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ABSTRACT

Due to the challenges of conducting randomised controlled
trials (randomised trials) of dietary interventions,
evidence in nutrition often comes from non-randomised
(observational) studies of nutritional exposures—called
nutritional epidemiology studies. When using systematic
reviews of such studies to advise patients or populations
on optimal dietary habits, users of the evidence (eg,
healthcare professionals such as clinicians, health
service and policy workers) should first evaluate the
rigour (validity) and utility (applicability) of the systematic
review. Issues in making this judgement include whether
the review addressed a sensible question; included

an exhaustive literature search; was scrupulous in the
selection of studies and the collection of data; and
presented results in a useful manner. For sufficiently
rigorous and useful reviews, evidence users must
subsequently evaluate the certainty of the findings, which
depends on assessments of risk of bias, inconsistency,
imprecision, indirectness, effect size, dose-response and
the likelihood of publication bias. Given the challenges

of nutritional epidemiology, evidence users need to be
diligent in assessing whether studies provide evidence of
sufficient certainty to allow confident recommendations for
patients regarding nutrition and dietary interventions.

WHAT IS A SYSTEMATIC REVIEW AND META-
ANALYSIS?
A systematic review identifies, evaluates
and summarises the findings of all relevant
primary studies addressing a particular ques-
tion. It is often, but not always, accompanied
by a meta-analysis, which is the statistical
pooling of data across studies to produce a
single effect estimate.

Systematic reviews and meta-analyses have
become foundational to evidence-based

8,9,10

clinical practice. For example, standards for
producing trustworthy guidelines require
all recommendations be based on rigorous
and comprehensive systematic reviews of the
evidence.' Failing to base clinical care (box 1)
and guideline recommendations on system-
atic reviews risks overlooking important
evidence, selectively choosing favourable
evidence or neglecting important limitations
of the evidence.

There are two aspects to evaluating a
systematic review and meta-analysis (SRMA),
both within and outside of nutritional epide-
miology (box 2). The first has to do with
the methodological rigour (validity) and
utility (applicability) of SRMA. These issues
are discussed in the first half of this manu-
script. The second set of issues addresses the
certainty (quality) of evidence summarised
in the SRMA. These issues are discussed in
the second half of the manuscript. While a
poorly conducted SRMA is of little use and
may be misleading if the body of evidence
has important limitations, a well-conducted
SRMA may only provide low or very low
certainty evidence, evidence that is still
important for transparent and informed clin-
ical decision-making.

This article describes considerations in eval-
uating and applying SRMAs in nutrition and
draws from the JAMA Users’ Guides series.”
Given that SRMAs of non-randomised studies
(eg, cohort, case—control studies) addressing
nutritional exposures—often referred to as
nutritional epidemiology studies—require
very unique considerations,” the primary
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Box 1 Clinical scenario

You are a family doctor (general practitioner) following a healthy
45-year-old female patient. She reports having recently come across a
series of news articles on the alleged adverse health effects of red and
processed meat. She is concerned about her cardiovascular health and
her risk for cancer and inquires whether reducing her intake of red and
processed meat (currently at four and two servings/week, respectively)
is important. She also indicates that her meat consumption is mostly
from local sources using sustainable (regenerative), ethical and humane
farming practices. You recall having read a series of systematic review
articles on this topic of meat and health outcomes. You ask the patient
to return in 2weeks for further advice.

You formulate the relevant clinical question: in healthy middle-aged
adults, does the reduction of red and processed meat intake reduce the
risk of adverse cardiovascular and cancer health outcomes? You refer
to the series of articles you recall having read on the topic—a guideline
and a series of supporting systematic reviews. The guideline, published
by an international consortium of methodologists, nutrition research-
ers and clinicians, called NutriRECS, provides a weak recommendation
for adults to continue their current levels of red and processed meat
consumption.“® The systematic reviews summarise the evidence from
randomised trials,*> cohort studies reporting on cardiovascular out-
comes,” cohort studies reporting on cancer outcomes* and cohort
studies reporting on the effects of dietary patterns low or high in red
and processed meat on cardiovascular and cancer outcomes.*®

focus of the first of two articles on nutrition systematic
reviews will focus on synthesising non-randomised studies.
Part 2 will focus on systematic reviews of randomised clin-
ical trials.

EVALUATE THE VALIDITY AND APPLICABILITY OF THE
SYSTEMATIC REVIEW

In using the results of an SRMA to guide clinical or public
health decisions, evidence users will need to judge the
validity and applicability of the SRMA. The validity of

Box 2 Guide for evaluating validity, applying the results

and assessing the certainty of evidence of a systematic
review and meta-analysis

Evaluate validity and applicability of the systematic review

1. Did the review explicitly address a relevant question?

2. Were methods for identifying and selecting studies and collecting
data sufficiently rigorous?

3. Did the review appropriately synthesise data and report results that
are ready for application?

Assess the certainty (quality) of the evidence

How serious is the risk of bias in the body of evidence?

