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To investigate the association of serum copper and zinc with mortality from
cancer and cardiovascular disease, the authors performed a case-control analy-
sis of data obtained in a Dutch prospective follow-up study. Cancer (n = 64) and
cardiovascular disease (n = 62) deaths and their matched controls were taken
from a cohort of 10,532 persons examined in 1975-1978. Trace elements were
measured In baseline serum samples, which had been stored during the six to
nine years of follow-up. The adjusted risk of death from cancer and cardiovascular
disease was about four times higher for subjects in the highest serum copper
quintile (>1.43 mg/liter) compared with those with normal levels. The excess
mortality observed in subjects with low copper status suggests a U-shaped
relation. No significant change in the risk of death from cancer and cardiovascular
disease was found for subjects with low or high baseline levels of serum zinc.
However, a protective effect of a high zinc status on the risk of cancer and
cardiovascular disease is compatible with the data. For definitive conclusions,

analysis of larger prospective data sets is recommended.

cardiovascular diseases; copper; longitudinal studies; neoplasms; zinc

The essential trace elements copper and
zinc are implicated 1n chronic disease etiol-
ogy. Nutritional or metabolic imbalances
may affect the cardiovascular system (1, 2)
and lipid metabolism (3-7). Associations
with cardiovascular disease risk factors,
are, however, controversial (8-11). Other
effects of copper and zinc are related to
oxidative tissue damage. Excess copper
catalyzes free radical formation (12, 13),

whereas marginal copper levels inhibit su-

peroxide dismutase, an enzyme with an-
tioxidant capacity (14, 15). Zinc protects

against free radical injury (16). Moreover,
a low zinc status reduces the potential an-

ticarcinogenic effect of vitamin A (17-19)

and may affect immune response (17, 20).
Correlation studies (21, 22) and case-

control data (8, 23-26), with measurements

made after diagnosis of the disease, have
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shown higher serum copper and lower
serum zinc levels in cancer and cardiovas-
cular disease patients. These data are dif-
ficult to interpret, however, because the
disease may have affected trace element
levels. T'herefore, 1in etiologic research a
prospective design 1s favored. In such a
study (27), mean baseline serum copper
levels were found to be higher in cancer
cases than 1n controls, although not signif-
icantly. No differences were observed for
serum zinc.

We now report on the relations between
serum copper and zinc and the risk of death
from cancer and cardiovascular disease 1n
a nine-year prospective follow-up study 1n
the Netherlands. Since experimental data
suggest a curvilinear association (1, 4, 10,
12-15), risk analysis for both low and high
serum concentrations of these trace ele-
ments 1s presented.

MATERIALS AND METHODS
Study population

In 1975-1978, a population survey was
undertaken in the Dutch town of Zoeter-
meer to assess the prevalence and deter-
minants of several chronic diseases (28).
Zoetermeer 1s a suburb of the metropolitan
area of The Hague, with a population of
60,000 at the time of the survey. All inhab-
itants of a rural and an urban district of
Zoetermeer who were aged five years or
more were invited for a medical examina-
tion. Of the 13,462 eligible subjects, 10,532
(78 per cent) participated in the survey. At
entry 1nto the baseline survey, major
chronic disease risk factors (smoking,
serum total cholesterol, blood pressure, and
body mass index) were measured, and a
self-administered questionnaire was com-
pleted by each respondent and cross-
checked by a research assistant/physician.
Venous blood was collected, and a sample
of serum was stored at —20 C. Details of
this initial study have been published pre-
viously (28).

From the municipal register of Zoeter-
meer, the vital status of 95 per cent of the
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cohort could be determined. Cause of death
was established from death certificates,
hospital records, and data provided by the
Dutch Central Bureau of Statistics. Clas-
sification of deaths that occurred up to
December 31, 1983, was made according to
a standardized protocol based on Interna-
tional Classification of Diseases, Eighth Re-
vision (ICD-8), guidelines, with the physi-
clan unaware of exposure status. During
the six- to nine-year follow-up, 360 partic-
ipants died. Information on cause of death
was available for 312 subjects: 114 (37 per
cent) died from cancer (ICD-8 codes 140-
239) and 106 (34 per cent) died from car-
diovascular disease (ICD-8 codes 390-458).
Cancer deaths that occurred in the first
year of follow-up (n = 13) were excluded
from the analyses, as were subjects with a
history of myocardial infarction and/or ce-
rebrovascular disease at baseline (n = 16).
Statistical analyses were based on 64 cancer
deaths and 62 cardiovascular deaths be-
cause of incomplete baseline data or un-
available serum samples. The latter was
mainly due to other micronutrient analysis
in these sera (29, 30). The cancer deaths
comprised 16 cases of gastrointestinal can-
cer, 17 cases of respiratory cancer, six of
breast cancer, six of leukemia, 12 of urogen-
ital cancer, and seven of cancers of other
sites. The cardiovascular deaths comprised
40 cases of coronary heart disease, 10 of
cerebrovascular disease, and 12 of other
cardiovascular diseases. Each case was
paired with two controls, randomly selected
from the pool of cohort members still alive
on December 31, 1983. Cases and controls
were matched according to sex and age
(five-year interval). Moreover, cancer cases
and their controls were matched for smok-
ing status (current smoker: yes/no; number
of cigarettes smoked daily: five or less, 6-
14, or 15 or more).

