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Serum copper, zinc and risk factors for cardiovascular
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Background: Associations of copper (Cu) and zinc (Zn) serum levels with risk factors for cardiovascular disease
(CVD) have not been extensively studied in elderly Asian people. Methods: Relationships to CVD risk factors
were examined in 202 freely-living elderly Japanese women. Results: By univariate analysis, log high-sensitivity
C-reactive protein (hsCRP) and non-HDL cholesterol were associated with serum Cu concentrations. An inde-
pendent predictor of Cu was log hsCRP. Serum Zn concentrations decreased with age. After adjustment for age,
serum albumin, HDL cholesterol and red blood cell (RBC) were positively and serum insulin and log hsCRP
were inversely associated with serum Zn. In stepwise multiple regression analysis (model 1), serum albumin and
HDL cholesterol were associated with serum Zn. In analysis excluding albumin from model 1 (model 2), inde-
pendent determinants were log hsCRP (inverse) and the total number of RBC. In analysis including serum creati-
nine in model 2, creatinine has emerged as a determinant in addition to log hsCRP and RBC number. In analysis
including estimated glomerular filtration rate (¢eGFR) instead of creatinine and excluding age in model 2, eGFR
has emerged as a determinant of serum Zn in addition to log hsCRP and RBC number. Conclusions: Systemic
low-grade inflammation may contribute to elevated serum Cu and decreased serum Zn concentrations in the el-
derly, and may represent an important confounder of the relationship between the serum trace elements and mor-

tality in this population.
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INTRODUCTION

Although  diabetes, hypertension, smoking and
dyslipidemia are major risk factors for atherosclerotic
cardiovascular disease (CVD), they cannot fully explain
variation in the incidences of the diseases. In addition,
these traditional risk factors are useful for predicting inci-
dent CVD in younger populations whereas their predic-
tive values decrease with age.' Recent attention has fo-
cused on the discriminative ability of novel risk markers
in elderly cohort.> Animal and human studies have shown
the role of essential trace elements, copper (Cu) and zinc
(Zn), in atherogenesis and carcinogenesis.>”

Several studies reported that high serum Cu and low
serum Zn have been associated with risk factors for and
mortality from CVD.*!! However, majority of these stud-
ies were done in younger population of western countries.
In contrast, these associations have not been extensively
studied in community-living elderly population of Asian
origin. Because women as compared to men as well as
older as compared to younger persons had higher serum
Cu and lower Zn,"'? we examined relationships between
these 2 variables and traditional and non-traditional risk
factors for CVD in 202 community-living Japanese elder-
ly women.

PARTICIPANTS AND METHODS
We examined 202 free-living elderly Japanese women
whose details have previously been reported elsewhere. '
They were all Japanese, participated on foot and were
residents in Nishinomiya, Hyogo, Japan. Nobody reported
to have cancer, or clinically diagnosed acute or chronic
inflammatory diseases. Of 202 elderly women, 54
(26.7%), 12 (5.9%), and 74 women (36.6%) reported to
be receiving statins, antidiabetic and antihypertensive
drugs, respectively. This research followed the tenets of
the Declaration of Helsinki. The design of this study was
approved by the Ethical Committees of Mukogawa
Women’s University and written informed consent was
obtained from all participants.

Anthropometric indices and blood pressure were meas-
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ured between breakfast and lunch and thereafter, blood-
samples were obtained from the cubital vein. Fat mass
was measured using an impedance method (InBody 430,
Biospace, Tokyo, Japan). Blood pressure was measured
using an automated sphygmomanometer (BP-203RV II,
Colin, Tokyo, Japan) after participants had rested at least
5 mins. Muscle strength was assessed by handgrip
strength using a handheld dynamometer (T.K.K.5401,
Takei Scientific Instruments, Tokyo, Japan). Two trials
for the dominant hand were performed and the stronger
result was used in analyses.

Plasma glucose, serum insulin, lipids and lipoproteins
were assayed as previously reported.'*'* Because of non-
fasted blood sampling; non-HDL cholesterol was calcu-
lated as the difference between total and HDL cholesterol.
Serum albumin'® and prealbumin'’ were measured as
previously reported. Adiponectin, leptin and hsCRP were
assayed by commercially available kits as previously re-
ported."*"> Complete blood cell count was analyzed using
an automated blood cell counter (Sysmex XE-2100,
Sysmex, Kobe, Japan). Serum copper was measured us-
ing a commercially available kit (Quick-auto Neo Cu
7070, Shino-test Co, Tokyo, Japan). Serum zinc was
measured using atomic absorption spectrophotometry
(AA240FS/Agilent, Agilent Technologies Japan, Hachioji,
Japan).

