertile and studies missing time data) are shown in 
Fig. 2. For all domains, inter-rater agreement was highest for those 
studies that had the most time dedicated to review them. Raw agreement 
scores were lowest for studies for which risk of bias assessments had 
been completed most quickly for seven out of eight domains. For all 
domains, inter-rater agreement (as measured with Spearman’s rank 
correlation; Sedgwick, 2014) increased significantly with more time 
taken (Table 3). For four domains, there was a weak correlation between 
time taken and inter-rater agreement. For three, there was a moderate 
correlation. For one, bias due to differences in numerator and denomi
nator, there was a strong correlation. Importantly, a test of ordinal 

ranking by category showed that, for each RoB-SPEO domain, more time 
taken was correlated with higher inter-rater agreement (with correlation 
coefficients ranging from 0.26 to 0.74, and all statistically significant [p- 
values all < 0.05]). 

3.3. Comparison to pilot testing results on interrater agreement 

Inter-rater agreement assessed after completion of pilot testing of 
RoB-SPEO Version 4.0 that agreement ranged from 0.31 to 0.80. The 
differences between inter-rater agreement ratings for Version 4.0 and 
Version 6.0 are shown in Table 4. For all seven domains included in 
Version 4.0 of RoB-SPEO, agreement improved for Version 6.0. Agree
ment for the two domains for which agreement was lowest in Version 
4.0 improved the most. 

3.4. User experiences with RoB-SPEO 

3.4.1. RoB-SPEO’s advantages 
Assessors described their experiences with using the RoB-SPEO tool. 

In assessors’ descriptions of RoB-SPEO’s advantages, we identified three 
main themes (Box 1, including example quotes from assessors). Asses
sors described RoB-SPEO as well structured, expressing appreciation for 
its individual components. They stated that the tool was comprehensive 
and related well to occupational settings, and they expressed that one 
key advantage of RoB-SPEO is that it helps establish agreed standards for 
RoB assessments across systematic reviews of prevalence studies of 
occupational exposures. 

3.4.2. RoB-SPEO’s disadvantages 
Box 2 displays some example quotes from assessors regarding the 

three main themes identified as disadvantages of the RoB-SPEO tool by 
assessors. Some would have liked more detailed descriptions to provide 
clarity for some of the domains. Additionally, they addressed the 
external validity of the tool, highlighting challenges applying RoB-SPEO 
to different studies and suggesting that they believed some of the do
mains to be less relevant than others. Finally, some comments related to 
the tool’s assessor burden and technical complexity. 

Table 4 
Comparison of inter-rater agreement ratings for Version 4.0 versus Version 6.0 
of RoB-SPEO by domain.   

RoB-SPEO domain Inter-rater 
reliability, 
Version 4.0 

Inter-rater 
reliability, 
Version 6.0 

Change from 
Version 4.0 to 
Version 6.0 

1 Bias in selection of 
participants into the 
study 

0.33  0.67 +0.34 

2 Bias due to a lack of 
blinding of study 
personnel 

0.65  0.82 +0.17 

3 Bias due to exposure 
misclassification 

0.76  0.80 +0.04 

4 Bias due to incomplete 
exposure data 

0.31  0.73 +0.42 

5 Bias due to selective 
reporting of exposures 

0.80  0.82 +0.02 

6 Bias due to conflict of 
interest 

0.51  0.76 +0.25 

7 Bias due to differences 
in numerator and 
denominator 

NAa  0.54 NAa 

8 Other bias 0.51  0.74 +0.23  

a NA = not applicable (the domain of bias due to differences in numerator and 
denominator was not included in Version 4.0 of RoB-SPEO). 

Box 1 
Themes of assessors’ descriptions of RoB-SPEO’s advantages. 

Theme 1: Structure and components of the RoB-SPEO tool.  

(1) RoB-SPEO provides clear descriptions of the bias and criteria for rating.  
(i) “It is easier to understand the criteria for rating, and write the justification.” (Assessor 9)  

(ii) “Clear definition, considerations, and criteria for rating.” (Assessor 8)  
(2) RoB-SPEO provides useful examples.  

(i) “Being a tricky domain, it is good that so many examples were provided.” – bias due to exposure misclassification (Assessor 16) 

Theme 2: External validity of the RoB-SPEO tool.  