Laboratory analyses

Concentrations of copper and zinc 1n
serum were determined with a model 3030

atomic absorption spectrophotometer (Per-
kin Elmer BV, Gouda, The Netherlands)
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equipped with an air-acetylene flame
burner. A copper hollow cathode lamp was
operated at 20 mA (for zinc, 15 mA).
Atomic absorption was measured at 324.8
nm for copper and 213.9 nm for zinc. The
spectral bandwidth was 0.7 nm (31). Stand-
ard solutions containing 0, 10, 20, 30, and
40 umol/liter of copper (CuSO, - 5H,0) or
zinc (ZnSO, - TH,0) were prepared in dis-
tilled water. All analyses were performed in
duplicate. For the copper analysis, coeffi-
cients of variation ranged from 3.0 per cent
(1.06 = 0.03 mg copper per liter, n = 40) to
1.9 per cent (1.73 = 0.03 mg copper per
liter, n = 40). For zinc, these values ranged
from 15.8 to 4.8 per cent (0.34 £ 0.05 mg
zinc per liter and 2.73 £ 0.13 mg zinc per
liter, n = 40), respectively. Laboratory pro-
cedures for selenium, retinol (vitamin A),
and alpha-tocopherol (vitamin E) analyses
have been reported elsewhere (30). Blood
samples were collected using a disposable
syringe and needle (Becton-Dickinson Co.,
Drogheda, Ireland). After being processed
in polystyrene tubes, serum was stored at
—20 C in a polypropylene tube. Samples
taken from these tubes did not contain
copper and zinc levels above the detection
limit of the method used for measuring
sera. T'herefore, no significant contamina-
tion during sampling and storage is likely
to have occurred. Sampling, storage, and
further handling of the sera of cases and
controls have been carried out identically
so we expect no bias in comparing labora-
tory data. Specimens from each case and
the matched controls were randomly
grouped into triplets, and these groups were
analyzed sequentially with the laboratory
personnel unaware of disease status.

Data analysts

First, to estimate the association between
serum copper and zinc and mortality from
cancer and cardiovascular disease, we com-
pared average values of the trace elements
between cases and controls. The paired-
sample t test was used to test differences in
serum copper, serum zinc, and the ratio of
serum copper to serum zinc between cases
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and the mean value of both controls. Re-
sults of statistical testing are expressed as
two-tailed p values. Although the distribu-
tions of serum copper and zinc were some-
what skewed, the distributions of the test
statistics were normal. Multiple regression
analysis was used to investigate the asso-
ciation of serum copper and zinc with mi-
cronutrients and major risk factors. In this
analysis, we used log-transformed copper
and zinc distributions. For ease of interpre-
tation, untransformed coefficients are pre-
sented. Partial correlation coefficients for
copper and zinc levels with micronutrients
and major risk factors were also calculated.
Second, to study the effect of the trace
elements on the risk of death from cancer
and cardiovascular disease, conditional
multiple logistic regression was used with
maximum likelihood estimation of the
regression coefficients and their standard
errors (32). Relative risks were estimated
as odds ratios. The model which was fitted
included serum copper and zinc and the
potential confounders, 1.e., serum choles-
terol, systolic and diastolic blood pressures,
body mass index, serum antioxidants (se-
lenium, vitamin A, and vitamin E), vears
of education, week of blood collection, and
smoking (only for cardiovascular mortal-
ity). Effect modification was studied by
stratified analysis.

