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Abstract
Metabolic alterations in physiological aging may depend on oxidative-antioxidative balance and biomineral status. The aim was to analyze concentrations of serum copper (Cu)
and zinc (Zn) among excess body mass persons due to their age. Material: 72 healthy Caucasians, divided into 3 groups: AGE1, AGE2, AGE3 (30-45, 46-60, 61-75 years old respectively), with body mass index (BMI) ³25 kg m2 were qualified for oral glucose tolerance
test (OGTT) and fasting (G0') and 2-hours (G120') glycemia were determined (enzymatically). Type 2 diabetes mellitus was excluded. Concentration of serum Cu and Zn (AAS), insulin (ELISA) and plasma lipids: total cholesterol, high density lipoproteins cholesterol, triacyloglyceroles (enzymatically) were measured in fasting samples. Low density lipoproteins
cholesterol was obtained using Friedewald formula. Insulin Resistance ratios and Cu/Zn
ratio were calculated. Results: No differences concerning BMI, waist, diastolic blood pressure, lipids and insulin concentrations and insulin resistance ratios were observed. Increasing G0, G120' and systolic blood pressure from group 1 to 3 (p=0.01, p=0.01, p=0.04 respectively) were found. AGE2 group had the lowest Zn concentration 10.67±3.37 µmol dm3, (p=0.002)
and the highest Cu/Zn ratio 1.73±0.64 (p=0.0003). We calculated negative correlations Zn
and SBP (R=-0.45, p=0.04), Zn and DBP (R=-0.46, p=0.04), Zn and G 120 (R=-0.45, p=0.03)
in the oldest group. Conclusions: Different zinc concentration while aging may occur, and
may imply different metabolic usage of the biominerals, especially in obese patients otherwise healthy subjects.
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ANALIZA STÊ¯EÑ CYNKU I MIEDZI W SUROWICY OSÓB ZE ZWIÊKSZON¥ MAS¥
CIA£A W ZALE¯NOCI OD WIEKU
Abstrakt
W procesie starzenia obserwuje siê rozwój zaburzeñ metabolicznych, w których dyskutuje siê udzia³ stanu równowagi oksydacyjno-antyoksydacyjnej oraz biopierwiastków: cynku i miedzi. Celem badañ by³a ocena stê¿enia cynku i miedzi w surowicy osób o zwiêkszonej masie cia³a w zale¿noci od ich wieku. W badanich uczestniczy³y 72 osoby rasy bia³ej
o zwiêkszonym BMI ³25 kg m 2 ; przeprowadzono test doustnego obci¹¿enia glukoz¹
(OGTT), mierz¹c glikemiê na czczo (G0) i po 2 h (G120) enzymatycznie. Wykluczono osoby z cukrzyc¹ typu 2. Na czczo oznaczono stê¿enie cynku i miedzi (AAS), insuliny (ELISA)
w surowicy oraz stê¿enie parametrów lipidowych: cholesterolu ca³kowitego, cholesterolu
frakcji HDL, triacylogliceroli (enzymatycznie). Cholesterol frakcji LDL wyznaczono wzorem
Friedewalda. Obliczono wskaniki insulinoopornoci oraz stosunek Cu/Zn. Badano grupy
w zale¿noci od wieku: AGE1, AGE2, AGE3 (odpowiednio: 30-45, 46-60, 61-75 lat). Stwierdzono, ¿e grupy nie ró¿ni³y siê BMI, obwodem pasa, rozkurczowym cinieniem têtniczym,
profilem lipidowym, stê¿eniem insuliny oraz wskaników insulionopornoci. Analiza grup
1-3 wykaza³a wzrastaj¹ce stê¿enie G0, G120 i cinienie skurczowe (SBP), odpowiednio
p=0,01; p=0,01; p=0,04 oraz ró¿nice w stê¿eniu Zn (p=0,002) i Cu/Zn (p=0,0003), z najni¿szymi wartociami Zn 10,67±3,37 µmol dm3 i najwy¿szym Cu/Zn 1,73±0,64  u AGE2;
u AGE3 zaobserwowano ujemne korelacje dla Zn i SBP (R=-0,45; p=0,04), Zn i DBP
(R=-0,46; p=0,04), Zn i G120 (R=-0,45; p=0,03). Dysproporcja stê¿eñ Zn miêdzy grup¹
w rednim a podesz³ym wieku mo¿e byæ t³umaczona ró¿nymi sposobami wykorzystania Zn
w obliczu zaburzeñ metabolicznych.
S³owa kluczowe : starzenie siê, pierwiastki ladowe, mied, cynk.

