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Assessment of serum magnesium, copper,
and zinc levels in multiple sclerosis (MS) patients

Seyed Ali Masoud MD * , Esmail Fakharian MD*

Objective: multiple sclerosis (MS) is a chronic disease with prominent neurological and behavioral and
psychiatric manifestations and unknown etiology which is demarcated with inflammation and destruction of
white matter of brain and spinal cord and its replacement with gliotic tissue in young aged people and
particularly females. The role of trace elements in multiple sclerosis is set forth in several studies and we are
going to evaluate it in these patients in Kashan-Iran.

Methods: Serum magnesium, zinc, and copper levels from 35 MS patients (28 female and 7 male) were
measured by an ELIZA method and results were compared with data from healthy matched controls, and data
analyzed using T test.

Results: Mean age of patients in this study was 32.3+ 6.4 years and 28 (80%) were in age range of 20 to 40.
The incidence of MS was found to be 11.6 in 100,000 populations in Kashan district which is a moderate
incidence. Muscle weakness (80%), visual disturbances (57.1%), and paresthesia (34.2%) were the most
common clinical presentations. Mean serum level of magnesium was 1.87 £ 0.37, copper 110.7 + 19.5, and zinc
85.4 + 13.5 in patients (control group), and 2.22 + 0.24, 133.7 + 13.4, and 110 £ 8.3 respectively in case group.
This difference is statistically significant (P< 0.001). The most common clinical pattern of the disease was
recurrent MS in 54.2% of cases.

Conclusion: We found that serum level of magnesium, copper, and zinc is significantly decreased in patients
inflicted with MS. This is shown in some other studies and may result in use of supplemental use of trace

elements for MS patients to either decrease symptoms or complications.
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Introduction

M ultiple  sclerosis (MS) is a
demyelinating disease of the central

nervous system which is marked by
motor, psychiatric and cognitive
abnormalities (1, 2). In European countries it is
the second neurologic debilitating disease
after trauma among young aged and middle
aged people. Its peak incidence is between 20
and 30 and is rare before 10 and after 60 years
old (3,4). Multiple sclerosis (MS) is more
common in women with a female to male
ratio of 2:1 (3,5). The incidence of MS varies
in different races and is more frequent in
whites. Generally its prevalence increases
from equator to the poles. Its highest
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incidence is 30 in 10,000 populations (1,5).
MS causes inflammation and destruction of
myelinated tracts (1), and produces plaques in
white matter of such areas as optic nerve,
periventricular regions, corpus callosum,
brain stem, and spinal cord (5,6). There are
three broad groups of mental symptoms that
affect patients with MS. These include
fatigue, psychiatric symptoms and cognitive
impairment (7). Some psychiatric disturbances
were noted in 75% of patients (8). Depression
is common; it affects 6 to 57 percent of
patients and results in a higher rate of suicide
than is seen in general population (9-11).
Common neurological signs and symptoms of
the disecase are fatigue (50-60%), and
paraparesis (45-79%), sensory disturbances
(10-40%), visual blurring secondary to optic
neuritis (14.29%), diplopia (8-13%), ataxia
(2-18%), wurinary disturbances (0-13%),
vertigo (2-9%), and convulsion (3-4%) (1,4).
This disease 1is characterized by its
recurrences, and involvement of multiple
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areas of the nervous system. Although there is
no well known underlying cause for the
disease, however, many different factors
including genetic background, autoimmune
mechanisms, environmental factors,
especially viral infections, and nutritional
deficiencies of minerals, and trace elements
are involved in the appearance, exacerbation,
or recurrence of the disease (1, 3, 4, 12-15).

Many studies have shown persistent low
levels of zinc in MS patients. Zinc has an
important role in inhibition of potentially
destructive immune reactions against T
lymphocytes, and predisposing inflammatory
responses of MS. It is also an antioxidant
protecting cell membranes and myelin (16).
Copper level also changes in MS. Copper is
needed for basal metabolic activities of bone,
skin, and nervous system, more importantly it
is needed for enzyme reactions involved in
the production of ATP, and transmission of
impulses in nerves and muscles. In a study on
50 patients with MS it has shown that serum
zinc level was lower than control group, and
low cupper level was considerable in young
patients (12). In another study on 27 patients
RBC’s  gluthation  peroxidase  copper
concentration was significantly lower than
controls, but zinc serum level was normal (16).

