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ABSTRACT
Background Chronic heart failure is one of the main cardiovascular diseases that has
increased prevalence in the recent years and it has been projected that chronic heart failure
will be a major cause of morbidity and mortality in the future. Recent researches demonstrate
the importance of certain trace elements in the pathogenesis of cardiovascular disorders.
Among these elements is copper metal. It is considered as a strong antioxidant.
Objectives This study was undertaken in order to investigate the serum copper level in
patients with chronic heart failure compared to healthy individuals, and to find whether there
is any relationship between serum copper level and patients with chronic heart failure.
Patients and methods A case series study was conducted on 53 patients (37 males, 16
females) with chronic heart failure, with a mean age of 52.23+ 13.1 years who randomly
selected from patients admitted to medical wards and Cardiac Care Unit of Ibin-Seena
Teaching Hospital in Mosul city during the period from July 2006 to December 2006. The
study also included 32 healthy volunteers (18 males, 14 females) with a mean age of 41.31+
14.72 years, as a control group. Serum copper concentration was measured in patients with
chronic heart failure and healthy controls.
Results The results indicate that patients exhibited significant decrease in the serum copper
level (p<0.001) as compared to the healthy controls. Also the results showed that there is no
statistically significant difference in the concentration of serum copper between males and
females in patients with chronic heart failure (p>0.05).
Conclusions and Recommendations Chronic heart failure is a multifactorial syndrome.
Several factors had been found to contribute to the development of this syndrome. Low
serum copper level may be one of these contributing factors, probably by elevating blood
pressure, impairing different tissue formation and inducing high serum cholesterol level.
Measurement of serum copper level might provide additional and useful laboratory test for
the assessment of the patients with chronic heart failure and oral copper may have a role in
therapy.
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will be a major cause of morbidity and
mortality in the future.1 The concept of
CHF involves primarily impairment in
functional capacity of cardiac muscle with
a wide variety of neurohumoral disorders.2
Recent researches demonstrate the
importance of certain elements in the
pathogenesis of cardiovascular disorders.
Among these elements is copper metal.3
Copper is the third most abundant mineral
in the human body, it acts a cofactor for
many enzymes.4,5 it is also considered as a
strong antioxidant.6,7The liver is the main
regulator of copper in the body
,accordingly liver diseases or altered
plasma ceruloplasmin level may contribute
to low plasma copper level (PCuL).8,9
Copper is widely distributed in foods10
thus nutritional copper deficiency is rarely
observed except in patients receiving total
parentral nutrition,11 or in people who are
consuming high acid content diet and are
stored in cans for a long time,12 or high
dose of supplements of zinc, vitamin C,
and iron containing diets.13 It also occurs
in those who are receiving copper –
lowering agents like tetrathiomolybdate
and D-penicillamine.14, 15
Copper
deficiency
has
been
associated with nephrotic syndrome,16 a
variety
of
vascular
abnormalities,
17
hypochromic anemia, and impairment of
blood supply to cardiac muscles with
subsequent heart disease.18
On other hand hypercuperaemia is a
condition that is associated with
hyperceruloplaminaemia.19
Ceruploplasmin is an acute phase protein
that is increased in a variety of neoplastic
and inflammatory states; leukemia,
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lymphoma; primary biliary cirrhosis and
rheumatic
arthritis,
marked
hypercuperaemia are formed in acute and
chronic
cases
of
liver
diseases,
infections.9,20,21
High
level
of
ceruploplasmins occur in pregnancy due to
high
estrogens,
and
with
oral
contraceptives when the agent contains
estrogen as well as progesterone8,22 and
increased with copper intoxication.11
The present study is an attempt to
evaluate the serum copper status in
patients with CHF and to find if there is
any relationship between SCuL and CHF.
PATIENTS AND METHODS
The study was conducted on 53 patients
[(37 males(69.8%),and 16 females(30.2)]
with CHF, with a mean age of 52.23+ 13.1
years who were randomly selected from
patients admitted to medical wards and
Cardiac Care Unit (CCU) of Ibin-Seena
Teaching Hospital in Mosul city during the
period from July 2006 to December 2006.
Chronic Heart failure was documented
by electrocardiography as well as
electrocardiogram and clinical findings.
The severity of the CHF was determined
by the criteria of the New York Heart
Association.23 Accordingly 18 patients
were of class I CHF, 20 patients were of
class II and 15 patients were of class III
CHF. Four patients were maintained on
digoxin and moduretic, 10 patients were
maintained on digoxin, moduretic and
captopril and the last 3 patients were
maintained on digoxin frusemide and
captopril. The study also included 32
healthy volunteers [(19 males (59.4%), and
13 females (40.6%)] with a mean age of

