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Background We have investigated the association between serum copper, zinc
and selenium concentrations, dietary intake, and demographic characteristics,
including individual coronary risk factors, in healthy subjects.

Methods Serum copper, zinc and selenium were measured by atomic absorption
spectrometry in 189 healthy subjects. Serum glutathione peroxidase and
caeruloplasmin were also determined for each subject. A previously validated food
frequency questionnaire was used to estimate the dietary trace element intake.

Results Male subjects had significantly lower serum copper (P<0.001) and
caeruloplasmin (P<0.001), and higher serum zinc (P< 0.05) and zinc:copper ratio
(P<0.001) than female subjects. Significant differences were observed in serum
copper and caeruloplasmin concentrations (P< 0.01) with age. Weak but significant
associations between dietary trace elements and their serum concentrations were
observed for zinc (r=0.18, P=10.02), copper (r=0.17, P=0.03) and selenium
(r=0.19, P=0.02). Obese subjects had significantly lower serum concentrations
of zinc (P<0.05). In multifactorial analysis, dietary zinc (P<0.05), serum high-
density lipoprotein-cholesterol (HDL-C) (P< 0.05), diastolic blood pressure
(P<0.05) and age (P=10.05) emerged as major predictors of serum zinc
concentrations. The corresponding predictors for serum copper were C-reactive
protein (CRP) (P<0.001), serum HDL-C (P<0.001), gender (P=0.01), physical
activity levels (P<0.05) and dietary copper (P<0.05). Serum selenium
concentrations were predicted by serum total cholesterol (P<0.01), serum CRP
concentrations (P<0.05) and dietary selenium (P<0.03).

Conclusion Serum copper, zinc and selenium concentrations are influenced by
physiological conditions such as age, diet and gender. Their serum concentrations
are also associated with coronary risk factors, including body mass index, levels of
physical activity, serum HDL-C and CRP.
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Introduction

Copper, zinc and selenium are essential trace elements
that form part of the functional groups of several key
enzymes."* Although serum concentrations of these
trace elements on their own do not accurately reflect
total body status,® their serum concentrations are fre-
quently measured in combination with other indices,
for example enzyme activities or tissue content, to
assess deficiency, toxicity or inborn errors of metabo-
lism.>~° Free radicals are thought to play an important
role in the pathogenesis of coronary heart disease
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(CHD) and carcinogenesis.”® Hence, the action of the
antioxidant enzymes glutathione peroxidase (GPx),
superoxide dismutase and catalase may play an import-
ant protective role in these diseases. The trace
elements zinc, copper and selenium are essential
components of these enzymes, but may also be involved
in lipid oxidation."®™'? There are several putative
mechanisms by which selenium may protect against
atherosclerosis.”” Because of the effects of copper ions
on the cellular elements of the arterial wall, leukocyte
and platelet function, and lipoprotein metabolism, they
clearly have the potential to play an important role in
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atherogenesis in humans.'* Furthermore, it has been
proposed that zinc deficiency may predispose to glu-
cose intolerance, diabetes mellitus, insulin resistance,
atherosclerosis and coronary artery disease.'* Several
epidemiological studies relating measures of trace ele-
ment status to disease susceptibility have been
reported, and perturbations in trace element status
have been variously shown to be associated with coron-
ary'>1® or cancer risks.""” However, the interpretation
of these studies may be confounded by variables that
contribute to disease risk, while also affecting trace ele-
ment status. Effects of age, gender, smoking habit and
body mass index (BMI) on some trace elements have
previously been reported, but the results of these stu-
dies have been inconsistent and few have also assessed
the possible confounding effects of dietary trace ele-
ment intake.'®=2°

In the present study, we aimed to clarify the relation-
ship between a number of factors that have been
reported or may be expected to affect trace element sta-
tus and serum copper, zinc and selenium concentra-
tions.

Materials and methods

Subjects

Approximately 200 healthy subjects were recruited
from an unselected population of employees at the local
university and hospital in Guildford, UK. Subjects with
established CHD, diabetes mellitus and hypertension
were excluded, leaving 189 subjects. Of these subjects,
41 were obese (BMI > 30), six had metabolic syndrome
as defined using NCEP-ATP III criteria,”' and seven
were taking aspirin.

