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ABSTRACT

Background An essential component of systematic
reviews is the assessment of risk of bias. To date,

there has been no investigation of how reviews of non-
randomised studies of nutritional exposures (called
‘nutritional epidemiologic studies’) assess risk of bias.
Objective To describe methods for the assessment of risk
of bias in reviews of nutritional epidemiologic studies.
Methods We searched MEDLINE, EMBASE and the
Cochrane Database of Systematic Reviews (Jan 2018-Aug
2019) and sampled 150 systematic reviews of nutritional
epidemiologic studies.

Results Most reviews (n=131/150; 87.3%) attempted

to assess risk of bias. Commonly used tools neglected to
address all important sources of bias, such as selective
reporting (n=25/28; 89.3%), and frequently included
constructs unrelated to risk of bias, such as reporting
(n=14/28; 50.0%). Most reviews (n=66/101; 65.3%) did
not incorporate risk of bias in the synthesis. While more
than half of reviews considered biases due to confounding
and misclassification of the exposure in their interpretation
of findings, other biases, such as selective reporting, were
rarely considered (n=1/150; 0.7%).

Conclusion Reviews of nutritional epidemiologic studies
have important limitations in their assessment of risk of
bias.

BACKGROUND

Due to the challenges of conducting
randomised controlled trials (RCTs) of
dietary interventions, most of the evidence in
nutrition comes from non-randomised, obser-
vational studies of nutritional exposures,
hereon referred to as ‘nutritional epidemio-
logic studies’.'™ Clinicians, guideline devel-
opers, policymakers and researchers use
systematic reviews of these studies to advise
patients on optimal dietary habits, formu-
late recommendations and policies, and plan
future research.””°

What this study adds

» An essential component of systematic reviews is the
assessment of risk of bias.

» To date, there has been no empirical assessment of
how systematic reviews of nutritional epidemiologic
studies assess risk of bias.

» We show that reviews of nutritional epidemiologic
studies have important limitations in their assess-
ment of risk of bias and produce recommendations
for review authors.

Bias may arise in nutritional epidemio-
logic studies, and other non-randomised
studies, due to confounding, inappropriate
criteria for selection of participants, error
in the measurement of the exposure or
outcome, departures from the intended
exposure, missing outcome data and selective
reporting.”'* The assessment of the validity of
studies included in a systematic review and the
extent to which that they might overestimate
or underestimate the true effects—called risk
of bias—is a critical component of the system-
atic review process.'' ¥ The assessment of risk
of bias informs the evaluation of the certainty
of evidence and the interpretation of review
findings and failure to appropriately consider
risk of bias using appropriate criteria may
lead to erroneous conclusions.”™® Prevailing
guidance dictates for systematic reviews to
present a rigorous and comprehensive assess-
ment of the risk of bias of primary studies and
to incorporate risk of bias assessments in the
synthesis and interpretation of findings.""

While methods for the assessment of risk
of bias of RCTs have been well established,
criteria for the assessment of risk of bias in
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non-randomised studies are less clear.!” ! Further, there
are unique and complex challenges to assessing the
risk of bias of nutritional epidemiologic studies, such as
making judgments about the validity and reliability of
dietary measures.

The objective of this study was to describe and eval-
uate methods for the assessment of risk of bias in system-
atic reviews of nutritional epidemiologic studies and to
propose guidance addressing major limitations. This
study capitalises on the methods and data of our previ-
ously published meta-epidemiological study of systematic
reviews of nutritional epidemiologic studies.’

METHODS
We registered the protocol for this study at the Open
Science Framework (https://osf.io/wrbuy).

Search strategy

With the help of an experienced research librarian, we
searched MEDLINE and EMBASE from January 2018
to August 2019 and the Cochrane Database of System-
atic Reviews from January 2018 up to February 2019 for
systematic reviews of nutritional epidemiologic studies
(online supplemental material 1).°

Study selection

We included systematic reviews if they investigated the
association between one or more nutritional exposures
and health outcomes and reported on one or more
epidemiologic studies.® We defined systematic reviews
as studies that explicitly described a search strategy
(including at minimum databases searched) and eligi-
bility criteria (including at minimum the exposure (s) and
health outcome(s) of interest)’; epidemiologic studies as
non-randomised, non-experimental studies (eg, cohort
studies) that include a minimum of 500 participantsQ;
nutritional exposures as macronutrients, micronutri-
ents, bioactive compounds, foods, beverages or dietary
patterns; and health outcomes as measures of morbidity,
mortality and quality of life.® We did not restrict eligi-
bility based on the language of publication.’ We excluded
scoping and narrative reviews, reviews of acute postpran-
dial studies, and reviews of supplements and chemicals
involuntarily consumed through the diet.’

Reviewers performed screening independently and
in duplicate following calibration exercises. We resolve
disagreements by discussion or by third-party adjudica-
tion. We estimated that 150 reviews will allow estimation
of the prevalence of even uncommon review characteris-
tics (ie, prevalence ~5% of studies) with acceptable preci-
sion (ie, 3.5%).° ™ Our sample of 150 eligible reviews was
selected using a computer-generated random number
sequence.

