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‘A main cause of philosophical disease — a one-sided
diet: one nourishes one’s thinking with only one
kind of example.” Ludwig Wittgenstein

Introduction: when non-RCT
evidence is sufficient to conclude
that the intervention caused the
outcome

High quality randomized controlled trials (RCTs)
(concealed allocation, relevant groups blinded
and sufficiently powered, etc.) will usually pro-
vide sufficient evidence to establish that a particu-
lar treatment caused an outcome. Yet sufficiently
well-conducted RCTs are rare.' Trials can be
under-powered,” or unsuccessfully blinded,** and
often suffer from many undetected biases. The re-
sults of most RCTs are therefore often insufficient
to establish causation. At the same time, RCTs are
often not required to establish causation.” Treat-
ments including the Heimlich manoeuvre, cardiac
defibrillation and parachutes to prevent death®
have never been tested in RCTs, yet their effective-
ness is surely strongly supported by evidence.

Evidence-grading systems that place random-
ized trials at the top of a hierarchy” ' will deliver
misleading conclusions in cases where RCTs are in-
sufficient or unnecessary. According to these hierar-
chies, trails of homeopathy - often generating
positive results and generally of higher quality than
RCTs of conventional treatments' — will be consid-
ered to provide strong evidence, whereas the evi-
dence base for the Heimlich manoeuvre to unblock
airways and parachutes to prevent death will be
judged as less strongly supported by evidence.

Sir Austin Bradford Hill, in a widely-cited ‘pre-
EBM’ system for appraising evidence, suggested
that several relevant factors must be considered

before concluding causation. We investigated and
revised the Bradford Hill ‘guidelines for caus-
ation’, in order to refine our intuitions about
whether to believe that intervention is effective.
Our intention is not to debunk previous attempts
to grade evidence, but rather to contribute to their
natural evolution and development.

Revising Bradford Hill’s guidelines

We believe that Bradford Hill’s guidelines form a
useful tool as they stand. Nevertheless, they can be
modified in ways that make them easier to use. For
instance, some of the guidelines, such as ‘specifi-
city’ can safely be omitted while others, such as
‘experiment” and ‘strength’ can be combined; still
others, such as ‘biological plausibility” can benefit
from a more detailed analysis. Moreover, the
guidelines have an inherent structure that is
unclear in the original exposition. We propose that
the guidelines be organized into the following
three categories:

(1) Direct evidence from studies (randomized or
non-randomized) that a probabilistic
association between intervention and
outcome is causal and not spurious;

(2) Mechanistic evidence for the alleged causal
process that connects the intervention and the
outcome;

(3) Parallel evidence that supports the causal
hypothesis suggested in a study, with related
studies that have similar results.

A previous attempt to impose a structure on the
guidelines'® may have oversimplified, claiming,
for example, that ‘analogy’ (our ‘similarity’) is a
‘mechanistic’ consideration (which, as shall
become clear below, is a category error).
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Table 1 )

We use the term ‘guidelines” over the more com-
mon ‘criteria”’®*' because Bradford Hill did not
regard any of the guidelines as necessary or suf-
ficient for establishing causation'': ‘... none of
these viewpoints can bring indisptuable evidence
for or against a cause-and-effect hypothesis and
equally none can be required as a sine qua non’.** To
cite his example, ‘It will be helpful if the causation
we suspect is biologically plausible, though this is a
feature we cannot demand. What is biologically
plausible depends on the biological knowledge of
the day.** Bradford Hill gave similar warnings
about all the other guidelines (except, as we shall
see, ‘temporality’). Rather than ‘criteria’, they are
best viewed as factors to be considered when
assessing whether there 1is evidence for
causation, or ‘guidelines’ for short.

Aware of detailed descriptions of the original
guidelines,"”**** we shall limit ourselves to
describing our re-structured and revised version
(Table 1). We shall then apply the Revised
Bradford Hill Guidelines to real examples of
likely causation despite lack of support from
RCTs.

Direct evidence

The first three of the revised guidelines help assess
whether “direct” evidence of a probabilistic associ-

Bradford Hill’s original guidelines and proposed revisions
Type of Revised, structured guidelines Hill’s original
evidence guidelines
Direct Size of effect not attributable to Experiment
plausible confounding
Appropriate temporal and/or Strength
spatial proximity (cause precedes
effect and effect occurs after a
plausible interval; cause occurs at
the same site as the intervention)
Dose-responsiveness and Temporality
reversibility
Mechanistic Evidence for a mechanism of Biological
action (biological, chemical, gradient
mechanical) Biological
plausibility
Parallel Coherence Coherence
Replicability Consistency
Similarity Analogy

ation between two factors is causal rather than
spurious.