Each subject gave informed written consent to parti-
cipate in the study, which was approved by the South-
West Surrey Research Ethics Committee and Surrey
University's Advisory Committee on Ethics.

Estimation of dietary intake of micronutrients

Dietary intake over the previous 12 months was
assessed using a food frequency questionnaire (FFQ),
as previously detailed.?? In brief, the FFQ was devel-
oped and validated against seven-day weighed records
and biochemical markers of antioxidant status.>>The
short and long-term reproducibility of the FFQ have
also been evaluated. Subjects were instructed on how
to complete the FFQ during the initial interview, and
completed FFQs were checked for inaccuracies and
inconsistencies at subsequent interviews.
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Blood sampling

Blood samples were collected between 08:30 and
10:30 h after a 12-h fast by venepuncture of the antecu-
bital vein. Blood was collected into plain Vacutainer
tubes (Becton-Dickenson, Cowley, Oxford, UK) and
allowed to clot; the serum was then removed, taking
care to avoid possible sources of trace element contam-
ination.

Materials
All chemicals were obtained from Sigma (Sigma
Chemical Co., Dorset, UK) unless stated otherwise.

Routine biochemical analyses

A full fasted lipid profile, comprising total cholesterol,
triglycerides and high-density lipoprotein cholesterol
(HDL-C), was determined for each patient. LDL choles-
terol was calculated using the Friedewald equation,
except for patients with triglyceride concentrations of
> 4.0 mmol/L. Serum lipid and blood glucose concen-
trations were measured by enzymatic methods, and
C-reactive protein (CRP) concentrations were deter-
mined by polyethylene glycol-enhanced immuno-
turbidimetry using a Bayer Advia 1650 analyser (Bayer,
Newbury, UK).

Serum trace element analysis

Copper and zinc concentrations in serum were meas-
ured by flame atomic absorption spectrometry follow-
ing a one in four dilution with water,”* and selenium
was determined by electrothermal atomic absorption
spectrometry with Zeeman background correction
using a palladium chloride chemical modifier.?> Typi-
cal between-batch precision (coefficients of variation
[CVs]) for these assays were 3.9%, 2.27% and 3.65%,
respectively.

GPx assay

Serum GPx was measured using a modification of the
Paglia and Valentine method.?® Briefly, 10 uL of serum,
standard (0.1-0.3 U/mL purified GPx) or water (blank)
was added in quadruplicate to a 96-well plate. In all,
290 uL. of O1mol/L phosphate buffer (containing
5mmol/L EDTA disodium salt, 200 umol/L. sodium
azide, 1U/mL glutathione reductase, 0.86 mmol/L
NADPH, 2 mmol/L reduced glutathione and 7.8 umol/L
t-butyl hydroperoxide) was added to each well. The
reagents were mixed and the absorbance at 340 nm
measured continuously for 5 min in an iEMS MF plate
reader. The between-assay CV was typically 5.5%.
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Caeruloplasmin measurement

Serum caeruloplasmin concentration was determined
as ferrioxidase activity using Sunderman and Nomoto’s
method.?” Briefly, 10 uL of serum was added to 200 uL of
0.1 mol/L acetate buffer (pH 5.2) and 100 uL of p-pheny-
lene diamine in eight wells of a 96-well plate. Samples
were incubated at 37°C and the reaction terminated in
four wells after 5 min and in the remaining four wells
after 35 min by adding 5 uL of sodium azide (1.5 mol/L).
The absorbance was measured at 525 nm in an iEMS
MF plate reader. The caeruloplasmin concentration
was calculated using the formula:

Caeruloplasmin concentration (g/L) = 0.752 (Ar — Ap)

where Ay is the absorbance after 35 min (sample reac-
tion) and Ap is the absorbance after 5min (sample
background). The between-assay CV for the assay was
typically 3.8%.