RESULTS

Baseline characteristics of cancer and
cardiovascular disease deaths and their
matched controls are shown in table 1.
Mean levels of serum copper tended to be
higher in cancer deaths than in controls
(difference, 6 per cent; p = 0.08). Cardio-
vascular deaths did not differ significantly
from controls in mean level of serum cop-
per, serum zinc, or the ratio of copper to
zinc. The association of serum copper with
major chronic disease risk factors and that
of serum copper with serum antioxidant
levels were not significant. The decrease in
serum zinc with age was statistically signif-
icant (regression coefficient: b = —0.0025,
standard error = 0.0009, p = 0.02). Serum



TRACE ELEMENTS, CANCER, AND CARDIOVASCULAR MORTALITY

zinc was positively associated (p < 0.05)
with serum total cholesterol, vitamin A.
and vitamin E. Zinc and copper were highly
intercorrelated (table 2).

For subjects in the highest serum copper
quintile (>1.43 mg/liter), the adjusted rel-
ative risk of death from cancer was 3.7 (95
per cent confidence interval (CI) = 1.5-9.1)
and for cardiovascular death it was 3.5 (95
per cent CI = 1.4-8.7) (tables 3 and 4).
Although not statistically significant, the
increased cancer and cardiovascular risks
associated with low serum copper (<1.05

300

mg/liter) point to the existence of a U-
shaped relation. Adding this lowest quintile
to the reference category resulted in only
minor changes in the risk estimates. The
adjusted relative risk for subjects in the
highest quintile of the serum copper distri-
bution calculated 1n this way was 3.0 (95
per cent CI = 1.3-7.0) for cancer death and
2.8 (95 per cent CI = 1.2-6.6) for cardio-
vascular death. Although numbers in the
extremes were small, effect modification of
serum vitamins A and E and selenium on
the 1mpact of copper was studied. Crude

TABLE 1

Baseline characteristics of cancer and cardiovascular deaths and their matched controls, Zoetermeer, The
Netherlands, 1975-19853

| L Cancer deaths
Baseline characteristics

Cardiovascular

. (‘ontrols
disease deaths

Controls

(n = 64) (n = 128) R (n=124)
Proportion of
Malest 56.3 56.3 53.2 53.2
Current smokerst 375 37.5 33.9 S8
Never smokers 300 36.7 4].9 47.6
Mean =+ standard deviation of
Age (years)t 89.7 . £ 137 59.4 =*13:3 68.2 = 12.1 67.8 = 11.8
Body mass index (kg/m-) 298 Xx 2.9 20: 36 264 £ 3.9 2ou] =316
Serum total cholesterol (mg/dl) 235.5 * 442 2373 ' #4419 250.7 =+ 425 234.0 + 38.5*
Systolic blood pressure (mmHg) 143.0 % 21.8 138.3 =+ 20.4 153.1 =+ 24.0 1447 =+ 21.1"
Diastolic blood pressure (mmHg) 831 =% 12.7 80.2. % 11.7 84.3 * 133 82.5:.: 132
Cigarettes (no. smoked/day)t 16:9 = 9.5 154" &=~ 6.7 11.2° &+ 84 134 &= 65
Serum copper (mg/liter) .33 [ 10.;38 1.25 £+ 0.28 1.32:% " 0.31 12T 2=""0:87
Serum zinc (mg/liter) 072+« 0.26 0.74 = 0.16 0.71.% 0.19 0.71:%& 016

<008

T Matching variables (smoking status only for cancer cases and controls).

TABLE 2

Association of serum copper and zinc with major risk factors and serum micronutrient levels in the total control
group (n = 252), Zoetermeer, The Netherlands, 1975-1983

Serum copper (mg/liter)

Serum zinc (mg/liter)

Risk factors and micronutrients

bt ri b ri

Serum total cholesterol (mg/dl) 18.34 (11.71) 0.14 46.08* (19.33) 0.21%
Systolic blood pressure (mmHg) —4.66 (5.86) —0.06 =735 (9.77) —-0.07
Diastolic blood pressure (mmHg) —-0.15 (3.79) —(.01 =782 (6.27) —0.09
Cigarette smoking (no. smoked/day) 0.75 (1.84) 0.04 3166+ (3.08) 0.12
Serum levels of

Copper (mg/liter) 0.42* (0.12) 0.29*

Selenium (ug/dl) —0.90 (0.78) —0.07 0.84 (1.31) 0.02

Vitamin A (ug/dl) 3.69 (5.01) 0.07 31.29*% (8.01) 0.32*

Vitamin E (mg/liter) —0.07 (0.80) 0.04 3.04* (1.30) 0.20*

*pi< 0.056.