Size of effect not attributable to plausible
confounding

Plausible confounders are factors which are not
directly related to the experimental intervention,
are unequally distributed between treatment and
control groups, and are likely to determine the
outcome. For instance, we might observe that
depressed people who exercise recover more
quickly. Is the association between exercise and
more expedient recovery from depressive symp-
toms causal? We cannot answer this question with-
out ruling out potential confounders. Those who
take regular exercise might also (on average) get
more sun, eat healthier foods or they might simply
believe more strongly that their depression will go
away. These other factors, rather than exercise,
might cause their speedier recovery.

Different ailments and studies are at risk from
different confounders, so the judgement of
whether plausible confounders have been ruled
out will depend on careful examination of each
case. For ailments that are responsive to expecta-
tions (such as depression and pain) the confound-
ing effects of expectations will have to be ruled
out, which can be achieved by blinding the
patients and caregivers. When the assessment of
outcomes is prone to influence from observer bias
(such as blood pressure), potential confounding
by variable measurements has to be ruled out,
perhaps by standardizing the measurement pro-
cedure and by blinding the investigators in
charge of collecting the data and evaluating the
outcomes.

Yet sometimes the strength of the association
(the size of the effect) will be greater than the
combined effect of plausible confounders. In these
cases, although plausible confounders have not
been ruled by the design of the study, the large
observed effect has swamped the combined effects
of any plausible confounders. For example, the
observed effects of general anaesthesia are un-
likely to be accountable by selection bias, placebo
effects or reporting bias. Thus, the failure to test
the effects of general anaesthetics in double-blind,
placebo controlled trials should not count against
our beliefs that they cause reversible loss of
consciousness.
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Since one should compare the strength of as-
sociation (size of effect) with the potential degree
of bias, we have combined these into a single com-
parative guideline to emphasize this intrinsic com-
parison: is plausible confounding less than the size of
effect?

A note of caution about strong relative effects
(but small absolute effects) must be issued.
Although ‘weak’ causes may be as real as ‘strong’
causes, it takes fewer (or ‘weaker”) confounders to
account for a small absolute effect than for a large
absolute effect. We therefore must be more careful
when inferring from a strong relative (but small
absolute) effect that an association is causal. At the
same time, in many cases strong relative effects can
provide strong support for the causal hypothesis.
For instance, although the increased risk for lung
cancer in smokers Bradford Hill cited was ex-
tremely low (0.07 per 1000 for non-smokers, 0.57
for smokers), the death rate for lung cancer in
cigarette smokers was over 9 times the rate for
non-smokers and thus provided good evidence for
causation.”

Our omission of the ‘experiment’ guideline
should not be interpreted as a sign that any obser-
vational study will do. Observational studies must
demonstrate larger effects than randomized trials
since they are at risk from selection bias (because
the allocation to treatment groups is neither ran-
domized nor concealed) and performance bias
(because the participants and caregivers are not
blinded). Whether the effect size in a particular
observational study is sufficiently large to rule out
the combined effects of selection and performance
bias will vary from case to case. If investigators
conducting an observational study have been vigi-
lant in attempts to reduce selection bias (through
careful selection of the control groups and post hoc
adjustments), and the outcome is objective, the
observational study might not have to demon-
strate a dramatic effect in order to support
causation.”>?” In most other cases, however, the
effect in an observational study will have to be
dramatic in order to be confident that plausible
confounders have been ruled out.”

In fact, our guideline can be more stringent than
current EBM standards of evidence. According to
hierarchies of evidence, RCTs with a low risk of
bias often provide sufficient evidence to support
causation. We require that, in addition to being at
low risk, the effect size outweighs the combined

effects of any residual bias. For example, although
most systematic reviews of high quality RCTs of
SSRIs suggest that these drugs enjoy a statistically
significant benefit over ‘placebo’,*** the absolute
benefit is modest — a recent study suggests it is 6%
(2-9%).%° Yet one often overlooked source of con-
founding in these studies is the identifiable side-
effects of the drug. If patients identify the drugs
because of the side-effects (and independently of
their effects on depression), then their expectations
regarding recovery might be higher than if they
knew they were taking a ‘mere” placebo. To rule
out the possible confounding effect of expecta-
tions, ‘active placebos’, which imitate the side-
effects of SSRIs need to be employed. A systematic
review of antidepressants versus ‘active’ placebos
found that the drug less placebo difference was
substantially reduced.’’ Besides confounding ex-
pectations, systematic reviews of SSRIs (like most
systematic reviews) are likely to be confounded to
some degree by publication bias,**** funding
source bias® and data mining in the original
studies.®® A careful calculation of the combined
effects of these plausible confounders must be
made before claiming that the systematic reviews
of SSRIs support the claim that the drugs cause the
reduction in depressive symptoms. Such calcula-
tions have not (to our knowledge) been made, so
this guideline, unlike current hierarchies, does not
necessarily support the existence of (non-placebo)
effects of SSRIs.

