Collaboration for Environmental Evidence Critical Appraisal Tool Version 0.3 (Prototype)

Last updated: 24 October 2021

Collaboration for Environmental Evidence Critical Appraisal
Tool Version 0.3 (Prototype)

Contents
Part A: General Description 0f the TOOl ...ttt 2
Understanding RiSk Of BiGS.................ceeeeueeirieieieeeeeteeetststet ettt ettt sttt st sttt st n 2
SCOPEC Of TRE TOOL...............ouooeieieieeeeeeseees ettt sttt sttt st st s st s s s s e ssa s e e e s saeas 2
ASSUMPLONS Of BRE TOOL................c.ooevieiieieieieesteiteeet ettt sttt sttt sttt s s e st st s s e e e e e e s s e e ens 3
SUDJECHIVILY ....cveriiiiiiiieercrererers ettt sttt st s s s s s s s s s s s e s sesaa s e ssessesseesaenaeneen 3
STUAY DESIGIIS .....oouviiiiiiiiieieeeee ettt st e ste s e e st e ste et e st e se et esse e saessasstessesssasseassesssasssessesssesseessanssens 3
Experimental Vs. Observational ...ttt seeesaesae e e sve e as 4
INtervention OF EXPOSUIE...........ccccooiieiiiienieiiieiteeteseetestesseeteseessessesssessesssesssessesssesssessesssasssessasssens 4
INdividual RisSk-0f-Bias CTTEETUA .............cuoeueeueeeeeererieieeeeeeeesieeesest st ssss s s s s s s s sssssassssssens 4
Criterion 1: Risk of Confounding BIiaSes...........ccccocuvivirireniniiniineninenesesese st eeesesseenees 5
Criterion 2: Risk of Post-Intervention/Exposure Selection Biases ............cccccocevvevvervenenenen. 6
Criterion 3: Risk of Misclassified Comparison Biases (Observational Studies Only)....... 8
Criterion 4: Risk of Performance Biases (Experimental Studies Only) ............c.ccccceveunennenn. 9
Criterion 5: Risk of Detection BIaSes............cccocveouiiiiieieeiieniecieceecieete e eieeteeeeeseeae e esssesessaenns 10
Criterion 6: Risk of Outcome Reporting BiaSes .........c.ccocvvivviririninieninienenenenesesesesesseeeens 11
Criterion 7: Risk of Outcome Assessment Biases............ccocevvevirirerinviniineniennenenenesneseseeeenes 11
Checklist Questions in Risk-0f-Bias CIrULETU....................uccueeeueeceeeieeeesieeieseessessessessesssesssessassaenes 12
Risk-of-Bias Judgement within Risk-of-Bias Crilerid ...............eeeeeceeceeeiecreeieneesseeseesseens 12
Overall Risk of Bias JUAGEMEMUL ......................cueeeeeeeeeieeeieieeieeeesieetesesssestessssssesssesssessesssessssssessaenes 13
CUSTOMISATION (OPLIONAD) ...ttt ettt sttt sttt st s a et a e e e e e e ns 13
TUEOTIAL ...t te et e teete et e ete et e ebeesba e st e e ssebaessasssessaessesssensasssassensaensaessensanssanssansas 14
TRE PDF FIlE.........coiiiiiiiicietete ettt ettt et a et st st a et st s se s
The Excel File....
Part B: Applying the Tool.............ccccoovieiirienineeieeeeeeeen,

Criterion 1: Risk of Confounding Biases

Answering the Checklist Questions..........c..cococeeveririrennenencnnenenenene
Criterion 2: Risk of Post-Intervention/Exposure Selection Biases
Answering the Checklist QUEeSHONS..........cc.coeviririririnintrtrereeecscee s s 18
Criterion 3: Risk of Misclassified Comparison Biases (Observational Studies Only)....... 20
Answering the Checklist QUEeSHONS..........cc.coeveririririninineneresese e 20
Criterion 4: Risk of Performance Biases (Experimental Studies Only) .....................c.ccucu..... 22
Answering the Checklist QUESHONS..........ccccoceeiriririninininteee et 22
Criterion 5: Risk Of DeteCtion BUASES ................ueveeeeenieniinieeieniessesstsstsssssessssssssssssssssssssssssssssssssssesnes 24
Answering the Checklist QUEeSHONS..........cc.coeviririririnintrtrereeecscee s s 24
Criterion 6: Risk of Outcome Reporting BiASES .................uvcevievcerienienienieniesiessssssssssssssssssssssssenes 26
Answering the Checklist QUESHONS..........cc.coceeiriiririniniiiteeeeeeeeee et 26
Criterion 7: Risk of Outcome ASSeSSTMENt BIASES ..............cocoeeveeverserseenensieieteeeteeeeeeese et 28
Answering the Checklist QUESHONS..........cc.coceeiririririninieeeeeeeeeee et 28
Page 10f 32

© 2021 the authors.



Making an Overall Judgement about Risk of Bias for the Study Result................................. 30
Appendix A: Listing All Potential Confounders .............c..cocoveeeeinirinennninineneneeeseeeeesee e 31

REEETECIICES ...ttt e ee et e etreesaeeese e e beeessessasesbeesabsessssessssesesenseesassessssensesestesnssesssessseensesens 32

Please cite as: Konno K, Livoreil B, Pullin AS. 2021. Collaboration for Environmental Evidence Critical Appraisal Tool Version 0.3
(Prototype).

Part A: General Description of the Tool

We are currently developing a critical appraisal tool for evaluating ‘risk of bias’ (or threats to
internal validity) of primary studies assessing effectiveness of interventions or impacts of
exposures in environmental management, and here we provide a third draft of the tool. The tool is
still under development and requires initial testing, but it may help environmental evidence
synthesists conduct critical appraisal. Application of the tool involves: (a) answering the checklist
questions within individual risk-of-bias criteria (see below); (b) judging the risk of bias within
individual risk-of-bias criteria; and (c) making an overall judgement about risk of bias for the study
findings (estimates of effectiveness of intervention or impact of exposure).

Understanding Risk of Bias

Bias or inaccuracy is referred to as deviation from the truth [1] or a systematic error in study’s
findings (including inference that is made in the study) [2]. Although the distinction between bias
and imprecision (i.e., random error) should be kept clearly in mind when applying this tool, biases
in real-world data cannot often be quantified, and thus perfectly distinguishing between them is
not possible unless true values are known [1]. This is why the concept of risk of bias (measure of
threats to internal validity) was developed [2,3], and it is now widely applied to evaluate how
susceptible studies are to biases in the healthcare sector rather than trying to quantify biases. By
applying this tool, study findings will always have risks of bias since it is not often possible to prove
that there are no biases in findings. Having risks of bias does not mean that the findings are biased
but there are always possibilities for findings being biased to some extent. The spectrum of risk of
bias we provide is categorical (low, medium, and high; see below).

Scope of the Tool

The tool is designed for environmental management research such as applied ecology, biodiversity
conservation and conservation genetics, soil, water and air pollution, agriculture, park and
protected area management, environmental epidemiology and pathogen control, species invasions,
river and wetland management, exploitation of natural resources and fisheries, waste management,
sustainable energy and consumption, and broader contexts of environmental sustainability may
also be relevant if outcomes of interest are measured quantitatively.

In general, ‘medical research involving human subjects’ is beyond the scope of this tool. Such
research often accords with the Declaration of Helsinki (https://www.wma.net/policies-
post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-
subjects/) and provides ethics statement (name of ethics committee and approval or project ID).
Although implications for environmental management may be provided in such research, they are
beyond the scope of this tool. For example, the impact of exposure to pesticides on human urinary
biomarkers may be of interest of U.S. Environmental Protection Agency. In such cases, we refer
risk-of-bias assessors (who assess risk of bias, ‘assessors’ hereon) to the risk of bias assessment
tools developed in the healthcare sector (e.g., ‘RoB 2’ [4] or ‘ROBINS-T’ [5]).

Purely laboratory-based biological research (in vivo and in vitro experiments) is also beyond the
scope of this tool. The checklist below may be used to check if the use of this tool is appropriate for
a planned environmental evidence review (Figure A1). If any of the items in ‘beyond the scope’
applies, the planned review is not within the scope even when all of the items in ‘within the scope’

apply.
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Within the scope

Beyond the scope

T If all of the followings apply

_‘ If any of the followings applies

Review question justifiably relates to environmental
management (policy or practice)

Reviewing evidence on impact of exposure or
effectiveness of intervention

‘ Interest is quantitatively measured outcomes

Figure A1. Checklist for the scope of the tool. Note: If any of the conditions in ‘beyond the scope’ applies, a planned review

subjects, tissues, or personal data (including

D Reviewing medical research involving human
physiological, biomechanical, psychological research)

Reviewing purely laboratory-based biological
D research (e.g., in vitro or in vivo experiments,
genome sequencing)

D Reviewing qualitative evidence

is not within the scope even when all of the conditions in ‘within the scope’ apply.