t b = regression coefficient (standard error) adjusted for sex and age.

i

i r = partial correlation adjusted for sex and age.
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relative risks of death from cancer or car-
diovascular disease for subjects in the high-
est quintile of serum copper and the lowest
quintile of serum vitamin E, serum vitamin
A, and serum selenium, respectively,
ranged from 1.1 to 3.8. All confidence in-
tervals included 1.0 and had a wide range,
indicating no effect modification. For high
levels of serum zinc, a protective effect on
mortality risk, although not statistically
significant, was observed (relative risk =
0.4, 95 per cent CI = 0.1-1.3 for cardiovas-
cular mortality (table 4), and relative risk
= 0.7, 95 per cent CI = 0.3-2.0 for cancer
mortality (table 3)). These effects did not
change when the lowest four quintiles were
taken as the reference category.

DISCUSSION

In this prospective study, a strong signif-
Icant association was observed between
high baseline serum copper level and the
subsequent risk of death from cancer and
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cardiovascular disease. Several studies have
shown significantly higher serum or tissue
copper levels in prevalent cancer (24-26)
and cardiovascular disease (8, 24) patients
compared with healthy controls. Causal
interpretation of these data i1s difficult,
however, because the disease might have
affected trace element status. Although the
present analysis was a more rigorous test
of the hypothesis, the possibility that ele-
vated serum copper levels are the result of
preclinical disease cannot be completely
ruled out. Even our six- to nine-year follow-
up might have been too short for diseases
with long induction periods such as cancer
and cardiovascular disease. However, we
excluded cases with a history of myocardial
infarction and/or cerebrovascular disease
and those who died in the first year of
follow-up. Moreover, after exclusion of
deaths that occurred in the subsequent
three years of follow-up, only minor
changes occurred in the risk estimates. Qur

TABLE 3

Risk of death from cancer associated with low or high baseline serum copper and zinc levels, Zoetermeer, The
Netherlands, 1975-1983

Quiintiles* Quintile division No. of Adjusted relative 95% confidence
Sl (mg/liter) Casas Gl riskt interval
Serum copper

1 <1.05 16 27 1.8 0.7-4.7

2 1.05-1.16 7 25

3 1.17-1.25 6 26 ¢ 1.0%

4 1.26-1.43 9 25

9 >1.43 26 25 3.7 1.5-9.1
Total 64 128

Serum zinc

1 <(0.62 18 26 1.4 0.5-3.8

2 0.62-0.70 13 23

3 0.71-0.78 13 26 ¢ 1.0%

4 0.79-0.86 8 26 |

5 >(.86 12 27 0.7 0.3-2.0
Total 64 128

* Based on distribution among matched controls.

T Adjusted in a conditional regression model for serum total cholesterol, systolic and diastolic blood pressures,
body mass index, antioxidants (serum selenium, vitamin A, and vitamin E), years of education, week of blood

collection, and serum zinc or serum copper.
I Reference category, consisting of quintiles 2—4.
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TABLE 4

Risk of death from cardiovascular disease associated with low or high baseline serum copper and zinc levels,
Zoetermeer, The Netherlands, 1975-1983

Quintiles* Quintile division No. of Adjusted relative 95% confidence
5 (mg/liter) Cases Caatols riskt interval
Serum copper

1 <1.05 13 23 ﬁ il 0.8-6.4

2 1.05-1.18 3, 25

3 1.19-1.31 O 20 ¢ 1.0%

4 1.32-1.43 12 24 |

O >1.43 23 2 3.9 1.4-8.7
Total 62 124

Serum zinc

1 <0.60 13 29 0.6 0.2-2.0

2 0.60-0.68 10 26

3 0.69-0.73 7| 24 ¢ 1.0%

4 0.74-0.83 21 23 |

O >(.83 30 26 0.4 0.1-1.3
Total 62 124

* Based on distribution among matched controls.

t Adjusted in a conditional regression model for smoking, serum total cholesterol, systolic and diastolic blood
pressures, body mass index, antioxidants (serum selenium, vitamin A, and vitamin E), years of education, week

of blood collection, and serum zinc or serum coOpper.
T Reference category, consisting of quintiles 2—-4.

results support those of the only published
prospective study so far of which we are
aware (27), in which a 7 per cent increase
in mean serum copper level was found
among cancer cases (n = 26) compared with
matched controls. Serum samples in that
study were taken two years or more before
the development of clinically manifest tu-
mors. No risk estimates were given for the
extremes of the copper distribution.