Serum creatinine was measured enzymatically using an
Autoanalyzer (AU 5200, Olympus, Tokyo, Japan). The
estimated glomerular filtration rate (eGFR) was deter-
mined using the equation recommended by the Japanese
Society for Nephrology'® and participants with eGFR<60
mL/min/1.73 m” was considered as having chronic kidney
disease (CKD). Women with hemoglobin level <12 g/dL
were considered as anemic."’

Data were presented as mean+SD unless otherwise
stated. Due to deviation from normal distribution, hsCRP
was logarithmic transformed for analysis. Differences
between 2 groups were analyzed by t test and frequencies
of conditions by Chi-square tests. Differences among 3
groups were analyzed using analysis of variance. When p
values in analysis of variance were p<0.05, Bonferroni’s
multiple comparison procedure was performed. Bivariate
correlations were evaluated by Pearson correlation analy-
sis. Stepwise multiple regression analyses were per-
formed to further identify the most significant variables
contributing to the variation of Cu and Zn. A two-tailed
p<0.05 was considered statistically significant. All calcu-
lations were performed with SPSS system 15.0 (SPSS Inc,
Chicago, IL, USA).

RESULTS

Table 1 shows anthropometric, biochemical and hemato-
logical characteristics of Japanese elderly women studied.
Underweight (BMI<18.5 kg/m?) and hypoalbuminemia
(albumin<3.5 g/dL), both of which are considered a hall-
mark of malnutrition, were found in 18 (7.9%) and only 1
(0.4%) out of 202 women, respectively. No subjects had
total cholesterol<130 mg/dL, another marker of malnutri-
tion. Anemia and CKD were found in 11 (20.3%) and 33
(33.7%) women, respectively, in the current study and
were similar in prevalence to Japanese women aged 70
and older in the general population (21.1 and 31.3%,

respectively).?*!

Serum Cu was positively associated with log hsCRP,
total and non-HDL cholesterol and platelet count (Table
1). Stepwise multiple regression analysis revealed an in-
dependent association of serum Cu with log hsCRP
(standardized p= 0.395, R>=0.152, p<0.0001).

Serum Zn was associated negatively with age and posi-
tively with handgrip strength and serum albumin (Table
1). In addition, serum Zn was associated positively with
HDL cholesterol and eGFR and negatively with serum
insulin and creatinine. Further, it showed positive associa-
tions with red blood cell count (RBC), hemoglobin (Hb)
and hematocrit (HCT). After adjustment for age (Table 1),
association of serum Zn with log hsCRP became signifi-
cant. Associations remained significant with albumin,
HDL cholesterol, insulin and RBC count.

Stepwise multiple regression analysis for serum Zn as a
dependent variable were done which included age and all
variables that showed significant associations with serum
Zn after controlling for age as independent variables i.e.
albumin, HDL cholesterol, insulin, log hsCRP and RBC
(Table 2, model 1). Independent determinants of serum
Zn were serum albumin and HDL cholesterol. Because
strong association between serum Zn and albumin may
result from the fact that most Zn is bound primarily to
albumin in the circulation, multiple regression analysis
was done in which independent variables were limited to
variables of interests (model 2). Log hsCRP, RBC and
serum creatinine emerged as independent determinants of
serum Zn. These 3 variables explained 11.6% of serum
Zn variability. In model 3, creatinine was replaced by
eGFR, and age was excluded from independent variables
because eGFR was calculated using age. EGFR has
emerged as an independent determinant of serum Zn in
addition to HDL cholesterol and RBC number.

Elderly women were divided into 3 groups according
to tertiles of Zn (Table 3). Women in the lowest as com-
pared to the highest third of serum Zn were older and had
weaker handgrip strength. In addition, they had lower
serum albumin and HDL cholesterol. Further, they had
higher insulin, creatinine and hsCRP and lower eGFR.
Finally, they had lower RBC, Hb, HCT and hence higher
prevalence of anemia (30.0, 21.6 and 10.3% in the lowest,
median and highest serum Zn tertiles, respectively,
=0.02) and of eGFR<45 mL/min/1.73 m? (11.7, 5.4 and
1.5%, respectively, p=0.05). After taking into accounting
age, differences remained significant in handgrip strength,
albumin, RBC and Hb (data not shown).

Neither serum Zn nor serum Cu was associated with
BMI, percentage fat mass, abdominal circumference,
blood pressure, serum leptin and adiponectin.