Statistical analysis

Statistical analysis was undertaken using Minitab
(release 13, Minitab Inc, 2000, USA), with descriptive
statistics (mean, median, standard error of the mean
[SEM] and interquartile range) being determined for
all variables. Data were assessed for normality using
the Kolmogorov-Smirnov test. Between-group com-
parisons of dietary and biochemical parameters were
assessed by ANOVA using a Bonferonni correction for
multiple comparisons. Categorical data were compared
using Fisher’s exact or y* tests.Values were expressed as
mean +SEM, or median and interquartile range for
non-normally distributed data. Analysis of covariance
(ANCOVA) was used to assess differences after adjust-
ment for important confounding factors such as age
and gender. The CRP concentrations were non-
normally distributed and were therefore logarithmi-
cally transformed prior to parametric analysis.

Stepwise multiple regression analysis was used to
predict whether serum trace elements were related
to dietary trace elements and traditional coronary risk
factors such as age, gender, BMI, smoking, fasting
glucose and lipid profile, and systolic and diastolic
blood pressure (DBP). A P value <0.05 was considered
significant.

Results

Demographic characteristics and variation in serum
trace element concentrations

Gender
Among the 189 healthy subjects, 95 were men and 94

were women (Table 1). Men and women did not differ
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with respect to age, smoking status, BMI, systolic blood
pressure (SBP) and serum total cholesterol (P> 0.05).
However, men had significantly higher waist:hip ratio,
DBP, fasting blood glucose, serum triglycerides and
total cholesterol:HDL ratio, and lower serum HDL-C
and percentage body fat than women (Table 1).

Men had significantly lower serum copper
(P<0.001) and caeruloplasmin (P < 0.001), and higher
serum zinc (P<0.05) and zinc:copper ratio than
women (P < 0.001) (Table 2). However, serum selenium,
GPx and copper:caeruloplasmin ratio did not differ sig-
nificantly between men and women (P > 0.05) (Table 2).

Men had a significantly higher dietary intake of
zinc and zinc:copper ratio compared with women
(Table 2).

Age

Men and women were divided into six subgroups based
on their age (Table 3). Within the male subgroups, sig-
nificant differences were observed in serum caerulo-
plasmin concentrations (P<0.01) with age, being
significantly lower in the age group 20-29 years com-
pared with the other age groups. Significant differences
in serum copper:caeruloplasmin ratio (P <0.001) and
borderline differences in serum GPx (P=0.09) were
also observed comparing the youngest and oldest men
(Table 3). The serum zinc:copper ratio was lowest in the
oldest male subgroup (Table 3).

Within the female subgroups, significant differences
were observed in serum copper concentrations
(P<0.05), being higher in groups aged between 30-39,
40-49, 50-59 and 60-69 years compared with the
group aged 70 years or more. Women aged between
50-59 years had significantly higher serum selenium
compared with the group aged 70 years or more
(Table 3).

No significant correlations between age and dietary
trace element intake were observed in these subjects.

Smoking habit

Among the 189 subjects, 124 had never smoked and 65
were current or ex-smokers (32 current smokers and 33
ex-smokers). Subgroups of current, ex-smokers and
non-smokers did not differ with respect to gender,
BMI, SBP, DBP, fasting blood glucose, serum total cho-
lesterol, HDL-C, and total cholesterol:HDL-C ratio
(P> 0.05) (Table 1). However, smokers had significantly
higher waist:hip ratio and serum triglycerides, and
were older than the non-smoking subjects (P<0.05)
(Table 1). The dietary intake of trace elements did not
differ between smokers and non-smoking subjects
(Table 4).
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Table 2 Effects of gender on indices of dietary and serum
trace element status in control subjects

Males Females
Subjects (n) 95 94
Serum trace elements
Zinc (umol/L) 13.86 +0.23" 13.304+0.24
Copper (umol/L) 14.76 +0.32° 17.52+0.34
Zn:Cu ratio 0.9740.02° 0.78+0.02
Cp (glL) 0.16+0.01" 0.19+0.01
Cu:Cp ratio (umol/g) 100.50 +3.54 97.86 +3.12
Selenium (umol/L) 1.054+0.02 1.01+0.02
GPx (U/mL) 0.35+0.01 0.36+0.01
Dietary trace elements
Zinc (mg) 9.93+0.29 9.03+0.28
Copper (mg) 1.63+0.06 1.64+0.07
Zn:Cu ratio 6.42+0.20 5.88+0.18
Selenium (ug) 92.45+4.48 82.19+4.14

Values are expressed as mean+SEM. *P<0.05. "P<0.001;
comparison between patients and controls using one-way ANOVA.
Cp, caeruloplasmin; Cu, copper; GPx, glutathione peroxidase Zn, zinc.