Assumptions of the Tool
Subjectivity

In any assessment of risk, it inevitably requires subjective judgements to be made [6], and so
application of this tool does not make conduct of critical appraisal 100% objective. For example,
this tool asks assessors for some subjective judgements using terms such as ‘acceptable’, ‘tolerable’
and ‘accurate enough’, and so there is some degree of freedom for assessors how certain aspects of
studies, that might be sources of bias, are judged for risk of bias. This subjectivity allows some
flexibility to reflect the extent of acceptability of risk of bias based on the nature of primary research
and evidence synthesis. We thus strongly encourage assessors to check consistency between them
before and when formally applying the tool. Please also note that reading this document alone
should not be considered as formal training of critical appraisal. Assessors may need to consult

evidence synthesis and subject experts before formally applying this tool.

Study Designs

For a primary study assessing effectiveness or impact, its design (i.e., type of comparison made)
may be referred to as one of the followings: ‘control-impact’ (CI), ‘before-after’ (BA), ‘before-after
control-impact’ (BACI) and ‘randomised controlled trial’ (RCT) (Figure A2). While relatively
more rigorous study designs (e.g. experimental BACI and RCT compared to CI or BA) may be
employed to increase precision (i.e. to control variances [7]) and accuracy, it is theoretically
possible that study findings are not biased if sources of bias are sufficiently eliminated in any study
designs, or approaches are justified on a case by case basis based on addressed causal structure and
available data [8,9]. Thus, this tool does not assume that differences in study designs alone affect
accuracy of study findings. In other words, the tool does not assume that study designs themselves
are biased, but it assumes that effect estimates may be biased if sources of bias are not controlled
for or not taken into account. Hence, the tool does not require any coded data on study designs for
assessing risk of bias although such coded data may be useful for sensitivity or subgroup analysis.
Note that, in this document, we refer the term ‘comparator’ as an overarching comparison group
which may include control (no intervention/exposure), baseline (before intervention/exposure) or
alternative intervention or exposure that is compared with to estimate effectiveness or impact

(Figure A2).

© 2021 the authors.

Page 3 of 32




[0 Intervention/Exposure Group

[m Control, Baseline or Alternative Intervention/Exposure Group (‘Comparator’)

Randomised Before-After
Before-Aft Control-I t 3
Controlled Trial Control-Impact © ()(I;A) r on r?CI)mpac Study Designs
(RCT) (BACD
Before  After Before  After Before  After Before After

=
------- N mEEEmEaa T TN
. R o o
- " .
. o = H OA O
CRNTCE R S oo
R = aet . o .

Wassnans" Penannus"

grannnny

" Baseline as No before
Randomised
comparator data
|_'_, ! T J
Experimental Observational or Experimental Study Types

Figure A2. Different study designs (type of comparisons). Dotted lines indicate the lack of data. Striped boxes may be
referred to as comparators.

Experimental Vs. Observational

Primary studies may be experimental (i.e., interventions or exposures are formally applied in
studies to evaluate effects) or observational (i.e., comparisons of groups of interest without formal
application of interventions or exposures in studies). The tool does not allow assessors to assess
risk of bias based solely on type of studies (experimental or observational), and therefore the same
logic above applies to type of studies. In other words, the tool does not assume that study types
themselves are biased, but it assumes that effect estimates may be biased if sources of bias are not
controlled for or not taken into account. Note that there are two risk-of-bias criteria only applicable
to one type of study (one for observational studies only and one for experimental studies only), and
so coding study types before applying the tool may make critical appraisal relatively efficient.

Intervention or Exposure

This tool can be used for both intervention and exposure studies, and there is no difference in the
process of risk-of-bias assessment between exposure and intervention studies. The terms
intervention and exposure are used at the same time in the tool as both effectiveness and impacts
are measures of effects of causes. Interventions may be characterised based on desired or intended
outcomes that are indeed measured in studies (e.g., intervention to remove pollutants and removal
of pollutants is measured) while exposures may be characterised based on undesired or unintended
outcomes (e.g., exposure of soil fauna to fertilisers when fertilisers are to increase crop yield). In
most cases, the distinction between interventions and exposures may be made based on specific
outcomes (i.e., endpoints) that are measured in relation to causes of interest. In environmental
management, exposure studies may be conducted experimentally, and this capability highlights a
major distinction from ‘medical research involving human subjects’ in which experimental
exposure studies are not often feasible due to ethical concerns. The distinction between
interventions and exposures is quite obvious in the health sector while it may not be so obvious in
the environmental sector.

Individual Risk-of-Bias Criteria

There are diverse definitions of forms of bias, and they may be used differently by different people
in different disciplines, and there are some overlaps in meaning among some forms of bias. Thus,
it is necessary to determine what sources of bias are investigated and when the sources of bias may
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occur. In this tool we chose to use seven risk-of-bias criteria (equivalent of ‘domains’, the term used
in the health sector [4,5]) to draw borderlines among them, which are defined as follow:

1. Risk of confounding biases (risk of biases due to uncontrolled (or inappropriately controlled)
variable (confounder) that influences both the intervention/exposure and the outcome)

2. Risk of post-intervention/exposure selection biases (risk of biases arising from systematic
differences in the selection of subjects or areas into the study or analysis after intervention or
exposure)

3. Risk of misclassified comparison biases (risk of biases arising from misclassification or
measurement of intervention, exposure and/or comparator; applicable to observational studies
only)

4. Riskof performance biases (risk of biases due to altered treatment procedure of interest; applicable
to experimental studies only)

5. Risk of detection biases (risk of biases arising from systematic differences in measurement of
outcomes)

6. Risk of outcome reporting biases (risk of biases in reporting of study findings)

7. Risk of outcome assessment biases (risk of biases due to error in applied statistical methods)

Note that Criterion 3 is only applicable to observational studies and Criterion 4 is only applicable
to experimental studies, and so assessors will need to answer checklist questions of six risk-of-bias
criteria for a study’s findings. Please also note that, to avoid potential confusion, we do not mean
to define forms of bias here, rather we mean to define the criteria used in the tool to fit for the
purpose of risk-of-bias assessment. Thus, we intentionally use plurals rather than singular terms
to highlight our intention (e.g., ‘confounding biases’ is used rather than ‘confounding bias’) as
singular terms may imply definitions of forms of bias.

Criterion 1: Risk of Confounding Biases

This criterion is concerned with biases due to uncontrolled (or inappropriately controlled) variable
(confounder) that influences both the intervention/exposure and the outcome. Causal directed
acyclic graph (DAG; also known as causal model or causal diagram) can be a useful tool for
investigating the potential of confounding [10,11]. In the language of DAG, the presence of
confounding is illustrated as unblocked ‘backdoor path’ that affects both the intervention/exposure
and the outcome [11]. If there is confounding, confounder (also known as concomitant or covariate
[8]) will distort the association between an intervention/exposure and an outcome. More
technically, if the assumption of exchangeability between groups does not hold due to presence of
shared causes of the intervention/exposure and the outcome, effect estimates will be biased due to
confounding [12]. An example of confounding is that if the effect of population density of salmonids
on their survival to be studied, presence of predators may be a confounder as it may influence both
survival and population density [13] (Figure A3). Controlling for the presence of predators thus
may reduce the risk of confounding bias in this instance. When a confounder is controlled for, such
as through stratification, conditional exchangeability between groups may hold (i.e., the
assumption of randomness may not be violated within a stratum or strata of the confounder
variable), and thus a valid effect estimate may be provided within a stratum or strata [9].

- ~
7 S
'z’ \\\

II \

i \ |
Confounder  =====cccccocooood » I/E » O

Causal effect of interest
(Predator) (Salmon density) (Mortality)
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Figure A3. Causal directed acyclic graph (DAG) showing a simple example of confounding. A confounder (predator)
distorts the association between the intervention or exposure (I/E; salmon density) and the outcome (O; mortality) even
when the true effect is null. In causal DAG, such distorted association due to confounding may be described using a
unblocked ‘backdoor path’ (dotted lines) [9].

Awareness of potential confounders (i.e., hypothetical candidates) may be gained by trying to
understand variability in effect. For example, morphological differences in species (e.g., colour)
may be attributable to variability in effect. In other words, the difference in morphology may be a
covariate. When such factor is not controlled (or inappropriately controlled) for before
intervention/exposure, resulting effect estimates may be biased if confounding is not adjusted for
(Figure A4). Note such baseline confounding is sometimes referred to as ‘selection bias’ [5,9].
Baseline confounding due to selection of subjects or areas into studies can be dealt before
intervention or exposure (e.g., stratified sampling in which the population of inference is divided
into subpopulations [14]), and thus it needs to be assessed as baseline confounding in this criterion

in our tool.
Intervention or Exposure
I =50 :
e K7 4 e
. L R4
e X
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v“(g Intervention/Exposure Intervention/Exposure
Group . Group
»(® K7 :
i B S ling bef Sampling after
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e I ;
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N =750 n=150 : n=150
Population of Inference Control Group ; Control Group

Figure A4. Theoretical example of baseline confounding that is sometimes referred to as ‘selection bias’. Population of
inference (target population) consists of black, grey and white butterflies (N = 750). However, different colours are
sampled between groups (150 black butterflies in the intervention or exposure group and 150 white butterflies in the
control group). In this case, the effect may be over- or underestimated when the colour is a covariate. This type of ‘selection
bias’ needs to be assessed as baseline confounding in Criterion 1 in our tool.