(1) RoB-SPEO is comprehensive and covers relevant domains.  
(i) “It relates well to occupational settings.” (Assessor 7)  

(ii) “Gives a clear and comprehensive tool to assess the risk of bias” (Assessor 3)  
(iii) “… it is important to know about numerator and denominator, in order to calculate accurate incidence rate.” – bias due to differences in 

numerator and denominator (Assessor 13) 

Theme 3: Standardizing risk of bias assessments across reviews.  

(1) RoB-SPEO standardizes risk of bias assessment.  
(i) “It harmonizes the approach of different evaluators… working in group.” (Assessor 1)  
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3.4.3. Users’ suggestions for improvement 
The assessors provided several suggestions regarding improvements 

that could be made to RoB-SPEO, which we grouped into two themes 
(Box 3). Some suggested more examples and guidance would be useful 

and amendments to domains. Additionally, within the theme of assessor 
burden, there were suggestions to develop an online platform for the 
tool. 

Box 2 
Themes of assessors’ descriptions of RoB-SPEO’s disadvantages. 

Theme 1: Structure and components of the RoB-SPEO tool.  

(1) Some tool components lack clarity.  
(i) “Rules are not clearly applicable when the study population is representative for the target population, but exposure groups are not established 

and the exposure levels measured are not representative for the exposure of the target population…” – bias due to selection of participants into 
the study (Assessor 5)  

(ii) “Probably too short description.” – other bias (Assessor 16) 

Theme 2: External validity.  

(1) Difficulties applying RoB-SPEO to studies.  
(i) “Sometimes it is difficult to evaluate if there are incomplete exposure data. It depends on exposure assessment method.” – related to bias due to 

incomplete exposure data (Assessor 6)  
(ii) “Probably too standardized; sometimes it would be necessary to take into account differences in study designs, to make it more powerful and 

meaningful.” (Assessor 16)  
(2) Lack of relevance.  

(i) “Blindness is not always a problem in environmental studies.” –bias due to lack of blinding of study personnel (Assessor 10)  
(ii) “… in quantitative studies… I don’t see the risk (apart for analytical mistakes).” – bias due to exposure misclassification (Assessor 1) 

Theme 3: Assessor burden.  

(1) Workload.  
(i) “It is usually hard to find numerator or denominator in the article. It is a tough work.” –regarding bias due to differences in numerator and 

denominator (Assessor 13)  
(ii) “It could be very long to be applied in specific studies…” (Assessor 17)  

(2) Complexity.  
(i) “The instructions are too complicated to read.” – bias due to selection (Assessor 17)  

(ii) “As an epidemiologist the language is fine but I am not sure if a non-epidemiologist/hygienist might be confused by some of the terms and 
definitions.” – bias due to misclassification of exposure (Assessor 8)  

Box 3 
Themes of assessors’ descriptions of suggestions for improvement of RoB-SPEO. 

Theme 1: Structure and components of the RoB-SPEO tool.  

(1) Additional examples/guidance for using RoB-SPEO.  
(i) “Examples. Examples. Examples” (Assessor 3)  

(ii) “Giving more indications on how to proceed in case target population could not be identified.” – bias due to selection of participants into the 
study (Assessor 17)  

(iii) “… there can be very subtle/well hidden source of bias, it would be important to give maybe more examples to help identify it, mostly for the less 
experienced reviewers.” – other bias (Assessor 16)  

(2) Suggestions for amending domains of RoB-SPEO.  
(i) “Only add this domain when the characteristics/designs of the studies… allow to evaluate it in a meaningful way.” – bias due to differences in 

numerator and denominator (Assessor 16)  
(ii) “The last domain may be not necessary according to my experience….” – other bias (Assessor 17) 

Theme 2: Assessor burden.  

(1) Platform.  
(i) “A tool based on Internet or a software could improve the efficiency of assessment.” (Assessor 13)  

(ii) “It would be good to prepare a tool resident on a website (Dropbox?) and directly linked with other phases of the assessment (data extraction in 
particular).” (Assessor 1)  
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4. Discussion 

4.1. Summary of findings 

The median time taken to assess a study record using RoB-SPEO was 
40 min (with an interquartile range of 21–120 min). Time taken differed 
substantially between groups of assessors defined by the specific sys
tematic reviews conducted; this may reflect differences in complexity of 
measuring and assessing the prevalence of occupational exposure to 
solar ultraviolet radiation, noise, dusts/fibres, and ergonomic factors. 