Serum concentrations of zinc, copper, zinc:copper
ratio, caeruloplasmin and copper:caeruloplasmin
concentrations did not differ significantly between
smokers and non-smokers (P> 0.05) (Table 4). Smokers
had slightly lower mean serum concentrations of sele-
nium (P=0.08) and GPx (P=0.09) compared with
non-smokers (Table 4).

Obesity

Among the 189 control subjects, 41 were obese
(BMI > 30), 64 were overweight (BMI 25-30), and 84
were normal weight (BMI < 25). Obese and non-obese
subjects did not differ with respect to gender, current
smoking status, or serum total cholesterol (P> 0.05).
However, as might be expected, obese subjects had sig-
nificantly higher measures of adiposity (BMI, percen-
tage body fat and waist:hip ratio), higher SBP and DBP,
higher serum triglycerides and fasting blood glucose,
and lower HDL-C than non-obese subjects (P <0.01).
Obese subjects were also significantly older than non-
obese subjects (P < 0.001) (Table 1).

Serum zinc concentrations fell with increasing
body mass category in the group as a whole and among
the male subgroup (P<0.05) (Table 5). In the male
subgroup, serum zinc:copper ratio (P<0.05) and
GPx (P<0.05) also fell with body mass category,
although these failed to reach statistical significance
for the group as a whole, or in the female subgroup
(Table 5).
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Univariate analysis of factors associated with serum
trace elements

Association between dietary trace elements and their
serum concentrations

There were weak but significant associations between
the dietary intake of specific trace elements and their
respective serum concentrations: zinc (r=0.18,
P=0.02), copper (r=0.17, P=0.03) and selenium
(r=0.19, P=0.02). There were strong and significant
correlations between dietary intakes of zinc, copper
and selenium (P < 0.0001 in each case). The reciprocal
effects of dietary zinc, copper and selenium on other
serum trace element concentrations were generally
weak and non-significant (P> 0.05). However, dietary
copper was positively associated with serum selenium
(P<0.04).

Relationship between CHD risk factors and serum trace
element status

Serum copper concentrations were positively asso-
ciated with HDL, serum CRP concentrations and
reported physical activity levels (P<0.001), and
negatively associated with waist:hip ratio (P<0.05)
(Table 6). The serum zinc:copper ratio was positively
associated with fasting blood glucose (P <0.05) and
waist:hip ratio (P<0.01), and negatively associated
with HDL (P<0.05), serum CRP (P<0.001) and
reported physical activity levels (P<0.001) (Table 6).
Serum caeruloplasmin concentrations were positively
associated with age (P<0.05), serum HDL (P <0.05),
serum total cholesterol (P<0.01) and serum CRP
(P<0.001) (Table 6). Serum copper:caeruloplasmin
ratio was negatively associated with age (P <0.01), fast-
ing blood glucose (P < 0.05), total cholesterol (P < 0.05)
and SBP (P < 0.05) (Table 6).

Serum GPx was negatively associated with age
(P<0.05) and SBP (P<0.05), and positively associated
with HDL concentrations (P<0.001) and DBP
(P<0.05) (Table 6).

There were no significant correlations between these
coronary risk factors and serum concentrations of zinc
and selenium (P> 0.05) (Table 6).

Multifactorial analysis of trace element status

In order to evaluate the relationship between serum
trace element concentrations and individual CHD risk
factors, stepwise multiple regression analysis was
undertaken.