Assessment of risk of confounding biases requires subject knowledge for determining potential
confounders of the addressed causal structure [9,11]. We suggest assessors to list all potential
confounders of an addressed causal structure using Appendix A and to develop a general causal
model before formally assessing risk of confounding biases. Note that developed general causal
model may need to be remodelled for each study to detect risk of confounding biases (e.g.,
inappropriate adjustment of relevant variables). Assessors who are not familiar with causal DAGs
may wish to consult Pearl 2009 [8], Hernan & Robins 2020 [9], or relevant literature cited in them
for guidance.

Criterion 2: Risk of Post-Intervention/Exposure Selection Biases

This criterion is concerned with biases arising from systematic differences in the selection of
subjects or areas into the study or analysis after intervention or exposure. This is a distinct
phenomenon from that of baseline confounding (‘selection bias’) described above [5], and thus we
explicitly use the term ‘post-intervention/exposure selection bias’ to distinguish from baseline
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confounding. A statistical population of inference often consists of subjects or areas with different
characteristics. These characteristics may be effect modifiers (i.e., effect may vary across levels of
variables). If subjects or areas with different characteristics are followed-up or selected after
intervention or exposure when the characteristics are indeed an effect modifier, an effect may be
over- or underestimated, depending on the addressed causal structure and subjects’ or areas’
characteristics (Figure A5). An example of post-intervention/exposure selection bias is that if the
effect of insect herbivory on losses of woody plant foliage to be studied, haphazard leaf selection
may be more likely to result in systematic differences in the selection of leaves compared to random
or systematic selection, and thus may affect the estimate of effect [15]. Assessors who are not
familiar with random or systematic sampling techniques may wish to consult Cochran 1977 [14] for

details.
Intervention or Exposure
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i % \ \
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L A I P o— e
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Figure Aj5. Theoretical example of post-intervention/exposure selection bias. Population of inference consists of black,
grey and white butterflies (N = 750). Before an intervention or exposure occurs, stratified baseline sampling of butterflies
is conducted (n = 150 for each group and 50 butterflies for each colour). However, if only certain colours of butterflies are
sampled after intervention or exposure and the colours are different between groups (i.e., exchangeability does not hold),
the effect may be over- or underestimated when the colour is an effect modifier.

Another source of post-intervention/exposure selection bias is systematic differences in missing
data between intervention/exposure and comparator groups (also known as attrition bias [5,16]).
Attrition bias may occur if subjects or areas are missed unequally between groups, and effects of
interventions or exposures vary among levels of certain variables [5,9]. For example, if the effect of
different light intensities on leaf lifespan of evergreen woody plants to be studied, missing data on
individuals with certain characteristics, for example certain maturity or age of plants (i.e., with
certain qualitative or quantitative values that describe how mature they are or how old they are),
for one group may result in a systematic difference in characteristics of groups which may in turn
result in over- or underestimation of the effect as life stage or age may be an effect modifier [17].
However, if percentages of missing data are the same (or nearly the same) and the collected data
still allow a valid comparison within a stratum or strata (e.g., immature plants are missed for both
groups but data on all mature plants are collected successfully for both groups), the missing data
will not affect the estimate of effect from the view of bias due to systematic differences in missing
data (Figure A6). Note that unequal loss of data may occur even after data are successfully
collected from all subjects or areas included in a study (e.g., during copying data from the original
record to a form for data analysis) [14,18].
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Figure A6. Simple examples of no, equal and unequal loss of subjects. If unequal loss occurs (dotted lines), an estimate of
effectiveness or impact may be biased when maturity is an effect modifier. If there is no attrition or equal loss occurs, the
estimate (for strata or a stratum) will not be biased from the view of bias due to systematic differences in missing data
between intervention/exposure and comparator groups.

Criterion 3: Risk of Misclassified Comparison Biases (Observational Studies Only)
This criterion is concerned with biases arising from misclassification or measurement of
intervention, exposure and/or comparator (also known as measurement bias or information bias
[9]). This criterion is only applicable to observational studies. If experimental treatments are
applied, this criterion will be ‘not applicable’, and experimental studies will need to be assessed in
Criterion 4 below instead. Accurate and precise definitions of intervention or exposure and
comparator groups are necessary for avoiding misclassification. Intervention or exposure and
comparator may be misclassified by researchers who usually classify them based on available
information and data which may not always be accurate. For example, if the effect of pesticides on
the mortality of honey bees (Apis mellifera) to be assessed in an observational study, defining what
pesticides (compounds) are relevant and what count as exposure (e.g. compounds found in pollen,
beeswax or honey bees) may be necessary so that no meaningful vagueness will remain. When
certain individuals are classified in ‘no exposure’ group as a comparator, evidence of ‘no exposure’
and descriptions of what compounds are screened for in what objects (pollen, beeswax or honey
bees) may be necessary because, for example, as the number of screened compounds increases, the
number of detected compounds may increase [19]. Thus, if screened compounds are not extensive
in ‘no exposure’ comparator group in a such observational study and researchers failed to detect
pesticides residue in the ‘no exposure’ group (when there is residue), it will lead to a misclassified
comparison and the effect may be biased towards null (no effect) in this instance as this comparison
is actually ‘exposure to pesticides’ vs. ‘exposure to pesticides’ (Figure A7). However, note that if
researchers are interested in specific compounds only, and there is supporting information of a
correctly classified comparison, then the existence of other pesticides in samples, that are not of
the focus, may be of an issue of confounding (i.e., the influence of the existence of other pesticides
may be a confounder) and thus such aspects should be dealt in Criterion 1 above.
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Figure A7. A theoretical example of misclassified comparison bias (also known as misclassification bias, measurement
bias or information bias [9]). If an intended comparison (P) is not made due to measurement error (Ep), it will result in
an inappropriate comparison (P*), and therefore it will bias the effect estimate even when there is no bias in the
measurement of the outcome (0O). (a) Researchers may just misclassify available information, or (b) measurements may
be influenced by knowledge, experience, desire, etc.

Criterion 4: Risk of Performance Biases (Experimental Studies Only)

This criterion is concerned with biases due to altered treatment procedure of interest or deviated
initiation, implementation or discontinuation either by persons who apply experimental
treatments or subjects who receive the treatments (also known as measurement bias [9]). This
criterion is only applicable to studies that apply experimental treatments. If no experimental
treatments are applied (e.g., observational site comparison studies), this criterion will be ‘not
applicable’. In this tool, ‘treatments’ are defined as different procedures to be compared for
measuring effects [18]. The term ‘control’ is often used loosely to denote ‘no treatment’ in scientific
literature, however, it is technically a treatment (a procedure to be compared against) [18], and
thus both intervention/exposure and control (or alternative intervention/exposure) need to be
assessed in this criterion. Performance bias may arise if treatments are altered either intentionally
or unintentionally after the procedures have taken place (this is not necessarily initiation of
intervention/exposure as the time lag between the start of procedure and the start of intervention
may differ and the start of intervention may be recorded incorrectly) and if the alterations are not
taken into account (e.g., altered procedures are not reflected on data collection sheet, or areas that
have been applied altered procedures are not excluded). For example, if nitrogen fertiliser is
applied more than initially planned and this deviated implementation is not recorded, a difference
in crop yield (measure of effect) may be overestimated (Figure A8). In medical randomised
controlled trials, it is recommended to apply double-blinding (both participants and healthcare
provider) to avoid performance biases because knowledge of healthcare intervention or allocation
may affect procedures [5]. However, if there are no deviations from procedures of interest (or there
is supporting information of ‘no alterations’) and procedures are successfully implemented for all
subjects or areas without any influence of awareness, then awareness of the procedures alone will
not affect an estimate of an effect from the view of biases due to altered treatment procedure (note
outcome measurers’ awareness of details of study is addressed below in Criterion 5).
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Figure A8. A theoretical example of performance bias (also known as measurement bias [9]). If an intended intervention
(N) is influenced by measurement error (En), it will result in altered intervention (N*), and therefore it will bias the effect
estimate even when there is no bias in the measurement of the outcome (O). (a) Researchers may fail to apply intended
intervention or mismeasure intervention, or (b) measurements may be influenced by knowledge, experience, desire, etc.

Criterion 5: Risk of Detection Biases

This criterion is concerned with biases arising from systematic differences in measurements of
outcomes (also known as measurement bias [9]). Systematic errors in measurement of outcomes
may occur if outcome data are determined differently between groups, either intentionally (e.g.
influence of desire to obtain a certain direction of effect) or unintentionally (e.g. due to cognitive
bias or human errors) (Figure A9). For example, if different extractants (e.g. water extractant and
calcium chloride extractant) are used to obtain soil organic carbon concentration data (as outcome
of interest) in different groups, the effect may be over- or underestimated due to the systematic
difference in the process of measuring the outcomes [20]. When studying complex systems, and
especially when many steps are involved in measuring outcomes, each calibration method or
applied instrument may need to be the same between groups because, for example, devices used in
a specific step may be biased and thus differently affect outcome data between groups [14]. Note if
the same biased device is used to measure outcomes in both groups, the bias will cancel out, and it
will not affect estimate of effectiveness or impact. For example, if true outcome measurements of
dissolved organic carbon concentrations are 10 mg/L for both groups, and the biased outcome
measurements are 20 mg/L for both groups, the differences between the groups are the same (0
mg/L), and hence there is no bias in the estimate of the effect in this case [5].
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Figure A9. A theoretical example of detection bias (also known as measurement bias [9]). If the outcome (O) is
determined differently between groups due to measurement error (Eo), it will result in a biased outcome (O%).(a)
Researchers may fail to measure the outcomes, or (b) measurements may be influenced by knowledge, experience, desire,
etc.