Using a raw measure of agreement (Pi), we found that overall inter- 
rater agreement varied by domain from 0.54 (for bias due to differences 
in numerator and denominator) to 0.82 (for bias due to lack of blinding 
of study personnel and selective reporting of exposures). This suggests 
good agreement across domains. The lowest agreement, which was for 
the domain of bias due to differences in numerator and denominator, 
seemed to be driven by discordance where one of the assessors for 
studies rated this domain as “unclear” or “not possible to determine”; 
this may suggest that this bias (specific to prevalence measures) may not 
be as well understood as other biases covered in RoB-SPEO. 

Agreement varied by systematic review, again perhaps due to 
exposure-specific differences in complexity of assessing RoB in studies. 
Variation was also seen with differing assessor experience with the RoB- 
SPEO tool; however, we would have expected more experienced asses
sors to have had higher inter-rater agreement, which was not the case 
across domains. Furthermore, an important finding of our performance 
testing study is that agreement increased with more time taken to carry 
out an assessment. 

Users described RoB-SPEO advantages comprising the clarity of its 
overall structure and components, its comprehensiveness and coverage 
of relevant RoB domains, and that it enabled assessors to standardize 
their assessments, both within and across systematic reviews. The users 
described disadvantages including that some tool components lacked 
clarity, they encountered difficulties applying RoB-SPEO to some 
studies, and a perceived lack of relevance, plus concerns related to 
assessor burden in terms of managing workload and complexity. As
sessors suggested improvement of RoB-SPEO could focus on further 
attention to structure and components of the RoB-SPEO tool, primarily 
adding further examples/guidance for using RoB-SPEO and amending 
some RoB-SPEO domains. Some users proposed that an online platform 
for conducting RoB-SPEO assessments could be created to reduce 
assessor burden. This suggestion could give more flexibility and be 
useful in addressing the sometimes conflicting opinions of users 
regarding the necessary level of guidance and number of examples. An 
online tool could allow provision of more instructions/examples for 
assessors who need it, for example it would be possible for users to 
expand or click through to additional text if they were less experienced 
or required further guidance. It could also provide guidance on how to 
rate domains that they feel are less relevant (e.g. if a domain is less 
relevant to a certain topic or study design). 

While assessors are required to reach consensus on a final rating for 
each domain for each study, after making their individual ratings using 
RoB-SPEO, such a tool should provide a reliable measure of the risk of 
bias. Inter-rater agreement is way to assess reliability; therefore, despite 
the role of individual judgement, variability in individual risk of bias 
ratings between users would ideally be low, even if it cannot be expected 
to be zero. 

The higher level of agreement observed for Version 6.0 compared to 
Version 4.0 of the RoB-SPEO tool may suggest that the further devel
opment of the tool and its guidance notes improved inter-rater agree
ment. Alternatively, or in addition, experience with the tool may have 
improved between-rater agreement in their ratings. Some assessors 
included in this study were involved in piloting Version 4.0 of RoB- 
SPEO, so they had prior experience with (an earlier version of) the 
tool. Most if not all assessors received training and, subsequently, 
customized guidance from WHO and ILO on the RoB-SPEO tool. 

Jeyaraman et al. (2020b) found inter-rater reliability of the tools Risk of 
Bias in Non-Randomized Studies of Exposures (ROB-NRSE) and Risk of 
Bias in Non-Randomized Studies of Interventions (ROBINS-I) improved 
after training and customized guidance. 

The domain of bias due to difference in numerator and denominator 
was introduced to the RoB-SPEO tool relatively late, so guidance for this 
domain could perhaps benefit from further testing and refinement, 
especially since our current study found that assessors most commonly 
provided missing ratings for bias in this domain. 

We have made the anonymised raw data (ratings) available open 
access in this article (Appendix 2); future studies can re-analyse these 
same data using different methods and ratings for inter-rater agreement 
(if and when of interest). 

4.2. Comparison to assessor burden and measures of inter-rater 
agreement of other tools 

4.2.1. Comparison to assessor burden of other tools 
Assessor burden of the RoB-SPEO (median 40 min) appears to be 

comparative with that of other RoB tools. A recent performance testing 
study of the ROBINS-I and ROBINS-E tools found that the average time 
taken to conduct an assessment with the tools was 42.7 ± 7.7 min and 
48 ± 8.3 min, respectively (Jeyaraman et al., 2020a). Eick et al. (2020), 
in their study comparing three different RoB assessment tools, found 
that the average time needed for the assessment was 20 min per study 
with the OHAT tool, 32 min with the IRIS tool, and 40 min with the 
TSCA tool. However, there was a large range in the times reported for 
assessments with RoB-SPEO (interquartile range 21–120). 