Data collection
Following calibration exercises, reviewers, working inde-
pendently and in duplicate, extracted the following

information from each review using a standardised and
pilot-tested data collection form: research question; eligi-
bility criteria; methods and criteria used for the assess-
ment of risk of bias; presentation and reporting of risk
of bias; details related to how assessments of risk of bias
were incorporated in the analysis and the interpretation
of findings. Items of the data collection form were drawn
from authoritative sources that had published guidance
on optimal practices for assessing risk of bias in system-
atic reviews, data collection forms of previous studies,
and literature on methodological issues relevant to the
assessment of risk of bias in non-randomised studies and
nutritional epidemiologic studies.'? 2%

We collected information on any tools or criteria that
included one or more items or domains that addressed
the internal validity of studies or the likelihood of bias or
were interpreted by review authors as indicators of bias or
internal validity. In order to evaluate both appropriate and
inappropriate methods by which reviews assessed risk of
bias, we collected information on tools and criteria regard-
less of whether they were originally designed to address
risk of bias or whether they were valid indicators of risk of
bias. For example, some reviews applied and interpreted
reporting checklists. In such cases, we still collected infor-
mation on the reporting checklist if it was interpreted by
the review authors as an indicator of internal validity or
risk of bias. We did this because we were also interested
in estimating the proportion of reviews that assess risk of
bias using inappropriate methods. For reviews that also
included RCTs or other experimental designs in addition
to nutritional epidemiologic studies, we only collected
data on the tools that were used to assess the risk of bias
of nutritional epidemiologic studies.

We reviewed tools and ad hoc criteria and catego-
rised their items and domains according to the type of
biases that they addressed. We used the domains of the
Cochrane ROBINS-I tool as a framework for categorisa-
tion and created additional categories as necessary.” We
classified risk of bias criteria as ad hoc when a study devel-
oped a set of criteria de novo to assess risk of bias. We clas-
sified risk of bias tools as scales if each item was assigned a
numerical score and the tool yielded an overall summary
score, as checklists if judgements for each item were
presented individually and not aggregated with other
items, and domain based if judgements were presented
across domains with at least one domain composed of
more than one item.”

Data synthesis and analysis

To synthesise the data, we present frequencies and
percentages for dichotomous outcomes and median and
IQRs for continuous outcomes.

RESULTS

Online supplemental material 2 presents details of the
selection of systematic reviews. We retrieved a total of
4267 unique records and screened a random sample of

488

Zeraatkar D, et al. bmjnph 2021;4:€000248. doi:10.1136/bmjnph-2021-000248


https://osf.io/wr6uy
https://dx.doi.org/10.1136/bmjnph-2021-000248
https://dx.doi.org/10.1136/bmjnph-2021-000248

BMJ Nutrition, Prevention & Health

2273 titles and abstracts and 184 full-text articles to iden-
tify a sample of 150 eligible reviews.

General characteristics of systematic reviews

Table 1 presents general characteristics of systematic
reviews. Reviews were most frequently published in
general nutrition journals by authors from Europe or
Asia. Only a small minority of reviews were conducted
to inform a particular guideline or policy decision or to
fulfil the needs of a specific evidence user. A very small
minority of reviews were funded by marketing/advo-
cacy organisations or food companies and most were
funded by either government agencies or institutions.
Reviews most frequently reported on cancer morbidity
and mortality, foods or beverages, and included a median
of 15 studies and 200000 participants. Three quarters
of reviews conducted meta-analysis. Nearly all reviews
included cohort studies and more half included case-
control studies. More than three quarters of reviews
attempted to assess the risk of bias of included studies.

Risk of hias methods and reporting

Table 2 presents details on the methods by which risk
of bias was assessed and reported in reviews. The most
commonly used tool was the Newcastle-Ottawa scale.
Among reviews that used modified versions of published
tools, nearly all used modifications of the Newcastle-
Ottawa scale, which was modified either to include alterna-
tive response options or to be applicable to cross-sectional
studies (the original Newcastle-Ottawa scale is designed
only for cohort and case-control studies).* Three reviews
used modified versions of the Critical Appraisal Skills
Programme (CASP) cohort study checklist,” the NIH
Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies,?’1 and the American Diabetes
Association Quality Criteria Checklist‘w; the former two
were modified to include only a subset of the original
items,” ** and the latter included a subset of the original
items as well as several additional items.” Nearly all risk
of bias tools were scales and only a minority were check-
lists or domain based. Only half of all reviews reported
assessing risk of bias in duplicate.

Nearly a quarter of reviews only reported the range
of risk of bias ratings across studies (eg, “The [Newcastle-
Ottawa scale] scoves ranged from 6 to 9.”°°) rather than risk
of bias ratings for each study. More than a third of reviews
failed to report judgements for each risk of bias item
or domain. Among reviews that reported on more than
one outcome across which risk of bias could conceivably
differ, risk of bias was seldom assessed separately for each
outcome.