Criterion 6: Risk of Outcome Reporting Biases

This criterion is concerned with biases in reporting of study findings. Outcome reporting biases
may arise if findings are selectively disclosed in reporting that does not reflect actual findings.
Selective disclosure may appear at three different levels [4]:

e Selective disclosure of findings from multiple measurements
e Selective disclosure of findings from multiple subgroups or subpopulations
e Selective disclosure of findings from multiple analyses

In every way, it is theoretically possible that findings are selectively disclosed to only report
statistically significant, interesting and/or desired results of the parties or individuals who involved
in research. Outcome reporting biases may especially be suspected when authors do not report any
non-significant results or no/small effects, or there are discrepancies between predefined
hypotheses and methods and ones reported after studies are conducted.

Criterion 7: Risk of Outcome Assessment Biases

This criterion is concerned with biases due to error in applied statistical methods. There is currently
no such criterion (domain) in widely applied risk-of-bias assessment tools in the healthcare sector
(RoB 2 [4] and ROBINS-I [5]). Steenland et al. argued that there is no dedicated criterion for
assessing the ability of obtaining unbiased results of inferential statistics, including
appropriateness of chosen statistical methods, in four risk-of-bias assessment tools in health
sciences. They thus suggested that this kind of criterion should preferably be added in the risk-of-
bias assessment tools [21]. We agree with the suggestion and so established a dedicated criterion
in our tool and call this criterion ‘risk of outcome assessment biases’ defined as biases due to errors
in applied analyses, and applied analyses specifically mean applied statistical methods in our tool.
The checklist questions ask about four specific issues:

e Data analysts’ awareness of exposure or intervention received by subjects or areas
e Errors in applied descriptive statistics (e.g., miscalculations of sample sizes, means, variance)
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e Errorsin applied inferential statistics (including null hypothesis testing, estimation, coding)

e Violation of assumption for the applied inferential statistics and appropriateness of the applied
statistical methods (e.g., criteria for normality and equal variances are not satisfied, inappropriate
choice of statistical tests)

It is possible that all the other criteria (1—6) are considered to be low risks of bias but there are
errors in applied descriptive or inferential statistics. If there is any error at this stage, it is very
likely that the outcome of a study (measure of effectiveness or impact, or inference) will be changed
(no matter how trivial or substantial it is), and thus the algorithm suggests high risk of bias when
there is any error to reflect that concern. There may also be a case where no inferential statistics
(e.g., hypothesis testing) is conducted in a study for specific findings of assessors’ interest. For
example, a meta-analysis review is being carried out and the assessors are only interested in
specific comparable raw data that are only a part of the study (and thus there is no dedicated
hypothesis testing for the findings of interest). In such case, assessors may select ‘not applicable’
for the third and fourth bullet points above (see below for the instructions).

Checklist Questions in Risk-of-Bias Criteria

The tool provides multiple checklist questions which are designed to help judgement about risk of
bias within each risk-of-bias criterion. Assessors are required to answer all checklist questions in
‘general’ category, as well as in ‘conditional’ category if conditions are met. There is also an
‘optional’ category for each risk-of-bias criterion to allow assessors to communicate the magnitude
and direction of potential bias and/or to consider results of quantitative assessment of risk of bias
(e.g., through simulations) if conducted. If assessors feel that optional checklist questions are worth
answering, they can answer them or otherwise ‘skip’ them. We suggest that detailed rationale or
empirical evidence be provided when predicting magnitude and direction of bias. The response
options for the majority of checklist questions are fixed. These are:

e Yes(Y)

e Seemingly yes (SY)
e Seemingly no (SN)
e No(N)

e Unclear

e Not applicable (NA)

Assessors may select a ‘yes’ or ‘no’ when there is an explicit claim or information in available
materials of a study. Assessors may select ‘seemingly yes’ or ‘seemingly no’ when they infer or
suspect that it seems to be yes or no based on available materials of a study. Otherwise, please select
an ‘unclear’ when a checklist question is applicable. When ‘unclear’ is selected, the default
algorithm suggests assessors a certain direction (Y/SY or N/SN). In this default algorithm,
selecting an ‘unclear’ response equates to selecting a response that suggests higher risk of bias (i.e.,
higher risk of bias is favoured when “unclear’ is selected). When conditions are not met, assessors
can select ‘not applicable’. Responses to all checklist questions will be needed for judging risk of
bias in the seven individual risk-of-bias criteria, as well as for judging overall risk of bias for the
study findings, so please make sure to record your responses as you go.

Risk-of-Bias Judgement within Risk-of-Bias Criteria
Once assessors have responded to all checklist questions within a risk-of-bias criterion, they will

have to judge a risk of bias for the criterion. The levels of risk of bias can be selected from the
following;:

e Low risk of bias (Low)
e  Medium risk of bias (Med)
e High risk of bias (High)
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The process of making a judgement about risk of bias is rather straightforward with the default
setting. We will provide a roadmap-like diagram (algorithm) for suggested judgement in each risk-
of-bias criterion. If an optional question has been answered through quantitative assessment (e.g.
through simulation), assessor’s judgement about risk of bias may be upgraded (e.g. from high to
medium) or downgraded (e.g. medium to high) from the suggested judgement, depending on result
of quantitative assessment. Again, we suggest that detailed rationale or empirical evidence be
provided when predicting magnitude and direction of bias.

Overall Risk of Bias Judgement

Once assessors have judged six risk-of-bias criteria (it is not seven criteria because one criterion
will be ‘not applicable’) for a study’s findings, they can make an overall judgement about risk of
bias. The same levels of risk of bias as above will be used as follows:

e Overall low risk of bias: a study is considered to have low risk of bias for all assessed risk-of-bias
criteria for the findings

e Overall medium risk of bias: a study is considered to have medium risk of bias in at least one risk-
of-bias criterion, but not to have high risk of bias for any risk-of-bias-criteria for the findings

e Overall high risk of bias: a study is considered to have high risk of bias in at least one risk-of-bias
criterion for the findings

Please note this three-level classification of overall risk of bias may be too simple for some evidence
syntheses because it does not take into account the frequencies of low and medium risk of bias
within an overall medium risk of bias. For example, one study’s findings are judged to have low
risk of bias for five criteria and medium risk of bias for one criterion (this will result in an overall
medium risk of bias) will be the same as another study’s findings that are judged to have medium
risk of bias for the six risk-of-bias criteria (this will also result in an overall medium risk of bias).
Thus, recording and communicating the extent of risk of bias within an overall medium risk of bias
may be useful.

If some or all of the optional checklist questions are answered through quantitative assessment of
risk of bias (e.g., through simulations), some adjustment of overall judgement of risk of bias may
be applied. In such case, we recommend assessors to note detailed rationale and justification for
drawing an overall conclusion of risk of bias for the study findings so that transparent
communication of risk of bias for the study findings will be ensured.

Customisation (Optional)

Users may wish to customise the tool based on detailed rationale and justification, so we provide
some potential customisation.

Regarding the process of making a judgement about risk of bias within each risk-of-bias criterion,
the default algorithm is the recommended setting. However, assessors can change the algorithm if
they so wish. For example, in the default setting, selecting a ‘unclear’ response equates to selecting
a response that directs to higher risk of bias (i.e., higher risk of bias is favoured when ‘unclear’ is
selected). If assessors do not feel this setting is right, they can customise. We suggest assessors to
record any deviations from the default setting and report reasons for the deviations.

Regarding making an overall judgement about risk of bias, some levels of risk of bias can be
modified or added. For example, it is possible for assessors to divide overall medium risk of bias
into multiple levels using the frequencies of low and medium risk of bias for better communicating
the risk of bias (e.g., splitting into medium-low and medium-high). The same logic may apply to an
overall high risk of bias if assessors would like to investigate the high risk of bias further (e.g.
dividing an overall high risk of bias into multiple levels). We suggest assessors to record such
customisation and report their rationale behind it.
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Tutorial

In the current prototype version, assessors will normally need one copy of the Excel or portable
document format (PDF) file (Part B of this document) for each study’s estimate of effectiveness of
intervention or impact of exposure. For example, if a review team has 10 separate estimates of
effectiveness of intervention or impact of exposure, they will need 10 copies of the Excel or Part B
of this PDF file to record their responses. Please note that Part B of this PDF file provides some
elaboration for checklist questions which is not included in the Excel file.

The PDF File

It should be straightforward to apply the tool so please follow the instructions provided below in
Part B of this PDF file. How to record assessors’ decisions is entirely up to them. They can work
with digital or hard copies. They may use an Excel sheet called ‘All_decisions’ described below to
record or merge all decisions.