Appropriate temporal and spatial proximity
(encompassing and extending Bradford
Hill's “Temporality’)

‘Does a particular diet lead to disease or do the
early stages of the disease lead to particular
dietetic habits?”** The temporal part of this guide-
line is necessary: causes precede their effects and is
therefore a true criterion. However, we should also
ask: is the time interval between cause and effect
consistent with the supposed mechanism? In
general, the shorter the temporal and spatial inter-
val, the less room for confounders (especially
spontaneous remission) to interfere. It is equally
important, for the time interval between admin-
istration of the treatment and cure to agree with the
supposed mechanism of the treatment.

In some cases the spatial proximity between the
site of administration and the outcome (see the oral
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ulceration example below) may support causality
— for example, thrombophlebitis at the site of injec-
tion of a cytotoxic drug. Again, the outcome need
not be close to where the intervention was admin-
istered in order for the relationship to be causal,
but spatial proximity generally leaves less room
for confounders to interfere.

Dose responsiveness (Bradford Hill’s
‘Biological gradient’)

Does the outcome change when the intensity of the
intervention is altered (at least if the purported
mechanism predicts such a relationship)? While
the presence of a dose-response relationship does
not always support causality (this guideline will
not be applicable for ‘all or none’ causes), its
absence when expected would lead us to doubt cau-
sality. Strongest ‘dose-response’ evidence comes
when the process is reversible. For example, the
risk of lung cancer is increased in smokers but is
also reduced by a half in those who stop smoking
at the age of 50 years and almost completely
abolished in those who stop at the age of 30.%

Mechanistic evidence

Direct evidence does not always tell us how the
intervention caused the outcome and this makes
the result difficult to generalize.”” What happens in
between the intervention and the outcome is,
as far as this category is concerned, a ‘black box’
(Figure 1). For example, Doll and Hill’s famous
study of the relation between the number of ciga-
rettes smoked and the incidence of lung cancer®
did not refer in any way to what happens between
inhalation of cigarette smoke and the development
of tumours in the lung. This brings us to the second
category of guidelines.

Mechanisms play several roles. First, we tend to
feel more confident about a treatment if the mech-
anism can be explained. Moreover, understanding
the mechanism guides our generalization of a
tightly controlled study to a wider population.
Also, evidence about mechanisms plays a major
role in generating hypotheses that should be tested
by ‘direct’ tests. However, these roles of mechan-
ism must be clearly distinguished from its distinct
potential role in confirming hypotheses.

Although we believe that mechanistic evidence
can provide evidential support for a causal hy-

The evolution of evidence hierarchies: what can Bradford Hill’s ‘guidelines for causation’ contribute?

pothesis, two warnings are in order. Firstly, there is
a difference between merely positing a mechanism
(one can find a theory to explain almost anything)
and providing sound evidence that there is a
causal chain linking the intervention and the out-
come. Secondly, appeal to mechanistic evidence
has often justified the widespread use of treat-
ments that turned out to be harmful.**~%° Likewise,
the absence of a plausible mechanism has often
been used as a justification to ignore useful thera-
pies such as antisepsis* and peptic ulceration.*®
With this in mind, although we believe that mecha-
nistic evidence cannot be ignored, we acknowl-
edge that mechanistic evidence should always
play a subsidiary confirmatory role vis-a-vis direct
evidence.

Plausible mechanism

Is there evidence supporting the causal chain link-
ing the intervention and the outcome? For
example, trials testing the effect of ACE inhibitors
on reduction in stroke mortality might include evi-
dence that ACE inhibitors reduce blood pressure,
that reduced blood pressure reduces the risk of
stroke, and that the reduced incidence of stroke
reduces mortality. Of course, each ‘step’ in the
causal process is a new ‘black box’. For example,
the link between ACE inhibitors and blood press-
ure can be further decomposed into a series of
steps, until (in a reductionist model) we bottom
out at the molecular level. Bradford Hill, no doubt
as an oversight, implied that plausibility was lim-
ited to ‘biological plausibility’. Mechanisms of ac-
tion can also be mechanical (as in the Mother’s Kiss
example below) or chemical (as in the oral ulcera-
tion example below).