4.2.2. Comparison to inter-rater agreement of other tools 
That studies assessing inter-rater agreement and reliability of RoB 

tools use different ratings makes it difficult to directly compare results 
across such studies. Studies of the ROBINS-I and Cochrane ROB 2.0 
tools, for example, categorized kappa values (different to our measure of 
Pi) (Minozzi et al., 2020; Couto et al., 2015). 

4.3. Limitations of this study and potential further development of RoB- 
SPEO 

We did not receive RoB-SPEO ratings for all of the data we requested 
for all studies. One systematic review had not completed study selection, 
some assessments were not returned for some included studies, and 
some individual assessments missed ratings for one or more domains. 
There may be differences between the responses we received and those 
we did not. 

Variation in reports of time taken could have been due to assessors 
quantifying this differently. The reporting form asked “Time needed for 
the assessment”; some may have included time taken to read the paper, 
whereas others may not have. Future requests to report time taken 
should clarify how this should be quantified. Additionally, the perfor
mance of RoB-SPEO could be tested on systematic reviews on additional 
topics, for example those relating to exposures to biological or psycho
social occupational risk factors to human health. This is particularly 
important if complexity of topic can affect inter-rater agreement and 
assessor burden. RoB-SPEO’s performance could be tested when the tool 
is used in combination with other tools or approaches for occupational 
exposure prevalence studies, such as the QoE-SPEO approach for 
assessing quality of evidence in bodies of evidence from such studies, 
which comprises assessments at the level of the entire body of evidence 
of risk of bias, as well as of inconsistency, indirectness, imprecision and 
publication bias (Pega et al., in preparation). 

Further to this, while our study includes several assessors, as rec
ommended by Pieper et al (Pieper et al. 2017), we were not able to 
account for differences between the 27 assessors. We attempted to 
consider assessor experience with the tool when calculating inter-rater 
agreement, but many diverse factors could affect ratings, including 
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experience with this type of assessment, expertise regarding the topic 
under review and engagement with the project. Previous studies have 
highlighted differences between reviewers, for example in how they 
interpret questions (Gates et al. 2020); that coding behaviours vary both 
between and within individuals over time (Belur et al. 2018); and that 
pairs of reviewers who have previously worked together demonstrated 
inter-rater reliability (Pieper et al., 2019), which we did not have in
formation on. 

This study was undertaken opportunistically, using assessments 
carried out as part of the WHO/ILO Joint Estimates systematic reviews 
of prevalence. The assessments were not carried out as part of a study 
that was designed specifically to test the tool and there was no pre
specified protocol for this investigation of the RoB-SPEO tool. However, 
this study expands on the analysis carried out previously (Pega et al., 
2020b) and uses the exact same methods. Additionally, it efficiently 
made use of data that were already generated as part of systematic re
views conducted for the WHO/ILO Joint Estimates (Pega et al., 2021a,b, 
World Health Organization and International Labour Organization, 
2021a,b) by a large number of diverse assessors from across the globe (Li 
et al., 2018; Descatha et al., 2018; Godderis et al., 2018; Bonafede et al., 
2021; Descatha et al., 2020; Hulshof et al., 2019; Li et al., 2020; Man
drioli et al., 2018; Pachito et al., 2021; Paulo et al., 2019; Pega et al., 
2020b; Teixeira et al., 2019, 2021b; Tenkate et al., 2019; Hulshof et al., 
2021a; Hulshof et al., 2021b; Rugulies et al., 2019; Teixeira et al., 
2021a; Schlünssen et al., in preparation). Additional testing in a 
different format would also be a useful exercise to assess inter-rater 
agreement. For example, a large number of assessors could be asked to 
assess a smaller number of studies using RoB-SPEO. Further, our 
assessment does not test for other forms of reliability or validity, or other 
contexts of evaluation, which could be considered in the future. Future 
developments, based on the feedback received from RoB-SPEO users, 
may help to improve the tool further in terms of reducing assessor 
burden and improving inter-rater agreement. 