The Excel File

The checklist questions for individual risk-of-bias criteria are provided in each of the ‘Criterion’
sheets. In the individual Criterion sheets (i.e., from ‘Criterion1’ to ‘Criterion7’), there is a drop-
down list (shaded in grey) for each checklist question so assessors can just select a response

(Figure A10).
A B (€ D
Click this icon to select a response
Criterion 1: Risk of confounding bias \
Category Checklist questions Response option | Answer =
Yes -

1.1.Is it possible for the impact of the exposure or the effectiveness of the intervention to be confounded |Seemingly yes Séemmgly ==
?

in this study Seemingly no Seemingly no

No No

Van 1

General (please answer)

Jjon s wN -

Figure A10. How to answer a checklist question in the Excel version.

Once assessors have answered the checklist questions, they will need to use the algorithm provided
in the sheet to make a judgement about risk of bias for the risk-of-bias criterion. There is also a
drop-down list for this, so assessors can just select the appropriate risk of bias (Figure A11).

Click this icon to select a judgement about risk of bias

A B C D L Y
36 |optional checklist quesilon if they Intolerably away from no effect
37 feel unfeasible) Tolerably away from no effect
38 Unpredictable
39 Skip
40 Judgement about risk of bias for the criterion

41 Low risk of bias

42 Please finalise your judgement about risk of bias for this criterion usign the algorithm. Medium risk of bias Low risk of bias
Medium risk of bias

43 High risk of bias | g risk of bias
44 Reason for deviati from the j about risk of bias
4
2 Reason for deviation: NA
46
47

Yes or Seemingly yes
No or Seemingly no

Citation | Criterion1 | Criterion2 | Criterion3 | Criterion4 | Criterion5 | Criterion6 | Criterion7 | Overall | All_decisions ©) «

Figure A11. How to select a judgement about risk of bias within a risk-of-bias criterion in the Excel version.

Once assessors have judged risk of bias for all risk-of-bias criteria (from ‘Criterion1’ to ‘Criterion?7’),
they can make an overall judgement about risk of bias for the study findings in the ‘Overall’ sheet.
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Judgement about risk of bias for individual risk-of-bias criteria should automatically appear in the
corresponding cells shaded in grey (Figure A12). The criteria are also provided in the sheet so
making an overall judgement about risk of bias should be straightforward. In the same way as
selecting a judgement about risk of bias within a risk-of-bias criterion, assessors can select overall
risk of bias using a drop-down list shaded in grey.

Judgement about risk of bias for individual criteria should automatically appear here

Judgement about risk of bias for the seven individual criteria

Once you have made judgements about risks of bias for all the criteria, the recorded judgements should appear below. If you did not record your judgerflents, the cells indicate '0', meaning you have not
added any values in the corresponding sheets.

2F

3 [ Criterion1 [Criterion2 [Criterion3 [Criterion4 [Criterion5 [Criterion [Criterion7

4 Y Medium risk of bias |Low risk of bias |Not applicable Medium risk of bias High risk of bias Medium risk of bias Medium risk of bias

Overall judgement about risk of bias for this study resuit (estimate of effectiveness of intervention or impact of exposure)

5

6 Overall risk of bias judgement Reason for deviation Overall judgement
Overall low risk of bias a study is considered to have low risk of bias for all risk-of-bias criteria for the findings

7

Overall low risk of bias

Reason for deviation: NA | Overall medium risk of bias
Overall high risk of bias

a study is considered to have medium risk of bias in at least one risk-of-bias criterion, but not to have high risk of

overall mediuminskof bias, bias for any risk-of-bias-criteria for the findings

Overall high risk of bias a study is considered to have high risk of bias in at least one risk-of-bias criterion for the findings

10 N g = % 2 &
1 Click this icon to select an overall judgement about risk of bias
12
13
Citation | Criterion1 | Criterion2 | Criterion3 | Criterion4 | Criterion5 | Criterion6 | Criterion7 | Overall | All_decisions (@) <

Figure A12. How to make an overall judgement about risk of bias in the Excel version.

Once assessors have answered all checklist questions and have made judgements about risk of bias
within individual risk-of-bias criteria and overall risk of bias, all decisions should automatically
appear in one row (shaded in grey) in the ‘All_decisions’ sheet. Assessors should thus be able to
merge their decisions on all included studies with ease (e.g., pasting the row to your data extraction
sheet).
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Part B: Applying the Tool
Criterion 1: Risk of Confounding Biases

This criterion is concerned with biases due to uncontrolled (or inappropriately controlled) variable
(confounder) that influences both the intervention/exposure and the outcome. We suggest
assessors (and review teams) to complete Appendix A and develop a causal model before
answering the checklist questions below to make assessment more objective.

Answering the Checklist Questions

Please answer the checklist questions in Table B1 and record your responses.

Table B1. Checklist questions for risk of confounding biases.

Category
General (please
answer)

Conditional
(answer if Y/SY
to 1.1, otherwise
select 'Not
applicable")

Conditional
(answer if
N/SN/Unclear
to 1.2,
otherwise select
'Not
applicable")

Conditional
(answer if Y/SY
to1.2 0r1.3,
otherwise select
'Not
applicable")

Conditional
(answer if you
have answered
1.4, otherwise
select 'Not
applicable")

Checklist Questions

1.1. Is it possible for the impact of the exposure or the
effectiveness of the intervention to be confounded in this
study?

(E.g., Select Y/SY when randomisation is considered to
deconfound.)

1.2. Did the author(s) control for all the potential
confounders?

(All potential confounders should be listed in Appendix A.)

1.3. Is there any justifiable reason for not controlling for all
the potential confounders (so that omission of some of the
potential confounders is unlikely to influence the assessment
of the effectiveness or impact)?

(E.g., select Y/SY when there is evidence that omission of
some of the potential confounders does not affect the
assessment of effectiveness or impact. This may be the case if
adjusting all potential confounders will lead to
overadjustment, or an ‘instrumental variable’ is used for
estimating the effectiveness or impact, etc. Instrumental
variable is a variable that (1) is not associated with the
confounder(s), (2) is associated with the
intervention/exposure but (3) does not directly influence the
outcome. If used appropriately, it enables valid estimation.
See Hernan & Robins 2020 for guidance.)

1.4. Were the potential confounders, that were controlled for,
(and/or the instrumental variable used if applicable) likely to
be measured accurately and precisely enough?

(Measurements of factors may be nominal (categorical),
ordinal (ranks) or scale.)

1.5. Did the author(s) analyse the effect appropriately by
taking into account the potential confounders, as well as the
issue of accuracy and precision of the measurements of the
potential confounders (and the instrumental variable if
applicable)?

(Examples of appropriate adjustment techniques for
confounding may include stratification, matching, inverse
probability weighting, standardisation, G-estimation, and
instrumental variable estimation.)

Answer (Tick One Applies)

g
g
g
g

Ooooooooogoodg

Yes
Seemingly yes
Seemingly no
No

Yes

Seemingly yes
Seemingly no
No

Unclear (No)
Not applicable
Yes

Seemingly yes
Seemingly no
No

Not applicable

Yes

Seemingly yes
Seemingly no
No

Unclear (No)
Not applicable
Yes

Seemingly yes
Seemingly no
No

Unclear (No)
Not applicable
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Optional (It is 1.6. What are the predicted magnitude and the direction of (1 Intervention or exposure

suggested that | biases due to confounding? intolerably favoured *
detailed [ Intervention or exposure
rationale or (Note quantitative assessment (e.g., through simulation) may tolerably favoured **
empirical be conducted by risk-of-bias assessor(s) to predict the 0l Comparator intolerably
evidence be magnitude and direction of bias for this study result.) favoured *

provided when [l Comparator tolerably
predicting favoured **

magnitude and

Gt 0 Intolerably towards no
direction of

bi effect *
1as. As‘sess.ors [ Tolerably towards no
may skip this effect **
optional

[0 Intolerabl f
checklist nto eiab y away from no

.. effect
question if they
. 0 Tolerably away from no
feel unfeasible)
effect **
[ Unpredictable
[0 Skip

* Intolerable means that the study result should not be considered as valid enough in relation to the predicted magnitude
of bias. ** Tolerable means that the study result could be considered as valid enough in relation to the predicted magnitude
of bias.

Once you have answered the checklist questions, please use the diagram below (Figure B1) to
finalise your judgement about risk of bias for this criterion.

Yes or Seemingly yes

No or Seemingly no

Figure B1. Roadmap diagram for making judgement about risk of confounding biases. Note: if the optional question has
been answered through quantitative assessment (e.g., through simulation), assessor’s judgement about risk of bias for this
criterion may be upgraded or downgraded from the suggested judgement, depending on result of quantitative assessment.

Please record your judgement about risk of bias for this criterion using Box B1 below.

Box B1. Judgement about risk of confounding biases.

[l Low risk of bias (reason for deviation from the suggested judgement: )
[l Medium risk of bias (reason for deviation from the suggested judgement: )
[1  High risk of bias (reason for deviation from the suggested judgement: )
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Quantitative prediction of magnitude of bias (if available):

Criterion 2: Risk of Post-Intervention/Exposure Selection Biases

This criterion is concerned with biases arising from systematic differences in the selection of
subjects or areas into the study or analysis after intervention or exposure.

Answering the Checklist Questions

Please answer the checklist questions in Table B2 and record your responses.

Table B2. Checklist questions for risk of post-intervention/exposure selection biases.

