
Invited commentary

Role of trace elements in coronary heart disease

It is well established that hypercholesterolaemia is an impor-
tant inducer of coronary heart disease (CHD). It is therefore
anticipated that reducing levels of plasma cholesterol should
decrease both incidence and mortality of the disease. Unfor-
tunately, no matter how successfully we deal with hyper-
cholesterolaemia, CHD does not disappear, because high
cholesterol levels are not the only causative factors.

Several lines of evidence indicate that the development
of atherosclerosis is related to free radical processes, lipid
peroxidation and oxidative modifications of low-density
lipoproteins (LDL). Free radicals may arise from a
number of sources and cellular mechanisms, and their
production occurs under both normal and pathological
circumstances. Fortunately, the cell possesses highly effi-
cient protective mechanisms, including antioxidants such
as a-tocopherol, ascorbate,b-carotene, glutathione, and
metal-binding proteins such as transferrin and caerulo-
plasmin, and enzymes such as manganese superoxide
dismutase (MnSOD), copper–zinc superoxide dismutase
(Cu,ZnSOD), selenoenzyme glutathione peroxidase (GSH-
Px) and the iron-containing enzyme catalase (Halliwell,
1996). All these antioxidants are designed to prevent the
occurrence of free radical-induced injury under normal
conditions. However, it has been argued that these pro-
tective mechanisms may be overwhelmed and severe free
radical-mediated injury may occur.

The process of LDL oxidation has been repeatedly
demonstrated to be dependent on high concentrations of
transition metals such as Cu and Fein vitro (Minotti,
1993; Ziouzenkovaet al. 1998). The molecular mechan-
ism by which Cu and Fe initiate oxidation of LDL is not
fully clear. It is also uncertain if thein vitro model
reflects some aspects of LDL oxidationin vivo. Never-
theless, Cu-mediated oxidation is frequently used to assess
the susceptibility of LDL to oxidationin vitro, which is
regarded as a possible risk factor for atherosclerosis.In
vitro studies also show that LDL oxidation can proceed
when antioxidants are depleted. The oxidative process can
be inhibited by metal chelators (EDTA, desferrioxamine)
and by antioxidants (BHT, vitamin E, glutathione)in
vitro, which further strengthens the possible involvement
of a free radical chain reaction.

Cu could be a potential inducer of LDL oxidation. On
one hand, Cu has the ability to oxidize LDLin vitro
(Ziouzenkovaet al. 1998). On the other hand, it is a
constituent of Cu,ZnSOD which is involved in preventing
oxidative injury. In addition, caeruloplasmin, a multi-
functional protein which contains most of the Cu in
blood, is thought to possess antioxidant functions which
could be beneficial in resisting disease. In contrast, high
caeruloplasmin levels have been speculated to be a risk

factor for atherosclerosis, based on its pro-oxidant proper-
ties (Fox et al. 1995). Indeed, it has been reported that
patients suffering from cardiovascular disorders exhibit
elevated serum caeruloplasmin (Reunanenet al. 1992;
Mänttari et al. 1994). Caeruloplasmin, however, is
increased by inflammation. It remains to be seen whether
elevated caeruloplasmin in cardiovascular disease is not
simply due to inflammation. An inflammation-induced
elevation of rat serum caeruloplasmin levels did not
render LDLþ VLDL more prone to oxidation (DiSilvestro
& Jones, 1996). Similarly, in the Rotterdam study described
in this month’s issue (Klipstein-Grobuschet al. 1999) the
inflammation-induced elevation of caeruloplasmin in CHD
patients was associated with inflammatory processes and not
with the pro-oxidant activity of caeruloplasmin. The possi-
bility that inflammation has the ability to alter the suscepti-
bility of LDL to oxidation cannot be ruled out.