Characteristics of risk of bias tools and ad hoc criteria

Table 3 presents characteristics of the tools and ad hoc
criteria that were used to assess risk of bias. One review
reported using the ‘cross-sectional study quality assess-
ment criteria’ but did not provide a reference to the
tool or report any other details on the tool and so it

Table 1 General characteristics of systematic reviews

Number of reviews (%)
N=150

Journal

General nutrition journal
(journals with only a
nutrition focus) (eg,
American Journal of Clinical
Nutrition)

61 (40.7%)

Specialised nutrition
journal (journals with a
focus on nutrition and a
specific disease area) (eg,
Nutrition, Metabolism and
Cardiovascular Diseases)

7 (4.7%)

General medical journal (eg,
Lancet)

28 (18.7%)

Specialised medical journal
(eg, Clinical Breast Cancer)

54 (36%)

Country of corresponding author’s affiliation

North America 14 (9.3%)
Europe 43 (28.7%)
Oceania 13 (8.7%)
Middle East 28 (18.7%)
Asia 49 (32.7%)
South America 3 (0.7%)

Was the review conducted to inform a particular guideline or
policy decision or to fulfil the needs of a particular evidence
user?

Yes 6 (4%)

No 144 (96%)
Funding*

Government support 56 (37.3%)

Institutional support 34 (22.7%)

Private not-for-profit 20 (13.3%)

foundation

Food marketing/advocacy 4 (3.3%)

organisations

Food companies 2 (1.3%)

No funding 32 (21.3%)
34 (22.7%)

Did the authors declare any conflicts of interest?

Not reported

Yes 10 (6.7%)
No 135 (90%)
Not reported 5 (3.3%)
Exposure(s)*
Micronutrient 27 (18%)
Macronutrient 24 (16%)
Bioactive compounds 15 (10%)
Food or beverage 60 (40%)
Food group 21 (14.0%)
Continued
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Table 1 Continued

Number of reviews (%)

N=150
Dietary pattern 9 (32.7%)
Non-nutritive components 5 (18.7%)
of foods/beverages
Outcome(s)*
Cardiometabolic morbidity 26 (17.3%)
or mortality
Cancer morbidity or 4 (36%)
mortality
Diseases of the digestive 10 (6.7%)
system
All-cause mortality 9 (6%)
Anthropometric measures 8 (5.33%)
Surrogate outcomes 17 (11.3%)
Other 55 (36.7%)
Eligible study designs*
Cohort 146 (97.3%)
Case-control 97 (64.7%)
Cross-sectional 80 (53.3%)
Randomised controlled 74 (49.3%)
trials
Median no of primary studies 15 (11 to 23)
(IQR)
Median no of participants 208117 (84951 to 510954)
(IQR)

Method for the synthesis of results

Meta-analysis 115 (76.7%)

Narrative 1 (14%)
Tabular/graphical summary 4 (9.3%)
of quantitative results
without meta-analysis

Did the review assess risk of bias?
Yes 131 (87.3%)
No 19 (12.6%)

*Each review can be classified in more than one category.

was excluded from our analysis.”’” The majority of tools
addressed biases due to confounding, classification of
the exposure and measurement of the outcome. Biases
due to selection of the participants and missing data were
addressed by approximately half of the tools and biases
due to departures from the intended exposure and selec-
tion of the reported results were rarely addressed. Nearly
all tools included one or more constructs unrelated to
risk of bias, such as reporting, generalisability (external
validity), or precision.

Incorporation of risk of bias in the synthesis of results

Table 4 presents details on how reviews incorporated
assessments of risk of bias in the synthesis of results.
Two reviews excluded studies at high risk of bias from

Table 2 Risk of bias methods and reporting

Number of reviews (%)
N=131 (reviews that
assessed risk of bias)

Tools used to assess risk of bias*

Newcastle-Ottawa Scale®® 92 (70.2%)
AHRQ for Cross-Sectional Studies® 3(2.3%)
Quality in Prognosis Studies®' 3 (2.3%)
ROBINS-I 3 (2.3%)
SIGN checklist for cohort studies® 2 (1.5%)
STROBE®® 2 (1.5%)
Cochrane risk of bias tool® 1(0.7%)
Critical Appraisal Skills Programme tools 1(0.7%)
for cohort studies®

Cross-sectional study quality assessment 1(0.7%)

criteria

Data collection instrument and procedure 1(0.7%)
for systematic reviews in the guide to
community preventative services®

Effective Public Health Practice Project® 1(0.7%)
Mixed Methods Appraisal Tool®® 1(0.7%)

NICE Methodological Checklist for 1(0.7%)
Cohort Studies®”

NICE Methodological Checklist for Case- 1(0.7%)
Control Studies®”

NIH Quality Assessment Tool for 1(0.7%)
Observational Cohort and Cross-
Sectional Studies®'

Qualitative assessment 1(0.7%)

Quality Assessment Tool for Systematic 1(0.7%)

Reviews of Observational Studies

(QATSO)®®

Research Triangle Institute ltem Bank on 1(0.7%)