5. Conclusions 

Our study suggests that risk of bias assessments conducted with the 
RoB-SPEO tool place a similar time burden on assessors as do some other 
RoB tools. Overall, for all eight domains of the RoB-SPEO tool, raters 
achieved raw agreement scores between 0.54 and 0.82, indicating good 
agreement across domains. Additional time spent on assessments may 
improve inter-rater agreement. It is likely that agreement varies with 
systematic review topic, which may reflect variations in difficulty 
measuring different exposures or in risk of bias within different sys
tematic review topics. Further training and development of guidance 
notes is likely to be useful for the domains of bias which had the rela
tively lowest inter-rater reliability (i.e., particularly for bias due to dif
ference in numerator and denominator) to further develop the RoB- 
SPEO tool. 
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Godderis, L., Göen, T., Ivanov, I.D., Leppink, N., Mandic-Rajcevic, S., Masci, F., 
Nemery, B., Pega, F., Prüss-Üstün, A., Sgargi, D., Ujita, Y., van der Mierden, S., 
Zungu, M., Scheepers, P.T.J., 2018. WHO/ILO work-related burden of disease and 
injury: Protocol for systematic reviews of occupational exposure to dusts and/or 
fibres and of the effect of occupational exposure to dusts and/or fibres on 
pneumoconiosis. Environ. Int. 119, 174–185. 

Mandrioli, D., Silbergeld, E.K., 2016. Evidence from toxicology: the most essential 
science for prevention. Environ. Health Perspect. 124 (1), 6–11. 

McHugh, M.L., 2012. Interrater reliability: the kappa statistic. Biochem. Med. (Zagreb) 
22 (3), 276–282. 

Minozzi, S., Cinquini, M., Gianola, S., Gonzalez-Lorenzo, M., Banzi, R., 2020. The revised 
Cochrane risk of bias tool for randomized trials (RoB 2) showed low interrater 
reliability and challenges in its application. J. Clin. Epidemiol. 126, 37–44. 

Morgan, R.L., Thayer, K.A., Santesso, N., Holloway, A.C., Blain, R., Eftim, S.E., 
Goldstone, A.E., Ross, P., Ansari, M., Akl, E.A., Filippini, T., Hansell, A., Meerpohl, J. 
J., Mustafa, R.A., Verbeek, J., Vinceti, M., Whaley, P., Schünemann, H.J., 2019. 
A risk of bias instrument for non-randomized studies of exposures: A users’ guide to 
its application in the context of GRADE. Environ. Int. 122, 168–184. 

Morgan, R.L., Thayer, K.A., Santesso, N., Holloway, A.C., Blain, R., Eftim, S.E., 
Goldstone, A.E., Ross, P., Guyatt, G., Schünemann, H.J., 2018a. Evaluation of the 
risk of bias in non-randomized studies of interventions (ROBINS-I) and the ’target 
experiment’ concept in studies of exposures: Rationale and preliminary instrument 
development. Environ. Int. 120, 382–387. 

Morgan, R.L., Whaley, P., Thayer, K.A., Schunemann, H.J., 2018b. Identifying the PECO: 
A framework for formulating good questions to explore the association of 
environmental and other exposures with health outcomes. Environ. Int. 121 (Pt 1), 
1027–1031. 

Munn, Z., Moola, S., Lisy, K., Riitano, D., Tufanaru, C., 2015. Methodological guidance 
for systematic reviews of observational epidemiological studies reporting prevalence 
and cumulative incidence data. Int. J. Evid. Based Healthc. 13 (3), 147–153. 

Munn, Z., Moola, S., Riitano, D., Lisy, K., 2014. The development of a critical appraisal 
tool for use in systematic reviews addressing questions of prevalence. Int. J. Health 
Policy Manage. 3 (3), 123–128. 

NHMRC, 2019. Guidelines for Guidelines: Assessing risk of bias: NHMRC. Available at: 
https://nhmrc.gov.au/guidelinesforguidelines/develop/assessing-risk-bias. 

NTP (National Toxicology Program), 2016. Report on Carcinogens, Fourteenth Edition, 
Research Triangle Park, NC: U.S. Department of Health and Human Services, Public 
Health Service. Available at: https://ntp.niehs.nih.gov/go/roc14. 

Pachito, D.V., Pega, F., Bakusic, J., Boonen, E., Clays, E., Descatha, A., Delvaux, E., De 
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Almeida, M.S., de Araujo, M.A.N., Gadzicka, E., Ivanov, I.D., Leppink, N., 
Macedo, M.R.V., de S. Maciel, E.M.G., Pawlaczyk-Łuszczyńska, M., Pega, F., Prüss- 
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Łuszczyńska, Małgorzata, Rondinone, Bruna M., Siedlecka, Jadwiga, 
Valenti, Antonio, Gagliardi, Diana, 2021b. The effect of occupational exposure to 
noise on ischaemic heart disease, stroke and hypertension: A systematic review and 
meta-analysis from the WHO/ILO Joint Estimates of the Work-Related Burden of 
Disease and Injury. Environ. Int. 154, 106387. https://doi.org/10.1016/j. 
envint.2021.106387. 