In stepwise multiple regression analysis for hsCRP as a
dependent variable and serum Zn and serum Cu as inde-
pendent variables, serum Cu was a determinant of log
hsCRP (standardized $=0.402) and explained 15.8% of
the variability.

DISCUSSION

To the best of our knowledge, this is the first report to
date to assess the relationship of serum Cu and Zn with a
broad range of risk factors for CVD in elderly women of
Asian origin. The present study has demonstrated that
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serum Cu was independently associated with hsCRP, a
marker of systemic low-grade inflammation, in the elder-
ly. Determinants of serum Zn were HDL cholesterol and
serum albumin. It is noted that these findings were ob-
served in community-living elderly women in whom
prevalence of anemia and CKD were similar to Japanese
women aged 70 and older in the general population.
Increases in serum copper concentrations have been
cited in response to inflammation and infections and in
various chronic diseases such as arthritis and cancer.”
The present study has shown in community-living elderly

women that modest increase in serum Cu has been asso-
ciated with systemic low-grade inflammation, i.e. higher
hsCRP, as previously reported in elderly community-
living Italian people'***** and in the hospitalized Japa-
nese elderly.”” It has been proposed that increased mortal-
ity in subjects with increased serum Cu is unlikely to re-
sult from dietary imbalance but rather from secondary
compartmentalization in the body caused by inflammato-
ry processes.’

It is well-known that Zn deficiency causes impairments
in both adaptive and innate immune responses, and pro

Table 1. Anthropometric and biochemical characteristics of 202 free-living elderly women studied and correlation

coefficients of serum copper and zinc

. Zinc Copper
Variables MeanSD Simple Partial Simple
Age (years) 763 + 82 0256 adjusted -0.032
BMI (kg/m®) 225 + 3.1 -0.035 0.035 -0.012
Body fat percentage (%) 31.8 = 7.1 -0.021 0.051 0.049
Abdominal circumference (cm) 86.5 + 9.3 -0.036 0.088 -0.016
Hand grip strength (kg) 204 = 53 0.280"" 0.121 -0.062
Systolic blood pressure (mmHg) 143 + 22 -0.054 -0.029 0.011
Diastolic blood pressure (mmHg) 84 + 13 0.009 0.043 -0.027
Albumin (g/dL) 44 + 03 04117 0.430"" -0.010
Plasma glucose (mg/dL) 100 + 29 0.019 -0.111 0.010
Insulin (uU/mL) 83 + 75 -0.178" 0217 -0.046
Total cholesterol (mg/dL) 219 + 31 0.166 0.146 0.162"
HDL-cholesterol (mg/dL) 64 + 14 0.186” 0.190" -0.010
nonHDL-cholesterol (mg/dL) 155 + 33 0.078 0.052 0.158"
TG (mg/dL) 142 + 79 -0.056 -0.156 -0.074
Serum creatinine (mg/dL) 069 £ 0.15 -0.195” -0.180 0.021
¢GFR (mL/min/1.73m?) 65 + 13 0215 0.174 -0.051
Iron (pg/dL) 94 + 28 0.133 0.085 <0.119
Copper (ug/dL) 109 + 15 -0.020 -0.013 1.000™"
Zinc (pg/dL) 78 + 12 1.000™" 1.000 -0.020
hsCRP (ug/dL) 85 + 109 -0.173" -0.239" 0.356""
log hsCRP 1.7 £ 04 -0.109 -0.191° 0.402"
TNF-0 (pg/mL) 1.6 £ 1.0 0.131 -0.155 0.081
Leptin (ng/mL) 77 + 4.7 -0.055 0.020 -0.026
Adiponectin (ug/mL) 141 + 78 0.010 0.150 0.085
PAI-1 (ng/mL) 265 + 165 0.179" -0.003 0.108
White blood cells (x10%/pL) 6.1 £ 1.6 -0.078 -0.115 0.089
Red blood cells (x10%/pL) 424 + 38 0.272"" 0.198" 0.105
Hemoglobin (g/dL) 129 + 12 0.325"" 0.169 0.041
Hematocrit (%) 409 + 3.4 0.279™ 0.121 0.083
Platelets (x10%/uL) 229 + 56 -0.056 0.012 0.164°

BMI: body mass index, eGFR: estimated glomerular filtration rate, hsCRP: high-sensitivity C-reactive protein, TNF-a: tumour necrosis
factor-a, PAI-1: plasminogen activator inhibitor-1. Associations of zinc were adjusted for age. Blood was drawn between breakfast and

lunch. ", p<0.05, ", p<0.01, "™, p<0.001.

