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ABSTRACT

This article describes how the Grading of
Recommendations Assessment, Development and
Evaluation (GRADE) approach to grading the quality of
evidence and strength of recommendations considers the
Bradford Hill criteria for causation and how GRADE may
relate to questions in public health. A primary concern in
public health is that evidence from non-randomised
studies may provide a more adequate or best available
measure of a public health strategy’s impact, but that
such evidence might be graded as lower quality in the
GRADE framework. GRADE, however, presents

a framework that describes both criteria for assessing the
quality of research evidence and the strength of
recommendations that includes considerations arising
from the Bradford Hill criteria. GRADE places emphasis on
recommendations and in assessing quality of evidence;
GRADE notes that randomisation is only one of many
relevant factors. This article describes how causation may
relate to developing recommendations and how the
Bradford Hill criteria are considered in GRADE, using
examples from the public health literature with a focus on
immunisation.

“Scientists believe in proof without certainty; most
people believe in certainty without proof.” (Ashely
Montagu; from http://meds.queensu.ca/medicine/
obgyn/links/criteria_for_causation.htm)

It has been proposed that the Grading of Recom-
mendations Assessment, Development and Evalu-
ation (GRADE) for public health questions should
consider the Bradford Hill criteria for causation and
that GRADE requires adaptation.’ In this article,
we describe the relation of the Bradford Hill criteria
to the GRADE approach to grading the quality of
evidence and strength of recommendations. The
primary concern seems that evidence from non-
randomised studies may provide a more adequate or
best available measure of a public health strategy’s
impact, but that such evidence might be graded as
lower quality in the GRADE framework. We would
like to reiterate that GRADE presents a framework
that describes both criteria for assessing the quality
of research evidence and the strength of recom-
mendations. In assessing quality of evidence,
GRADE notes that randomisation is only one of
many relevant factors. Furthermore, GRADE is not
specific to the narrow field of therapeutic inter-
ventions. Indeed, it likely is the most broadly
applied framework for evaluation of evidence and
developing recommendations.

We would like to clarify several issues that have
been raised in a recent editorial published in the
Journal of Epidemiology and Community Health."

First, concern has been expressed that herd immu-
nity as a result of immunisation and indirect effects
on the co-circulation of other pathogens are typi-
cally ascertained through the use of observational
epidemiological methods. Although we do not
disagree with this assessment, we would like to
point out that, innovative randomised controlled
trials (RCTs) using cluster-randomisation can be
conducted to provide such information.? Second,
concern is expressed that a quasi-RCT that found
a 94% protective effect of a live, monovalent
vaccine against measles was classified as ‘moderate
level of scientific evidence’. However, GRADE’s
strength of association criteria can be applied to
quasi-RCTS and observational studies with no
major threats to validity to upgrade the quality of
evidence (see below). Such a judgement would be
possible in this situation. Third, it is implied that
GRADE ratings do not give credit to the ‘gradient
of effects with scale of population level impact
compatible with degree of coverage’. However, we
would like to clarify that GRADE’s dose-response
criterion is not limited to clinical dose only, and
that it can be applied to such gradients at the
population level to upgrade the quality of the
evidence.

Finally, it has been speculated that anti-vaccina-
tion lobby groups may abuse the GRADE ratings.'
Although, abuse of any system is possible, in the
case of GRADE it is equally likely that increased
transparency provided by the GRADE framework
can strengthen, rather than undermine, the trust in
vaccines and other clinical interventions.® *

How does GRADE see the relative role of
observational studies and RCTs in judging quality
of evidence? The GRADE framework applies to
all study designs, but randomisation as a method-
ological approach to protect against bias and
confounding is considered very important. Never-
theless, in certain situations observational studies
may provide more relevant information than RCTs
(eg, situations of long term follow-up and when
RCTs only provide very indirect data).

Does a judgement of moderate or low quality
evidence preclude such evidence driving a recom-
mendation in favour, or against, an intervention?
In the GRADE approach, it does not. It is possible
that post-licensure observation studies on long-
term or rare serious adverse effects of a vaccine may
receive lower evidence grades, but the possibility of
a potentially serious harm may be judged sufficient
by a guideline panel to make a recommendation
against an intervention. In fact, when moving from
evidence to recommendations, GRADE does not
focus on research evidence only and the framework
does not preclude action based on lower evidence
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levels. GRADE also acknowledges the wide range of possible
judgements a guideline panel may make, while application of
the GRADE approach enhances transparency concerning the
evidence that was considered and transparency in how judge-
ments regarding the quality of evidence were made.

It has been requested that the Bradford Hill criteria for
assessing causality be considered in the GRADE framework.! We
agree that Bradford Hill’s criteria remain, half a century after
their description, relevant factors that influence our confidence
in a causal relation. Some of these criteria influence our confi-
dence that estimates of effects are correct or that the association
between an exposure and an outcome are trustworthy before
making a judgement about causality. We note, however, that
there are steps between establishing or surmising causality and
moving to interventions that act on the perceived causal rela-
tion. Establishing a causal relation between an exposure and an
outcome does not always allow a confident inference that all
methods of modification or removal of the exposure lead to
changes in outcomes. This is in particular true for complex
interventions that go beyond simple drug interventions. The
judgements involved include the confidence that removal of the
exposure can be achieved and are included in the judgements
about directness in GRADE.