Risk of Bias®

SIGN checklist for case-control studies® 1(0.7%)

Modified version of an existing tool 18 (13.7%)

Ad hoc criteria 10 (7.6%)

Not reported 2 (1.5%)
Type of risk of bias tool/ad hoc criteria*

Scale 116 (88.5%)

Checklist 28 (21.3%)

Domain based 45 (34.3%)

Method for the assessment of risk of bias

Completed in duplicate or more 69 (52.7%)

Completed by one reviewer and verified 1(0.7%)

by a second reviewer

Not reported 61 (46.7)
Median proportion of studies rated at 0[0to 25.9)
high risk of bias (IQR) among reviews that
assigned an overall rating of risk of bias to
each study (n=81; 61.8%)
Median proportion (IQR) of studies rated as 0(0to0)

unclear risk of bias for one or more items/
domains

Did the review report the risk of bias of each study?
Yes 105 (80.2%)

Continued
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Table 2 Continued

Number of reviews (%)
N=131 (reviews that
assessed risk of bias)

No, only the range of risk of bias across 16 (12.2%)
studies or the proportion of studies at

low or high risk of bias is reported

The review reports that risk of bias was 10 (7.6%)

assessed but presents no additional
information on risk of bias

Did the review report judgements for all risk of bias items/domains?
Yes 74 (56.4%)

No; only the overall study risk of bias is 47 (35.8%)

presented

The review reports that risk of bias was
assessed but presents no additional
information on risk of bias

10 (7.6%)

Among reviews that reported on more than one outcome across which
risk of bias may differ (n=29; 22.1%), is risk of bias presented for each
outcome separately?

Yes 4 (14.3%)
No 22 (78.6%)

The review reports that risk of bias was 3 (10.7%)

assessed but presents no additional
information on risk of bias

*Each review can be classified in more than one category.

AHRQ, Agency for Healthcare Research and Quality; NICE, National Institute
for Health and Care Excellence; NIH, National Institutes of Health; SIGN,
Scottish Intercollegiate Guidelines Network; STROBE, Strengthening the
Reporting of Observational Studies in Epidemiology.

meta-analysis.13 " Less than half of reviews explored
potential differences in results between studies at higher
versus lower risk of bias. Among those that did, nearly
all reviews conducted either subgroup analyses or meta-
regressions based on the overall rating of study risk of
bias. Reviews rarely detected any statistically significant
differences between the results of studies at lower versus
higher risk of bias. None of the reviews weighted studies
in meta-analyses based on risk of bias, implemented credi-
bility ceilings, or attempted to adjust the results of studies
for bias.

Incorporation of risk of bias in the interpretation of review
findings

Table 5 presents details related to how risk of bias assess-
ments informed the interpretation of findings. Less than
one-fifth of reviews described the overall risk of bias of
the body of evidence. While reviews frequently consid-
ered biases due to confounding and misclassification of
the exposure as potential limitations, biases due to the
selection of the participants in the study, departures from
the intended exposure, missing outcome data, measure-
ment of the outcome and selective reporting were rarely
considered. Reviews rarely described or hypothesised the
direction in which results may have been biased. Among
the few that did, most hypothesised that results for
studies at high risk of bias are likely to have been biased
towards the null. Sixteen reviews evaluated the certainty
of evidence using a formal system, all of which included

considerations related to risk of bias, among which five
downgraded the certainty of evidence due to risk of bias.

DISCUSSION

Main findings

Our investigation provides a comprehensive summary
of how systematic reviews of nutritional epidemiologic
studies assess and report risk of bias and how risk of bias
assessments inform the synthesis of results and the inter-
pretation of review findings.

We found that while most reviews attempted to assess
risk of bias, the tools and criteria which were used often
had serious limitations. For example, commonly used
tools frequently neglect to address biases related to depar-
tures from the intended exposure and selective reporting
and often conflate risk of bias with other study character-
istics, such as reporting quality, generalisability and preci-
sion. Tools that conflate other study characteristics with
risk of bias—often referred to as study quality tools—are
poorly suited for the assessment of risk of bias.*” Some
reviews even used reporting checklists, like the STROBE
checklist, but interpreted these measures as indicators of
internal validity or risk of bias. Furthermore, tools often
only partially addressed certain biases. The Newcastle-
Ottawa scale, for example, includes items related to the
selection of participants, but it does not address all poten-
tial issues that may arise due to the suboptimal selection of
participants (eg, immortal time bias, inception bias).*®*

We also found that existing tools did not provide suffi-
cient guidance to facilitate application, particularly for
nutritional epidemiologic studies. While many tools, for
example, addressed bias due to classification of the expo-
sure, none provided sufficient guidance for reviewers to
make judgements regarding whether tools for measuring
dietary exposures are sufficiently valid and reliable, which
highlights the need for additional nutrition-specific guid-
ance for applying risk of bias tools.