Are the results consistent across studies?

How precise are the results?

Do the results directly apply to my patient?

Is there concern about publication bias?

Are there reasons to be more certain of findings based on effect
size, credible dose-response gradient and/or direction of plausible
confounders?
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Box 3 Substitution models

A review addressing sugar-sweetened beverages, for example, sum-
marised results from substitution models to estimate the effects of re-
placing sugar-sweetened beverages with other beverage alternatives
(eg, water, milk, juice, coffee).” The review found the substitution of
sugar-sweetened beverages with other beverage alternatives may have
a positive effect on body weight and composition, but this positive effect
is likely larger for the replacement of sugar-sweetened beverages with
water.

an SRMA may be undermined by limitations such as an
incomprehensive search for eligible studies or inappro-
priate eligibility criteria® and its applicability by issues such
as addressing an irrelevant question or failing to synthe-
sise data and report results that are ready for application.”

1. Did the review address a relevant question?

The first step in addressing the applicability of an SRMA
of nutritional epidemiology studies is assessing whether
authors have stated explicit eligibility criteria that specify
the population, exposure, comparator and outcome(s)
of interest (frequently referred to as PECO—a variation
of PICO used for therapeutic interventional studies). In
nutritional epidemiology, the exposure may be a food,
food compound (eg, micronutrient, macronutrient,
bioactive compound) or dietary pattern. Unlike SRMAs
of therapeutic interventions, where an intervention is
compared with an alternative intervention (or standard
care), SRMAs of nutritional exposures typically compare
individuals with a higher intake of exposure (or higher
adherence to a dietary pattern) to those with lower intake
(or lower adherence to a dietary pattern).

Box 4 Dose-response meta-analyses from NutriRECS
reviews of cohort studies

The NutriRECS reviews of cohort studies** present results from dose-
response meta-analyses corresponding to a reduction of red and pro-
cessed meat intake by three servings/week. For analyses for which a
non-linear relationship is observed, the reviews present graphs relating
the quantity of intake with the relative risk for the outcome (figure 1).
Evidence users can convert effect estimates from linear dose-response
meta-analyses to correspond to different quantities of intake by multi-
plying the natural logarithm of the point estimate and the Cls by a con-
version factor (eg, the conversion factor for converting three servings/
week to five servings/week is 5/3) and subsequently exponentiating the
results (table 1). For example, to convert the relative risk (RR) of cardio-
vascular mortality (0.90) corresponding to a reduction of three servings/
week of unprocessed red meat to five servings/week, evidence users
could use the following procedure; RR = ¢/nin (0.90)x5/3

Below, figure 1 presents the relative risk of type 2 diabetes correspond-
ing to various servings of processed meat intake per week compared
with zero servings/week, derived from a non-linear model. Since these
results are derived from a non-linear model, the magnitude of change
in the risk of type 2 diabetes will depend on the baseline intake of pro-
cessed meat.
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Figure 1 Non-linear effect of processed meat on type 2

diabetes. The solid black line represents the point estimate,

the shaded region represents the 95% Cls and the tick marks

represent the positions of the study-specific estimates.

For an SRMA to be optimally useful, it should account
for the foods or food compounds that are consumed
instead of the exposure of interest, which may also impact
the risk for the outcome under study. Investigators may
address this issue by summarising results from substitu-
tion models or joint analyses, analytical approaches to
estimating the effects of the substitution of one food or
food compound for another or the joint effects of two
or more exposures (box 3).! Despite addressing a more
specific causal question, substitution models also come
with limitations. They are statistical exercises and do not
actually account for how people in the real world adapt
their diet to accommodate a dietary modification. Foods
and diets are also complex mixtures and substitution
models may oversimplify their interactions. These models
are also subject to the same limitations as other nutrition
models, which are described later in this manuscript.

SRMAs of observational studies addressing the impact
of alternative diets are almost always concerned with
the effect of those diets—that is, they address their
causal impact on patientimportant outcomes. Given
that causation is the issue at hand, authors should use
causal language—though they should, they may not and
this is potentially (:onfusing.5 While many SRMAs of diet
exposures or interventions do not conduct or report
on the certainty of evidence,6 it will be up to evidence
users to discern the extent to which SRMA results indeed
support causal inference (ie, based on Grading of

Recommendations Assessment, Development and Evalu-
ation (GRADE) guidance provide moderate, low or very
low certainty evidence—they will very seldom provide
high certainty evidence) on an outcome by outcome basis.
In this manuscript, to align with their causal intent we
use causal language to refer to estimates from SRMAs of
observational studies. However, we qualify causal state-
ments with recommended GRADE language to express
uncertainty (eg, ‘likely’ or ‘probably’ for moderate
certainty evidence; ‘possibly’ or ‘may’ for low certainty;
and ‘very uncertain’ for very low certainty evidence).”

