
Chapter 3
How to Consider Evidence
of Mechanisms: An Overview

Abstract This chapter introduces how to assess evidence ofmechanisms, explaining
a summary protocol for use of evidence of mechanisms in assessing efficacy, then
external validity (developed theoretically in Part III, with tools for implementation
offered in Part II). An outline of quality assessment—of a whole body of evidence,
rather than individual studies—is given. The chapter finisheswith a brief introduction
to the ideas developed in Part III: gathering evidence of mechanisms (Chap. 5);
evaluating evidence of mechanisms (Chap. 6); and using evidence of mechanisms to
evaluate causal claims (Chap.7).

This section summarises the overall approach taken in this book. It develops some of
themore practical issues raised in the introduction (Chap.1) and begins to attach these
to the more theoretical discussions found in Part III. We start with an overview of
the way in which effectiveness can be evaluated. As discussed above, effectiveness
can be evaluated by evaluating efficacy and external validity. A translation of the
core ideas of this chapter to other arenas of practice, such as social policy, is readily
possible—although we do not attempt this here in the interest of clarity.

3.1 Questions to Address

The following protocol can be used to test a causal claim:
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Efficacy
Does the effect size and quality of clinical studies establish that the observed
correlation is causal?

Yes? Efficacy is established.

No?

• Evaluate other evidence for the claim that there exists an appropriate mecha-
nism that can explain the observed correlation.

– What are the hypothesised mechanisms?
– How well confirmed is each such mechanism? What are the gaps? How
well confirmed is each feature (process, entity, activity and organisational
feature) of the mechanism?

– Can the mechanism account for the full effect size? Are there counteracting
mechanisms? What is the evidence that the influence of any counteracting
mechanisms is less than that of the proposed mechanism?

• Evaluate other evidence to rule in or out other explanations of the correlation.
Are any remaining explanations better confirmed than the hypothesis that the
correlation is causal?

Efficacy is established if one can establish, in the study population, the exis-
tence of a correlation and the existence of a mechanism that can explain this
correlation.

External validity
Do clinical studies directly establish a suitable association and mechanism in
the target population?

Yes? Effectiveness is established.

No?

• Evaluate the claim that the mechanism of action is sufficiently similar in the
target and study populations.

• Evaluate the claim that in the target population, any counteractingmechanisms
that are not also present in the study population do not mask the effect of the
mechanism of action.

• Evaluate other evidence for a correlation in the target population.

External validity is established if one can establish similarity of relevant mech-
anisms in the study and target populations, and thereby establish, in the target
population, the existence of a correlation and the existence of a mechanism that
can explain this correlation.
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In the case of efficacy, it is rare that clinical studies alone establish that the
observed correlation is causal in the study population. Clinical research does not
(generally) take place in isolation from basic science research. Many aspects of the
design and interpretation of clinical trials—such as the choice of outcome measures,
therapeutic regimes compared, and patient recruitment criteria—are influenced by
evidence of mechanisms. Thus, even in the absence of complete knowledge of the
underlyingmechanisms, evidence ofmechanisms contributes to establishing efficacy
(Illari 2018). This is also true with with respect to external validity, where it is almost
never the case that clinical studies in the study population will directly establish both
a suitable association and mechanism that will apply to the the target population.
Rather, external validity inferences proceed in one of the following ways (Parkkinen
and Williamson 2017):

1. By identifying and comparing key details of the mechanisms in the study and
target populations.

2. Inductively, by observing a similar effect in many different experimental popula-
tions and generalizing from these to the target population (Wilde and Parkkinen
2017).

3. Phylogenetically, by identifying themechanism in the study population, and then
inferring that the mechanisms in the study and target population are similar due
to shared ancestry of the populations. The greater the degree of isolation between
the target population and the study population, the less reliable this inference
will be.

4. By means of a robustness argument: showing that the mechanism in the study
population is so robust, and differences between the study and target popula-
tions are so minor, that the mechanism of action will also obtain in the target
population.

Thus, for both efficacy and external validity one typically needs to consider evi-
dence ofmechanisms arising from sources other than the clinical studies that establish
a correlation in the study population. This means that those who evaluate evidence
will generally need to consider mechanistic studies, in addition to clinical studies, in
order to make causal judgements.

Of course, some features of a putativemechanismmay already bewell established,
in which case there will usually be no need to revisit the evidence for those features.
Other features will be more contentious. It is only by explicitly identifying these
features and the evidence that pertains to them that one can critically appraise a
proposed mechanism.