We identified serious limitations related to how reviews
assessed risk of bias. Despite the possibility for risk of
bias to vary across outcomes, reviews seldom assessed risk
of bias for each outcome individually.” ' Further, most
reviews assigned a numerical rating of risk of bias to each
study—a practice that is discouraged because it requires
arbitrary assumptions about the relative weights of risk of
bias items and domains.*"**

We often found the assessment of risk of bias in reviews
to be of questionable validity. For example, reviews rated
a median of only 0% (IQR 0% to 25.9%) of studies at
high risk of bias. This finding is consistent with previous
evidence suggesting that common risk of bias tools, such as
the Newcastle-Ottawa Scale, poorly discriminate between
studies at lower versus higher risk of bias*’ but is striking
since risk of bias issues are ubiquitous in nutritional
epidemiology.**™* Commonly used dietary measures in
nutritional epidemiologic studies, for example, have very
serious limitations.*™* Furthermore, nutritional epide-
miologic studies are usually at risk of selective reporting
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Table 4 Incorporation of risk of bias in the synthesis of
results

Table 5 Incorporation of risk of bias in the interpretation of
review findings

Number of reviews (%)
n=131 (reviews that
assessed risk of bias)

Did the review exclude studies at high risk of bias from either
the review or the synthesis?

Did the review consider the overall risk of bias across the body of
evidence in the interpretation of findings?

Yes, overall high risk of bias is described asa 11 (7.3%)
limitation

Studies at high risk of bias were 1(0.7)
excluded from the review

Studies at high risk of bias were 2(1.5)
excluded from the meta-analysis

Yes, overall low risk of bias is used to support 14 (9.3%)
findings

No 125 (83.3%)

Did the review consider bias due to the selection of participants in

Studies were not excluded from the interpretation of findings?

either the review or synthesis

128 (97.7)

based on risk of bias Yes, potential for selection bias is 14 (9.3%)
acknowledged as a limitation
Among reviews that assessed performed meta-analysis (n=101; g o i : .
77.1%), was a subgroup analysis or meta-regression based on Yes, selection bias is described as unlikely 10 (6.7%)
risk of bias conducted? No 126 (84.0%)
Yes; based on overall risk of bias 28 (27.7) Did the review consider bias due to confounding in the
Yes; based on specific risk of bias 7 (6.9) interpretation of findings?

items/domains
No 66 (65.3)

Among reviews that conducted a subgroup analysis or meta-
regression based on risk of bias (n=35; 26.7 %), was the
subgroup analysis or meta-regression statistically significant?

Yes, potential for confounding is
acknowledged as a limitation

77 (51.3%)

Yes, confounding is described as unlikely 2 (1.3%)
No 71 (47.3%)
Did the review consider bias due to the misclassification of the

Yes 5(14.2) exposure in the interpretation of findings?
No 22 (62.8) Yes, potential for bias due to misclassification 85 (56.7%)
of the exposure is acknowledged as a
Not reported 8 (22.8) lritztiam
Yes, bias due to misclassification of the 6 (4.0%)
exposure is described as unlikely
bias due to the virtual absence of standard practices No 59 (39.3%)

for the registration of protocols and statistical analysis
plans.44 50-52 Our findings also suggest that review authors
may disregard biases that they consider to be inherent to
the design of nutritional epidemiologic studies.

We identified important deficiencies related to the
reporting of risk of bias. Among reviews that assessed
risk of bias, for example, nearly half did not report risk
of bias judgements for each item or domain of the risk No
of bias tool. Further, reviews rarely described the criteria
that were used to judge each risk of bias item or domain.
For example, while almost all tools included an item or
domain addressing risk of bias related to the measure-

Did the review consider bias due to departures from the intended
exposure in the interpretation of findings?
Yes, potential for bias due to departures from 23 (15.3%)
the intended exposure is acknowledged as a
limitation
Yes, bias due to departures from the intended 0 (0%)
exposure is described as unlikely
127 (84.7%)

Did the review consider bias due to missing outcome data in the
interpretation of findings?

Yes, potential for bias due to missing outcome 2 (1.3%)
data is acknowledged as a limitation

ment of the exposure, criteria for classifying measures as Yes, bias due to missing outcome data is 0 (0.0%)
sufficiently valid and reliable and at low risk of bias were described as unlikely
seldom described. Such deficiencies in reporting prevent No 148 (98.6%)

evidence users from understanding the nature and extent
of biases in studies.

Did the review consider bias in the measurement of the outcome in
the interpretation of findings?

We found most reviews did not sufficiently address Yes, potential for bias in the measurement of 23 (15.3%)
risk of bias in their synthesis of results or interpretation the outcome is acknowledged as a limitation
of findings. Only half of reviews, for example, incorpo- Yes, bias in the measurement of the outcome 42.7%)
rated risk of bias assessments in statistical analyses, which is described as unlikely
is important to detect potential differences in results No 123 (82.0%)

Did the review consider bias due to selective reporting in the
interpretation of findings?

between studies at higher versus lower risk of bias.'®
While review authors often discussed the possibility of

confounding and misclassification of the exposure, other Yes, potential for selective reporting bias is 1(0.6%)
important biases, such as biases due to missing data and acknowledged as a limitation
selective reporting, were rarely discussed. Finally, review Continued
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Table 5 Continued

Yes, selective reporting bias is described as 0 (0.0%)

unlikely

No 149 (99.3%)
Did the review hypothesise about the likely direction of bias?