2. Were methods for identifying and selecting studies and
collecting data sufficiently rigorous?

SRMAs are at risk of presenting misleading results if
they fail to include all eligible studies. For most ques-
tions, SRMAs that search MEDLINE and EMBASE, or
databases with similar coverage, likely include all or
nearly all relevant published studies. For some questions,
however, MEDLINE and EMBASE may not be sufficient
and it is difficult to know in advance whether a more
extensive search is necessary.8 9 Hence, reviews should
always conduct an exhaustive search of the literature that
includes the following: study registries, bibliographies
of included studies, doctoral theses (eg, EBSCO Open
Dissertations, ProQuest, BIOSIS), abstracts from rele-
vant scientific meetings and soliciting experts for relevant
published and unpublished studies.® '’ Further, SRMAs
should reduce the opportunity for biases and errors in the
selection of studies and the collection of data by ensuring
that these processes are conducted independently and in
duplicate.

3. Did the review appropriately synthesise and report results
that are ready for application?

When using an SRMA to inform inferences about the
effect of the intake of a food or food compound on
the risk for a health outcome, evidence users should
look for results from a dose-response meta-analysis that
summarises the relationship between the quantity of the
exposure and the risk for the outcome.'' ¥ Evidence users
should also pay close attention to the quantity of the
exposure corresponding to which results are presented
and judge whether the quantity is reasonable (box 4). A
review may, for example, present the risk difference for
adverse cardiovascular outcomes associated with 5 serv-
ings/day or 20 servings/day of fruits and vegetables; the
latter may be a larger and more impressive effect but may

Table 1
red and processed meat from a dose-response meta-analysis

Relative effect estimates for cardiovascular mortality corresponding to different quantities of intake of unprocessed

Reduction of three servings/week

Exposure RR (95%Cl)

Reduction of five servings/week Reduction of seven servings/week
RR (95%Cl)

RR (95%Cl)

0.90 (0.88 to 0.91)
0.90 (0.84 to 0.97)

Unprocessed red meat
Processed meat

RR, relative risk.

0.84 (0.81 to 0.85)
0.84 (0.75 to 0.95)

0.78 (0.74 to 0.80)
0.78 (0.67 to 0.93)
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Box 5 Absolute effects from NutriRECS reviews of cohort

studies

The NutriRECS systematic review and meta-analyses of cohort stud-
ies present absolute effect estimates corresponding to a reduction of
red and processed meat of three servings/week,”® * a reduction the
authors thought might be feasible for most people. Population risks
for cardiometabolic outcomes were sourced from the Emerging Risk
Factors Collaboration, a consortium of over 100 cohorts, primarily from
North America and Western Europe, that includes mostly middle-aged to
older adults who were omnivores, while for cancer outcomes NutriRECS
used GLOBOCAN, a repository of risk estimates from national cancer
registries. Table 2 presents the absolute effects of cardiovascular mor-
tality, type 2 diabetes and cancer mortality.*s

not be reasonable because few studies, if any, reported on
the effects of 20 servings/day and the review likely extrap-
olated the effect from lower quantities of intake. Further,
consuming 20 servings/day of fruits and vegetables is not
practical for most people.

The dose-response effect of nutritional exposure on
a health outcome may be linear or non-linear, both of
which may be modelled using dose-response meta-
analysis. Evidence users can convert effect estimates
from linear dose-response meta-analysis to correspond to
different quantities of the exposure by simple algebraic
formulae. For non-linear dose-response meta-analysis,
SRMAS typically present a graph that depicts the relation-
ship between the exposure and outcome, which evidence
users can use to approximate effects corresponding to
different quantities of the exposure.

SRMAs may also present results from meta-analyses
comparing extreme categories of exposure (eg, a meta-
analysis comparing the incidence of an outcome in the
highest quantile of intake of a food or food compound
to the incidence in the lowest quantile). Despite
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challenges with their interpretation, such analyses remain
common.’ " For exposures for which there is no compa-
rable measure of consumption or adherence across
studies, such as a posteriori derived dietary patterns (ie,
dietary patterns that are derived by methods like factor
analysis and principal component analysis), meta-analyses
comparing extreme quantiles may be the only feasible
approach to pool data. Because such analyses are diffi-
cult to interpret, evidence users should be cautious when
SRMASs present only comparisons of extreme categories
of exposure.'* '

When reporting SRMA results, ideally, authors should
present absolute effects—the effect of an exposure
expressed as the rate of the outcome (eg, risk differences,
number needed to treat or harm) rather than the rela-
tive effects (ie, relative risk, OR, HR) alone. SRMAs most
often meta-analyse relative effects because they tend to
be similar across populations (while also providing more
compelling [exaggerated] results).'® Absolute effects,
however, are essential for realistic and intuitive decision-
making and without them evidence users cannot help
their patients make rational decisions.'” '® When abso-
lute effects are presented, evidence users should judge
whether the population risk estimates used for their
calculation are sufficiently similar to the baseline risk of
the outcome in their patient.'”” Unfortunately, SRMAs of
nutritional epidemiology studies seldom present abso-
lute effects.” When absolute effects are not presented,
evidence users can calculate them using population risk
estimates (box 5).1% 17