3.2 Quality of Evidence and Status of Claim

Quality of evidence. Evidence for various claims can be ranked by quality. We
distinguish three main kinds of claim: claims about correlation, claims about mech-
anisms and causal claims (including claims about efficacy and claims about external
validity). We use the scale in Table3.1 to rank the quality of this evidence.
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Table 3.1 Quality levels of
evidence, based on Atkins
et al. (2004)

Quality level Interpretation

High Further research is highly unlikely to have
a significant impact on our confidence in
the claim

Moderate Further research is moderately unlikely to
have a significant impact on our
confidence in the claim

Low Further research is moderately likely to
have a significant impact on our
confidence in the claim

Very low Further research is highly likely to have a
significant impact on our confidence in the
claim

Note that this ranking system evaluates the total body of evidence pertaining to
the claim in question. This is in sharp contrast to other EBM methods that evaluate
single studies in isolation.

This approach to ranking quality on the basis of stability of confidence can be
found in the original GRADE framework (see Guyatt et al. 2008). According to this
sort of approach, establishing a causal claim requires confidence in the stability of
that causal claim, in addition to confidence in the nature of the claim itself.We should
emphasise that the interpretation of each category concerns the in principle possibility
of obtaining further research that changes confidence in the claim. A brief example
will be helpful here. Suppose current evidence warrants 75% confidence in a causal
claim. One then learns that there is further evidence which warrants a 25% change
in confidence, but one does not know the direction of this change. i.e., one does not
know whether this new evidence warrants 50% confidence or 100% confidence. The
75% confidence is not sufficiently stable for the claim to be considered established
or even provisionally established. This is because future evidence may be likely to
decide between the 50 and 100% confidence, leading to a large change in confidence
either way.

GRADE later changed their interpretation of quality levels, dropping reference
to the likelihood that further evidence will change confidence in the claim (Balshem
et al. 2011, Table2; Hultcrantz et al. 2017). This was because of concerns about the
situation in which further evidence is unlikely to be obtained in practice: if further
research is unlikely to be carried out then further research is unlikely to have an impact
on our confidence in the causal claim in question. This change is unnecessary: as
noted above, the key question is whether evidence can in principle be obtained to
significantly alter confidence in the claim. In short, just because ethical or practical
considerations make it very unlikely that further research on a particular claim will
be carried out, that does not imply that current evidence is high quality.
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Table 3.2 Status of a claim

Status Interpretation

Established A claim is established when community standards are met for
adding the claim to the body of evidence—i.e., for granting the
claim and treating it as evidence for other claims

In order to establish a claim, evidence must warrant a high level of
confidence in the claim and this evidence must itself be high quality

Provisionally established/
provisional

Moderate quality evidence warrants a high level of confidence in
the claim

Arguably true/ arguable The claim is neither established nor provisionally established, but
evidence of at least moderate quality warrants significantly more
confidence in the claim than in its negation, or low quality
evidence warrants a high level of confidence in the claim

Speculative A claim is speculative if it falls into none of the other categories

Arguably false The claim is neither ruled out nor provisionally ruled out, but
evidence of at least moderate quality warrants significantly more
confidence in the negation of the claim than in claim itself, or low
quality evidence warrants a high level of confidence in the negation
of the claim

Provisionally ruled out Moderate quality evidence warrants a high level of confidence in
the negation of the claim

Ruled out A claim is ruled out when community standards are met for adding
the negation of the claim to the body of evidence

In order to rule out a claim, high quality evidence must warrant a
high level of confidence in the negation of the claim

Status of claim. In addition to the quality of the evidence, we shall also be concerned
with the status that the evidence confers on the claim under consideration. The status
of a claim will be measured on the scale depicted in Table3.2.

Note that this table invokes two separate levels: the quality level applies to the
total evidence, while the level of confidence applies to the claim in question. The
status of the claim depends on both the quality of the evidence as well as the degree
of confidence that the evidence warrants.

We will see shortly that the status of a causal claim will depend on the status of
a correlation claim (assessed, e.g., by using the GRADE system) together with the
status of a mechanism claim (assessed by the procedures outlined in Chap. 6).

Appendix B provides a simple probabilistic interpretation of the notion of quality
and status developed in this section.

3.3 Overall Approach

Figure3.1 depicts the evidential relationships linking the concepts of this book;
cf. Williamson (2018b). A claim that A is a cause of B is assessed by evaluating

http://ebmplus.org/appendices/
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Fig. 3.1 The evidential
relationships employed in
this book. See Williamson
(2018b)

Causal claim:
A is a cause of B

General mechanistic claim:
existence/similarity of mech.