Serum zinc concentrations

Atotal of approximately 10.7 % of the variation in serum
zinc concentrations could be explained by factors
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Table 4 Effects of smoking status on indices of dietary and
serum trace element status in healthy subjects

Smokers Non-smokers
Subjects (n) 65 124
Serum trace elements
Zinc (umol/L) 13.83+0.28 13.45+0.21
Copper (umolL) 16.25+0.40 16.07+0.33
Zn:Cu ratio 0.87+0.03 0.88+0.02
Cp (g/L) 0.18 +0.01 0.1740.01
Cu:Cp ratio (umol/g) 100.25+3.97 97.17+2.93
Selenium (umol/L) 0.99+0.03 1.0540.02
GPx (U/mL) 0.33+0.02 0.36 +0.01
Dietary trace elements
Zinc (mg) 9.69+0.36 9.32+0.25
Copper (mg) 1.59+0.08 1.66+0.06
Zn:Cu ratio 6.46 +0.24 5.96+0.16
Selenium (ug) 87.09+4.76 87.09+3.95

Values are expressed as mean+ SEM. One-way ANOVA used for
comparison between smokers and non-smokers. Cp, caeruloplasmin;
Cu, copper; GPx, glutathione peroxidase Zn, zinc.

entered into the best-fitting multi-factorial model.
These factors included: dietary zinc (P <0.05, +2.6%),
serum HDL-C (P<0.05 +19%), DBP (P<0.05,
+2.3%), age (P=0.05 —1.7%), serum triglycerides
(P>0.05, +1.2%) and gender (P> 0.05, +1%).

Serum copper concentrations

The major predictors of serum copper concentrations
accounted for approximately 359% of its variation;
these included CRP (P<0.001, +18.8%), serum HDL-
C(P<0.001, +10.7%), gender (P = 0.01,4.6%), reported
physical activity levels (P <0.05, +1.6%) and dietary
copper (P<0.05, +2%). The major predictors of the
total variation in zinc:copper ratio were gender
(P<0.001, +13.7%) and CRP (P <0.001, —9.1%).

Serum caeruloplasmin concentrations

Approximately 21.6% of the total variation in caerulo-
plasmin concentrations could be explained by gender
(P<0.001, 6.3%), serum total cholesterol (P=0.001,
+ 5.2%), serum CRP (P =0.01, +3.3%), dietary copper
(P<0.01, +4%), serum HDL-C (P<0.05, +2%) and
SBP (P =0.08, +0.8%).

Serum selenium concentrations

Approximately 8.2% of the total variation in serum
selenium concentrations could be explained by serum

Ann Clin Biochem 2005; 42: 364-375

total cholesterol (P < 0.01, +4.2%), serum CRP concen-
trations (P <0.05, —2%) and dietary selenium (P < 0.03,
+2%).

Serum GPx concentrations

The best-fitting model showed that a total of approx-
imately 19.2% of the variation in serum GPx concentra-
tions could be explained by serum HDL-C (P < 0.001,
4+ 10.7%), age (P < 0.001, —7.4%) and fasting blood glu-
cose (P>0.05, +0.9%).

Discussion

Effects of gender on trace element status

We found that healthy women have significantly high-
er serum copper and caeruloplasmin concentrations
and lower serum zinc concentrations and zinc:copper
ratios than men. This is consistent with several pre-
vious reports.®1%?8 Whether there is a gender differ-
ence in serum selenium concentrations remains
controversial.'”?*7>> We did not find a significant
difference in serum selenium concentrations related to
gender.

It has previously been proposed that the gender-
related differences in serum zinc and copper concentra-
tions may be explained by differences in dietary intake,
or efficiency of absorption.!” In our sample, we found
that women have a lower dietary intake of zinc than
men (P < 0.05). Dietary copper and selenium were simi-
lar for men and women, and of a similar order, as pre-
viously reported.'

It has also been reported that treatment with exo-
genous oestrogens, for example the oral contraceptive
pill or postmenopausal therapy, may be associated with
increased concentrations of serum copper.lg It is possi-
ble that this may explain some of the difference
between the groups and may also explain the age-re-
lated differences in the female group discussed further
below.