Yes, the authors hypothesise that effects for 6 (4.0%)

studies at high risk of bias are likely to have

been biased away from the null

Yes, the authors hypothesise that effects for 14 (9.3%)

studies at high risk of bias are likely to have
been biased towards the null

No 130 (86.7%)

Did the review evaluate the certainty of evidence using a formal
system?

Yes, using GRADE"® 9 (6%)
Yes, using NutriGRADE"® 2 (1.3%)
VYes, using SIGN®° 1(0.7%)
VYes, using the NHMRC FORM methodology®' 1(0.7%)
Yes, using a modified version American 1(0.7%)
Diabetes Association system®

Yes, using a modified version of the National 1(0.7%)
Osteoporosis Foundation evidence grading

system?®

Yes, using an ad hoc system 1(0.7%)

No 134 (89.3%)

Among reviews that used a formal system to evaluate the
certainty of evidence (n=16; 10.7%), was the certainty of evidence
downgraded due to risk of bias?

Yes 5 (31.3%)
No 11 (73.3%)

authors often neglected to make a judgement regarding
the overall risk of bias of the body of the evidence, which
is a critical step in evaluating the overall certainty of
evidence."

We hypothesise that reviews of RCTs addressing nutri-
tion interventions also have limitations related to the
assessment and interpretation of risk of bias. We restricted
the scope of this research to reviews of nutritional epide-
miologic studies because methods for the assessment of
risk of bias of RCTs are better established than for non-
randomised studies and there are unique challenges to
assessing the risk of bias of nutritional epidemiologic
studies, such as assessing the validity and reliability of
dietary measures.

Relation to previous work

To our knowledge, our study s the first to evaluate methods
for the assessment of risk of bias in systematic reviews of
nutritional epidemiologic studies. Previous studies that
have addressed the assessment of risk of bias in general
biomedical reviews have also found that reviews use a
range of different tools to assess the risk of bias of non-
randomised studif:s,53_56 existing risk of bias tools do not
address all important sources of bias in non-randomised
studies and often include constructs that are unrelated to

risk of bias,”* *® and that reviews often fail to incorporate

assessments of risk of bias in the synthesis of results and
interpretation of findings.” ™ Our findings add to the
body of evidence that suggests advancements in methods
for the assessment of risk of bias—both in nutritional
epidemiology and in other fields comprised primarily of
non-randomised studies—are urgently needed.

Implications and recommendations

Evidence users should be aware that risk of bias assess-
ments in reviews of nutritional epidemiologic studies
often have important limitations due to which find-
ings from such reviews may be misleading."”"® We have
compiled a list of recommendations for review authors
that describe optimal methods for the assessment,
reporting and interpretation of risk of bias in reviews of
nutritional epidemiologic studies (box 1). We acknowl-
edge, however, that there is great uncertainty in optimal
tools and methods for the assessment of risk of bias in
nutritional epidemiology. Our recommendations provide
guidance on accepted best practice in the interim until
further advancements.

Strengths and limitations

This study summarises current methods for the assess-
ment of risk of bias in reviews of nutritional epidemio-
logic studies and presents recommendations for review
authors to improve risk of bias assessments in future
reviews. Other strengths of this study include the dupli-
cate assessment of review eligibility and data collection,
which reduces the risk for errors.

This study also has limitations. While we identified
many deficiencies and errors in the assessment of risk of
bias in reviews, it is unclear the extent to which such issues
may have impacted the conclusions drawn by reviewers
and the implementation of evidence. Empirical evidence
suggests that the failure to appropriately consider risk of
bias can reduce the interpretability of review findings and
even lead to misleading conclusions."”™® It is possible,
however, that evidence users use the most rigorous
systematic reviews—which apply rigorous methods for the
assessment of the risk of bias—in which case the impact of
the issues described in our study may be negligible.

Our analysis is also limited by the possibility that review
authors did not address certain biases in the assessment
of risk of bias or in the interpretation of review findings
because they were deemed to not be a concern in the
included studies. However, failure to use comprehensive
risk of bias tools combined with failure to adequately
address risk of bias in the interpretation of findings leaves
evidence users unable to gauge the overall risk of bias of
the evidence.

CONGCLUSION

Systematic reviews of nutritional epidemiologic studies
often have important limitations related to their assess-
ment of risk of bias. Review authors can improve risk
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Box1 Recommendations for authors of systematic

reviews addressing the assessment of risk of bias of
nutritional epidemiologic studies

1. Assess the risk of bias of included studies using an
appropriate tool or set of criteria.

Review authors should assess the risk of bias of all included studies.
Our investigation shows that there is currently no consensus among
review authors on the optimal tool for the assessment of risk of bias
of nutritional epidemiologic studies and that many commonly used
tools have important limitations. Review authors should select a
tool that addresses all potential sources of bias in non-randomised
studies, including biases due to confounding, inappropriate criteria
for selection of participants, error in the measurement of the ex-
posure and outcome, departures from the intended exposure, miss-
ing outcome data and selective reporting, and that does not include
constructs unrelated to risk of bias, such as reporting, precision or
generalisability." "2 Review authors should avoid using quality tools
that combine risk of bias with other constructs since such tools are
poor indicators of risk of bias.