To calculate absolute effects, evidence users can
multiply the relative risk (including the lower and upper
Cls) by the population risk. For reviews that present
results as ORs or HRs, users can calculate absolute effects

. . 1920
using alternative formulae:

Table 2 Relative and absolute effect estimates for cardiovascular mortality, type 2 diabetes and cancer mortality

Relative risk from dose-response

meta-analysis corresponding to a

reduction of three servings/week
Exposure/Outcome (95%Cl)

Population risk

Risk difference corresponding to a
reduction of three servings/week
(95%Cl)

Unprocessed red meat

Cardiovascular
mortality

0.90 (0.88 to 0.91)

Type 2 diabetes 0.90 (0.88 to 0.92)

Cancer mortality 0.93 (0.91 to 0.94)

Processed meat

Cardiovascular
mortality

0.90 (0.84 to 0.97)
Type 2 diabetes 0.78 (0.72 to 0.84)

Cancer mortality  0.92 (0.89 to 0.94)

41/1000 over 10.8 years
56/1000 over 10.8 years

105/1000 over lifetime

41/1000 over 10.8 years

56/1000 over 10.8 years

105/1000 over lifetime

4 fewer per 1000 persons
(5 fewer to 4 fewer) over 10.8 years

6 fewer per 1000 persons
(7 fewer to 4 fewer) over 10.8 years

7 fewer per 1000 persons
(9 fewer to 6 fewer) over lifetime

4 fewer per 1000 persons
(7 fewer to 1 fewer) over 10.8 years

12 fewer per 1000 persons
(16 fewer to 9 fewer) over 10.8 years

8 fewer per 1000 persons
(12 fewer to 6 fewer) over lifetime
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Box 6 Risk of bias in NutriRECS reviews of cohort studies

In the NutriRECS systematic reviews with meta-analyses (SRMAs) of
cohort studies, the risk of bias is assessed using ad hoc criteria instead
of a known risk of bias tools (eg, Ottawa-Newcastle instrument) due
to the limitations of such tools at the time of NutriRECS publications.
The ad hoc criteria addressed confounding, the selection of participants,
measurement of the exposure, errors in the measurement of the out-
come and missing outcome data.*3-#° %3

Reviews that use ad hoc criteria to assess risk of bias rather than es-
tablished risk of bias tools may neglect important considerations of risk
of bias. The ad hoc risk of bias criteria used in the NutriRECS SRMAs
of cohort studies, for example, do not include selective reporting. The
discussion section of the SRMA report, however, acknowledges that all
studies are at risk of selective reporting bias due to the lack of standard
practices for the registration of protocols and statistical analysis plans
of nutritional epidemiology studies.

In the application of GRADE, the NutriRECS SRMAs rated down the cer-
tainty of evidence when the evidence came primarily from studies at
high risk of bias. For example, the dose-response evidence on unpro-
cessed red meat and cardiovascular mortality came from seven cohort
studies, four of which were at high risk of bias due to the lack of peri-
odically repeated measurement of diet and inadequate adjustment for
confounders.*® Given these issues, the authors rated the evidence as
very low certainty.

_ OR X population risk
11— population risk+ OR X population risk

Absolute risk from odds ratio (OR)

Absolute risk from hazard ratio (HR) =1- (1 — population n'sk) R

RATE THE CERTAINTY (QUALITY) OF THE EVIDENCE

While results from a body of evidence may appear highly
effective, our certainty in the body of evidence may be
undermined by issues such as limitations in study designs
or differences between the questions addressed in studies
and the clinical or public health question of interest.
Hence, optimal decision-making also requires consid-
eration of the certainty (quality) of evidence. Several
approaches to evaluate the certainty of evidence are
available.”’ One such system is the GRADE approach.?
The GRADE approach is by far the most commonly used
system to evaluate the certainty of evidence—is it used by
over 100 organisations worldwide, including the WHO,
the Cochrane Collaboration and the American Academy
of Nutrition and Dietetics and has evolved into a bench-
mark for the validity of reviews and guidelines. The
GRADE approach intends to improve the interpretation
of evidence for healthcare decision-making based on a
common and transparent standard.?