Nevertheless, GRADE has adopted most of Bradford Hill’s
criteria, some implicitly, others explicitly. However, we realise
that the way GRADE incorporates the criteria for causation may
not be evident to everyone. We will therefore describe how the
Bradford Hill criteria are considered in the GRADE approach
and, when they are not, provide a rationale for not considering
the particular criterion.

GRADE defines the quality of evidence as the confidence in an
estimate of effect (causal relation) from a body of evidence. We
will, therefore, use the term upgrading when this confidence is
increased and the term downgrading when this confidence is
lowered (table 1).

(1) Strength of the association. Bradford Hill suggests that a strong
association supports causality. This criterion is directly consid-
ered in GRADE through upgrading. In the GRADE system,
strong associations between an intervention or exposure and an
outcome can lead to upgrading the quality of evidence, ie,
increases our confidence that the intervention causes a change in
the incidence of that outcome. A second criterion, imprecision,
which limits our confidence in an effect, even if strong
associations are present, is indirectly related to this item in
that it lowers our confidence in an association if the magnitude
of the effect is uncertain enough to undermine our confidence.
(2) Consistency. Bradford Hill suggests that causation is more
likely if the results from various research studies are consistent.
This criterion is directly considered in GRADE. The GRADE
approach suggests downgrading the quality of evidence when
there is inconsistent evidence, ie, when studies of similar quality
show unexplained heterogeneity in the estimates of effect.

(8) Temporality or study design suitability. Bradford Hill describes
that there must be a temporal relation between the exposure
and outcome. This criterion, usually better than observational
studies, in particular if they are not well designed and conducted
is indirectly considered in GRADE in at least three ways. First,
evidence from randomised controlled trials—which by default
establish this temporal relationship—start as higher quality than
evidence from studies that do not establish this relationship in
GRADE. Second, longitudinal observational studies that include
concurrent control groups would likely provide higher quality
evidence than cross-sectional studies. Third, GRADE requires the
critical consideration of confounders and covariates that may be
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responsible for a spurious relation when evaluating observational
study designs.?

(4) Biological gradient. As described by Bradford Hill, a biological
gradient between an exposure and the magnitude of an effect
increases the confidence in causality. GRADE’s criterion of
upgrading the quality of evidence for a dose—response relationship
is a direct application of this principle.

(6) Specificity. According to Bradford Hill, causation is more likely
if there is a specific outcome related to a specific exposure in
that altering the cause alters the disease outcome. In GRADE,
this criterion is indirectly considered in the evaluation of
whether both the exposure and the outcome were measured
directly and by formulating the question and selecting the
population, intervention, comparator and outcome in the first
place. However, single exposures or interventions are almost
invariably related to many outcomes and vice versa. This
criterion is not an important criterion for an evaluation of the
effects of interventions.

(6) Biological plausibility. Whether the association is plausible or not
influences causality in the Bradford Hill approach. GRADE does
not consider the issue of plausibility in the strict sense as it was
included by Bradford Hill. This is, in part, related to the fact that
every relation can be described as plausible given that researchers
will always think of an explanation once an association is
observed. However, GRADE partially considers plausibility in
the evaluation of how direct the intervention is related to
a surrogate outcome. For instance, we would frequently accept
surrogates that have repeatedly responded to interventions in the
same way as patient important outcomes. For example, we accept
the use of CD4 levels and HIV viral load as acceptable surrogates
for mortality and other patient important outcomes, and one of
the reasons for this acceptance is the biological plausibility that
CD4 levels and HIV viral load are determinants of disease and
therapy success. In addition, GRADE considers biological plausi-
bility as a criterion for the evaluation of the believability of an
observed subgroup effect. Furthermore, by asking the question of
interest and identifying evidence for or against it, the item of
biological plausibility is considered indirectly.

(7) Coherence. According to Bradford Hill, causation is more likely
if what is observed is supported by and in agreement with the
natural history of the disease. GRADE does not consider this
criterion explicitly but assessing the wvalidity of surrogate
outcomes includes these considerations implicitly as well as
formulating appropriate healthcare questions. Furthermore,
greater emphasis is placed on direct (eg, long-term population

Table 1 Bradford Hill criteria of causality and their relation to the
Grading of Recommendations Assessment, Development and Evaluation
(GRADE) criteria for upgrading and downgrading

Bradford Hill criteria Consideration in GRADE

Strength Strength of association and imprecision in effect

estimate

Consistency across studies, ie, across different
situations (different researchers)

Study design, specific study limitations; RCTs fulfil this
criterion better than observational studies, properly
designed and conducted observational studies