Median intake of Cu from food is lower than the esti-
mated safe and adequate daily dietary intake (ESADDI)
values for most age, sex, and racial/ethnic subgroups (Third
Report on Nutrition Monitoring in the United States, 1995).
Cu deficiency has been classified as a potential public health
issue. Nutrient supplements and highly fortified foods are
widely consumed by Americans today. Potentially, some of
these supplements could adversely affect the health of users
because of antagonistic interactions among nutrients. The
nutrients which are particularly interesting from this point of
view are Fe, Cu and Zn. Their excess or deficiency has been
implicated in LDL oxidation, hypercholesterolaemia and
CHD.

The increased susceptibility of LDL to peroxidation in
Cu deficiency is due to a combination of two factors: an
inadequate antioxidant defence mechanism due to a
reduction of Cu,ZnSOD, and an increase in body Fe
stores due to the antagonistic relationship between Cu
and Fe (Owen, 1978). Fe is a strong oxidant and is known
to catalyze LDL oxidationin vitro. Its role in athero-
genesis in vivo remains uncertain. In 1981, Sullivan
proposed that the difference in heart disease risk between
the sexes might be explained by differences in body Fe
stores. Subsequently, many epidemiological reports con-
cerning Fe and heart disease have been published (Laufer,
1990; Salonenet al. 1992; Ascherioet al. 1994; Meyers,
1996; Tzonouet al. 1998). Fe might contribute to coronary
artery disease, the leading cause of death in western
countries, at two critical stages of the disease: atherogenesis
and reperfusion. In the former case it appears that LDL in
the artery wall must be oxidatively modified to attract
macrophages and thus lay the foundation for atherosclerotic
lesions. In the case of reperfusion injury, oxygen free
radicals are formed upon reflow after ischaemic events.
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Chelation of free Fe decreases functional damage. CHD
mortality rates were found to be best correlated with liver
Fe–serum cholesterol in men and both sexes combined
(Laufer, 1990).

It is suggested, however, that an inadequate antioxidant
defence mechanism by itself is not sufficient to increase
blood cholesterol and to induce atherogenesis. Similarly,
an increase of body Fe stores alone does not induce hyper-
cholesterolaemia. However, atherogenesis can develop
when a generator of reactive oxygen species is present
in a suppressed antioxidant status (Fieldset al. 1993).
In support of this hypothesis are data from studies where
rats fed on a high-Fe diet inadequate ina-tocopherol and
b-carotene exhibited increased lipid peroxidation and
hypercholesterolaemia. In addition, rats fed on a low-Se
diet and treated with adriamycin, a free radical generator,
exhibited hypercholesterolaemia. Furthermore, Cu defi-
ciency and increased intake of dietary Fe was responsible
for free radical generation and elevation of blood choles-
terol. In contrast, Cu-deficient rats which consumed a low-
Fe diet did not develop hypercholesterolaemia although
their antioxidant defence system was compromised.

Since Zn is an essential component of Cu,ZnSOD, the
deficiency of Zn could induce an increase in tissue
oxidative damage. Zn deficiency is associated with an
increase of Cu and Fe due to the antagonistic relationships
between these metals. Indeed, the oxidative damage which
occurred in Zn-deficient rats (DiSilvestro & Blostein-Fujii,
1997) could be due to increases of tissue Fe. A decrease
of Cu induces both an elevated Zn status and an increase
in serum cholesterol. It has been suggested that an
imbalance between Cu and Zn may be a factor in the
aetiology of CHD. However, Tiberet al. (1986) could not
find a correlation between plasma levels of Cu and Zn and
serum levels of lipids or lipoprotein in sixty adult male
patients with confirmed CHD.

Data summarized here illustrate the potential that
essential trace elements have for inducing atherogenesis.
In in vitro studies, one could easily isolate a single
nutrient and study its effect on CHD.In vivo, however,
we face the reality and consequences of nutrient–nutrient
interactions. It seems reasonable to suggest that there is a
need to shift from the concept of a single nutrient to a
global perspective of balance. This need should be
reflected both in the way we design studies, the way we
care for patients, and the way we exercise public health
interventions. We should not overlook the possibility that
CHD may not be induced by an excess or a deficiency of
only one element, but may be induced by a combination
of deficiencies and excess of numerous potential athero-
genic agents. Consequently, detection and correction of
imbalances among trace elements could ultimately dimin-
ish individual risk factors and reduce the incidence of
atherosclerotic heart disease.

