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Figure 1.

More variability is seen in the relation between circulating levels of mercury and hair levels (a mark of excretion) among those diagnosed

with an autism spectrum disorder than among control group participants. Autistic participants are also significantly more likely to have lower hair
excretion for the same blood levels. This is consistent with the idea that autism may be partly related to a lesser ability to rid the body of neurotox-

ins such as mercury.

Another way of looking at it, the relationship between blood
level and hair excretion may be different for persons with
autism than those without autism. Levine’s test of equality
of variance indicated the variance in hair mercury was not
evenly distributed between the autism and control groups (F =
5.98, P = .017). We calculated the correlation for persons
whose circulating levels of mercury were in the top quartile
separately for the autism and control groups. The correla-
tion between blood and hair levels of mercury was r = .91
for the control group (accounting for 84% of the variance).
For the autistic group, the correlation was r = .73, meaning
only about 55% of the variance in the hair mercury levels
was attributable to the blood mercury level differences.

To check the hypothesis that hair excretion was over-
all lower than would otherwise be predicted based on a
certain blood level in the autistic group, a best fit regres-
sion line was calculated (y = 10.3, x = —2.48) indicting
that for each unit increase in hair level, blood level
increased by 10.3 units. A ¢ test on the residuals showed
that autistic participants were significantly more likely to
have lower hair mercury levels than would be predicted as
a function of their blood levels, £(133) =-2.92, P < .005;
see Figure 1). It should also be noted that the presence of
unequal variances or nonrandom residuals (in this case,
autistic persons are both more likely to have greater vari-
ability at high levels of circulating mercury and a lower
hair value for a given blood level) are both violations of
important assumptions of the t test; a t test of hair mer-
cury is therefore probably not a valid means to predict
autism diagnosis as a function of mercury exposure. We
performed an analysis of covariance (ANCOVA) with
autism diagnosis as the independent variable and hair

mercury level as the dependent predictor using blood lev-
els as a covariate. Results indicate that hair level may be
related to diagnosis of autism, not as a predictor in terms
of absolute value, but such that for equivalent circulating
levels of mercury in the body, those with ASD excreted
less than normal such that F(1,134) =3.9 and P =.05. To
sum, the relationship between blood levels of mercury
and mercury excreted in the hair is reduced for those with
autism compared with nonautistic persons; furthermore,
the difference between autistic and nonautistic persons is
most pronounced at high levels of mercury.

Discussion

In statistics, obtaining a probability value of P < .05 indi-
cates that the obtained test statistic (based on one’s sam-
ple) is extremely unlikely (less then 5% chance) to have
been obtained by chance alone. By convention, this value
is usually set at .05 (as a balance of type 1 and type 2
errors); however, this value is, in fact, arbitrary and sta-
tistical probability tables for hypothesis testing always
include a range of probability values—not only probabil-
ity at the .05 level. Given that this is the first direct test
of this hypothesis and considering the potential impor-
tance of finding a relation between mercury blood levels
and autism, it is just as important to avoid a false negative
as a false positive. As the original authors have now cur-
rently calculated, the obtained difference suggests that
there is probably a real difference (specifically that the
chance that a real effect exists is about 94%, or, con-
versely, that the chance the null effect is true is less than
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6%, which misses the conventional .05—or 5%—mark of
statistical significance). Given the close value to conven-
tional significance, most researchers would not call this a
firm rejection of the hypothesis, but might say it was mar-
ginally significant. Most researchers facing a P value of
.056 would not want to categorically state that results
“indicate that there is no casual relation between mercury
level . . . and autism.”" It concerns us that the original
authors would want to let this conclusion stand in light of
the new P value (which differs markedly from the .15 pre-
viously reported in 2004).

Another issue to consider is the question of a one-tailed
or a two-tailed hypothesis test. Usually, researchers use a
two-tailed test, which tests if there is a “difference” between
2 groups. However, when the literature leads a researcher to
propose a specific direction of the difference, a one-tailed
test is called for, “Often a researcher begins an experiment
with a specific prediction about the treatment effect. For
example, a special training program is expected to increase
student performance, or alcohol consumption is expected to
slow reaction times . . . The result is a directional test, or
what is commonly called a one-tailed test.”!®24¢)

Whether to use a one-tailed test or a two-tailed test
can be decided based on considering what would happen
if the results ended up in the opposite direction of what
one suspects. In this case, it would mean that the blood
mercury levels were lower in the autistic group. Would
this support the original hypothesis? (No!) However, if
this were to happen, that is, if the autistic group were sig-
nificantly lower in their blood mercury levels than the
normal group, the researchers would find themselves in
the incongruous position of having to accept their
hypothesis that autism is related to elevated levels of
mercury in the blood! The key point here is that their
hypothesis was directional, and a one-tailed test should
have been used. In this case, the just missed significance
of their new analysis using a two-tailed t-test (P = .056)
would have reached a conventional level of statistical sig-
nificance (with P < .03).

Although the statistics can be tedious, the bottom line is
that only by an apparent error in the original data analysis
was the original lack of effect found. The authors’ revised
calculation (t test) still has problems (two-tailed test for a
directional hypothesis, not removing clear outliers). And
finally, the willingness to characterize a t test with a .056
level of statistical significance as no effect is questionable,
especially in this particular case.

Of utmost importance (which outweighs the discomfort
of writing about an error made by colleagues whom we
know are generally competent researchers) is that potential
researchers who are trying to understand what is and is
not behind the rise in autism are not misled by even the
slightest misinformation. It is imperative that researchers,
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medical professionals, and the public at large have the full
set of information. To put it in perspective, the connection
between taking aspirin and prevention of heart attack has an
effect size equal to .038 which represents an effect size
approximately equal to what we find between circulating
levels and ASD diagnosis in this age group.'? Just as impor-
tant is the fact that for those physicians in the aspirin group
who did have a heart attack, the heart attack was less likely
to be fatal. The effect size for this latter effect was .08 and
did not represent a significant difference from the placebo
group by traditional dichotomous significance testing.'* Yet,
this does not mean no effect exists or that the effect is not of
practical importance. We would encourage all researchers to
not only report whether a test of mercury and autism reaches
significance with the sample size used, but to report the
exact statistic and also effect sizes to help future researchers
resolve all the factors involved in the etiology of autism.
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