Dohuk Medical Journal

Volume 2, Number 1, 2008

41.31+ 14.72 years as control group. All
controls were scrutinized for the absence
of any cardiac or renal disease by thorough
history and physical examination.
Five ml. of venous blood was
obtained from a suitable forearm vein into
plain tubes, the tubes centrifuged for 30
minutes , the serum then separated and
kept in capped plastic tubes in deep freeze
(-20 C) until analysis. Serum copper
concentration was estimated in patients
with HF and healthy controls using a Pye
Unicam Model SP9 Atomic Absorption
Spectrophotometer.24
Standard statistical methods were used
to determine the mean, standard deviation
(SD) and range. The unpaired Z- test ,
unpaired student t- test and Chi-square
tests were used. All values quoted as the
mean ± SD.The accepted level of
statistical significance was considered at
p<0.05.25

of SCuL in patients and controls.
In recent study, the mean + SD of
SCuL in patients with CHF was 5.58
+2.44 µmol/L, while in controls was 16.02
+5.57 µmol/L. SCuL in patients with CHF
was significantly lower in comparison with
the controls (p<0.001) as shown in table 1.
The reference range (mean ± 2SD) of
SCuL was calculated to be 4.88-27.16
µmol/L.In control group 25 subjects
(78.1%) had SCuL within the reference
range, 5 subjects (15.6%) had SCuL less
than the lower limit of the reference range,
and 2 subjects (6.3%) had SCuL higher
than the reference range. On the other
hand in patients with CHF all 53 patients
(100%) had SCuL lower than reference
range (p<0001) (Table 2 and Figure 2).
The results of current study also
revealed that SCuL was lower in female
patients with CHF as compared to the male
patients. The mean+SD for PCuL in
females was 5.58+ 2.44 µmol/L, while in
male patients was 5.65+2.56 µmol/L, but
the differences was statistically nonsignificant (p>0.05) as shown in Table 3.

RESULTS
Figure 1 shows the frequency distributions
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Figure 1. Distribution of SCuL in patients with CHF and controls
Bars represent mean ± 2SD
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Table 1. Mean +SD for SCuL in patients with CHF compared with healthy
control group

Variable

SCuL (µmol/L )

Controls
n=32

Patient
n=53

mean + SD

mean +SD

16.02 +5.57

5.58 +2.44*

P-value

<0.001

*significant difference from control value, p<0.001

Table 2. Number and percentage of controls, and patients subdivided into
three subgroups according to the level of PCuL
Groups

Controls
n=32
n (%)

Patients
n=53
n (%)

Level I
Normal level

25 (78.1)

0 (0.0)

Level II
subnormal

5 (15.6)

53 (100.0)

Level III
Above normal

2 (6.3)

0 (0.0)

100
90
80

P- value

< 0.0001

Within normal range
Lower than normal
Upper than normal

70
60
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40
30
20
10
0
Controls

Patients

Figure 2. Distribution of serum copper level in patients
andcontrols according to normal range
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Table 3. Comparison between SCuL in males and females in patients with
CHF

Sex

SCuL (µmol/L )

Males
n=32

Females
n=53

mean + SD

mean +SD

5.65+2.56

5.40 +2.23NS

P-value

> 0.05

NS: non-significant difference, (p>0.05)

DISCUSSION
Copper is an essential trace element
required by aerobic organisms, it plays an
important role in energy production,
connective
tissue
formation,
neurotransmitter synthesis iron metabolism
and as antioxidant.5 The results of the
current study show a significant decrease
in SCuL in patients with CHF in
comparison with the healthy controls
which is in agreement with the findings
observed by other investigators.26,27 There
is more than one explanation for the
mechanism of copper deficiency in
enhancing cardiovascular diseases. Copper
deficiency is usually associated with
decreased myocyte fragility and increased
myocyte size leading to decrease passive
stiffness of cardiac myocytes and cardiac
tissues
with
subsequent
cardiac
28
hypertrophy and cardiomyopathy. Many
studies in animals maintained on low
copper diet revealed decreased connective
tissue content of the heart in these
animals.29 In addition to these observations
altered Na+-K+ ATPase activity30 and
decreased cross linking of elastin and
collagen31 may also contribute to

decreased cardiac myocyte functional
capacity with subsequent impaired
pumping capacity of the heart and finally
heart failure.
The abnormal levels of copper in
patient with CHF are probably due to
changes in the concentration of
caeruloplasmin
in
the
plasma.8,9
Ceruloplasmin is a major carrier protein
for copper. About 90-95% of total copper
is incorporated into caeruloplasmin while
the rest is bound to albumin and amino
acids.32 There is a linear relationship
between
SCuL
and
plasma
16
caeruloplasmin.
This indicates that
hypocupraemia and hypercupraemia are
conditions that are related to changes in
the level of plasma ceruloplasmin.19
Hypocupraemia in patients with CHF
is
mainly
due
to
19
hypocerulopalsminaemia.
Caeruloplasmin is low in two major
inherited
abnormalities
of
copper
metabolism such as Wilson's disease and
Menkes"kinky-hair syndrome" , with
protein loss such as nephritic syndromes
and malabsorption,16,33 and with some
cases of advanced liver diseases in which
decrease in serum proteins have
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occurred.8,9 Drug effect may also
contribute to low SCuL,14,15 in addition
most of elderly patients with chronic
debilitating diseases used to consume
different combination of ionic that may
contains large doses of zinc, vitamin C,and
iron which predispose to decrease SCuL13;
and lastly hypocupraemia in patients with
HF may be nutritional.11
The findings of this study may
indicate that patients with CHF are liable
to develop low SCuL; therefore it is
recommended that copper supplementation
can be added to the treatment of patients
with heart failure.
In the current study a non-significant
difference is found in SCuL between
females and males with CHF.This agrees
with the finding by other researcher.34
CONCLUSIONS AND
RECOMMENDATIONS
Chronic heart failure is a multifactorial
syndrome. Several factors had been found
to contribute to the development of this
syndrome. Low serum copper level may be
one of these contributing factors, probably
by elevating blood pressure, impairing
different tissue formation and inducing
high serum cholesterol level.
Measurement of SCuL might provide
additional and useful laboratory test for the
assessment of the patients with CHF and
oral copper may have a role in therapy.
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