Meira Fields
Beltsville Human Nutrition Research Center

Beltsville MD 20705
USA

References

Ascherio A, Willett WC, Rinion EB, Giovanucci EL &
Stampfer MJ (1994) Dietary iron intake and risk of coronary
heart disease among men.Circulation 89, 969–974.

DiSilvestro RA & Blostein-Fujii A (1997) Moderate zinc defi-
ciency in rats enhances lipoprotein oxidation in vitro.Free
Radicals in Biology and Medicine22, 739–742.

DiSilvestro RA & Jones AA (1996) High ceruloplasmin levels in
rats without high lipoprotein oxidation rates.Biochimica et
Biophysica Acta1317, 81–83.

Fields M, Lewis CG, Lure MD, Burns WA & Antholine WE
(1993) Low dietary iron prevents free radical formation and
heart pathology of copper-deficient rats fed fructose.
Proceedings of the Society for Experimental Biology and Medi-
cine202, 225–231.

Fox PL, Mukhopadhyay C & Ehrenwald E (1995) Structure,
oxidant activity and cardiovascular mechanisms of human
ceruloplasmin.Life Sciences56, 1749–1758.

Halliwell B (1996) Oxidative stress, nutrition and health. Experi-
mental strategies for optimization of nutritional antioxidant
intake in humans.Free Radical Research25, 57–74.

Klipstein-Grobusch K, Grobbee DE, Koster JF, Lindemann J,
Heiner B, Hofman A & Witterman JCM (1999) Serum caerulo-
plasmin as coronary risk factor in the elderly. The Rotterdam
Study.British Journal of Nutrition81, 139–144.

Laufer RB (1990) Iron stores and the international variation in
mortality from coronary artery disease.Medical Hypotheses35,
96–102.

Mänttari M, Manninen V, Huttunen JK, Palosu T, Ehnholm C,
Heinonen OP & Frick MH (1994) Serum ferritin and cerulo-
plasmin as coronary risk factors.European Heart Journal15,
1599–1603.

Meyers DG (1996) The iron hypothesis – does iron cause athero-
sclerosis?Clinical Cardiology19, 925–929.

Minotti G (1993) Sources and role of iron in lipid peroxidations.
Chemical Research Toxicology6, 134–146.

Owen CA Jr (1978) Effects of iron on copper metabolism and
copper on iron metabolism in rats.American Journal of Phy-
siology224, 514–518.

Reunanen A, Knekt P & Aaran R-K (1992) Serum ceruloplasmin
level and the risk of myocardial infarction and stroke.American
Journal of Epidemiology136, 1082–1090.

Salonen JT, Nyyssonen K, Korpela H, Tuomilehto J, Seppanen R
& Salonen R (1992) High stored iron levels are associated with
excess risk of myocardial infarction in Eastern Finnish men.
Circulation 86, 803–811.

Sullivan JL (1981) Iron and the sex difference in heart disease risk.
Lancet1, 1293–1294.

Third Report on Nutrition Monitoring in the United States
(1995) Vol 1. Washington DC: U.S. Government Printing
Office.

Tiber AM, Sakhaii M, Joffe CD & Ratnaparkhi MV (1986)
Relative values of plasma copper, zinc, lipids and lipoproteins
as markers for coronary artery disease.Atherosclerosis62, 105–
110.

Tzonou A, Lagiou P, Trichopoulou A, Tsotsos V & Tuchopoulos
D (1998) Dietary iron and coronary heart disease risk: a study
from Greece.American Journal of Epidemiology147, 161–
166.

Ziouzenkova O, Sevanian A, Abuja PM, Ramos P & Esterbauer H
(1998) Copper can promote oxidation of LDL by markedly
different mechanisms.Free Radical Biology and Medicine24,
607–623.

q Nutrition Society 1999

86 M. Fields

https://doi.org/10.1017/S0007114599000203  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114599000203