Original GRADE guidance proposed that for ques-
tions of causal inference, a body of evidence comprised
of randomised trials starts at high certainty and non-
randomised studies start at low certainty.23 This is
because, randomised trials, by virtue of randomisation,
may achieve balance (more or less) in both known and
unknown prognostic factors such that any observed

Box 7 Example of inconsistency

A systematic review and meta-analysis addressing the association be-
tween vegetarian diets and metabolic syndrome reports on five cross-
sectional studies and calculates a pooled OR of 0.96 (95% Cl 0.50 to
1.85).>* Figure 2 shows the forest plot for the meta-analysis of these
studies. The results of each study are represented by squares with hor-
izontal lines depicting 95% Cls. Studies with results to the left of the
vertical line suggest that vegetarian diets reduce the risk of metabolic
syndrome. Conversely, studies to the right favour an omnivorous diet.
Three studies show a moderate to large effect favouring a vegetarian
diet whereas two studies show a moderate to large effect favouring an
omnivorous diet and there is little overlap in the Cls of these two groups
of studies. The I statistic indicates substantial heterogeneity (°=85%).
In such a situation, we are less certain of the pooled effect estimate due
to the inconsistency of the results of primary studies.

differences in outcomes between randomised arms can
be more confidently attributed to the intervention under
investigation.24 In non-randomised studies, however,
participants with and without exposure may differ with
regard to prognostic factors such that any differences
in outcomes between participants may be an artefact of
differences in other prognostic factors.** Even if investi-
gators use sophisticated design and analytical methods
to adjust for a comprehensive list of prognostic factors,
important factors that are unknown or unmeasured may
still influence results. This phenomenon is called residual
confounding and is the reason why non-randomised
studies are initially rated at low certainty.

Newer GRADE guidance now suggests that a body
of evidence comprised of non-randomised studies can
also start at high certainty and the certainty of evidence
may be downgraded by considering limitations of the
evidence in comparison to a ‘target trial’—a hypothet-
ical trial, without any limitations, that may or may not
be feasible, addressing the question of interest.”” Using
this approach, however, a body of evidence comprised
of non-randomised studies will almost always still land at
low or very low certainty due to concerns with residual
confounding.

The certainty of a body of evidence may be rated
down by one or more levels due to concerns related to
five factors: risk of bias (ie, study limitations that may
lead to systematic underestimation or overestimation),
inconsistency (ie, unexplained heterogeneity in results
across studies), indirectness (ie, differences between the
questions addressed in studies and the clinical or public
health question of interest), imprecision (ie, number of
events or participants and the magnitude of Cls around
an estimate in relation to the minimum difference in
the outcome that patients or the target population finds
important) and publication bias (ie, the tendency for
studies with statistically significant results or positive
results to be published, published faster or published
in journals with higher visibility). The certainty of a
body of non-randomised studies may also be rated up
in select scenarios: when there is a valid dose-response
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Vegetarian Omnivore
Study Events Total Events Total
Chang 2013 26 391 40 315
Hung 2008 9 7 71 388
Jung 2013 45 148 26 148
Kim 2012 20 59 23
Lee 2014 85 357 50 357
Fixed effect model 1026 1256

Random effects model
Heterogeneity: /2 = 85%, t° = 0.4690, p < 0.01

48—+ 0.56 [0.26;1.22] 12.6%

Weight Weight

Odds Ratio OR 95%-Cl (fixed) (random)
: 0.49 [0.29;0.82] 31.0%
—— 0.65 [0.31;1.37] 14.4%
\——=%—— 205 [1.18;3.55] 13.6%

20.9%
18.4%
20.6%
17.9%

P—S— 192 [1.30;2.82] 28.5% = 22.2%

BLS 1.14 [0.90; 1.44] 100.0% -
0.96 [0.50; 1.85] -~ 100.0%

1 2

Figure 2 Forest plot showing the pooled results of five cross-sectional studies on the association between.

relationship, a large effect (eg, relative risk <0.50r >2.0),
or when all plausible confounders act in the opposite
direction than the observed effect.®® A description of
these issues follows.

GRADE, initially critiqued for its limited applicability
to environmental epidemiology, has broadened its scope.
For example, it has established the Environmental and
Occupational Health Project Group, which has published
guidance on the application of GRADE to environmental
and occupational hazards, which also apply to nutritional
epidemiology.” ¥

Below, we describe considerations in assessing the
certainty of evidence presented by SRMAs. If an SRMA
assesses the certainty of evidence using these consider-
ations, evidence users will need to consider whether they
agree with the judgements presented by the authors.
Conversely, if an SRMA does not present an assessment of
the certainty of evidence, evidence users can make judge-
ments about the certainty considering the aforemen-
tioned criteria, while keeping in mind that study results
that firmly support a causal inference statement should
typically be accompanied by high certainty evidence
based on the GRADE approach.

4. How serious is the risk of bias in the body of evidence?

Users of the evidence should be cautious about applying
evidence from SRMAs when most of the evidence comes
from studies that are at high risk of bias. A well-conducted
review will assess the risk of bias of primary studies—
though based on one systematic survey, most SRMAs of
nutritional epidemiology studies do not use appropriate

Box 8 Judgements of Imprecision in NutriRECS reviews

of cohort studies

The NutriRECS systematic review and meta-analysis (SRMA) of cohort
studies addressing cancer reports a relative risk of 0.99 (95% Cl 0.89
to 1.09) among people who consume three fewer servings/week of pro-
cessed meat and overall cancer incidence.** Assuming a lifetime pop-
ulation risk of 185 per 1000 people, the reduction of processed meat
intake is associated with 2 fewer cases of cancer in 1000, with Cls
ranging from 20 fewer to 17 more. The authors of the SRMA consid-
ered the results imprecise because they anticipated that people may
consider reducing their intake of processed meat if it would prevent 20
cancers in 1000 people followed over a lifetime (the a priori minimal
threshold identified by the guideline panel), but would not reduce their
intake if it would result in an additional 17 cases of cancer.

and comprehensive criteria and so evidence users should
be cautious about accepting the authors’ interpretation of
the degree of risk of bias without further considerations.”’