Previous studies have reported that serum GPx activ-
ity is not significantly related to gender,**> although
others have reported that young, healthy women have
higher serum GPx activities than their male counter-
parts.>* We found no significant gender difference in
serum GPx activities. Similarly, erythrocyte GPx activ-
ity has been reported as being either slightly higher33>°
or no different>® in women compared with men.

Effects of age on trace element status

We found significant differences in serum copper and
caeruloplasmin concentrations related to age in our
study. These findings are similar to previous
reports.®1%2% Tt has been suggested that these
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Table 5 Association between BMI and indices of serum trace element status in healthy subjects

Obese Overweight Normal weight
Serum trace elements
Males
Subjects (n) 23 40 33
Zinc (umol/L) 12.94+0.39 14.06 +0.32 14.59+0.42
Copper (umol/L) 15.4240.70 14.914+0.44 14.0440.61
Zn:Cu ratio 0.8740.05* 0.9740.03 1.054+0.04
Cp (g/L) 0.17140.01 0.158 +0.01 0.147 +0.01
Cu:Cp ratio (umol/g) 111.37+2.18 100.63+2.93 13.844-0.20
Selenium (umol/L) 1.06 +0.06 1.06 +0.05 1.044-0.04
GPx (U/mL) 0.30+0.03" 0.39+0.02 0.34 +0.02
Females
Subjects (n) 18 25 51
Zinc (umol/L) 12.4440.52 13.30+0.56 13.50+0.35
Copper (umol/L) 17.854+0.76 17.9640.70 16.97+0.41
Zn:Cu ratio 0.7240.05 0.76 +0.04 0.8240.03
Cp (glL) 0.202 +0.01 0.216 +0.02 0.179+0.01
Cu:Cp ratio (umol/g) 89.65+6.11 88.484-4.60 102.504-4.80
Selenium (umol/L) 1.00+0.06 1.08 +0.05 0.99+0.03
GPx (U/mL) 0.32+0.04 0.34+0.02 0.3740.02
Males and females
Subjects (n) 41 65 84
Zinc (umol/L) 12.734+0.35* 13.774+0.29 13.93+0.27
Copper (umol/L) 16.454-0.55 16.074-0.43 15.814-0.38
Zn:Cu ratio 0.8140.04 0.894-0.03 0.9140.03
Cp (g/L) 0.184 +0.01 0.180+0.01 0.166+0.01
Cu:Cp ratio (umol/g) 92.59+4.25 100.13+4.72 101.40+3.71
Selenium (umol/L) 1.034-0.04 1.064-0.03 1.01+0.03
GPx (U/mL) 0.3140.02 0.3740.02 0.36 +0.01
Dietary trace elements
Males and females
Zinc (mg) 9.75+0.50 9.04+0.36 9.63+0.28
Copper (mg) 1.55+0.12 1.59+0.09 1.69+0.06
Zn:Cu ratio 6.78+0.38 6.0040.21 6.01+0.19
Selenium (ug) 87.09+7.15 87.09+5.27 69.27 +4.30

Values are expressed as mean + SEM. One-way ANOVA used for comparison between obese, overweight and normal weight healthy subjects;
*P<0.05. Cp, caeruloplasmin; Cu, copper, GPx, glutathione peroxidase Zn, zinc.

age-related changes in biochemical indices of copper
status are not due to altered absorption or excretion of
copper.”? In our study, the age-related changes in bio-
chemical indices of copper status were not related to
dietary copper intake. The variation with age in women
may be related to use of the contraceptive pill in the
younger age group. Menopausal status may further
complicate interpretation, together with the greater
use of hormone replacement therapy (HRT) in the wo-
men over 50 years old. We had incomplete data on
forms of oral contraceptive and HRT to undertake this

analysis, and further studies are needed to assess this
formally. Caeruloplasmin is an acute-phase reactant
and, as may be expected, serum concentrations of caer-
uloplasmin (and therefore copper) were strongly asso-
ciated with serum CRP concentrations.’