The selected tool should assign studies a qualitative category, and
not a quantitative score, representing the degree of risk of bias (eg,
‘low risk’, ‘moderate risk’, ‘serious risk’ and ‘critical risk’) (42). The
overall study risk of bias should reflect the highest rated risk of bias
item or domain (ie, a single limitation in a crucial aspect of the study
should be considered sufficient to put the study at high risk of bias).
We direct review authors to the Cochrane-endorsed ROBINS-I tool,
which addresses all established sources of bias in non-randomised
studies, does not include unrelated constructs and which is accom-
panied by an additional guidance document for its implementation.”
A similar tool, called the ROBINS-E, for the assessment of risk of
bias of non-randomised studies of exposures, modelled after the
ROBINS-I, is currently under development.®® A preliminary version
of the ROBINS-E tool is available for piloting (https://www.bristol.
ac.uk/population-health-sciences/centres/cresyda/barr/riskofbias/
robins-e/), which shares much of the same structure and guiding
questions of the ROBINS-I. Despite concerns about their complexity
and low inter-rater reliability, the ROBINS-E and ROBINS-I tools ap-
pear to be the most rigorous and comprehensive tools available for
the assessment of risk of bias of non-randomised studies.®®
Researchers in nutrition and environmental sciences are often con-
cerned that evidence from non-randomised studies may be dis-
counted in favour of randomised trials despite feasibility concerns
with conducting rigorous trials in these fields.®® ROBINS-I, however,
may be the least likely among available risk of bias tools for non-
randomised studies to discount evidence from non-randomised
studies since it accommodates situations in which non-randomised
studies may provide high or moderate certainty evidence, similar to
RCTs.*’

ROBINS-I's consideration of the magnitude of bias as ranging from
low risk to critical risk may be considered another advantage to oth-
er tools that simply classify studies at low or high risk of bias. We
note, however, that judgements related to the magnitude of bias or
importance of bias are complex, most often not justified by empirical
evidence, and difficult to make for users.***?

2. Assess risk of bias in comparison to a ‘target’ RCT.

Bias can arise due to the actions of study investigators (eg, failure
to follow up all study participants) or may be unavoidable due to
constraints on how studies addressing a particular question can be
designed." Our findings suggest that the latter category of bias may

Continued
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Box1 Continued

often be neglected by review authors. The assessment of risk of bias
relative to a target RCT—a hypothetical RCT that may or may not
be feasible, which addresses the question of interest without any
features putting it at risk of bias—provides a benchmark against
which risk of bias can be assessed and can ensure that biases that
are inherent to the design of studies addressing particular questions
are also accounted for.” *° % This approach is also incorporated in the
ROBINS-I tool.”

Some nutritional and environmental science researchers have ex-
pressed concern with this approach since a trial of nutritional or en-
vironmental exposures may not be feasible.® % We emphasise that
the ‘target’ RCT need not be feasible or practical. This is important
because ‘target’ RCTs will not be limited by typical limitations of di-
etary trials such as poor adherence and attrition due to the need for
long follow-up.

3. Report all criteria that were used to judge each risk of
bias item or domain.

Review authors will need to make judgements regarding which study
design features sufficiently protect against bias and which design fea-
tures may lead to bias. For example, review authors will need to identify
factors that may act as confounders for the question being addressed
and will need to determine which methods for the measurement of the
exposure and outcome of interest are valid and reliable. Ideally, review
authors should develop criteria to make these judgements a priori to
avoid risk of bias assessments from being influenced by the results of
studies.

Authors of nutritional epidemiology reviews may find making judge-
ments related to biases due to confounding and the classification of
the exposure to be particularly challenging. When deciding on the list of
potential confounders that should be controlled for a study to be consid-
ered at low risk of confounding bias, review authors should consider the
evidence on prognostic factors of the outcome of interest and correlates
of the exposure. The list of confounders should not be generated solely
on the basis of confounders considered in primary studies (at least, not
without some form of independent confirmation).*® We refer the read-
er to other sources that describe optimal methods for the selection of
confounders. %%

In making judgements regarding the risk of bias associated with
the classification of the exposure, review authors can typically rate
well-established biomarkers of nutritional exposures at lowest risk
of bias (eg, 24-hour urinary sodium excretion for sodium intake).**
Dietary records and diaries can usually be considered more valid
than recall-based methods, although all self-reported methods suf-
fer from serious limitations.*” *® ® ° The validity of food frequency
questionnaires and other recall-based methods also depends on the
results of validation studies.*® A questionnaire may be sufficiently
valid for some exposures and may not have been validated or may
not be valid for other exposures and so review authors should look
for results of validation studies specific to the exposure being in-
vestigated. Review authors should also consider food composition
databases that are used to derive nutrient intake levels from food
intake data. For these databases to be considered valid, they should
represent the nutrient composition of the foods at the time they were
consumed and account for variations.” For example, there are wide
variations in the nutrient content of different brands of fruit juices
and breakfast cereals and food composition databases that do not
include brand-specific information may not yield accurate nutrient
intake data from these foods.