INTRODUCTION
Owing to modern medicine, the population of elderly people has been
growing. Increased body mass resulting in overweight or obesity and different metabolic alterations may occur while aging. Studies concerning obesity,
hypertension, dyslipidemia and hyperglycemia are currently discussed (CERIELLO 2008, HSUEH et al. 2010, SU et al. 2008).
The oxidative-antioxidative status may play an important role in the
development of obesity-related disorders when we age. Copper and zinc are
essential cofactors involved in it. There are necessary for normal functions
of antioxidant, hematological, vascular, and neurological systems. It is known
that overweight and obese individuals are predisposed to lower blood concentrations of vitamins and minerals compared to people with normal body
weight (SINGH et al. 1998, MARREIRO et al. 2006).
Elderly people are more prone to insulin-resistance than middle-aged
individuals. Starting from the age of 30, plasma glucose concentration rises:
fasting glycemia increase about 1-2 mg cm3 and postprandial glycemia about
2-4 mg cm3 in every 10 years (WINGER, HORNICK 1996).
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There is very little knowledge about trace elements such as zinc or
copper or biomechanisms causing aging and finally death. Studies on longevity and metabolic factors contributing to healthy aging are observed. Alterations in the bioavailability of essential trace elements i.e. zinc and copper, which are components of certain enzymes and nucleoproteins, may lead
to some tissues and systems dysregulations. During physiological aging, the
zinc status declines (MOCCHEGIANI et al. 2006) while plasma copper increases
(MILNE, JOHNSON 1993).
It is difficult to assess whether the changes in the trace element status
are associated with chronic disease or aging. Studies on the biomineral status in humans and the balance of trace elements may combine all pathological mechanisms involved and explain obesity-related problems while aging.
The aim of this study has been to analyze concentration of serum copper (Cu) and zinc (Zn) among obese persons due to their age.

MATERIAL AND METHODS
The study was performed in the Department of Clinical Biochemistry
and Laboratory Medicine, Chair of Chemistry and Clinical Biochemistry of
Poznan University of Medical Sciences, under the permission from the local
ethics group in accordance with the Declaration of Helsinki of 1975 for Human Research, and the study protocol was approved by the Bioethics Committee of Poznan University of Medical Sciences in Poznan, Poland.
Subjects and Settings: Healthy Caucasians, 72 persons from the Poznan
metropolitan area, with no acute disease or severe chronic disorder, were
assessed. The following exclusion criteria were complied: coronary arterial
disease, history of diabetes, neoplastic diseases, inflammatory diseases, previous therapy, use of antioxidant drugs, alcohol use, smoking and electrocardiograph findings specific for myocardial ischaemia. Subjects were divided
into 3 age-groups, such as AGE1: 0-45 years old (n=24, males=12, females=12), AGE2: 46-60 years old (n=24, males=12, females=12) and AGE3:
61-75 years old (n=24, males=12, females=12). Blood sampling and biochemical analysis: Blood was collected by venous arm puncture. All studied persons were qualified for an oral glucose tolerance test (OGTT) according the
WHO recommendation (World Health Organization, 1999). The newly diagnosed type 2 diabetic patients were excluded. Glucose and lipids assay: The
concentration of plasma glucose at 0 minutes (fasting) and 120 minutes (postprandial) of the 75-g OGTT, and plasma lipids: total cholesterol (T-C), high
density lipoprotein cholesterol (HDL-C), triacyloglyceroles (TAG) were evaluated enzymatically using a bioMerieux reagent kit (France) and a UV-160A
Shimadzu spectrophotometer (Japan). Low density lipoprotein cholesterol
(LDL-C) was obtained using Friedewald formula. Insulin assay: Fasting se-
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rum insulin was measured by the ELISA method (BioSource, Belgium) on
a microplater reader (Sunrise Tecan, Switzerland). Insulin resistance, IR ratio  IR = {Ins/G0 (mg cm3)} and Homeostatic Model Assessment for Insulin Resistance, HOMA-IR = {G0' (mmol dm3)*Ins}/22,5 were calculated. Trace
elements assay: Serum copper and zinc concentrations were determined in
duplicate by flame atomic absorption spectrometry (Zeiss AAS-3, Germany).
The reference sera level 1 and level 2 (Randox, United Kingdom) were used
for monitoring the accuracy of the determinations. The Cu/Zn ratio was
established.
Statistical analysis: Statistica (version 6.0) for Windows was used for
statistical analysis. The normality of value distribution was checked by the
Shapiro-Wilk test. The non-parametric Kruskal Wallis followed by the ManWhitney U test were applied to assess the significance of differences between the groups. In order to determine the relation between Cu or Zn and
the other factors, Pearson linear correlation was used. A p<0.05 was considered statistically significant. The results are expressed as a mean +/- standard deviations (SD) and a median, given in round brackets.