We can envisage three ‘levels’” of evidential
support from mechanistic evidence. Firstly, the
direct study can also include studies of the causal
links between the intervention and the outcome
(Figure 1, top half). A second level of mechanistic
evidence is when the purported mechanism of ac-
tion has been demonstrated in other, independent
studies (Figure 1, bottom half). For example, separ-
ate studies could establish a probable link between
ACE inhibition and lower blood pressure. Obvi-
ously, having evidence for a part of the mechanism
is not as strong as evidence for all the links in the
causal chain.
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Figure 1

Direct evidence of probabilistic dependence of outcome on
intervention + evidence for the causal process*

Black box

Within_the study

inonerion | pepa— o3 oweoms >

Independent studies

—
Step 1 Step 2 Step 3

Step 3

Step 1| —Step 2

*Although Figure 1 illustrates the simple case in which the stages
of the mechanism are linear, the relationship could be much more
complex and include forks, cycles®® and interactions

The second level of mechanistic evidence is
closest to Bradford Hill’s ‘Coherence’, and we have
kept this guideline separate.

Coherence

Does the causal hypothesis cohere with what is
currently known, or is it contradicted by current
knowledge? This is best explained by what hap-
pens when the evidence does not cohere. For
example, the causal process by which a homeo-
pathic remedy is purportedly effective (other than
by ‘placebo’ effects) is not currently explicable
by mainstream science. Given the numerous
examples where treatments that seemed to cohere
with current science that turned out to be
harmful,*#® and where treatments that seemed
not to cohere with current science that turned out
to be helpful,**® this guideline must be applied
with care.

Parallel evidence

There are rarely cases where there is only a single
piece of evidence for a causal claim. When assess-

ing whether an association is causal it is obviously
necessary to consider all the relevant studies — this
is the powerful idea underlying the importance of
systematic reviews.

Replicability (Bradford Hill’s ‘Consistency’)

A study can be replicated, which means that the
same intervention is tested on a similar popu-
lation, using the same outcome measure. In order
to count as a replication, all the elements of the
study must be kept constant as far as possible.
Replicability is a central tenet of scientific method:
if the experiment can be repeated and provides
the same results, the chances that the original
results arose due to confounding is reduced. If an
experiment is not replicable, either something is
wrong with the attempt to replicate it or the initial
experiment must be questioned.

Similarity (of the study to other studies)

No two studies are absolutely identical, so simi-
larities form a spectrum (Figure 2). Broadly speak-
ing, there are several axes along which studies can
differ. Firstly, the intervention can be different. If
one NSAID reduced pain, we might have legiti-
mately increased confidence that a new, similar
drug would also reduce pain (although due cau-
tion would be warranted about potential adverse
effects of the new drug and the benefit to harm
balance). Other studies might use the same inter-
vention and change the circumstances in which the
intervention is administered. For example, we
could test the intervention in a different (older or
younger) population, conduct animal or in vitro
experiments. We could also change the (geographi-
cal or socioeconomic) setting, or even the study
type. Then, studies could use the same interven-
tion but measure the outcome in different ways.
If all the parallel studies gave similar results,
then the causal hypothesis will be more strongly
supported; if they don’t, then we will have
grounds to suspect either some of the parallel
studies or the causal hypothesis itself. Of course,
each piece of parallel evidence must be indepen-
dently evaluated for validity (whether it satisfies
the requirements inherent in our revised guide-
lines).
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Figure 2

Types of similarities (the axis of ‘similarity of circumstances’ is
omitted for simplicity)
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Omitted guidelines

Besides experiment, which was absorbed in our
first revised guideline, we also omitted specificity.
Diseases usually have multiple causes and mul-
tiple effects, while most interventions also have
multiple effects. In fact, Bradford Hill did not sup-
port this guideline with adequate examples, and in
his description of multiple regression he admits
that most diseases have multiple causes and that
most causes have multiple effects.”> For example,
the fact that smoking increases the risk of lung
cancer in no way repudiates evidence that smok-
ing causes other diseases. Similarly, the fact that
Prozac might have a positive effect on depression
does not reduce the force of the claim that it also
cures premature ejaculation.

Tests of whether the Revised
Bradford Hill guidelines deliver
the verdict of strong evidence for
causation, even if RCTs have not
been conducted

A strict application of the EBM evidence hierarchy
would deliver the verdict that the following treat-
ments are supported by relatively poor evidence
since they have not been tested in randomized

trials. After describing the examples, we shall
evaluate whether the Revised Bradford Hill guide-
lines deliver a more reasonable verdict.