Table 2. Stepwise multiple regression analysis for serum zinc as a dependent variable in freely-living elderly women

Independent variables Model 1 p values Model 2 p values Model 3 p values
Age ns ns not included
Serum albumin 0.398 <0.001 not included not included
HDL cholesterol 0.151 0.02 ns 0.196 0.021
Red blood cell count ns 0.205 0.018 0.221 0.011
log hsCRP ns -0.200 0.019 ns
Serum insulin ns ns ns
eGFR not included not included 0.190 0.028
Serum creatinine ns -0.176 0.044 not included
Cumulative R 0.183 0.116 0.121

Data is standardized beta. ns: not significant. Abbreviations are the same as in Table 1.
In model 1, eGFR was not included because it was calculated using age and creatinine.
In model 2 and 3, variables of interest were included as independent variables.
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Table 3. Anthropometric, biochemical and hematological characteristics of elderly women grouped according to

tertiles of serum zinc concentrations

Serum zinc (pg/dL)
. Low Medium High
Variables 44-71 72-81 82-127
n=60 n=74 n=68
Age (years) 79.1 £+ 6.6° 759 + 8.5° 743 + 8.6
BMI (kg/m®) 225 + 32 228 + 3.0 24 + 3.1
Body fat percentage (%) 31.2 £ 8.0 32.1 £ 7.1 31.8 £ 6.2
Abdominal circumference (cm) 86.5 £ 9.8 86.4 £ 9.7 86.8 = 8.6
Handgrip strength (kg) 184 + 45° 207 + 5.8° 218 + 49°
Systolic blood pressure (mmHg) 144 + 26 143 + 17 143 + 23
Diastolic blood pressure (mmHg) 83 = 14 85 + 12 84 + 13
Albumin (g/dL) 42 + 03° 44 £ 02° 45 £ 02°
Plasma glucose (mg/dL) 102 + 38 97 + 21 101 £ 26
Insulin (WU/mL) 109 + 9.5° 74 £ 62° 71 + 67°
Total cholesterol (mg/dL) 209 + 31° 220 + 32° 225 + 30
HDL-cholesterol (mg/dL) 60 + 13° 64 £ 15% 66 + 14°
non-HDL-cholesterol (mg/dL) 149 + 31 156 £ 36 159 £ 31
TG (mg/dL) 136 + 74 155 + 89 132 + 71
Serum creatinine (mg/dL) 072 £ 0.17° 071 + 0.17° 0.65 £ 0.10°
¢GFR (mL/min/1.73 m®) 62 + 13° 64 £ 13° 69 £ 11°
Iron (ng/dL) 92 + 28 94 + 28 9% + 29
Copper (pg/dL) 108 + 18 11 = 14 108 + 14
Zinc (ug/dL) 65 + 5° 76 + 3° 91 + 9°
Copper/zinc ratio 1.67 £ 0.32° 147 £ 0.19° 1.20 £ 0.19°
hsCRP (ug/dL) 118 + 148° 71 + 86° 71 + 86°
log hsCRP 18 £ 05 1.7 + 04 1.7 + 04
TNF-a (pg/mL) 18 + 14 15 + 09 15 + 0.8
Leptin (ng/mL) 8.1 = 43 7.6 £ 5.1 74 £ 4.6
Adiponectin (pg/mL) 140 £+ 8.7 143 =+ 7.3 140 £+ 74
PAI-1 (ng/mL) 254 + 12,0 270 £+ 16.8 269 + 194
White blood cells (x10%/pL) 62 + 1.7 6.1 £+ 1.5 59 + 1.5
Red blood cells (x10%pL) 409 + 34° 426 + 40° 435 + 34°
Hemoglobin (g/dL) 125 £ LI1° 130 = 1.2° 132 + 1.1°
Hematocrit (%) 39.8 + 3.4° 41.0 + 3.58° 418 + 3.2°
Platelets (x10%/uL) 229 + 62 232 + 58 226 + 47

Data are means+SD. Abbreviations are the same as in Table 1.

Means not sharing common alphabetical letters are significantly different each other at p<0.05 or less.

motes systemic inflammation.® We confirmed in Japa-
nese elderly women that a subtle decrease in serum Zn
was associated with higher hsCRP in the present study.
Indeed, Zn supplementation has been shown to increase
antioxidant power and decreased hsCRP in elderly sub-
jects.”” However, association of serum Zn with hsCRP
abolished after controlling for albumin, suggesting that
the association may be weak if any.

