Table |

Aspects to aid in judging causality.

Aspect

Description

Consistency

Coherence

Biclogical plausibility

An inference of causality is strengthened when a pattern of elevated risks is observed
across several independent studies. The reproducibility of findings constitutes one of the
strongest arguments for causality. Statistical significance is not the sole criterion by which
the presence or absence of an effect is determined. If there are discordant results among
investigations, possible reasons such as differences in exposure, confounding factors, and

the power of the study are considered.

An inference of causality from one line of evidence (e.g., epidemiologic, controlled human
exposure, animal, or ecological studies) may be strengthened by other lines of evidence
that support a cause-and-effect interpretation of the association. There may be coherence
in demonstrating effects from evidence across various fields and/or across multiple study
designs or related health endpoints within one scientific line of evidence. For example,
evidence on welfare effects may be drawn from a variety of experimental approaches
(e.g., greenhouse, laboratory, and field) and subdisciplines of ecology (e.g., community

ecology, biogeachemistry, and paleontological/historical recanstructions).

An inference of causality is strengthened by results from experimental studies or other
sources demonstrating biologically plausible mechanisms. A proposed mechanism, which
is based on experimental evidence and which links exposure to an agent to a given effect,
is an important source of support for causality.

Biological gradient
(exposure-response
relationship)

A well-characterized exposure-response relationship (e.g., increasing effects associated
with greater exposure) strongly suggests cause and effect, especially when such
relationships are also observed for duration of exposure (e.g., increasing effects observed
following longer exposure times).

Strength of the
observed association

The finding of large, precise risks increases confidence that the association is not likely
due to chance, bias, or other factors. However, it is noted that a small magnitude in an
effect estimate may or may not represent a substantial effect in a population.

Experimental evidence

Strong evidence for causality can be provided through “natural experiments” when a
change in exposure is found to result in a change in occurrence or frequency of health or
welfare effects.

Temporality of the
observed association

Specificity of the
observed association

Analogy

Evidence of a temporal sequence between the introduction of an agent and appearance of

the effect constitutes another argument in favor of causality.

Evidence linking a specific outcome to an exposure can provide a strong argument for
causation. However, it must be recognized that rarely, if ever, does exposure to a pollutant
invariably predict the occurrence of an outcome, and that a given outcome may have
multiple causes.

Structure activity relationships and information on the agent's structural analogs can
provide insight into whether an association is causal. Similarly, information on mode of
action for a chemical, as one of many structural analogs, can inform decisions regarding
likely causality.




Table 3: Draft ISA Coarse PM Long-Term Cardiovascular Analysis

Consistency No consistent pattern of associations, significant exposure
uncertainty

Coherence No direct experimental evidence of association*

Biological plausibility Evidence insufficient to establish

Exposure-response No relationship discussed, data likely inadequate

Experimental studies None discussed*

Temporality No discussion

Specificity Confounding PM2.5 exposures, studies focused on urban
road dusts

Analogy Not discussed

*As discussed in EPA’s General Preamble for ISAs, “coherence” refers to animal or human exposure data
that replicate or confirm epidemiological results. “Experimental evidence” refers to “natural experiments”
where a change in exposure is found to result in a change in health effects.
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