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Where Can I Learn More?

Why is ESM Important?

• An epidemiological example uses a study published by Montgomery et al. (2008) in
AJE (167(10):1235-46)). In this study, rates of diabetes were compared among cases
and controls from occupational exposure to trichlorfon in the Agricultural Health
Study (See table below).

• Question: To what extent might effect size magnification be important here if one
were interested in a statistically significant result?

Case Study Conclusions

• Adequately powered studies are necessary to be able to have at least some minimal
degree of confidence in the estimate of the effect size, particularly in “discovery”
phases with effect sizes that are statistically significant.

• Post-hoc epidemiologic design calculations can assist in determining if effect size
magnification may be present and the extent to which it may be an issue or should be
accounted for in interpretation of results.

Key Questions

• If the results of a study or studies of interest cannot – in theory or practice – be
reliably replicated and might reflect systematically inflated effect sizes, how much
confidence can we have in decisions that rely upon them?

• Can we understand, reproduce, and finally apply the ESM work to better understand
(epidemiological) studies available in the literature?

• Can we use ESM to better evaluate the reliability of reported (statistically significant)
effect sizes and put these into a fuller context with respect to epidemiological study
conclusions?

Essential Input to Assess ESM

• In order to determine the potential degree of effect size magnification for any given 
study, the reviewer needs to perform various “design effect” calculations.  This, in turn, 
requires that we know four values: 
1. the number of subjects in the reference (or control) group
2. the number of subjects in the comparison group
3. the proportion of interest in the reference group

e.g., the proportion of exposed subjects in control group for case-control studies
4. a target value of interest (typically an OR or RR in epidemiology studies) to detect a difference of a 

given (pre-determined) size in a comparison of two groups (e.g., exposed vs. not exposed)

The first three listed values are provided in or must be obtained from the publication while the target 
value of interest is selected by the risk managers (and is ultimately a policy decision).

1. Effect Size Magnification refers to the phenomenon that studies that find evidence 
of an effect often provide inflated estimates of the size of that effect 
o Occurs when studies have low power 
o Such magnification is expected when an effect has to pass a certain 

threshold — such as reaching statistical significance — in order for it to have 
been 'discovered' 

2. Many epidemiological studies are under-powered to find low to moderate effects, 
which can lead to exaggerated or inflated effect size estimates if primary interest is 
in “discovered” effects.

3. If an epidemiological study has low power, we must be suspect of 'large' or 
‘significant’ ORs since these values may be inflated.

4. Don't rely just on p-values, as these may only be meaningful or reliable in 
adequately powered studies.

5. If an epidemiological study does have low power and a 'large’ discovered  effect size, 
then a post-hoc design calculation should be performed to assist in quantitatively 
evaluating how reliable the effect size estimate may be.
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Figure excerpted from: Button KS, Ioannidis JP, Mokrysz C, et al. Power failure: why small 
sample size undermines the reliability of neuroscience. Nature reviews. Neuroscience. 2013 

May;14(5):365-376. https://www.nature.com/articles/nrn3475#citeas
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Estimated power for a two-sample proportions test

Setup analysis
● number of subjects in the:

– reference (or control) group
– comparison group

● proportion of interest in the
reference group

Simulation
Here, the authors “discovered” an 
odds ratio of 2.01 for an association 
between trichlorfon exposure and 
diabetes.

…but the (low) power of the study 
suggests an OR of 2.01 could be 
readily attributed to effect size 
magnification at a true OR of as low 
as 1.1 …

…and thus the study sample size is 
small and the study will receive less 
weight in any epidemiologic WoE 
evaluations re: trichlorfon and 
diabetes due to concerns about 
reliability of the effect size 
estimate. 

Sensitivity Analysis
“Proportion Exposed in Control 
Group” can be an important 
parameter in a sensitivity analysis. 
It is useful to vary this to determine 
how sensitive power is to this 
(observed) quantity.

Results suggest that above 
conclusion regarding ESM’s 
potential role at a true OR of as low 
as 1.1 is robust and not sensitive to 
observed proportion of exposed in 
control group.
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*For more technical detail, examples, and analytical code (SAS and Stata), see working paper 
at: http://www.imm.ki.se/biostatistics/emagnification
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The analysis described in this poster has been reviewed by US EPA’s Office of Chemical Safety and Pollution 
Prevention (OCSPP) and approved for release as reflective of one component of OPP’s current practices in review 
and interpretation of the epidemiologic literature.   The  contents do not necessarily reflect the views, policies, 
or determinations of the Agency. 

Abstract
Most researchers recognize issues associated with low powered (and generally small)
studies vis-a-vis their lessened ability to detect true effects. Fewer, however, recognize
issues associated with low powered studies and their tendency to produce inflated
estimates if those estimated effects are required to pass a statistical (e.g., p<0.05) or
other threshold to be judged important, relevant, or “discovered” (Ioannidis, 2008).
Effect size magnification (ESM) is a term used to refer to this phenomenon. Specifically:
low-powered studies that find evidence of an effect often provide inflated estimates of
the size of that effect.

This poster discusses the implications of ESM with respect to epidemiological study
conclusions and our efforts in EPA’s Office of Pesticide Programs to understand,
reproduce, and finally apply this knowledge to better evaluate the reliability of reported
(statistically significant) effect sizes in epidemiology studies and put these into a fuller
context. Routinely performing such ESM calculations (aka “post-hoc design calculations”
per Gelman and Carlin (2014)) in epidemiology can assist in determining the extent to
which ESM may be a concern or should be otherwise accounted for in interpretation of
epidemiological results. While such design calculations do not change a statistically
significant result to a nonsignificant result, they do allow regulatory staff to consider that
a reportedly large effect in a study may in fact be much lower, to a degree that the effect
may have less influence on EPA’s conclusions and decisions.

• ESM refers to the phenomenon that low-powered studies that find evidence of an 
effect often provide inflated estimates of the size of that effect.

• The amount of ESM is inversely related to power which, in turn is dependent upon:
o Sample Size
o True Effect Size
o Background or Control or Reference Rate

• ESM is expected when an effect has to pass a certain threshold — such as reaching 
statistical significance — in order for it to have been 'discovered’. 

• ESM is worst for low-powered studies that can only detect effects that are large.
• In practice, this means that research findings of small studies can often be biased in 

favor of finding inflated effects.

• Most researchers recognize issues associated with low powered studies vis-a-vis the 
failure to detect true effects. However, fewer recognize issues associated with low 
powered studies and their tendency to produce inflated estimates.
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