Although a close association between serum Zn and al-
bumin found in the present study appeared to be due to
the fact that Zn is primarily bound to albumin (70%) in
the circulation,” a low concentration of serum albumin,
commonly used as a nutritional marker, has been shown
to be associated with a higher risk of myocardial infarc-
tion in men and women and all-cause mortality in women
in the Framingham Offspring Study.*’ In addition, a de-
crease over time in serum albumin, even within the nor-
mal range, has been shown to be associated with a higher
risk for incident CVD.*® These findings suggest that se-
rum albumin seems to be not only a nutritional marker
but a CVD risk factor.

Low serum Zn levels have been reported in patients
with nephrotic syndrome.’" A linear correlation between
proteinuria and urinary zinc excretion suggests that low

zinc in nephrotic syndrome may be related in part to in-
creased urinary zinc losses.”’ However, there was only
one participant with serum albumin <3.5 g/dL, a diagnos-
tic criteria for nephrotic syndrome in the present study
although urine tests were not undergone.

Low serum Zn has been reported in patients with end-
stage renal failure.””** Low Zn might occur because of
anorexia, alterations in gastrointestinal absorption, in-
flammation, hypoalbuminemia and the dialysis procedure
per se.* In the present study, there was no participant
with end-stage renal failure (¢GFR <30 mL/min/1.73 m?).
In addition, the association of serum Zn with eGFR was
independent of serum albumin and hsCRP. We have no
explanation for the association. However, we have con-
firmed independent association of Zn with cystatin C-
based eGFR, a superior marker of renal function than
creatinine-based eGFR, in a separate group of elderly
Japanese women (paper in preparation).

Zn is clearly involved in several aspects of normal
haematopoiesis by virtue of its role in many enzyme sys-
tems involved with DNA synthesis,””® and are key struc-
tural components of a large number of proteins. As previ-
ously reported in Japanese middle-aged women and en-
durance female runners,””** association between marginal
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Zn deficiency and anemia has been confirmed in elderly
Japanese women in the present study.

Serum Zn concentrations readily decrease after a
meal,” This decrease represents a redistribution of Zn
from the small, vulnerable pool to the tissue.”’ In the pre-
sent study, blood was taken in the fed state in the morning
in elderly women and the serum Zn averaged 77.3 pg/dL.
This is consistent with the observation by Kubori et al,*'
who measured serum Zn in blood samples taken in the
morning and found that mean concentrations ranged from
75.6 to 78.3 pg/dL in a total of 1017 the Japanese elderly
recruited from 6 areas in Nagano, Japan.

Although animal and human studies suggest that zinc
has the potential to affect lipoprotein metabolism, signifi-
cant effects of Zn supplementation were not observed for
serum lipids and lipoproteins in a meta-analysis of 33
randomized controlled trials.** We found a positive asso-
ciation between serum Zn and HDL cholesterol in com-
munity-dwelling elderly women, as previously reported in
189 employees in UK.® However, serum Zn correlated
with LDL cholesterol in 778 US adults.” As far as we
know, there was no data on the relationship between se-
rum trace elements and lipids and lipoproteins in healthy
Japanese population.

Several limitations must be acknowledged. We did not
have information on food intake, which is one of major
determinants of Cu and Zn serum levels.*'' The cross-
sectional design did not allow causal relationship. The
recruitment procedure may also have some potential im-
pact on the results. As the participation was voluntary,
women who pay more attention to health may be more
likely to participate. Participants were recruited from one
area in Japan. Those on medication for cardiovascular
diseases were excluded. Therefore, the generalization of
the results is limited. Biochemical parameters were meas-
ured only once. We did not measure erythrocyte zinc
concentrations which do not change significantly in re-
sponse to meal or inflammation.** We did not have de-
tailed information on drugs and supplements, which may
contain Zn and/or Cu. Finally, Cu has both prooxidant
and antioxidant effects, as reviewed by Ferns et al.*
Copper ions can catalyse the oxidative modification of
LDL whereas they also form an intrinsic constituent of
superoxide dismutase and caeruloplasmin, enzymes that
may be involved in preventing oxidative injury. Also, Cu
is an essential component of lysyl oxidase, an enzyme
involved in the biosynthesis of collagen, which is a major
constituent of the extracellular matrix of arterial wall.

In conclusion, the present studies have demonstrated
that both serum Cu and Zn were associated with tradi-
tional and novel CVD risk factors, specifically hsCRP, in
freely- and community-living elderly Japanese women.
Higher hsCRP has been shown to be associated with
higher CVD mortality in Japanese whose median CRP
levels are low by western standards.*® Therefore, systemic
low-grade inflammation may contribute to elevated serum
Cu and decreased serum Zn levels in the elderly, and may
represent an important confounder of the relationship
between the serum trace elements and mortality in this
population.
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