
Chapter 7
Using Evidence of Mechanisms
to Evaluate Efficacy and External
Validity

Abstract Previous chapters in Part III develop accounts of how to gather and evalu-
ate evidence of claims about mechanisms. This chapter explains how this evaluation
can be combined with an evaluation of evidence for relevant correlations in order to
produce an overall evaluation of a causal claim. The procedure is broken down to
address efficacy, external validity, and then the overall presentation of the claim.

In this chapter, we move from claims about mechanisms to causal claims, i.e., claims
of efficacy and external validity. As we have seen in Chap. 6, in order to establish
efficacy, one needs to establish both the claim that there is a correlation between
putative effect and putative cause and the claim that there is a mechanism connecting
the putative effect and cause that can account for the size of the observed correlation.
Sect. 7.1 explains how these two types of evidence can be combined to evaluate the
status of an efficacy claim. For purposes of clinical or public health decision making
one often wants to make inferences about effectiveness, i.e., about causality in target
populations other than the study population. Besides evidence directly about the
target population, evidence of mechanistic similarity between the target populations
and study populations for which efficacy has already been evaluated may be relevant
to the status of the causal claim in the target population. We deal with this question
of external validity in Sect. 7.2.

7.1 Efficacy

Here we address the question of how to combine evaluations of a general mechanistic
claim and a correlation claim in order to evaluate a claim of effectiveness.

General mechanistic claim. We have seen (in Chap. 6) that the status of the claim
that there is a mechanism connecting putative cause and effect is assessed along two
different dimensions:

1. Is clinical study evidence strong enough to make it plausible that there is a
mechanism that can account for the size of the correlation?

2. Is there a specific mechanism hypothesis and is the existence of the crucial
features of that mechanism hypothesis established?
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Correlation claim. The correlation claim is the claim that there is a correlation
between the putative cause and effect, conditional on plausible confounders. Note
that mechanistic evidence and results from previous clinical studies may rule in
some variables as plausible confounders.Mechanistic evidencemay also speak to the
question whether a certain clinical study is well-conducted and properly controlled
for these confounding variables. Given that one has settled on both a set of potential
confounders and an assessment of the quality of the design of the relevant studies,
deciding whether the putative cause and effect are correlated is a purely statistical
question. A meta-analysis, for instance, of relevant studies yields an estimate for the
size of the correlation and corresponding confidence interval and p-value. The status
of the correlation claim then depends on the width of the confidence interval, the size
of the p-value, and the heterogeneity of the studies evaluated. A low p-value may,
for instance, lead to a high status of the correlation claim.

Efficacy claim. To obtain the status of an efficacy claim, we combine the status of
the corresponding general mechanistic claim with the status of the corresponding
correlation claim. Efficacy is established just when it is established that there is a
correlation and that there is some mechanism which can account for this correlation
(Russo andWilliamson 2007; Illari 2011; Clarke et al. 2013, 2014). More generally,
the status of the causal claim can be taken to be the minimum of two statuses: the
status of the correlation claim and the status of the general mechanistic claim:

Status of an efficacy claim. The status of the claim A is a cause of B is the
minimum of:

1. the status of the claim that A and B are appropriately correlated, and
2. the status of the claim that there is an appropriate mechanism linking A and

B that can account for this correlation.

Hence, a causal claim cannot have a higher status than both the correlation claim
and the general mechanistic claim (see discussions in (Russo and Williamson 2007,
2011, 2012; Russo 2011; Clarke and Russo 2016, 2017)). To give an example,
efficacy is provisionally established if the existence of a correlation is established or
provisionally established and the existence of a mechanism that can account for the
correlation is provisionally established. Equally, efficacy is provisionally ruled out
if a correlation is provisionally ruled out and if the existence of a mechanism that
can account for the correlation is provisionally ruled out or of higher status.