Measurement of serum calcium and
magnesium levels in 50 patients with a mean
age of 31.8 showed lower magnesium levels
(13).

If the hypothesis of decreased levels of
trace elements is right then supplementation
therapy for MS patients may be a serious
future consideration. In this study we
measured serum level of trace elements in MS
patients referring to neurology clinics of
Kashan University of Medical Sciences
(KAUMS) in 2004- 2005, and compare it
with control group.

Materials and Methods

Thirty-five MS patients with definite
diagnosis of MS on the base of clinical
examination and MRI guideline and attending
at the neurology clinics of Kashan
participated in the study after giving written
informed consent. Control group was selected
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from matched people of the same age and sex
without diseases affecting serum copper, zinc,
and magnesium levels.

Blood samples (2 ml) were taken using a
butterfly cannula and were transferred into
sterile glass tubes. After centrifugation the
serum was transferred into  sterile
polypropylene tubes. Serum level of the zinc,
copper, and magnesium were assayed by
autoanalyzer (Zist shimi kit, Tehran).

Statistical analysis was performed using
SPSS for Windows (ver.98). For comparing
paired clinical data, a paired sample t-test or
2-tailed Wilcox on matched pairs signed-rank
test was used. For comparing non-paired
clinical data, either an independent samples t-
test or a Mann-Whitney U test was used. In
all cases p< 0.05 was taken as statistically
significant.

Results

A cohort of thirty-five MS patients was
studied. In this study the most common age
group was 20-40, including 22 females
(78.5%), and 6 males (21.5%) figure 1. There
were 28 females and 7 males. The youngest
female patient was 17 years and the oldest
41, the youngest man 28, and the oldest 42,
and the mean was 31.6 £ 6.6, and 35.1 £ 4.5
respectively, and the whole mean was 32.3 +
6.4. There were no significant sex differences
in the characteristics of the subjects
(independent sample t-test) (p= 0.01).

However, females are involved earlier.
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Figure 1: Distribution Of MS patients according to sex
and age in MS patients referred to neurology clinics of
Kashan 2004-2005
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Muscle weakness was found as the most
common clinical finding in our patients
(80%). Other findings included visual
problems in 57.1%, urinary problems in
51.4%, paresthesis in 34.2%, depression in
31.4%, and tremor in 22.8%.

The most common clinical pattern in
females was recurrent-remitting MS (60.7%),
and in males it was secondarily progressive
(42.8%), and as a whole recurrent-remitting
pattern was the most common clinical
presentation (54.2%).

Table-1: serum magnesium level differences according
to sex in MS patients referred to neurology clinics of
Kashan 2004-2005

Statistical Characters Mean mg

Number P Value
Groups Characters X +SD

Female MS Patient 28  1.83+0.36
Healthy 28 2.17+0.23 0.0001

Male MS Patient 7 2.01 +0.41
Healthy 7 2.42+0.16 0.0001

Total MS Patient 35 1.87+0.37
Healthy 35 2224024 0.0001

Table-2: serum copper level differences according to
sex in MS patients referred to neurology clinics of
Kashan 2004-2005

Statistical Characters Mean mg
Number P Value
Groups Characters X+ SD

Female MS Patient 28 111.7+189
Healthy 28  136.7+£13.1 0.001

Male MS Patient 7 106.2+20.4
Healthy 7 122.1 5.7 0.001

Total MS Patient 35 110.6£19.5
Healthy 35 133.7+13.4 0.001

Table-3: serum Zinc level differences according to sex
in MS patients referred to neurology clinics of Kashan
2004-2005

Statistical Characters Mean mg

Number P Value
Groups Characters X +SD

Female MS Patient 28 87.2£13.6
Healthy 28 110.2 7.5 0.0001

Male MS Patient 7 78.5 +£10.5
Healthy 7 109.2 £10.7 0.0001

Total MS Patient 35 85.4£13.5
Healthy 35 110+8.3 0.0001

A comparison of the serum magnesium,
copper, and zinc levels in control group and
MS patient are shown in Tables 1,2,3.
Statistical analysis using t-test revealed that
the serum magnesium, copper, and zinc levels
were significantly lower in MS patients
compared to control group (p<0.001). The
mean serum levels of copper and zinc in
female subjects for both groups was
significantly higher compared to male
(p<0.001), but the mean serum levels of
magnesium in females for both groups was
lower than males (P<0.0001).