Correlation claim:
A is correlated with B

Specific
mechanism hypotheses

Mechanistic studies:
evidence of mech. features

Clinical studies:
measure A and B together

two further claims. The first—the correlation claim—is the claim that A and B are
appropriately correlated. The second is the general mechanistic claim. In the case
of efficacy, this is the claim that there exists an appropriate mechanism linking A
and B that can explain B in terms of A and that can account for the extent of the
correlation. There are two ways of confirming this general mechanistic claim: either
via clinical studies which find a correlation that can only be explained by the general
mechanistic claim being true, or by identifying key features of the actual mechanism
of action, which are confirmed bymechanistic studies. In the case of external validity,
the general mechanistic claim is the claim that the mechanisms of action in the study
and target population are sufficiently similar. Again, this can be confirmed either by
clinical studies on both populations that find similar correlations, or by ascertaining
key features of the mechanism of action in each population and finding that these
are similar. In addition, clinical studies provide good evidence of correlation, and,
in certain circumstances, an established mechanism of action can also provide good
evidence of correlation (Williamson 2018a, Sect. 2.2).

There is a correlation between two variables A and B if these two variables
are probabilistically dependent, i.e., P(B|A) �= P(B). Inmany situationswhere
a causal relationship is being assessed, the correlation claim of interest is the
probabilistic dependence of A and B conditional on some set of a priori potential
confounding variables. A confounding variable is a variable correlated with
both A and B, such as a common cause of A and B. Note that ‘correlation’ is
sometimes used to refer to a linear dependence; here we use the term in the more
general sense to refer to any probabilistic dependence.

Specific mechanism hypothesis. This is a hypothesis of the form: a specific
mechanism with features F links the putative cause to the putative effect.

In contrast, other current EBM methods for evidence appraisal focus almost
exclusively on the evaluation of clinical studies, i.e., on the two arrows at the bot-
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Causal claim whose ef-
ficacy is to be evaluated

Do clinical studies
suffice to establish
or rule out efficacy?

Clinical studies and
their evaluation

Efficacy
decided

Formulate specific
mechanism hypotheses and
collect evidence (Chapter 5)

Determine the status of
the claim that there is a
mechanism (Chapter 6)

Determine the status of
the causal claim as the

minimum of the statuses of
the mechanism and corre-
lation claims (Chapter 7)

Efficacy
evaluated

yes

no

Fig. 3.2 Evaluating efficacy

tom left of Fig. 3.1. Moreover, they tend to conflate these two arrows—they do not
distinguish the role of clinical studies in evaluating a correlation claim from their role
in determining whether there is some underlying mechanism of action. Once these
two roles are separated, it is clear that mechanistic studies also need to be appraised
when evaluating the latter general mechanistic claim. This is the evidential pluralism
introduced in Sect. 1.1.

Two flowcharts summarise the overall approach. Figure3.2 depicts the workflow
when evaluating efficacy. The second flowchart, Fig. 3.3, applies to the evaluation of
external validity. In each case there are three principal steps: gathering evidence of
mechanisms; evaluating evidence ofmechanisms; and using evidence ofmechanisms
to evaluate causal claims. Procedures for implementing the three steps are developed
in Chaps. 5, 6 and 7 respectively. The main ideas can be summarised as follows.

Gathering evidence of mechanisms (Chap. 5). It is typically more difficult to find
evidence of mechanisms in the literature than it is to find relevant evidence of cor-
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Causal claim
whose external
validity is to
be evaluated

Do studies on the
study population at
least provisionally
establish or rule out

the causal claim there?

Status of
causal
claim is

determined
by target
studies

Identify evidence
relevant to similarity
of mechanisms in
study and target

populations (Chapter 5)

Determine the status
of this mechanism
claim (Chapter 6)

Determine the status
of the causal claim
from the statuses
of the mechanism
and correlation

claims (Chapter 7)

Evaluation of
studies on the

target population

External
validity
evaluated

Evaluation of
studies on the

study population

no

yes

Fig. 3.3 Evaluating external validity

relation. This is because evidence of mechanisms is characteristically produced by
mechanistic studies, and there are a large number of diverse types of mechanistic
study (Smith et al. 2016). This makes the process of recognising good evidence more
difficult, because an investigator is likely to be unfamiliar with the details of all the
possible kinds of research that might be relevant to a clinical outcome. Historically,
as Evans (2002) has argued, database indexing practices for these studies have tended
to be unsystematic in comparison with those for clinical studies. Arguably, this has
contributed to a tendency to overlook or entirely ignore evidence of mechanisms that
arises from sources other than clinical studies.