Before turning to external validity, we discuss a potential source of confusion:

Digression: reinforced concrete. In the framework set out above, there are two sepa-
rate distinctions in play. First, there is the distinction between evidence of correlation
and evidence of mechanisms (Illari 2011). This distinction is core to the approach
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taken in this handbook: the claim that A is a cause of B is evaluated according to how
strongly evidence of correlation supports the claim that A and B are appropriately
correlated, and how strongly evidence ofmechanisms supports the generalmechanis-
tic claim that there is a mechanism linking A to B that can account for the correlation.
Second, there is a distinction between clinical studies (which repeatedly measure A
and B together) and mechanistic studies (which investigate the details of a putative
mechanism linking A and B). It is important to note that these two distinctions do
not align. Both clinical and mechanistic studies can provide evidence of correlation
(though clinical studies often provide better evidence of correlation than mechanis-
tic studies). Similarly, both clinical and mechanistic studies can provide evidence of
mechanisms (although mechanistic studies often provide better evidence). See Fig.
3.1. Moreover, there are situations in which a causal claim can be established on the
basis of clinical studies alone, as explained in Sect. 2.3 and Chap.6.

Clinical studies and mechanistic studies can be mutually reinforcing. Consider an
analogy to reinforced concrete, which is formed by placing steel grids into concrete
(Clarke et al. 2014). Concrete has high resistance to compressive stresses but fractures
under tension. Steel, however, has high strength in tension. So, if steel is placed in
concrete to produce reinforced concrete, we get a composite material where the
concrete resists the compression and the steel resists the tension. The combination
of two different materials produces a material that is much stronger than either
of its components. In the same way, combining clinical studies with mechanistic
studies produces much stronger overall evidence of efficacy than would either type
of evidence on its own, because they compensate for each other’s weaknesses. For
instance, clinical studies can rule out masking: masking occurs when one or more
counteracting mechanisms cancel out the effect of the mechanism of action. On the
other hand, mechanistic studies can rule out confounding.

The following scenarios illustrate the idea of reinforced concrete.
Scenario 1. Suppose, for instance, that many well conducted RCTs consistently

show a correlation between the putative cause and effect and that bench research
provides only very low quality evidence for the general mechanistic claim that there
exists a mechanism that can account for the size of the correlation. In this case, it
might seem that the correlation is established and the existence of the mechanism is
speculative. In which case, efficacy is only speculative. However, this misrepresents
the evidence for the general mechanistic claim. It confuses evidence obtained only
by bench research with total evidence of mechanisms from all sources. Recall from
Sect. 6.3 that clinical studies may also yield evidence relevant to the general mecha-
nistic claim that there exists a mechanism—see Joffe (2011) and Williamson (2018,
Sect. 2.1). In the above example, the RCTs, when combined with the bench research,
can yield a status for the general mechanistic claim that is higher than speculative—
an application of the reinforced concrete metaphor. Accordingly, the efficacy claim
will have a status higher than speculative.

Scenario 2. Suppose low quality clinical studies suggest that there is a correlation.
Suppose too that high quality mechanistic studies support key aspects of a specific
mechanism hypothesis, but that the possibility of a counteracting mechanism cannot
be ruled out. In this case, it is not clear that the proposed mechanism of action can
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account for the observed correlation, and the general mechanistic claim will not be
established. Subsequently, high quality clinical studies are carried out and determine
that the net correlation is indeed positive. These studies provide evidence that any
counteracting mechanism fails to totally mask the effect of the mechanism of action.
The total body of evidence may now suffice to establish the general mechanistic
claim (see Sect. 6.3). In this scenario, clinical studies reinforce mechanistic studies
when evaluating the general mechanistic claim.

Scenario 3. Suppose certain clinical studies provide low quality evidence of a
correlation. One might think that the key concern is confounding, so that when
there is high quality evidence of mechanisms that rules out confounding, efficacy
is established. However, confounding is not the only problem that arises with low
quality evidence of correlation. There is also the problem that the observed correlation
may not correspond to a correlation in the underlying data-generating probability
distribution. In order to establish efficacy, one needs to establish that there is a genuine
correlation in the underlying distribution. Hence, without high quality evidence of
correlation, efficacy cannot be established.

