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We performed several sensitivity analyses to assess
the consistency of our findings. First, we reanalyzed
the data while excluding the results from Málaga, the
center with the strongest effect of mercury. When we
did so, the association of mercury with the risk of my-
ocardial infarction persisted: the DHA-adjusted case–
control ratio of mercury levels was 1.08 (95 percent
confidence interval, 1.01 to 1.15). In addition, there
were no significant differences in the association of
mercury and myocardial infarction among study cen-
ters (P for the interaction between center and mercu-
ry level=0.20). Second, we found similar results in
centers that used controls from the general popula-
tion and in those that selected other types of controls
(data not shown). Third, we confirmed that the par-
ticipation rates in each center, both for patients and
for controls, were not correlated with the association
between mercury level and myocardial infarction (P=
0.66 for the correlation in controls and P=0.97 for
the correlation in patients). Finally, we assessed the
association between mercury level and myocardial in-
farction, restricting our analyses to the five centers with
the highest response rates among controls; the results
were similar to our overall results (the ratio of the mer-
cury level in patients relative to that in controls, after
adjustment for DHA levels, was 1.12; P=0.005).

DISCUSSION
In this international case–control study, we found

an independent and graded association between toe-
nail mercury levels and the risk of myocardial infarc-
tion. Furthermore, mercury masked an inverse associ-
ation between DHA levels and the risk of myocardial
infarction that became evident only after adjustment
for the mercury level.

Several factors add to the strength of our findings.
First, toenail and adipose-tissue samples were collect-
ed from patients shortly after they had had a myocar-
dial infarction. These measurements are therefore un-
likely to have been affected by the development of
disease, a common limitation of case–control studies.
Second, only patients with a first myocardial infarction
were examined, so it is unlikely that they had changed
their diet before the event. Finally, toenail mercury is
a reliable biologic marker of long-term exposure to
mercury.2,20,21 The validity of the mercury measure-
ments in our study is further reinforced by the finding
of a strong association between mercury and DHA, a
biologic marker of fatty-fish intake.18

Mercury exists in three forms: elemental mercury,
inorganic mercury compounds, and organic mercury,
primarily methylmercury.1,2 Exposure to inorganic
mercury occurs occupationally; people can also be
exposed to inorganic mercury from silver–mercury
amalgam in dental fillings. Exposure to methylmercu-
ry results almost exclusively from the consumption of

fish, shellfish, and marine animals; these foods are a
major source of exposure to mercury for the general
population.2 Large, predatory fish, such as swordfish
and sharks, have the highest concentrations of mercury
(around 1 µg per gram); tuna, trout, pike, and bass
have intermediate concentrations (0.1 to 0.5 µg per
gram); and most shellfish have low concentrations.1,2

In populations eating large quantities of fish from lo-
cally contaminated lakes or rivers, however, other spe-
cies may be the main contributors to the total intake
of mercury.6

Mercury may promote atherosclerosis and hence
increase the risk of myocardial infarction in several
ways. Mercury promotes the production of free rad-
icals in experimental models,3-5 and it may bind sele-
nium to form mercury selenide, an insoluble complex
that cannot serve as a cofactor for glutathione perox-
idase.22 In addition, methylmercury has a very high
affinity for thiol groups, and it may inactivate the an-
tioxidant properties of glutathione, catalase, and su-
peroxide dismutase.23 Mercury may induce lipid per-
oxidation,24 and mercury levels were a strong predictor
of oxidized low-density lipoprotein levels in the Kuo-
pio Ischemic Heart Disease Study.6 Mercury com-
pounds may also promote platelet aggregability25 and
blood coagulability,26 inhibit endothelial-cell forma-
tion and migration,27 and affect apoptosis and the in-
flammatory response.28 Increased rates of cardiovas-
cular disease were found among mercury-exposed
workers,29,30 and mercury levels in hair predicted the
progression of carotid atherosclerosis in a longitudi-
nal study.31 Toenail mercury, however, did not predict
the incidence of coronary heart disease in a nested
case–control study in U.S. health professionals report-
ed elsewhere in this issue of the Journal.32

Some limitations also need to be considered in the
interpretation of our findings. Our analyses were based
on single measurements of mercury and DHA, and
they are subject to random measurement error. In ad-
dition, the levels of mercury or DHA were low in
many study participants, thus increasing the likelihood
of analytical error. It is likely that the results of our
analyses underestimate the associations of both mer-
cury and DHA levels with myocardial infarction.

Another potential limitation of our study is that
the participation rate was higher for patients than for
controls. Although this raises the possibility of selec-
tion bias, the association of mercury levels with my-
ocardial infarction was higher in centers with higher
participation rates, making selection bias an unlikely
explanation of our results. Furthermore, because both
mercury and DHA are derived primarily from fish in
the diet, selection bias would be expected to influence
associations of the levels of both of these substances
with myocardial infarction in the same direction, not
in opposite directions.
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