The Joanna Briggs Institute, 2017. JBI critical appraisal checklist for studies reporting 
prevalence data. Available at: http://joannabriggs.org/research/criticalappraisal-t 
ools.html. 

Vandenberg, L.N., Agerstrand, M., Beronius, A., Beausoleil, C., Bergman, A., Bero, L.A., 
Bornehag, C.G., Boyer, C.S., Cooper, G.S., Cotgreave, I., Gee, D., Grandjean, P., 
Guyton, K.Z., Hass, U., Heindel, J.J., Jobling, S., Kidd, K.A., Kortenkamp, A., 
Macleod, M.R., Martin, O.V., Norinder, U., Scheringer, M., Thayer, K.A., Toppari, J., 
Whaley, P., Woodruff, T.J., Ruden, C., 2016. ’A proposed framework for the 
systematic review and integrated assessment (SYRINA) of endocrine disrupting 
chemicals. Environ. Health 15(1), pp. 74. 

Whaley, P., Letcher, R.J., Covaci, A., Alcock, R., 2016. Raising the standard of systematic 
reviews published in Environment International. Environ. Int. 97, 274–276. 

Williams, G.M., Najman, J.M., Clavarino, A., 2006. Correcting for numerator/ 
denominator bias when assessing changing inequalities in occupational class 
mortality, Australia 1981–2002. Bull. World Health Organ. 84 (3), 198–203. 

Woodruff, T.J., Sutton, P., 2014. The Navigation Guide systematic review methodology: 
a rigorous and transparent method for translating environmental health science into 
better health outcomes. Environ. Health Perspect. 122 (10), 1007–1014. 

N.C. Momen et al.                                                                                                                                                                                                                              

https://doi.org/10.1016/j.envint.2021.106605
https://doi.org/10.1016/j.envint.2021.106605
https://doi.org/10.1016/j.envint.2021.106595
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0195
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0195
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0195
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0195
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0195
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0195
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0195
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0195
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0210
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0210
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0210
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0215
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0215
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0215
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0215
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0255
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0260
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0260
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0260
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0260
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0260
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0260
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0265
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0265
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0265
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0265
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0265
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0265
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0265
https://doi.org/10.1016/j.envint.2021.106387
https://doi.org/10.1016/j.envint.2021.106387
http://joannabriggs.org/research/criticalappraisal-tools.html
http://joannabriggs.org/research/criticalappraisal-tools.html
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0290
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0290
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0295
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0295
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0295
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0300
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0300
http://refhub.elsevier.com/S0160-4120(21)00630-9/h0300

	Assessor burden, inter-rater agreement and user experience of the RoB-SPEO tool for assessing risk of bias in studies estim ...
	1 Background
	1.1 Risk of bias assessment of prevalence studies
	1.2 The RoB-SPEO tool
	1.3 Assessor burden and inter-rater reliability of risk of bias tools
	1.4 Assessor burden and inter-rater agreement of RoB-SPEO in the pilot testing

	2 Methods
	2.1 Data
	2.1.1 Assessor burden
	2.1.2 Inter-rater agreement
	2.1.3 User experience

	2.2 Analysis
	2.2.1 Calculation of assessor burden
	2.2.2 Calculation of interrater agreement
	2.2.3 Themes in user experience


	3 Results
	3.1 Assessor burden
	3.2 Interrater agreement
	3.2.1 Main analyses
	3.2.2 Subgroup analyses

	3.3 Comparison to pilot testing results on interrater agreement
	3.4 User experiences with RoB-SPEO
	3.4.1 RoB-SPEO’s advantages
	3.4.2 RoB-SPEO’s disadvantages
	3.4.3 Users’ suggestions for improvement


	4 Discussion
	4.1 Summary of findings
	4.2 Comparison to assessor burden and measures of inter-rater agreement of other tools
	4.2.1 Comparison to assessor burden of other tools
	4.2.2 Comparison to inter-rater agreement of other tools

	4.3 Limitations of this study and potential further development of RoB-SPEO

	5 Conclusions
	Sponsors
	Author contribution
	Funding sources
	Declaration of Competing Interest
	Acknowledgments
	Disclaimer
	Appendix A Supplementary material
	References