A fall in plasma zinc with age has been reported and
attributed to a decline in the rate of absorption and/or
an accelerated clearance from the plasma.>” There have
been other reports of changes in zinc metabolism with
age.”® We did not find a consistent change in serum
zinc concentrations with age in our healthy subjects.
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Table 6 Correlations (r) between indices of serum trace elements status and individual coronary risk factors

Zinc Copper Zn:Cu Cp Cu:Cp ratio Selenium GPx

(umoliL) (umolL) ratio (g/L) (umol/g) (umollL) (U/mL)
Age —0.10 0.05 —0.10 0.18" —0.28** —0.07 —0.28*
Fasting BSL 0.09 —0.14 0.20* 0.10 —0.18* 0.13 0.00
BMI —0.01 0.01 —0.02 0.10 —0.07 0.13 —0.00
Waist:hip ratio 0.15 —0.22* 0.26* —0.09 —0.07 —0.09 —0.07
HDL 0.09 0.35*** —0.22* 0.22* —0.01 0.03 0.30"*
Triglycerides —0.03 —0.05 0.01 —0.05 0.04 0.02 —0.09
Total cholesterol —0.02 0.11 —0.09 0.24* —0.18* —0.08 —-0.11
Systolic BP 0.09 —0.01 0.08 0.15 —0.20* —0.05 —0.17*
Diastolic BP 0.04 —0.09 0.10 —0.02 —0.06 —0.06 0.16*
CRP 0.03 0.49* —0.33** 0.33** —0.02 —0.13 —0.06
Physical activity level —0.14 0.30** —0.33** 0.18 —0.01 —0.01 0.05

Correlations were assessed using Pearson correlation coefficients; *P<0.05, **P<0.01, ***P<0.001. Non-normally distributed data such as
serum CRP and triglycerides log transformed before using the Pearson correlations. Physical activity levels were associated with adiposity indices
including BMI (r=—0.36, P<0.001) and waist/hip ratio (r=—0.46, P<0.001), which supported the validation of our questionnaire. Cp,

caeruloplasmin; Cu, copper; GPx, glutathione peroxidase; BMI, body mass index; BP, blood pressure; CRP, C-reactive protein Zn, zinc.

The relationship between age and serum selenium
concentrations remains unclear.>'>*° In the present
study, no significant correlations between age and ser-
um selenium concentrations were observed.

Association between dietary intake of trace element
and their serum concentrations

Due to our relatively large sample size and problems
associated with weighed sampling methodology (e.g.
under-reporting), we chose to use the FFQ as opposed
to weighed records. Our FFQ tool for assessing trace
element intake has limitations. The McCance and Wid-
dowson Food Composition Tables, which were used to
assess nutritional intake, are not complete with respect
to trace element content for several foods. This is a uni-
versal problem with assessing dietary intake and would
occur irrespective of dietary methodology used. Uni-
variate analysis revealed a weak relationship between
the dietary intake of copper, zinc or selenium and their
respective serum concentrations. These associations
remained following multifactorial analysis, though
the contribution of diet to serum concentrations was
small for all three elements. The reasons for this are
likely to be complex, but may include the interaction
between trace elements at the level of absorption and
metabolism, as previously described for copper and
zinc;*® the form of dietary trace element consumed,
which may effect the efficiency of absorption, and other
confounding conditions such as menopausal status,
low-grade inflammation, and perhaps recent intake.
We looked for possible reciprocal interactions between
dietary trace elements, for example between zinc and
copper. There were no clear relationships, although we
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found a weak association between dietary copper and
serum selenium.

Effects of smoking on trace element status

In the current study, we found no significant differ-
ences in serum concentrations of zinc, copper, zinc:
copper ratio, caeruloplasmin, selenium or GPx
between current or ex-smoker subjects and non-
smokers. Some investigators have previously reported
that serum zinc and copper concentrations decreased
with increasing use of cigarettes, but no explanation
was provided.">'® It has also been reported that smok-
ing has no effect on serum selenium concentra-
tions,>>*! while other investigators have found lower
serum selenium concentrations in smokers.'®*? The
effects of smoking are likely to be dependent on the
type, quantity and manner by which the tobacco is
smoked. We did not have these details, and it is likely
that this lack of specific information is also responsible
for the discrepancies in the literature.’