Scenario 4. Suppose that initially, certain clinical studies provide low quality evi-
dence of a correlation. Suppose that in this case, it is clear that the studies identify
a genuine correlation conditional on certain potential confounders, but that not all
plausible confounders have been controlled for. The key concern here, then, is con-
founding. For instance, there might be a large number of epidemiological studies all
showing a correlation between putative cause and effect, but where each study fails
to control for some particular variable which may be a confounding variable. Now,
if there is also high quality evidence of mechanisms that rules out this variable as
a confounder, efficacy is established. In this case, the mechanistic studies boost the
status of the correlation claim, to established. In this case, then, the overall status is
established.

7.2 External Validity

Whenmechanismswithin a studypopulation and the target population are sufficiently
similar, one can extrapolate an efficacy claim from the study population to the target
population. In this section, we show how to combine evidence of efficacy obtained
directly on the target population with evidence obtained by extrapolation from a
study population.

Three assessments feed into the evaluation of effectiveness:

1. Efficacy in the target population. Although studies performed directly on the
target population will normally be less conclusive than those performed on the
study population, they can form the basis of a preliminary evaluation of effi-
cacy in the target population. The preliminary status of the causal claim can be
determined as set out in Sect. 7.1.
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Table 7.1 Determining the status of the causal claim in the target population given the status of
the causal claim in the study population, the status of the claim that the mechanisms of action in
study and target are similar, and the status of the causal claim in the target population on the basis
only of studies carried out on the target population

Causation in study population + similarity of mechanism in target and study
Established +
established

Provisionally
established +
established;
or
Established +
provisionally
established

Other
combinations

Provisionally
ruled out +
established;
or
Ruled out +
provisionally
established

Ruled out +
established

C
au
sa
tio

n
in

ta
rg
et

fr
om

ta
rg
et
st
ud
ie
s Established Established Established Established Established Provisionally

established
Provisionally
established

Established Provisionally
established

Provisionally
established

Provisionally
established

Arguable

Arguable Established Provisionally
established

Arguable Speculative Speculative

Speculative Established Arguable Speculative Arguably false Ruled out

Arguably false Speculative Speculative Arguably false Provisionally
ruled out

Ruled out

Provisionally
ruled out

Arguably false Provisionally
ruled out

Provisionally
ruled out

Provisionally
ruled out

Ruled out

Ruled out Provisionally
ruled out

Ruled out Ruled out Ruled out Ruled out

2. Efficacy in the study population. The status of efficacy in the study population
can also be determined by considering the procedure of Sect. 7.1.

3. Similarity of mechanisms in the study and target populations. The status of
the general mechanistic claim relevant to external validity (i.e., the claim that
the mechanisms of action are sufficiently similar in study and target) can be
determined as indicated in Sect. 6.3.

To obtain a final status for efficacy in the target, one can combine the preliminary
status in the target population with the status of efficacy in a study population,
provided that study and target population share similar mechanisms of action. The
status of the causal claim about the target population may be increased (respectively,
decreased) by observing that efficacy does (respectively, does not) hold in a study
population that is similar to the target population. In this case, causal claims are
extrapolated from the study population to the target population.

Table7.1 shows how the status of the causal claim in the target population can be
determined from the above three assessments. To change the preliminary status of
an efficacy claim given by studies directly on the target population, all evidence of
causation in the study population and of similarity of mechanisms needs to be of at
least moderate quality, and one or other needs to be high quality. Other quality levels
do not change the initial status.

Some remarks help to explain the table and relate it to other approaches that
address external validity.
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1. If studies on the target population would on their own establish causality in
the target population, this is strong, but not infallible, evidence for causation in
the target. If there is a study population for which similarity to the target has
been established but causation has been ruled out in the study population, then
causation in the target population is downgraded to provisionally established.
(Note that this situation is not covered by the protocol for evaluating external
validity advocated by the International Agency for Research on Cancer (IARC);
see Sect. 8.1 for further discussion of this point.)