Bias in non-randomised studies may arise due to
confounding bias, inappropriate criteria for the selec-
tion of participants, errors in the measurement of the
exposure, missing data, errors in the measurement of
the outcome and selective reporting of results.”* To our
knowledge, until recently, there was no risk of bias tools
that comprehensively accounted for these biases. The
ROBINS-E (Risk Of Bias In Non-Randomized Studies -
Exposure) tool, a new risk-of-bias tool for non-randomised
studies of exposures, improves on previous risk-of-bias
tools by addressing these sources of bias (box 6).%

In nutritional epidemiology studies, confounding and
bias related to measurement of the exposure represent
major areas of concern. Confounders are variables that
are correlated with the exposure of interest and have a
causal effect on the outcome of interest. Confounding
occurs when there are differences in confounding vari-
ables between exposure groups. If those who consume
more red meat, for example, are more likely to be obese
and exercise less, results may appear to show an increase
in cardiovascular disease with increased consumption of
red meat, which may actually be due to these other effect-
modifying variables. Investigators deal with confounding
by restricting the study sample to >1 levels of confounding
factors, matching or statistical methods, such as stratified
analyses or adjustment through regression models.”* At
minimum, evidence users should ensure that primary
studies control for age, sex, smoking and socioeconomic
status. When studies included in the review do not control
for these variables, confounding is highly probable.
Further, it must be noted that adjusting for factors like
smoking, which vary extensively by person-year or decade,
is a crude adjustment at best.

Depending on the question of interest, adjustment for
other confounding variables will also be necessary. The
confounders that are adjusted for in studies are typically
presented in a table of study characteristics (this is usually
the first table of the SRMA). Users of the evidence should
carefully review the confounders for which primary
studies adjust and ensure that studies adjust for all
suspected confounders.

Even when studies control for all suspected
confounders, however, the problem that remains is that
studies will yield unbiased results only if all confounders

Zeraatkar D, et al. bmjnph 2024;0:€000835. doi:10.1136/bmjnph-2023-000835
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Box9 Example of indirectness

A systematic review and meta-analysis (SRMA) on the relationship be-
tween the early introduction of fish to the infant diet and the risk of aller-
gic disease considered the evidence indirect because studies measured
allergic sensitisation, a surrogate for allergic disease.®® Conversely, an
SRMA on the effects of sugar intake on dental caries did not consider
the evidence indirect despite most studies having only included chil-
dren, because the authors considered the aetiology of dental caries to
be identical in children and adults.®

are known—which they seldom are—and if known
confounders are measured accurately and can easily be
adjusted for (eg, biological sex). Because of this inevitable
uncertainty, in most cases, SRMAs of nutritional epidemi-
ology studies will yield only low certainty evidence.

Asecond issue is the measurement of dietary exposures.
Users of the evidence should be cautious of reviews that
primarily include studies that measure diet using memory
recall-based instruments as these measures are subject to
serious limitations.” Evidence users can typically express
more certainty in the results of SRMAs of studies that
measure diet using weighted dietary records or estab-
lished biomarkers (eg, urine sodium excretion, adipose
tissue fatty acids). While we are not yet aware of other
reliable and valid dietary measures, future advancements
and technologies may eventually facilitate improved
dietary measurement.”

5. Are the results consistent across studies?

When results across primary studies in an SRMA
are inconsistent, we are less certain of the findings.
Evidence users can look for inconsistency by visually
inspecting a forest plot for large differences in point
estimates or Cls that do not overlap. Users may also
gauge inconsistency by looking for statistical indica-
tors of heterogeneity, such as the I*statistic (a summary
of the magnitude of heterogeneity that ranges from
0% to 100%). A high I? statistic (usually I*>50%or
>60%) suggests that there is substantial heterogeneity

Box 10 Example of publication bias

A systematic review and meta-analysis on the relationship between the
frequency of family meals and children’s health found frequent family
meals to be associated with lower body mass index (BMI) (r=—0.05,
95%Cl —0.06 to —0.03).%” Figure 3 shows a funnel plot that relates the
effect sizes reported in studies (on the x-axis) to a measure of the size
of the studies (SE on the y-axis). The dark circles represent the studies
included in the review. These studies are asymmetrically distributed in
the funnel plot: smaller studies (presented towards the lower half of the
figure) show frequent family meals to be associated with lower BMI,
whereas this effect is not observed in larger studies (at the top of the
figure). The authors use a method called ‘trim and fill’ to identify and
correct this asymmetry. The ‘imputed studies’ are shown in white cir-
cles. Egger’s test is also statistically significant (p=0.001). We may be
less certain of the relationship between the frequency of family meals
and children’s BMI due to the evidence of potential publication bias.
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Figure 3 A funnel plot to help assess publication bias from
a systematic review and meta-analysis on the relationship
between the frequency of family meals and children’s BMI.
White circles represent imputed studies. BMI, body mass
index.