Continued
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Box1 Continued

4. Conduct risk of bias assessments in duplicate.

To reduce the risk for errors, review authors should conduct risk of
bias assessments in duplicate.%® ® Review authors should resolve
discrepancies by discussion or, when discussion is insufficient, adju-
dication by a third party with expertise in methodology and nutritional
epidemiology.

5. Conduct risk of bias assessments for each result used in
the synthesis.

A single non-randomised study may report several numerical results
representing the effect of a single nutritional exposure on a health out-
come. For example, a study may report the association between multi-
ple eligible measures of the exposure and outcome, at multiple eligible
timepoints, or using several analytical specifications, which may all vary
in their risk of bias. Hence, review authors should perform risk of bias
assessments separately for each numerical result that is extracted and
used in the synthesis.""

6. Report risk of bias judgements for all items or domains
of the risk of bias tool.

For all studies, review authors should report risk of bias judgements
for all items or domains of the risk of bias tool. One way in which this
information can be presented is through traffic light plots that use a
colour-coded system to represent risk of bias ratings across items or
domains." Traffic light plots may also be presented adjacent to forest
plots to allow evidence users to simultaneously visualise the results
from studies, their relative contributions in the meta-analysis and their
risk of bias. This approach allows evidence users to identify the risk
of bias of the most influential studies and to identify variations in the
results of studies based on risk of bias ratings.

7. Incorporate risk of bias in the synthesis of resuits.
Authors should address risk of bias in their synthesis of results using
one or more of the following methods: (1) restricting the eligibility of
studies for inclusion in the synthesis to only those that are at low risk of
bias and conducting a sensitivity analysis including all studies (typically
when there is sufficient evidence available from studies at low risk of
bias); (2) performing subgroup analyses or meta-regressions to explore
differences in results of studies at lower or higher risk of bias; or (3)
reporting results based on all available studies, along with a description
of the risk of bias and how and to what degree bias may have influ-
enced the results—the latter of which is the least informative of the
three strategies but is the only plausible approach when there is no
variability in risk of bias across studies."" Review authors should use
either the first or third method when the synthesis is narrative rather
than quantitative.

Review authors may also attempt to adjust the results of studies in an
attempt to remove bias or in attempt to incorporate the uncertainty of
results from non-randomised studies as part of the study precision.'®
The operationalisation of these approaches, however, is difficult be-
cause it requires review authors to make assumptions about the direc-
tion and/or magnitude of biases, either based on expert opinion, which
is often arbitrary, or based on empirical evidence, which is limited.

8. Incorporate risk of bias in the interpretation of review
findings.

Review authors should make a judgement regarding the overall risk of
bias across the body of evidence to inform the evaluation of the overall
certainty of evidence. For example, the application of the GRADE ap-
proach, the most widely endorsed system for evaluating the certainty
of evidence, requires review authors to make a judgement regarding

Continued

Box1 Continued

whether the certainty of evidence should be downgraded for risk of
bias.' In making this judgement, review authors should consider the
relative contribution of studies at higher versus lower risk of bias (ie,
larger studies or studies with a greater number of events have a more
significant contribution than smaller studies or studies with few events)
and whether there are appreciable differences in the results of studies
at higher versus lower risk of bias.'® When studies at high risk of bias
contribute substantially and when there is insufficient evidence from
studies at low risk of bias, review authors should express less certainty
in the effect estimate. Alternatively, when studies at high risk of bias
have only a small contribution or when studies at high and low risk
of bias report consistent results, review authors may not need to be
concerned about risk of bias. When there are appreciable differences
in the results of studies at higher versus lower risk of bias, estimates
from studies at lower risk of bias may be considered more credible and
review conclusions may be primarily based on these lower risk of bias
studies. Review authors should justify their decision whether to rate
down the certainty of evidence for risk of bias and justify their concerns,
if any, related to risk of bias. Review authors must also be cognisant of
personal biases, including perceptions of ‘landmark’ studies by estab-
lished names in the field as automatically highly credible.

9. Involve researchers with substantive knowledge of the
topic.

Researchers with substantive knowledge of the topic can suggest im-
portant criteria for the assessment of each risk of bias domain (eg, the
validity and reliability of dietary measures) and should be consulted in
the assessment of risk of bias.

of bias assessments in future reviews by using tools that
address all potential sources of bias in non-randomised
studies without including unrelated constructs, by trans-
parently reporting all risk of bias judgements, and by
incorporating risk of bias assessments in the synthesis
of results and the interpretation of findings. Additional
guidance for applying existing risk of bias tools to non-
randomised studies, particularly nutritional epidemio-
logic studies, is needed.
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