Category Checklist Questions Answer (Tick One Applies)
General (please | 2.1.a. Was the selection of subjects or areas after intervention O Answer2.1.a
answer or exposure random or systematic (i.e., based on random or 0 Answer2.1.b
whichever systematic sampling), and exchangeability between groups
suitable) could be assumed based on the selection approach?
[0 Yes

(This applies when an attempt was not made to collect data of [ Seemingly yes

the entire, or nearly entire, population of inference. [ Seemingly no

Exchangeability might be assumed if the two groups were 1 No

exchangeable (i.e., comparable, the hypothetical effect 7l Unclear (No)

estimate under the exchanged condition (i.e., swap) would not
also be affected by post-intervention/exposure selection bias.)

OR

2.1.b. Was the entire (or nearly entire) population of
inference followed-up after intervention or exposure, and
exchangeability between before and after groups could be
assumed?

(This applies when an attempt was made to collect data of the
entire, or nearly entire, population of inference.
Exchangeability might be assumed if the two groups were
exchangeable (i.e., comparable, the hypothetical effect
estimate under the exchanged condition (i.e., swap) would not
also be affected by post-intervention/exposure selection bias.)

General (please | 2.2. Was/were the researcher(s) unaware (or blinded) of the 0 Yes
answer) selection of subjects or areas? [J  Seemingly yes
[ Seemingly no
(Non-blinding of selection might be a factor that influences [ No
the selection after intervention/exposure.) " Unclear (No)
General (please | 2.3. After the start of the intervention/exposure or during the 1 Yes
answer) analysis, were any subjects or areas excluded or lost from the [1  Seemingly yes
study or analysis? 0 Seemingly no
0 No
(When some subjects or areas, or collected data are excluded, 7 Unclear (Yes)

it might increase the risk of post-intervention/exposure
selection bias.)
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Conditional
(answer if
N/SN/Unclear
to 2.1, or
Y/SY/Unclear
to 2.3,
otherwise select
'Not
applicable")

Conditional
(answer if
N/SN/Unclear
to 2.4,
otherwise select
'Not
applicable")

Conditional
(answer if
Y/SY/Unclear
to 2.5,
otherwise select
'Not
applicable")
Optional (It is
suggested that
detailed
rationale or
empirical
evidence be
provided when
predicting
magnitude and
direction of
bias. Assessors
may skip this
optional
checklist
question if they
feel unfeasible)

2.4. Were the subjects or areas included in the study (or
analysis) comparable between groups and so they allowed a
valid comparison to be made (i.e., exchangeability or
conditional exchangeability between groups could be
assumed)?

(Select N/SN when groups are not comparable. For example,
if the effect of air pollutants on plant growth to be studied,
‘resistance to pollutants’ may differ. ‘Less resistant’ individual
plants may die, and ‘pollutant-resistant’ individuals may
survive, and when only ‘pollutant-resistant’ individuals are
included in the exposure group and both ‘less resistant’ and
‘pollutant-resistant’ individuals are included in the control
group, the effect estimate may be biased. If only ‘pollutant-
resistant’ individuals are selected in both groups, conditional
exchangeability may hold.)

2.5. Were the difference(s) between groups likely to be
explained by the intervention/exposure or a variable
influenced by the intervention/exposure (including the
outcome)?

(Note some variables influenced by the intervention or
exposure might be unmeasured in the study. Such
(unmeasured) variables are sometimes called latent variables.)
2.6. Did the author(s) adjust for the potential post-
intervention/exposure selection bias in an appropriate way?

(E.g., stratification to pool stratum-specific outcomes)

2.7. What are the predicted magnitude and the direction of
biases arising from systematic differences in the selection of
subjects or areas into the study or analysis after intervention
or exposure?

(Note quantitative assessment (e.g., through simulation) may
be conducted by risk-of-bias assessor(s) to predict the
magnitude and direction of bias for this study result.)

Oo0OoooQg

|
|

Yes

Seemingly yes
Seemingly no
No

Unclear (No)
Not applicable

Yes

Seemingly yes
Seemingly no
No

Unclear (Yes)
Not applicable

Yes

Seemingly yes
Seemingly no
No

Unclear (No)
Not applicable

Intervention or exposure
intolerably favoured *
Intervention or exposure
tolerably favoured **
Comparator intolerably

favoured *

Comparator tolerably

favoured **

Intolerably towards no

effect *

Tolerably towards no

effect **

Intolerably away from no

effect *

Tolerably away from no

effect **
Unpredictable
Skip

* Intolerable means that the study result should not be considered as valid enough in relation to the predicted magnitude
of bias. ** Tolerable means that the study result could be considered as valid enough in relation to the predicted magnitude

of bias.

Once you have answered the checklist questions, please use the diagram below (Figure B2) to
finalise your judgement about risk of bias for this criterion.

© 2021 the authors.
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Yes or Seemingly yes

— No or Seemingly no

Figure B2. Roadmap diagram for making judgement about risk of post-intervention/exposure selection biases. Note: if
the optional question has been answered through quantitative assessment (e.g., through simulation), assessor’s judgement
about risk of bias for this criterion may be upgraded or downgraded from the suggested judgement, depending on result
of quantitative assessment.

Please record your judgement about risk of bias for this criterion using Box B2 below.

Box B2. Judgement about risk of post-intervention/exposure selection biases.

[l Low risk of bias (reason for deviation from the suggested judgement: )
[0 Medium risk of bias (reason for deviation from the suggested judgement: )
[1  High risk of bias (reason for deviation from the suggested judgement: )

Quantitative prediction of magnitude of bias (if available):

Criterion 3: Risk of Misclassified Comparison Biases (Observational Studies Only)

This criterion is concerned with biases arising from misclassification or measurement of
intervention, exposure and/or comparator.

Answering the Checklist Questions

Please answer the checklist questions in Table B3 and record your responses.

Table B3. Checklist questions for risk of misclassified comparison biases.

Category Checklist Questions Answer (Tick One Applies)
Conditional 3.1. Were the intervention or exposure (group) and the [l Yes
(answer if type | comparator (group) of interest sufficiently well-defined so that [l Seemingly yes
of the study is no meaningful vagueness remains for the intended assessment 1 Seemingly no
observational, of causal effect of interest? [ No
otherwise select | Unclear (No)
‘not applicable’) | (Select N/SN if the intervention/exposure and comparator of 1 Not applicable
interest are vaguely or poorly defined. Such definitions may be
provided in a study protocol.)
Conditional 3.2. Were the observed intervention or exposure (group) and [l Yes
(answer if type | the comparator (group) appropriate for the intended 0 Seemingly yes
of the study is assessment of causal effect (i.e., causal effect of interest)? 1 Seemingly no

Page 20 of 32
© 2021 the authors.



observational, [0 No
otherwise select | (Select N/SN when measure or classification of exposure or 0 Unclear (No)
‘not applicable’) | intervention is unlikely to be accurate or precise enough, for T Not applicable
example, when the use of an imprecise or inaccurate
biomarker is used as a measure of exposure.)
Conditional 3.3. Might measure or classification of the observed exposure, 1 Yes
(answer if type | intervention or comparator (group) have been incorrect due to [ Seemingly yes
of the study is error or influence of some knowledge, experience or desire? 7 Seemingly no
observational, [ No
otherwige select | (Examples may includ(? intentional miS(flassiﬁ‘cation of | Unclear (Yes)
‘not applicable’) exposure ‘Eo yl'eld a desmed' outcome, umntentlon‘a‘l ' "I Not applicable
misclassification due to prior knowledge or cognitive bias.)
Optional (It is 3.4. What are the predicted magnitude and the direction of 0 Intervention or exposure
suggested that | biases arising from misclassification or measurement of intolerably favoured *
detailed intervention, exposure and/or comparator? O Intervention or exposure
rationale or tolerably favoured **
empirical (Note quantitative assessment (e.g., through simulation) may 71 Comparator intolerably
evidence be be conducted by risk-of-bias assessor(s) to predict the favoured *
provided when | magnitude and direction of bias for this study result.) ] Comparator tolerably
predicting favoured **
magnitude and O Intolerably towards no
direction of effect *
bias. A§sessprs [ Tolerably towards no
may skip this effect **
optlon.al [1  Intolerably away from no
checklist foct *
question if they ettect
feel unfeasible. 0 Tolerably away from no
eel unfeas s
Select ‘not effec .
applicable’ if 0 Unpredlc.table
experimental [l Not applicable
treatments are " Skip
applied.)

* Intolerable means that the study result should not be considered as valid enough in relation to the predicted magnitude
of bias. ** Tolerable means that the study result could be considered as valid enough in relation to the predicted magnitude
of bias.

Once you have answered the checklist questions, please use the diagram below (Figure B3) to
finalise your judgement about risk of bias for this criterion.
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Yes or Seemingly yes
— No or Seemingly no

(33) 3.3 3.3

Low [ Med | High

Figure B3. Roadmap diagram for making judgement about risk of misclassified comparison biases. Note: if the optional
question has been answered through quantitative assessment (e.g., through simulation), assessor’s judgement about risk
of bias for this criterion may be upgraded or downgraded from the suggested judgement, depending on result of
quantitative assessment.

Please record your judgement about risk of bias for this criterion using Box B3 below.

Box B3. Judgement about risk of misclassified comparison biases.