2. Changing the preliminary status of a causal claim obtained from evidence gath-
ered on the target population is more common when that evidence is of lower
quality. For instance, a provisionally established status may be changed to estab-
lished only in case of established efficacy in the study and established similarity
between study and target. The status arguable, however, may be changed in case
of established efficacy in the study and provisionally established similarity.

3. The GRADEworking group also evaluates whether evidence from a study popu-
lation can be used to draw inferences about the target population. In particular, the
GRADE working group considers the case where no evidence directly obtained
on the target population is available:

In general, one should not rate down for population differences unless one has com-
pelling reason to think that the biology in the population of interest is so different from
that of the population tested that the magnitude of effect will differ substantially. Most
often, this will not be the case. [...] The above discussion refers to different human
populations, but sometimes the only evidence will be from animal studies, such as rats
or primates. In general, we would rate such evidence down two levels for indirectness
(Guyatt et al. 2011, pp. 1304–1305)

Hence, the GRADE working group takes similarity of mechanisms to be estab-
lished by default when study and target populations are both human populations.
This is problematic because it sets the standard of evidence required for extrapo-
lation too low. In the case of animal studies, one can interpret the default assump-
tion of the GRADE working group as being that the causal claim is arguable
solely on the basis of causation in animals having been established. Again this is
problematic. In our approach, in the absence of evidence of similarity of mech-
anisms, efficacy in the study population cannot be extrapolated to the target.
Hence, even if many high quality RCTs in animals establish efficacy in animals,
in the absence of evidence of similarity, nothing can be concluded about efficacy
in humans. There is thus a sense in which the approach presented here is more
cautious than the GRADE approach to external validity.

4. Causation can be established or ruled out even where no clinical studies on the
target are available. This is the case when causation has been established in
a study population for which it has been established that it is mechanistically
similar to the target population. (This case is captured by the fourth row of
Table7.1, where causation in the target is speculative.)

5. Note that, by similarity of mechanisms we mean that any mechanisms in the
target population which counteract this mechanism do not mask the effect of
the mechanism of action to such an extent that a net correlation in the target
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population could not be explained mechanistically (see Sect. 2.3). Consequently,
with a mechanism established and some counteracting mechanisms established
in the study, a small correlation may be good evidence for causation in the target
even if it is not the case that the whole mechanistic structure is similar. After all,
this counteracting mechanism would only make the existent correlation smaller
in the study than in the target.

7.3 Presenting the Status of a Causal Claim

In presenting the status of a causal claim the following questions need to be addressed,
and the status of the causal claim presented after the evaluation of evidence.

Presenting the status of the efficacy claim. The following questions should be
addressed:

1. What is the population to which the status applies?
2. What is the intervention or exposure level?
3. What is the outcome and how is it measured?
4. What is the status of the correlation claim? How is this status obtained?
5. What is the status of the general mechanistic claim? How is this status

obtained? (See Chap. 6.)
6. What is the status of the efficacy claim?

The following box considers the case where efficacy is extrapolated from one to
another population

Presenting the status of the effectiveness claim. The following questions
should be addressed:

1. What is the target population to which the status applies?
2. What is the intervention or exposure level in the target?
3. What is the outcome and how is it measured in the target?
4. What is the study population?
5. What is the intervention or exposure level in the study?
6. What is the outcome and how is it measured in the study?
7. What is the status in the study? How is this status obtained?
8. What is the status in the target obtained by evidence directly of the target?

How is this status obtained?
9. What is the status of the general mechanistic claim, i.e. that target and study

are similar? (See Chap. 6.)
10. What is the overall status of the effectiveness claim?
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Standard evidence appraisal systems can be extended to take these considerations
into account. For an example of how to incorporate certain aspects of this procedure
into a GRADE-style evidence profile, see Sect. 4.6.
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