In our data, there was no clear evidence
for an excess mortality risk for cardiovas-
cular disease and cancer for subjects 1ni-
tially low in serum copper. Risk estimates
were strong, however, and the existence of
a U-shaped relation is therefore conceiv-
able, particularly for death from cardiovas-
cular disease. Since numbers in the extreme
quintiles were small, larger studies are re-
quired for definitive conclusions. No sub-
jects had levels below the generally consid-
ered lower normal value of serum copper
(0.65 mg/liter), therefore pathologic etfects

induced by copper deficiency (e.g., cardio-
myopathy (1, 2)) probably did not occur.
For optimal comparison, we matched
cases and controls for sex, age, and smoking
status and controlled for potential con-
founding of other risk factors by multivar-
iate modeling. Positive relations have been
reported between serum copper concentra-
tion and smoking (8, 9), and systolic pres-
sure (33). The association with serum total
cholesterol is inconsistent (3, 4, 9-11).
Serum copper levels were found to be 1n-
creased in hyperlipidemic patients with or
without atherosclerosis (10). Furthermore,
positive relations with serum total choles-
terol (8, 9) and a negative one with high
density lipoprotein cholesterol level have
been observed (9). However, some experi-
mental studies found elevated serum cho-
lesterol levels in rats deficient in copper
(4). In the analysis, we also adjusted for
nutrients with antioxidative capacity
(serum selenium, vitamin E, and vitamin
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A) and serum zinc. Some confounding in
the risk estimates may still be present be-
cause 1nformation on vitamin C, iron sta-
tus, and other nutrients that are associated
with copper was not available. Dietary
sources rich in copper are nuts, liver, and
fish. Milk and milk products contain low
concentrations of this trace element. The
intake of copper in Dutch adults (1.5 mg
copper per day) is largely determined by
the consumption of bread (22 per cent),
potatoes (13 per cent), and beverages (12
per cent) (34). In addition to low or high
intake of these foods, other life-style habits
such as smoking, oral contraceptive use,
and metabolic or physiologic conditions
such as hypertension and pregnancy may
contribute to the copper status.

The role of copper in malignancy and
atherosclerosis may be related to its in-
volvement in the biologic damage caused
by the superoxide radical. Most of the tis-
sue copper 1s specifically bound, such as in
the superoxide dismutase enzyme. A mar-
ginal copper status stimulates peroxidative
damage by inhibition of the activity of this
enzyme (14, 15). However, an excess in
total tissue copper resulting in elevated
nonspecific bound copper may by itself cat-
alyze free radical formation (12, 13, 25).

A high concentration of zinc is found in
nuts, cereals, and meat, whereas the zinc
content of white bread is low. Meat and
meat products (24 per cent), bread (20 per
cent), and milk and milk products (17 per
cent) are the major contributors to the daily
intake of zinc (13.6 mg zinc per day) in the
Netherlands (34).

The mechanisms underlying a lower can-
cer risk associated with a high serum zinc
concentration are hypothetical. It has been
suggested that a low serum zinc level re-
duces the protective effect of vitamin A on
cancer 1ncidence, whereas higher levels me-
diate an optimal utilization of vitamin A
(16, 35). The significant direct association
we found between serum vitamin A concen-
tration and serum zinc is in accordance
with this hypothesis and has been reported
earlier (18, 19). Furthermore, zinc protects
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against 1ron- and copper-catalyzed free-
radical injury (16, 17) and an adequate sup-
ply of zinc is essential for normal immune
function (20).

The observation by Halsted and Smith
(23) of lower plasma zinc levels among
prevalent cardiovascular disease cases com-
pared with healthy controls was not con-
firmed in our prospective data. However,
serum zinc tends to fall dramatically after
acute tissue injury (36), but it is unclear
whether altered zinc has any etiologic rel-
evance for cardiovascular disease.

In conclusion, our results suggest that
high serum copper levels and probably also
low levels may be associated with increased
cancer and cardiovascular disease risk. Al-
though confounding was minimized, the
possibility that other factors associated
with these trace elements might be respon-
sible for the observed effects cannot be fully
ruled out. Larger prospective follow-up
studies are needed to confirm our observa-
tions, and experimental data may further
elucidate the biologic mechanisms.
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