Dose—response gradient

Consistency

Temporality

Biological gradient

Specificity Indirectness

Biological plausibility Indirectness

Coherence Indirectness

Experiment Study design, randomisation, properly designed and
conducted observational studies

Analogy Existing association for critical outcomes will lead to

not downgrading the quality, indirectness
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Table 2

Interpretation of the Grading of Recommendations Assessment, Development and Evaluation (GRADE)

Interpretation of strong and

conditional (weak) recommendations Strong recommendation

Conditional (weak) recommendation®

For patients

For clinicians

For policy makers and developers
of quality measure

Interpretation of the categories of the quality of evidence
High: o @@ @
Moderate: & ® ® O

Low: ®® O O
Very low: ® OO O

Most individuals in this situation would want the recommended
course of action and only a small proportion would not.

Most individuals should receive the intervention. Formal decision
aids are not likely to be needed to help individuals make
decisions consistent with their values and preferences.

The recommendation can be adapted as policy in most situations.
Adherence to this recommendation according to the guideline
could be used as a quality criterion or performance indicator.

The majority of individuals in this situation would want the
suggested course of action, but many would not.

Recognise that different choices will be appropriate for individual
patients and that clinicians must help each patient arrive at

a management decision consistent with his or her values and
preferences. Decision aids may be useful in helping individuals
making decisions consistent with their values and preferences.
Policy making will require substantial debate and involvement of
various stakeholders. An appropriately documented decision
making process could be used as quality indicator.

There is high confidence that the true effect lies close to that of the estimate of the effect.

There is moderate confidence in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is
a possibility that it is substantially different.

The panel’s confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

There is little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

*Guideline panels applying GRADE use the terms ‘conditional’ and ‘weak’ synonymously.

important outcomes) rather than short-term outcomes during
the formulating of questions and the evaluation of the evidence.
(8) Experimental evidence. Experimental evidence enhances the
probability of causation. GRADE places emphasis on rigorous
experimental designs and this criterion is directly considered.
RCTs provide the ideal experimental study design to establish
causation where randomisation is the leading experimental
factor that increases confidence in associations. Flaws in the
experimental design or implementation of an RCT lead to
downgrading the quality of evidence. Better experimentally
designed observational studies with independent control groups
will be graded as higher quality than poorly designed observa-
tional studies.
(9) Reasoning by analogy. Bradford Hill suggests that existing
similar associations would support causation. This criterion is
indirectly considered in the GRADE approach. The overall
quality of evidence may not be lowered for a single critical
outcome if higher quality evidence exists for other critical
outcomes and the association is similar in direction.” For
example, if an intervention to reduce exposure (eg, air pollution)
is associated with mortality and chronic respiratory disease and
this is based on moderate (& @ ® O) quality evidence, but only
low (& ® OO) quality exists for a third outcome, such as
stroke, but all associations are indicating similar effects, then the
overall quality would not be lowered because of the single
outcome of low quality even if it is critical. Furthermore, GRADE
considers indirect evidence when direct evidence is not available.
We appreciate the opportunity to provide clarification
regarding how the GRADE framework applies to public health.!
The GRADE framework—Tlike other evidence-based systems—is

What this study adds

The GRADE approach to assessing the quality of evidence and
grading the strength of healthcare recommendations has been
used widely. This article deals with queries regarding it's appli-
cability to public health questions and how to move from studies
of exposure-risk assessment to recommendations when using the
GRADE framework with special consideration for the Bradford Hill
criteria for causation.
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an evolving system and we welcome input and insights from
users on the strengths and challenges of applying GRADE to
vaccines and other preventive public health programmes. Addi-
tional use in the field may improve GRADE, in particular in the
field of public health and policy interventions, and will advance
the field of guidance development. We have previously discussed
some of the advantages and disadvantages of applying one
approach across different questions.® In regard to the Bradford
Hill criteria, we believe that the GRADE approach appropriately
includes most of the considerations that Bradford Hill suggested.

Finally, there are two other issues that are relevant to this
discussion and require emphasis. We remind users of GRADE
that the approach separates the quality of evidence from the
strength of recommendations and that for the appropriate
emphasis we place the recommendation before the quality
rating. No recommendation should come without appropriate
interpretation (see table 2 for interpretation of the strength of
recommendation and the quality of evidence). Guideline devel-
opers can (and sometimes should) make strong recommenda-
tions on the basis of low or very low quality evidence, but
GRADE demands that these situation should be transparently
described.

Furthermore, we understand that /abelling quality as low or very
low may be a valid concern and that other descriptors such as the
symbols we presented above (eg, ® @ ® O for moderate) may
help overcome reluctance to accept the underlying evidence due
to labelling issues. We therefore suggest alternatives such as
symbols or letters. Details about the GRADE system are published
elsewhere, but in this article we have provided a brief guide for
those who are dealing with observational study designs.””*? The
approach has been used by many groups in the public health and
policy sector, including guideline panels at WHO.
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