RESULTS
Among the 72 studied persons, 24 were young adults aged 39 ± 4 (41),
24 were middle-aged 52 ± 4 (51) years old and 24 were elderly people aged
65 ± 6 (64). The baseline characteristics and clinical parameters of the agegroups 1-3 are presented in Table 1. There were no differences concerning
the BMI, waist, diastolic blood pressure, lipids and insulin concentrations as
well as IR and HOMA-IR ratios in investigated groups. The Kruskal-Wallis
test followed by the Man-Whitney U test showed increasing fasting (G0)
and postprandial (G120') glycemia and systolic blood pressure (SBP) from
group 1 to 3 (p=0.01, p=0.01, p=0.04, respectively). In the youngest group
(AGE1), positive correlation between age and G0' (R=0.43, p=0.034) was observed. In the middle-aged group (AGE2), positive correlation between age
and BMI (R=0.37, p=0.036), age and SBP (R=0.35, p=0.046) and negative
correlation between Zn and waist (R=-0.36, p=0.05) were calculated. In the
last group of elderly patients (AGE 3) negative correlations between Zn and
SBP (R=-0.45, p=0.044), Zn and DBP (R=-0.46, p=0.042), Zn and G120
(R=-0.45, p=0.026) were observed (all relationships in Table 2). We did not
observe any differences in cooper concentration among the age-groups. In
AGE2 group, the lowest zinc concentration:10.67±3,37 µmol dm3 (p=0.002)
and the highest Cu/Zn ratio: 1.73±0.64 (p=0.0003) were noticed (Figures 1
and 2).

#  mark which parameters/groups differ significantly

1.28 ± 0.47 (1.19)*

13.52 ± 2.56 (13.42)*

Zn2+ (µmol dm3)

Cu/Zn

16.36 ± 2.42 (16.13)

3.614 ± 0.728 (3.640)

LDL-C (mmol

Cu2+ (µmol dm3)

1.349 ± 0.372 (1.313)

dm3)

HDL-C (mmol

1.727 ± 1.072 (1.399)

dm3)

TAG (mmol dm3)

3.29 ± 2.73 (2.44)

1.74 ± 0.64 (1.55)*#

10.67 ± 3.37 (10.40)*#

16.70 ± 1.86 (16.66)

4.004 ± 0.936 (3.952)

1.295 ± 0.455 (1.131)

1.908 ± 1.479 (1.387)

6.188 ± 1.326 (6.084)

2.67 ± 1.58 (2.31)
5.772 ± 0.988 (5.382)

0.128 ± 0.105 (0.097)

13.0 ± 10.6 (10.0)

6.325 ± 1.815 (5.995)#

0.106 ± 0.045 (0.099)

10.6 ± 5.4 (10.0)

T-C (mmol dm3)

HOMA-IR

IR

Ins (mU

6.545 ± 1.793 (6.352)

dm3)

G120' (mmol dm3)

84.0 ± 10.0 (81.0)

80.0 ± 12.0 (80.0)
5.374 ± 0.676 (5.252)

DBP (mm Hg)

135.0 ± 14.0 (135.0)*

99.7 ± 15.5 (99.0)

123.0 ± 18.0 (120.0)*

G0' (mmol dm3)

SBP (mm Hg)

97.4 ± 12.9 (99.0)

Waist (cm)

30.1 ± 4.6 (29.8)

52.0 ± 4.0 (51.0)