Discussion

In this study on 35 patients 28 (80%) were
female and 7 (20%) male, which shows a 4:1
ratio. In a study by Capston and et al in 1998
in London this ratio was more than 2 (17). In
another study by Lotfi and Sanati on 318 MS
patients the ratio was 1.5 (18) which different
from our findings.

Total mean age of our patients was
32.3 £ 6.4. The mean for females was 31.6 £+
6.6 and for males 35.1 + 4.5. Twenty eight
(80%) of patients were between 20 and 40.

In Capstan's study female patients were 1-2
years younger than males (17). Lotfi and
Sanati reported mean age of MS patients

26.6 + 8.1 (18), and Motamedi and Sahraian
reported it 31.8 (13).

In our study muscle weakness was the
most common finding found in 80% of cases.
Paresthesia (34.2%) among sensory findings,
tremor (22.8%) among cerebellar signs,
ocular disturbances (57.1%) among brain
stem findings, urinary problems (51.4%)
among  autonomic  disturbances,  and
depression (31.4%) among psychologic
presentations were the most common clinical
presentations in the patients. Other clinical
signs were spasticity in 20%, hyper reflexia in
25.7%, Babinski sign in 22.8%, Hermit's sign
in 8.5%, ataxia in 20%, nystagmus in 14.2%,
dysarthria in 5.7%, dizziness in 17.1%, and
gastrointestinal problems in 37.1%.

Miller in his study reported muscle
weakness in 61 to 100 per cent, spasticity in
73 to 100 percent, hyper reflexia in 62 to 95
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per cent, visual problems in 27 to 55 per cent,
and dizziness in 7 to 27 per cent of cases (19).

Barnes in his study reported ataxia in 37-
78%, nystagmus in 54-73%, dysarthria in 29-
62%, and tremor in 36- 81% (20). In these
studies muscle weakness, visual disturbances,
and dizziness are in accord with each other.

In the present study the most common
disease pattern is recurrent remitting one in
19 (54.2%) patients which is in accordance
with previous studies (1).

In our study the difference of total serum
magnesium, copper, and zinc levels between
case and control groups were statistically
significant as was in both females and males.

Palm et al in their study on 50 MS patients
showed that serum zinc and copper levels
were lower than their control group (12). In
another study Smith et al studied trace
elements level in 27 MS patients with and
without glucocorticosteroid treatment and
compared it with normal persons. Serum zinc
level was equal in all groups but red blood
cell glutathione peroxidase copper
concentration was significantly decreased in
MS patients. They concluded that disturbance
in zinc and copper homeostasis may be due to
the use of steroids in the course of disease,
and their replacement may be effective in its
treatment (16).

Kapaki and et al in their study
measured serum levels of copper, zinc, and
magnesium in CSF with atomic absorption
spectrophotometry in 74 patients with
different neurological diseases and compared
it with 28 normal people, and concluded that
copper and zinc levels are increased in CSF
which may be due to impaired blood brain
barrier. Serum level of copper was decreased
which is compatible with our findings (15).

Smith et al in their study have stated that
deficiency of essential minerals and heavy
metals can be dangerous for the health of MS
patients. Many different studies have shown
low zinc levels and changing copper levels in
MS patients (16).

Janson in his study showed that
considering higher incidence of MS in
females, appearance of MS in adolescence,
increased demand of females to copper during
menstruation, decreased level of magnesium
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during menstruation, and need for higher
amounts of zinc during rapid growth of girls
in adolescence, supplementation of diet with
zinc and copper during their adolescence and
early young hood may prevent infliction with
MS (14).

Motamedi and Sahraian in their 50
patients showed decreased serum level of
magnesium compared with control group (13).
These are in accord with our findings.

In conclusion the findings of this study and
some other previous ones supposes that
decreased serum magnesium, cupper, and zinc
levels in MS patients may be an important
indicator of the disease, and the use of dietary
supplements of these trace elements may result
in improvement or even prevention of the
disease.
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