Trace element status in obesity
Consistent with some previous reports, we found lower
serum zinc concentrations'®*>~*> and higher serum
copper'®**#7 and caeruloplasmin concentrations'®*®
in obese compared with non-obese subjects. However,
Gjorup et al.*® reported no significant differences of ser-
um zinc concentrations between obese and non-obese
subjects, and Yakinci et al.*” and Taneja et al.>° found
that serum zinc concentrations in obese children were
significantly higher than the control group.

It has also been reported that serum selenium con-
centrations are significantly lower in obese subjects
compared to non-obese subjects.*®> Although we found



no significant differences between obese and non-
obese subjects with regard to selenium, we did find
lower serum GPx concentrations in obese men
compared to non-obese subjects, consistent with
previous reports.44

Trace elements and lipid metabolism

In our population, we found that serum copper concen-
trations were strongly positively related to HDL choles-
terol and reported habitual physical activity and
negatively related to waist:hip ratio. The associations
with both HDL and physical activity remained signifi-
cant on multifactorial analysis. The mechanism for this
association is unclear, although there has been a pre-
vious report of higher concentrations of both copper
and zinc in athletes® and the positive association
between HDL and physical activity is well established.
We, like Jiang et al.,>* did not find a strong association
between serum copper and LDL cholesterol, as pre-
viously reported for a Kuwaiti population in which it
was also found that high environmental exposure to
copper was associated with high serum LDL concen-
trations.>> However, Jiang et al>? report a negative asso-
ciation between serum copper and HDL cholesterol
concentrations in their sample from South China.
According to the zinc/copper hypothesis of Klevay,*°
which was based on observational studies in man and
experimental studies in rats, dietary deficiency of
copper, either alone or in association with a high zinc
intake, is associated with hypercholesterolaemia and
increased risk of atherosclerosis. Several studies have
reported that mild degrees of copper deficiency induced
by dietary zinc excess may lead to raised cholesterol
concentrations and increased coronary risk.!*>*>
However, we have recently reported that the associa-
tion between copper status and atherosclerosis is likely
to be biphasic.>® Nor, given the population sample and
their indices of copper status, including their estimated
dietary copper, is it likely that copper deficiency is likely
to play a major part in determining serum LDL concen-
trations. Consistent with other reports,*® we found a
significant correlation between serum caeruloplasmin
and serum cholesterol.

On univariate analysis, we found no significant cor-
relations between serum zinc concentration and sev-
eral coronary risk factors (Table 6). However,
multivariate analysis revealed that serum zinc concen-
trations were weakly associated with serum HDL cho-
lesterol and DBP, with lesser contributions from age,
serum triglycerides and gender. Tully and colleagues®”
have previously shown that serum zinc concentrations
are positively related to LDL cholesterol concentrations
in a female population, and they have proposed that
both zinc and cholesterol may be related to a third fac-
tor, possibly dietary intake of red meat.
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Jossa et al.>® have previously found no significant as-
sociation between serum selenium and several coron-
ary risk factors, including: triglycerides, HDL
cholesterol, systolic and DBP, age and BMI. However,
they did find a positive and significant correlation be-
tween serum selenium and serum cholesterol
(r=0.12; P=0.02). Although we found no association
between serum selenium and cholesterol on univariate
analysis, multivariate analysis did show weak associa-
tions between serum selenium and total cholesterol
and between serum GPx and HDL cholesterol concen-
trations.

In conclusion, serum copper, zinc and selenium con-
centrations, and other measures of trace element sta-
tus appear to be significantly influenced by, or
associated with, several demographic, physiological
and pathophysiological factors, including age, gender,
diet, physical activity and inflammatory state.
Although some of these associations may be due to a
causal relationship, others are likely to be due to uni-
dentified confounding factors. Although these findings
are not likely to alter the interpretation of trace element
data when gross deficiency, or toxicity, is suspected,
they may be important in the interpretation of epide-
miological data on disease susceptibility.
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