Low risk of bias (reason for deviation from the suggested judgement: )
Medium risk of bias (reason for deviation from the suggested judgement: )
High risk of bias (reason for deviation from the suggested judgement: )
Not applicable

Quantitative prediction of magnitude of bias (if available):

O 0Ooo

Criterion 4: Risk of Performance Biases (Experimental Studies Only)

This criterion is concerned with biases due to altered treatment procedure of interest.

Answering the Checklist Questions

Please answer the checklist questions in Table B4 and record your responses.

Table B4. Checklist questions for risk of performance biases.

Category Checklist Questions Answer (Tick One Applies)
Conditional 4.1. Were any of the persons, who applied or received (1 Yes

(answer if treatments (intervention, exposure, alternative intervention, [J  Seemingly yes
experimental alternative exposure, or control), aware of the hypothesis that 7l Seemingly no
treatments are | was being tested or the comparison that was being made? [ No

applied in the . . . [l Unclear (Yes)

study, (Awareness of intervention, exposure, alternative 1 Not applicable

otherwise select | intervention, alternative exposure or control treatment and
‘not applicable’) | the outcome of interest might be a factor that influences the
treatment procedure.)
Conditional 4.2. Were there any alterations of intervention/exposure or 1 Yes
(answer if control treatments of interest that might have an impact on [0  Seemingly yes
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experimental
treatments are
applied in the
study,
otherwise select
‘not applicable’)

Conditional
(answer if
Y/SY/Unclear
to 4.2,
otherwise select
'Not
applicable")

Conditional
(answer if
experimental
treatments are
applied in the
study,
otherwise select
‘not applicable’)
Conditional
(answer if
Y/SY/Unclear
to 4.2, or
N/SN/Unclear
to 4.4,
otherwise select
'Not
applicable")
Optional (It is
suggested that
detailed
rationale or
empirical
evidence be
provided when
predicting
magnitude and
direction of
bias. Assessors
may skip this
optional
checklist
question if they
feel unfeasible.
Select ‘not
applicable’ if no
experimental
treatments are
applied)

the effectiveness of the intervention or the impact of the
exposure?

(Examples of alterations may include deviated initiation,
implementation and/or discontinuation. E.g., select Y/SY if
starting time for the intervention/exposure is deviated from a
specified time window)

4.3. Were these deviated treatments unbalanced between
intervention or exposure groups (when comparing two
interventions or exposures), or inaccurately taken into
account (when comparing intervention or exposure vs.
control, and thus it might have influenced the estimate of
impact or effectiveness?

(E.g., select Y/SY when nitrogen fertilizer was mistakenly
applied more than initially planned for one group, but this
deviation is not reflected on the data collection sheet, i.e., not
occurred as recorded.)

4.4. Were both exposure/intervention and comparator
treatments initiated and implemented as intended (or
occurred as recorded) for all, or nearly all, subjects or areas?

(When intervention, exposure, alternative intervention,
alternative exposure or control treatment is not successful, it
might be a source of performance bias.)

4.5. Are the used analysis methods of the impact of the
exposure or the effectiveness of the intervention appropriate
in relation to bias due to altered treatment procedure of
interest?

(E.g., select N/SN if the altered treatment procedure is not
taken into account in the analysis.)

4.6. What are the predicted magnitude and the direction of
biases due to altered treatment procedure of interest?

(Note quantitative assessment (e.g., through simulation) may
be conducted by risk-of-bias assessor(s) to predict the
magnitude and direction of bias for this study result.)

Ooo0oooQg

Oo0oooQg

OoOo4god

O

Seemingly no
No

Unclear (Yes)
Not applicable

Yes

Seemingly yes
Seemingly no
No

Unclear (Yes)
Not applicable

Yes

Seemingly yes
Seemingly no
No

Unclear (No)
Not applicable

Yes

Seemingly yes
Seemingly no
No

Unclear (No)
Not applicable

Intervention or exposure
intolerably favoured *
Intervention or exposure
tolerably favoured **
Comparator intolerably
favoured *

Comparator tolerably
favoured **

Intolerably towards no
effect *

Tolerably towards no
effect **

Intolerably away from no
effect *

Tolerably away from no
effect **

Unpredictable

Not applicable

Skip

* Intolerable means that the study result should not be considered as valid enough in relation to the predicted magnitude
of bias. ** Tolerable means that the study result could be considered as valid enough in relation to the predicted magnitude

of bias.
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Once you have answered the checklist questions, please use the diagram below (Figure B4) to

finalise your judgement about risk of bias for this criterion.

Yes or Seemingly yes

No or Seemingly no

Figure B4. Roadmap diagram for making judgement about risk of performance biases. Note: if the optional question
has been answered through quantitative assessment (e.g., through simulation), assessor’s judgement about risk of bias for
this criterion may be upgraded or downgraded from the suggested judgement, depending on result of quantitative

assessment.

Please record your judgement about risk of bias for this criterion using Box B4 below.

Box B4. Judgement about risk of performance biases.

Low risk of bias (reason for deviation from the suggested judgement:

Medium risk of bias (reason for deviation from the suggested judgement:

High risk of bias (reason for deviation from the suggested judgement:

i |

Not applicable
Quantitative prediction of magnitude of bias (if available):

Criterion 5: Risk of Detection Biases

This criterion is concerned with biases arising from systematic differences in measurement of

outcomes.

Answering the Checklist Questions

Please answer the checklist questions in Table B5 and record your responses.

Table B5. Checklist questions for risk of detection biases.

Category Checklist Questions Answer (Tick One Applies)
General (please | 5.1. Was there any way for the outcome measure to be affected 1 Yes
answer) by knowledge of the exposure, intervention, subjects or areas, [J  Seemingly yes
or desire for certain outcome? T Seemingly no
. 0 No
(E.g., select Y/SY if data collectors who measured the outcome " Unclear (Yes)

or human subjects who report their outcomes were aware of
the details of the study.)

© 2021 the authors.
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General (please | 5.2. Was the measured outcome appropriate for the intended [l Yes
answer) assessment of causal effect (i.e., causal effect of interest)? 0 Seemingly yes
[ Seemingly no
(E.g., select Y/SY if the measured outcome is consistent with 0 No
the intended outcome; select N/SN if measured outcome is | Unclear (No)
different from the pre-specified outcome or inappropriate for
the intended assessment of causal effect.)
General (please | 5.3. Were the methods for measuring the outcome data the [l Yes
answer) same across the groups? 0 Seemingly yes
[1  Seemingly no
(E.g., select N/SN if the outcome was measured at different 0 No
time windows between groups (e.g., 2 weeks after intervention | Unclear (No)
vs. 4 weeks after control treatment). When exactly the same
methods cannot be used among the groups due to the nature
of the study, assessors may select Y/SY if the methods are
sufficiently comparable. E.g., if a study measure bird species
diversity in fields, and detectability of species is slightly
different between groups but the slight difference in
detectability can be considered comparable.)
Conditional 5.4. Were the potential differences in measured outcomes 0 Yes
(answer if between groups investigated and adjusted/corrected if [ Seemingly yes
N/SN/Unclear | necessary? 7 Seemingly no
t05.3) 1 No
(Differences in measured outcomes between groups can be a 7 Unclear (No)
source of detection bias.) "I Not applicable
Optional (It is 5.4. What are the predicted magnitude and the direction of [1  Intervention or exposure
suggested that | biases arising from systematic differences in measurement of intolerably favoured *
detailed outcomes? [0 Intervention or exposure
rationale or tolerably favoured **
empirical (Note quantitative assessment (e.g., through simulation) may 1 Comparator intolerably
evidence be be conducted by risk-of-bias assessor(s) to predict the favoured *
provided when | magnitude and direction of bias for this study result.) "I Comparator tolerably
predicting favoured **
magnitude and 00 Intolerably towards no
direction of offect *
bias. A§sessprs [ Tolerably towards no
may skip this offect **
glll)(telc(;gfslt O Irgftoleiably away from no
question if they eftect
feel unfeasible) [1  Tolerably away from no
effect **
[l Unpredictable
00 Skip

* Intolerable means that the study result should not be considered as valid enough in relation to the predicted magnitude
of bias. ** Tolerable means that the study result could be considered as valid enough in relation to the predicted magnitude
of bias.
Once you have answered the checklist questions, please use the diagram below (Figure B5) to
finalise your judgement about risk of bias for this criterion.
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Yes or Seemingly yes

No or Seemingly no

Figure B5. Roadmap diagram for making judgement about risk of detection biases. Note: if the optional question has
been answered through quantitative assessment (e.g., through simulation), assessor’s judgement about risk of bias for this
criterion may be upgraded or downgraded from the suggested judgement, depending on result of quantitative assessment.

Please record your judgement about risk of bias for this criterion using Box B5 below.

Box Bj. Judgement about risk of detection biases.