However, as explained above, such evidence of mechanisms is often crucial to
establishing efficacy and external validity. Given this, the difficulties in gathering
evidence of mechanisms need to be overcome. As a first step towards overcoming the
difficulties, we propose a five-step strategy for identifying evidence of mechanisms,
a strategy that in part relies upon existing evidence of mechanisms:
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1. Identify: Identify a number of specific mechanism hypotheses.
2. Formulate: For each specific mechanism hypothesis, formulate a number of

review questions.
3. Search: Use these review questions to search the literature.
4. Refine: Identify the evidence most relevant to the mechanism hypothesis in ques-

tion by refining the results of this search.
5. Present: Present the evidence relevant to the mechanism hypothesis.

This strategy is intended to help overcome some of the practical difficulties of
identifying evidence of mechanisms—difficulties which may prevent practitioners
from considering all the evidence. We develop this strategy in more detail in Chap. 5.
We have also provided a series of tools in Part II that help users conduct certain parts
of this process in specified areas of practice.

Evaluating evidence of mechanisms (Chap. 6). In evaluating the quality of mech-
anistic evidence, the following questions are likely to be most helpful.

1. How well established and understood are the methods by which the evidence (of
existence of a mechanism or some of its features) was produced?
Well established methods whose functioning and potential biases are properly
understood and which can be calibrated against other well established meth-
ods typically provide higher quality evidence than methods that rely on novel
techniques that cannot be calibrated against better understood methods.

2. Can the item of evidence be produced by independent methods?
Employing several detection techniques and checking their results against each
other is a common way to distinguish experimental artefacts from valid results.
(The greater the number of independent methods that can confirm a result, the
higher the quality of an item of evidence.)

3. Are themodel systems that are used in experimental researchwell characterised?
Model systemsdonot usually exactly reproduce the relevant humanmechanisms.
Have the relevant differences been characterised for the system(s) used in this
research?

4. Can the mechanism be observed operating in many different background con-
texts?
The more robust a mechanism is against variation in background conditions,
the less likely it is that inferences based on evidence of the mechanism will err
because of unknown contextual factors interfering with the mechanism. Demon-
strable robustness of themechanism itself thusmakes for higher quality evidence.

Sections 6.1 and 6.2 describe a procedure for evaluating the quality ofmechanistic
studies that is broken down to three steps:

1. Evaluating methods
2. Evaluating the implementation of methods
3. Evaluating results
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The status of the general mechanistic claim is then assigned as follows. A mecha-
nism to account for efficacy can be considered established in two ways. First, when
high quality clinical studies exhibit a substantial correlation that is not explainable by,
e.g., confounding or bias.Alternatively,when there are high qualitymechanistic stud-
ies that confirm all the crucial component features of the mechanism. A hypothesised
mechanism for efficacy is considered ruled out when there is high quality evidence
against the existence of the component features of the mechanism. A mechanism
may also be ruled out if high quality clinical studies consistently fail to show results
one would expect if the mechanism was operating as hypothesised. A mechanism to
account for external validity is considered established when high quality evidence
establishes the similarity of all the crucial components of the mechanism in the study
and target populations. A mechanism hypothesised to account for external validity
is considered ruled out when there is high quality evidence of dissimilarity of mech-
anisms between the study and target populations. The more gaps or inconsistencies
there are in the evidence base for a particular claim about a mechanism, the lower
its status.

There are other useful status indicators that require slightly more careful judge-
ment. Provisionally established claims admit some gaps in the evidence base, but
require overall a good amount of high quality evidence. Arguable claims have evi-
dence in their support that is either moderate quality or that has important gaps.
Speculative claims are supported by evidence that shows mixed results, or have little
evidence in their support beyond theoretical intuition or speculation.

These issues are explained in more detail in Chap. 6.

Using evidence of mechanisms to evaluate causal claims (Chap. 7). Having ascer-
tained the status of a correlation claim and relevant mechanism claims, one can use
these to determine the status of the causal claim of interest. This process, which is
explored in Chap.7, may be summarised as follows.

In order to establish efficacy, one needs to establish that the putative cause and
effect are correlated and that there is amechanism that can account for this correlation.
More generally, one can take the status of a causal claim to be the minimum of the
status of the correlation claim and the status of the general mechanistic claim. For
instance, if a correlation is arguable but the existence of any underlying mechanism
is provisionally ruled out, then the causal claim itself is provisionally ruled out.

Turning to external validity, the situation is more complicated because one needs
to consider (i) evidence for the causal claimobtained directly on the target population,
(ii) evidence for efficacy in the study population, and (iii) evidence of similarity of
mechanismsbetween the study and the target populations. Evidencedirectly about the
target may be boosted (or undermined) by observing that efficacy does (or does not)
hold in a study population that shares similar mechanisms with the target population.
Table 7.1 combines the status of the causal claim in the target with the status of
efficacy in the study and the status of the claim that the mechanisms in the target and
the study are similar.
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