39.0 ± 4.0 (41.0)
28.7 ± 4.0 (28.6)

Age (years)

AGE2
n=24

AGE1
n=24

BMI (kg m2)

Parameters

1.34 ± 0.30 (1.32)#

12.73 ± 2.58 (12.66)#

16.46 ± 2.35 (16.53)

3.900 ± 0.910 (3.770)

1.347 ± 0.416 (1.326)

1.614 ± 0.768 (1.434)

5.980 ± 1.118 (6.032)

3.63 ± 3.57 (2.20)

0.125 ± 0.114 (0.075)

13.5 ± 12.7 (8.7)

7.865 ± 1.925 (7.920)#

5.885 ± 0.605 (5.830)

88.0 ± 15.0 (88.0)

142.0 ± 25.0 (140.0)

98.4 ± 13.0 (98.0)

28.0 ± 4.0 (28.0)

65.0 ± 6.0 (64.0)

AGE3
n=24

Baseline characteristics and clinical parameters of the age subgroups

* p=0.0004
# p=0.006

* p=0.0023
# p=0.025

# p=0.004

* p=0.022

Mann-Whitney
U test

Table 1
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Table 2
Correlations in 1-3 age groups
Correlations

Age 1

Age 2

Age 3

Age and G0'

4=0.43, p=0.034

NS

NS

Age and BMI

NS

4=0.37, F=0.036

NS

Age and SBP

NS

4=0.35, F=0.046

NS

Zn and waist

NS

4=-0.36, F=0.05

NS

Zn and SBP

NS

NS

4=-0.45, F=0.044

Zn and DBP

NS

NS

4=-0.46, F=0.042

Zn and G120'

NS

NS

4=-0.45, F=0.026

Fig. 1. Comparison of the groups  Zn concentration. Kruskal-Wallis
ANOVA test, p=0.02

DISCUSSION
The age-related changes in body mass depend on reduction in muscle
mass and water volume (30-40%) alongside increased fat mass. Additionally,
biochemical imbalance such as glucose and lipid concentrations, is observed.
Therefore, it is difficult to decide whether obesity could be attributed to
aging processes or to metabolic disorders, including changes in trace elements.
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0.6

Fig. 2. Comparison of the groups  Cu/Zn ratio. Kruskal-Wallis
ANOVA test, p=0.0003

The status of zinc and cooper is broadly discussed in the context of aging
(HOTZ et al. 2003, MORRIS 2006, BELBRAOUET 2007, LAM 2008). In most of these
studies, zinc deficiency is defined as a serum concentration below 10.7 µmol
dm3. HOLTZ et al. (2003) observed that serum zinc concentration tends to
increase into the third decade of age and decline afterwards. RAVAGLIA et al.
(2000) investigated the oldest-old (octogenarians) and found that serum zinc
significantly decreased in this population group compared to elderly (over 60
years old) and younger populations. Our study on an obese population showed
the lowest zinc level and the highest Cu/Zn ratio in the middle-aged group
(10.67±3.37 µmol dm3 and 1.73±0.64, respectively) while in the younger subjects and the elderly group, zinc concentration was higher than the deficiency status.
GHAYOUR-MOBARHAN et al. (2008) showed significant differences in the copper and zinc status in patients with dyslipidemia, with or without established coronary arterial disease, compared with control subjects, arguing that
differences in the serum zinc decrease and copper increase may be related
to inflammation. The groups we examined Our did not differ in the lipid
profile, but the total cholesterol, LDL-cholesterol and triacylglyceroles were
the highest in the middle-aged group. Thus, the zinc deficiency in observed
AGE2 group could be associated with disturbed lipids.
In a study run by BELBRAOUET et al. (2007), elderly hospitalized patients
were at a higher risk of zinc than copper. We investigated obese but otherwise
healthy subjects and confirmed Belbraouets observations that the zinc status
decreases and copper does not change in obese patients while they age.
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CONCLUSIONS
Essential trace elements, zinc and cooper, are involved in many biochemical processes and their plasma concentrations may depends on the
dietary, age and health status. While we age, changes in the plasma zinc
concentration could imply different metabolic usage of the biominerals, especially in obese but otherwise healthy subjects. Thus, investigations on
trace elements may help to prevent and treat diseases, thus extending peoples lifespan.
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