[l Low risk of bias (reason for deviation from the suggested judgement: )
00 Medium risk of bias (reason for deviation from the suggested judgement: )
[0 High risk of bias (reason for deviation from the suggested judgement: )
Quantitative prediction of magnitude of bias (if available):
Criterion 6: Risk of Outcome Reporting Biases
This criterion is concerned with biases in reporting of study findings.
Answering the Checklist Questions
Please answer the checklist questions in Table B6 and record your responses.
Table B6. Checklist questions for risk of outcome reporting biases.
Category Checklist Questions Answer (Tick One Applies)
General (please | 6.1. Are the reported relevant outcome data (or effect (1 Yes
answer) estimate) likely to be of (or based on) selected measurements [J  Seemingly yes
of the outcome? 7 Seemingly no
0 No
(L.e., only a part of measured outcomes is reported. E.g., only " Unclear (Yes)
80 measured outcomes are reported when there are 100, or
the effect estimate is based on 80 measured outcomes when
there are 100.)
General (please | 6.2. Are relevant outcome data likely to be unreported for 1 Yes
answer) some subgroup(s)? 0 Seemingly yes
[ Seemingly no
0 No
[0 Unclear (Yes)
Page 26 of 32
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General (please
answer)

Optional (It is
suggested that
detailed
rationale or
empirical
evidence be
provided when
predicting
magnitude and
direction of
bias. Assessors
may skip this
optional
checklist
question if they
feel unfeasible)

* Intolerable means that the study result should not be considered as valid enough in relation to the predicted magnitude
of bias. ** Tolerable means that the study result could be considered as valid enough in relation to the predicted magnitude

of bias.

Once you have answered the checklist questions, please use the diagram below (Figure B6) to

(I.e., only outcome data on certain subjects or areas with
certain characteristic(s) (e.g., taxonomic group) or in certain
conditions (e.g., intervention intensity) are available.)

6.3. Is/are the analysis/analyses of the causal relationship of
interest (intervention-outcome or exposure-outcome) likely to
be partially reported?

(L.e., there is/are other relevant analysis/analyses of the causal
relationship that is/are not reported.)

6.4. What are the predicted magnitude and the direction of
biases in reporting of study findings?

(Note quantitative assessment (e.g., through simulation) may
be conducted by risk-of-bias assessor(s) to predict the
magnitude and direction of bias for this study result.)

finalise your judgement about risk of bias for this criterion.

Oo0oood

]

g
g

Yes
Seemingly yes
Seemingly no
No
Unclear (Yes)

Intervention or exposure
intolerably favoured *
Intervention or exposure
tolerably favoured **
Comparator intolerably
favoured *

Comparator tolerably
favoured **

Intolerably towards no
effect *

Tolerably towards no
effect **

Intolerably away from no
effect *

Tolerably away from no
effect **

Unpredictable

Skip

Yes or Seemingly yes

No or Seemingly no
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Figure B6. Roadmap diagram for making judgement about risk of outcome reporting biases. Note: if the optional
question has been answered through quantitative assessment (e.g., through simulation), assessor’s judgement about risk
of bias for this criterion may be upgraded or downgraded from the suggested judgement, depending on result of
quantitative assessment.

Please record your judgement about risk of bias for this criterion using Box B6 below.

Box B6. Judgement about risk of outcome reporting biases.

[ Low risk of bias (reason for deviation from the suggested judgement:
[l Medium risk of bias (reason for deviation from the suggested judgement:
(1 High risk of bias (reason for deviation from the suggested judgement:

Quantitative prediction of magnitude of bias (if available):

Criterion 7: Risk of Outcome Assessment Biases

This criterion is concerned with biases due to error in applied statistical methods.

Answering the Checklist Questions

Please answer the checklist questions in Table B7 and record your responses.

Table B7. Checklist questions for risk of outcome assessment biases.

Category
General (please
answer)

General (please
answer)

Conditional
(answer if
inferential
statistics are
applied,
otherwise
select ‘not
applicable”)
Conditional
(answer if
inferential
statistics are
applied,
otherwise
select ‘not
applicable”)

Optional (It is
suggested that

Checklist Questions

7.1. Was/were the person(s), who estimated the effectiveness
of the intervention or the impact of the exposure, aware of the
exposure or intervention received by subjects or areas?

(E.g., select Y/SY if analysts were aware of the details of the
study.)

7.2. Is it likely that there is/are error(s) or inappropriate
methods in the applied descriptive statistical analyses?

(E.g., miscalculations of sample sizes, means, medians,
variances, ranges for intervention/exposure and comparator
groups, error in converting analogue to digital data.)

7.3. Is it likely that there is/are error(s) in the applied
inferential statistics (including null hypothesis testing,
estimation, coding)?

(E.g., miscalculations of differences between
intervention/exposure and comparator, errors in coding, etc.)

7.4. Were assumptions for the applied inferential statistics
violated or the applied inferential statistical methods
inappropriate for the inferential goal(s)?

(E.g., use of inappropriate sample sizes to test the hypothesis,
normality not assumed when conducting a parametric test,
equal or unequal variances not tested when testing for a
difference, no justification for the choice of dependent and
independent variables, a Pearson’s correlation test was used
when analysing a causal relationship, inappropriate
comparison of multiple models to support the provided
statement when some of the models do not relate to impact or
effectiveness, inappropriate modelling which may affect an
estimate of effectiveness or impact.)

7.5. What are the predicted magnitude and the direction of
biases due to error in applied statistical methods?

Answer (Tick One Applies)

Oo0oooo

Oo0OoOgod

OoO0odod

O

Yes
Seemingly yes
Seemingly no
No
Unclear (Yes)

Yes
Seemingly yes
Seemingly no
No
Unclear (Yes)

Yes

Seemingly yes
Seemingly no
No

Unclear (Yes)
Not applicable

Yes

Seemingly yes
Seemingly no
No

Unclear (Yes)
Not applicable

Intervention or exposure
intolerably favoured *
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detailed (Note quantitative assessment (e.g., through simulation) may [0 Intervention or exposure

rationale or be conducted by risk-of-bias assessor(s) to predict the tolerably favoured **
empirical magnitude and direction of bias for this study result.) 7 Comparator intolerably
evidence be favoured *
provided when O Comparator tolerably
predic'ting favoured **
g}agnl.tudefand [J Intolerably towards no
rection o *
effect
bias. is'setslf'ors 0 Tolerably towards no
may skip this effect **
Ollztllrll'alt O Intolerably away from no
checklis
SISt effect *
gaﬁi[ffze::itb};g [1  Tolerably away from no
effect **
[l Unpredictable
[0 Skip

* Intolerable means that the study result should not be considered as valid enough in relation to the predicted magnitude

of bias. ** Tolerable means that the study result could be considered as valid enough in relation to the predicted magnitude
of bias.

Once you have answered the checklist questions, please use the diagram below (Figure B7) to
finalise your judgement about risk of bias for this criterion.

—— Yes or Seemingly yes

= No or Seemingly no

Inferential statistics
conducted

Inferential statistics
not conducted

Figure B7. Roadmap diagram for making judgement about risk of outcome assessment biases. Note: if the optional
question has been answered through quantitative assessment (e.g., through simulation), assessor’s judgement about risk
of bias for this criterion may be upgraded or downgraded from the suggested judgement, depending on result of
quantitative assessment.

Please record your judgement about risk of biases for this criterion using Box B below.

Box B7. Judgement about risk of outcome assessment biases.

[l Low risk of bias (reason for deviation from the suggested judgement: )
[l Medium risk of bias (reason for deviation from the suggested judgement: )
[1  High risk of bias (reason for deviation from the suggested judgement: )

Quantitative prediction of magnitude of bias (if available):
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Making an Overall Judgement about Risk of Bias for the Study Result

Once you have judged risk of bias for all criteria, please make an overall judgement about risk of
bias for this study result using Box B8 below. If some or all of the optional questions have been
answered through quantitative assessment (e.g., through simulation), assessor’s overall judgement
about risk of bias may be upgraded or downgraded from the suggested judgement, depending on
result of quantitative assessment. Also, if there is a justifiable reason for upgrading or downgrading
overall judgement even when no quantitative assessments are conducted, assessors may deviate
from the suggested judgement and record the reason.

Box B8. Overall judgement about risk of bias for the study result.

0 Overall low risk of bias: a study is considered to have low risk of bias for all risk-of-bias criteria for the findings
(reason for deviation from the suggested judgement: )
Overall medium risk of bias: a study is considered to have medium risk of bias in at least one risk-of-bias
criterion, but not to have high risk of bias for any risk-of-bias-criteria for the findings (reason for deviation

from the suggested judgement: )
0 Overall high risk of bias: a study is considered to have high risk of bias in at least one risk-of-bias criterion for
the findings (reason for deviation from the suggested judgement: )

Quantitative prediction of magnitude of bias (if available):
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Appendix A: Listing All Potential Confounders

Addressed Review Question and Its Elements

Review Question

Population

Intervention/Exposure

Comparator

Outcome

(Reason for

Determined All Potential Confounders
the choice of potential confounders should be provided)

Potential Confounder 1

© 2021 the authors.

(Reason: )
Potential Confounder 2

(Reason: )
Potential Confounder 3

(Reason: )
Potential Confounder 4

(Reason: )
Potential Confounder 5

(Reason: )
Potential Confounder 6

(Reason: )
Potential Confounder 77

(Reason: )
Potential Confounder 8

(Reason: )
Potential Confounder 9

(Reason: )
Potential Confounder 10

(Reason: )
Potential Confounder 11

(Reason: )
Potential Confounder 12

(Reason: )
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