(box 7). Statistical methods for detecting hetero-
geneity, however, have important limitations. For
example, the I? value is prone to misinterpretation
since even small degrees of unimportant inconsis-
tency may translate to high I? values if estimates from
studies are highly precise.*

When deciding whether results are consistent,
evidence users should not rely completely on statis-
tical indicators of heterogeneity and should instead
judge whether differences in the results of studies, if
any, would be important to patients or target popula-
tions. Evidence users may be concerned that SRMAs
include studies too variable in participants to yield
useful insights. They need not be too concerned,
however. If study participants differ widely and results
are nevertheless similar across studies, it tells us that
individuals with different characteristics are likely to
respond similarly to the intervention, allowing the
application of the results to a wide range of patients
or populations.®” Evidence users might also encounter
heterogeneity that is not clinically important. For
example, if all studies suggest a dietary exposure is
protective against an adverse health outcome but
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Box 11 Clinical scenario resolution

We now return to our opening clinical scenario. Although the reviews
do not address the effects associated with replacing red or processed
meat with particular alternative foods, the reviews did have applica-
bility, addressing a relevant question: the effects of reducing red and
processed meat intake on adverse cardiovascular and cancer health
outcomes. The systematic review and meta-analyses are methodolog-
ically rigorous (valid): they followed a priori specified methods; includ-
ed an exhaustive search for all relevant studies; performed screening
and extraction of data in duplicate; and used appropriate methods for
the quantitative synthesis of results across studies, including dose-
response meta-analyses.

The authors apply the Grading of Recommendations, Development
and Evaluation approach to assess the certainty of evidence.
Randomised trials provided low to very low certainty evidence
that diets lower in red meat may result in some small reductions
in adverse cardiovascular and cancer health outcomes.*? Cohort
studies sometimes provided low certainty evidence (if adequately
adjusted, with consistent results) and sometimes very low cer-
tainty (certainty rated down for risk of bias concerns of inade-
quate adjustment for confounding and lack of periodic repeated
measurement of diet, inconsistency and imprecision).*? 44 *°

You present the results to your patient (table 3 shows results of
select outcomes from the NutriRECS systematic reviews of co-
hort studies***°). Given the uncertainty (low to very certainty
evidence) and small to very small magnitude of any benefit of re-
ducing consumption (by three servings/week) that might exist, the
patient considers the inconvenience and reduction in the pleasure
of eating not worth the possible benefits and chooses to continue
her current levels of red and processed meat consumption, meats
that come from local, regenerative and ethical farming practices.

studies suggest that the exposure is protective to
different degrees, heterogeneity is less important.37
vegetarianism and metabolic syndrome. Ideally,
reviewers will anticipate inconsistency, generate a
priori hypotheses to explain inconsistency and test
their hypotheses using subgroup analyses or meta-
regression. Even when reviewers do find a possible
subgroup effect, it may still be spurious. Evidence
users should use established criteria, considering
how likely it is that chance explains the difference

in subgroups, whether the studies involve within or
between study comparisons (ie, if the hypothesis is
the effect differs in men and women, whether men
and women were included in the same study or
studied separately) and whether authors investigated
only a small number of a priori specified hypotheses,
to differentiate between spurious and trustworthy
subgroup findings.”®

6. How precise are the results?

The width of the 95% CI represents the range in which
the true effect plausibly lies (for a more detailed expla-
nation of CIs, see a study by O’Brien and Yi*’) and is the
primary indicator of the precision of SRMA results. We
are less certain of the pooled point estimate if the lower
and upper boundaries of the CI, were they to represent
the true effect, would lead to different dietary advice or
actions.* We are more certain of the pooled estimate if the
lower and upper boundaries of the CI both suggest that
there is no important effect, or that there is an important
effect.”’ Deciding whether results are sufficiently precise
is subjective and evidence users should consider minimal
important differences or decision thresholds based on the
values and preferences of their patients or target popula-
tion when making this judgement.40 ' For example, for
the red and processed meat systematic reviews, " based
on the values and preferences of a guideline panel that
included members of the public,46 for fatal outcomes, <10
events per 1000 was considered as ‘little to no benefit’.
For non-fatal outcomes (eg, cancer incidence), <20 per
1000 were considered ‘little to no benefit’ over a lifetime
(box 8).

