
An increase in the ratio of zinc to copper in-
gested produced hypercholesterolemia in rats
in five experiments done in three years in two
environments. Consonance was established
with coronary heart disease epidemiology, for
example, risks associated with soft water, diets
high in sucrose and low in fiber, and lack of
exercise. [The Sd® indicates that this paper has
been cited in over 170 publications.]
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While writing a thesis on dietary fat and bile
acid metabolism at the Harvard School of Pub-
lic Health in the early 1960s, I gradually be-
came fascinated by the inverse association be-
tween the hardness ofdrinking waterand the
risk of death from coronary heart disease. I
remember discussing the reality of the asso-
ciation with Jane Worcester. I spent three
weeks in the geology library, read some geol-
ogy textscover to cover, and began a limited
experimental search for trace elements that
could alter the concentration of cholesterol
in blood. Even then it was clear that choles-
terol was important in the pathophysiology,
if not the etiology, of heart disease.

I then moved to the University of Cincinnati,
partly because of a tradition there of research
on health effects of metallic elements. At that
time few people, besides Henry A. Schroeder
and Walter Mertz, knew how to do trace-ele-
ment experiments and realized their potential
importance in medicine. As a means of learn-
ing more about trace-element research, I ap-
pended measurements of trace elements to a
nutritional survey of the Republic of Panama.

We designed an environment for trace-ele-
ment research in which I did some of these
experiments.

I was reluctant to attribute my results to
copper deficiency since decreases in hemato-
crit were minimal. I thought I had found a phe-
nomenon analogousto the amino acid imbal-
ances studied by Alfred E. Harper. A dozen
chemicals now are known

1
to reciprocally al-

ter copper nutriture and cholesterol in plas-
ma, and it is known that anemia is not a nec-
essary concomitance of deficiency. The induc-
tionof copper deficiency by excess zinc is the
simplest explanation. The phenomenon has
been confirmed in at least eight independent
laboratories.

Hans Selye says that scientific results are
important if they are true, generalizable, and
surprising. The truth of the phenomenon is
demonstrated by my five experiments and the
eight confirmations. The discussion of results
was limited to generalizability in the context
of coronary heart disease. Although I was
searching for the effect, the results were sur-
prising, as Nutrition Reviews had never linked
zinc, copper, and cholesterol. I believe the
paper is frequently cited because it contains
the first data linking copper nutriture and
cholesterol metabolism.

These results provide the basis for the theo-
ry
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implicating copper metabolism in the

origin of ischemic heart disease. Copper defi-
ciency is the only nutritional insult that pro-
duces hypercholesterolemia, glucose intoler-
ance, abnormal electrocardiograms, hyperten-
sion, and hyperuricemia together. As these
characteristics are the major predictors of
heart disease risk, and diets’ in the US seem
to be low in copper, copper deficiency may
be important in its origin. The theory has been
developed in a series of experimental and
theoretical papers; I hope it assists in
simplifying the explanations of ischemic heart
disease.
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