The Mother’s Kiss
Glasziou et al.” cite the following example:

A child presented with a plastic bead lodged high in
one nostril. The doctor asked for forceps, but the
nurse suggested trying the mother’s kiss tech-
nique — occluding the unblocked nostril while the
mother blows into the child’s mouth. The bead was
thus easily dislodged and retrieved.”

Most would agree that a single case (or at most a
series of a few cases) would suffice to support
claims that the mother’s kiss caused the bead to
dislodge.

Oral ulceration due to topical aspirin

Aronson and Hauben*® have described several cat-
egories of adverse events related to drug admin-
istration that seem to require little more than
anecdotal evidence to provide sufficiently strong
evidence that the events are caused by adverse
drug reactions. One of the categories is ‘specific
anatomical location or pattern of injury’, in
which:

... the location or pattern of injury is sufficiently
specific to attribute the effect to the drug without
the need for implicit judgment or formal investi-
gation. The mechanism of injury can be related to
physicochemical or pharmacological properties of
the drug. Examples include extravasation reactions
to cytostatic drugs and oral ulceration due to
topical aspirin.*’

Here, anecdotal observations provide strong
evidence that a particular drug caused an adverse
event.

The Revised Bradford Hill guidelines deliver
clear verdicts about the effectiveness of the
Mother’s Kiss and oral ulceration due to topical
aspirin (Table 2). Admittedly the examples we
chose are uncontroversial, but that is precisely why
we chose them. Since nobody denies that these
interventions caused their effects, while current
hierarchies would deliver a poor ‘grade’ to their
evidence base, it suggests that the Revised
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Table 2 )

Applying the Revised Bradford Hill guidelines

Mother’s kiss

Oral ulceration

Direct

1. Size of effect not
attributable to plausible
confounding

2. Appropriate temporal
and/or spatial proximity

3. Dose-responsiveness and
reversibility

Yes (dramatic effect;
confounders highly unlikely)

Yes (cure immediately
follows the intervention and
is spatially associated)
Not tested and not relevant
(might have been tested by
varying levels of expiratory

Yes (dramatic effect;
confounders highly unlikely)

Yes (the effect is in
immediate proximity to the
intervention)

Not tested
(dose-responsiveness not
tested; but subsequent

force)
4. Plausible mechanism of Yes
action
5. Coherence

Mechanistic

Yes (nothing contradicts the
causal hypothesis)

Parallel 6. Replicability Yes Not tested
7. Similarity Not relevant Yes (aspirin causes gastric
erosions)
Total 5'yes’ (1,2, 4,5, 6)2 'not 5'yes’ (1,2,4,5,7)2 'not
relevant’ or ‘not tested’ (3,7) relevant’ or ‘not tested’ (3, 6)
VERDICT 5 out of 7 guidelines satisfied 5 out of 7 guidelines

healing suggested
reversibility)
Yes (acidic compound)

Yes (nothing contradicts the
causal hypothesis)

satisfied

guidelines can be useful tools for the future
development and evolution of standards of medi-
cal evidence.

Figure 3

How different types of evidence support the causal hypothesis

Direct Evidence

Buipunojuod

1sne|d < }oaye Jo azig

Causal Hypothesis

Conclusions: suggesting ways to
revise current hierarchies of
evidence

The original Bradford Hill Guidelines can be sim-
plified (some of the guidelines can be omitted
while others can be combined or modified) and
organized into three categories: direct, mechanistic
and parallel evidence. In their revised form they
suggest two ways that can inform revisions to
current hierarchies of evidence. Firstly, it is more
important for ‘direct” evidence to demonstrate that
the effect size is greater than the combined influ-
ence of plausible confounders, than it is for the
study to be experimental. This view is compatible
with the spirit of EBM hierarchies: the motivation
for placing RCTs at the pinnacle of evidence
hierarchies is that they generally rule out more
confounders than other study types. If an observa-
tional study reveals an effect large enough to
swamp the effects of any additional confounding
then other study designs must be regarded as on a
par with RCTs. Likewise, RCTs must demonstrate
effect sizes sufficiently large to rule out the com-
bined effect of any inevitable bias. Secondly,
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the revised guidelines illustrate how different
types of evidence can complement one another
(Figure 3).°°°" Whereas a trial is often open to the
objection that it is an anomaly or not generalizable,
if we supplement the evidence from the trial
with strong mechanistic and parallel evidence, it
becomes increasingly difficult to question the re-
sults of the study and its applicability to a wider
target population. A similar idea supports the use
of systematic reviews, teleoanalysis® and the tenet
of replicability in scientific method. These features
of the guidelines make them particularly helpful
where RCTs are unfeasible.
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