7. Do the results directly apply to my patient?

If the populations, exposures or outcomes investigated
in primary studies contained in an SRMA differ from
the patient or target population of interest, the evidence
may not be applicable (called indirectness). For example,
SRMAs of nutritional epidemiology studies may investi-
gate the effects of a nutritional exposure on cardiovascular
health in individuals who have already developed symp-
toms of cardiovascular disease (secondary prevention)

Table 3 Summary of select findings of the NutriRECS systematic reviews

Unprocessed red meat Processed meat Dietary patterns
(reduction of three servings/week) (reduction of three servings/week) (lower vs higher in red meat)
Certainty of Certainty of Certainty of
Outcome Risk difference evidence Risk difference evidence Risk difference evidence

Cardiovascular
mortality

4 fewer per 1000 persons OO0
(from 5 fewer to 4 fewer) VERY LOW
over 10.8 years

Type 2 diabetes 6 fewer per 1000 persons @HOO
(from 7 fewer to 4 fewer) LOW
over 10.8 years

years

Overall cancer 7 fewer per 1000 persons OO

4 fewer per 1000 persons @OOO

over 10.8 years

12 fewer per 1000
persons (from 16 fewer
to 9 fewer) over 10.8

8 fewer per 1000

6 fewer per 1000 persons @OOO

(from 7 fewer to 1 fewer) VERY LOW (from 9 fewer to 2 fewer) VERY LOW
over 10.8 years
dOO00O 14 fewer per 1000 elele)
VERY LOW  persons (from 18 fewer to VERY LOW
8 fewer) over 10.8 years
21:10]@) 12 fewer per 1000 @000

mortality (from 9 fewer to 6 fewer) LOW persons (from 12 fewer LOW persons (from 18 fewer to VERY LOW
over lifetime to 6 fewer) over lifetime 4 fewer) over lifetime
8 Zeraatkar D, et al. bmjnph 2024;0:€000835. doi:10.1136/bmjnph-2023-000835
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but may extrapolate these results to individuals without
any signs of cardiovascular disease (primary prevention).
Similarly, SRMAs may investigate the effects of nutritional
exposures on surrogate outcomes (ie, outcomes that are
only important to patients or populations due to their
correlation, or assumed link, with other outcomes such
as blood pressure) as an indirect measure of patient-
important outcomes such a stroke or myocardial infarc-
tion."” Judgements regarding indirectness depend on
whether any differences between the characteristics
of studies and the clinical or public health question of
interest would lead to an appreciable change in the direc-
tion or magnitude of the effect (box 9).

8. Is there concern about publication bias?

Findings from an SRMA will be biased when results
from studies that are published and available for
inclusion in the SRMA differ from those that are
unpublished or unavailable. Sometimes, studies that
are published and available show results that are
more interesting or provocative than those that are
unpublished and unavailable. Bias due to missing
studies, called publication bias, is likely frequent in
nutritional epidemiology due to the lack of standard
registration practices for protocols, which allows
investigators to explore a large number of exposures
and outcomes and to report only results that yield
interesting findings.

One clue that publication bias exists is if results
from smaller studies—that are typically more likely to
be published and are thus at higher risk for publica-
tion bias—are different from larger studies—studies
that are at lower risk of publication bias. This is often
referred to as ‘small study effects’. To assess for publi-
cation bias, evidence users should start by evaluating
how comprehensive (ie, systematic) the search was
(see above). SRMA authors should then look for
publication bias using visual inspection of funnel
plots, and look for statistical tests, such as Egger’s test
and Begg’s test, that relate the precision of studies to
their effect estimates (box 10).*® *® These methods,
however, have important limitations. Statistical tests
for publication bias, for example, are almost always
underpowered. Further, even when there is statis-
tical evidence that effects from smaller studies are
different from larger studies (ie, ‘small study effects’),
publication bias is only one plausible explanation
(another is that smaller and larger studies differ in
other important ways, such as risk of bias).

9. Are there reasons to be more certain of findings based on
effect size, credible dose-response gradient and/or direction
of plausible confounders?

Three uncommon situations can sometimes make us
more certain of findings of non-randomised studies. First,
when the observed effect is large (typically a relative risk
(RR)>2.00r RR<0.5), biases, such as confounding, are less
likely to fully explain the observed effect. Large effects

will very rarely, if ever, occur in nutritional epidemiology
studies since the foods and nutrients to which partici-
pants are typically exposed typically have small effects on
health, though these effects may accumulate over long
durations of exposure.”

Second, we may be more certain of results when we
observe a dose-response gradient, particularly if biases
about which we are concerned are unlikely to produce
spurious dose-response associations. It must be noted,
however, that nutritional exposures are highly correlated
with one another,2951 which makes spurious dose-response
associations highly plausible.*

The third situation—when all plausible confounders
would act in the opposite direction than the direction of
the observed effect—is also unlikely to occur in nutrition
because we seldom are aware of all plausible confounders.
Overall, because situations that make us more certain of
findings of non-randomised studies seldom occur in nutri-
tion, SRMAs of nutritional epidemiology studies usually
provide only low to very low certainty evidence (box 11).
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