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Abst ract

Background and purpose: The aim of this study was to eval-
uate the concentration of 25(OH)D3 and the indices of cal-
cium and phosphorus metabolism at different times of relaps-
ing-remitting multiple sclerosis (MS). The relationships
between the concentrations of 25(OH)D3 and the indices of
calcium-phosphate metabolism were determined, depending
on the duration of disease and vitamin and unsaturated fatty
acids supplementation. 
Material and methods: Thirty patients (15 at the early stage
and 15 at the advanced stage of MS) were enrolled. Each pa -
tient underwent neurological examination; neurological motor
disability was defined according to the Expanded Disabili -
ty Status Scale (EDSS). The results were compared to the
values obtained in the control group (15 individuals) select-
ed according to the age of subjects, their residence, ethnicity
and gender.
Results: Significantly lower serum concentrations of
25(OH)D3 in MS patients compared to the control group
were found. MS patients at the advanced stage of the disease
(duration of 5-6 years) had lower 25(OH)D3 concentrations
than patients at the early stage of MS. Among patients in 
an advanced stage of MS, significantly lower levels of
25(OH)D3 were found in women compared to men with
a similar level of physical disability.
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St reszc zenie

Wstêp i cel pracy: Celem pracy by³a ocena stê¿enia 25(OH)D3
i wskaŸników gospodarki wapniowo-fosforanowej w ró¿nym
okresie trwania postaci rzutowo-zwalniaj¹cej stwardnienia 
rozsianego (SR). Okreœlono zale¿noœci stê¿enia 25(OH)D3
i wskaŸników gospodarki wapniowo-fosforanowej od prze-
biegu choroby oraz stosowanej suplementacji witaminami
i nienasyconymi kwasami t³uszczowymi.
Materia³ i metody: Badaniem objêto 30 chorych na SR 
(15 we wczesnym oraz 15 w zaawansowanym okresie choro-
by). U wsyzstkich przeprowadzono badanie neurologiczne
oraz okreœlono aktualny stan niepe³nosprawnoœci ruchowej
wed³ug Expanded Disability Status Scale. Wyniki porównano
z 15-osobow¹ grup¹ kontroln¹, dobran¹ stosownie do wieku
badanych, ich miejsca zamieszkania, pochodzenia etnicznego
oraz p³ci.
Wyniki: Stwierdzono istotnie mniejsze stê¿enie 25(OH)D3
w surowicy chorych na SR w porównaniu z grup¹ kontroln¹.
U osób choruj¹cych d³u¿ej (5–6 lat) stê¿enia 25(OH)D3 by³y
mniejsze ni¿ u osób we wczesnym okresie choroby. W gru-
pie osób choruj¹cych d³u¿ej stê¿enie 25(OH)D3 by³o wyraŸ -
nie mniejsze u kobiet w porównaniu z mê¿czyznami o podob-
nym stopniu niepe³nosprawnoœci ruchowej. Osoby chore
stosowa³y suplementacjê 25(OH)D3 i nienasyconych kwa-
sów t³uszczowych czêœciej ni¿ grupa kontrolna. 
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory
demyelinating disease of the central nervous system
(CNS). Its aetiology is not fully known, and the pathol-
o gy includes demyelination with axonal damage and 
limited remyelination. The disease features CNS dam-
age, which is multifocal and disseminated in time, with
heterogeneous symptomatology and divergent clinical
course [1,2]. The first symptoms of MS appear most
commonly between the age of 20 and 30. The disease is
more common in women (women-to-men ratio is about
2 : 1 in Europe) and among Caucasians. The pathogen-
esis of the disease is multifactorial and includes genetic,
immunopathological and environmental factors inter-
acting in a complex fashion [3-5].

Epidemiological studies suggest that MS is a disor-
der associated with a geographic region. Prevalence of
MS increases with increasing latitude and decreases
closer to the equator, which points to the possible asso-
ciation between the prevalence of MS and exposure to
sunlight [6,7]. The protective effect of sunlight seems
to be related to the protective action of 25(OH)D3.

25(OH)D3 plays an important role in regulation of
calcium and phosphorus metabolism; it is involved in
cell proliferation and differentiation, as well as in immu -
nological phenomena. Studies that used peripheral blood
lymphocytes showed an inhibitory effect of 25(OH)D3

on the production of inflammatory mediators, e.g. in -
terleukin (IL)-2, IL-6, tumour necrosis factor alpha
(TNF-α), γ-interferon and the presence of nuclear vit-
amin D receptor (nVDR) in T lymphocytes, as well as
its increased expression in lymphocytes treated with
25(OH)D3. On the other hand, 25(OH)D3 stimulates
the synthesis of anti-inflammatory IL-10 [8-10].

Ultraviolet radiation intensity in northern regions is
insufficient for the adequate synthesis of 25(OH)D3

[11]. Its biological half-life reaches 19 days, and there-
fore spring and winter are seasons with the greatest de -
ficit of 25(OH)D3. According to population studies,

people living in different latitudes have different con-
centrations of 25(OH)D3. These differences are also
associated with sex and age. The greatest deficit of
25(OH)D3 was noted among elderly people in north-
ern parts of Europe and America. Women aged between
15 and 45 are at greatest risk of 25(OH)D3 deficiency
in combination with seasonal variations, and the onset
of MS peaks between the third and fourth decade [12].

Because of its geographical location, Poland ranks
among countries with high prevalence of MS. The esti-
mated annual incidence of MS in Poland is 1.5-3.7 per
100 000 [13]. An assessment of calcium-phosphorus
metabolism, as well as 25(OH)D3 concentration, is im -
portant in complex medical care of these patients.

The aim of this study was to evaluate the concentra-
tion of 25(OH)D3 and the indices of calcium and phos-
phorus metabolism at different stages of relapsing-remit-
ting MS. We also evaluated the relationship between
25(OH)D3 concentration or indices of calcium and
phosphorus metabolism and the disease course or sup-
plementation with vitamins or unsaturated fatty acids.

Material and methods

The study comprised patients with early or advanced
relapsing-remitting MS (RRMS) diagnosed according
to McDonald criteria. Patients were selected using the
medical records of an out-patient neurological clinic or
medical records of in-patients hospitalized between 2009
and 2010 in the Department of Neurology in Zabrze.

The control group consisted of 15 subjects matched
with patients regarding age, place of residence, ethnicity
(Caucasians) and occupation.

The study was carried out among 30 patients, in clud-
ing 15 patients in an early stage of MS (up to 6 months
after the onset of symptoms) and 15 patients in an ad -
vanced stage of MS (5-6 years after the onset of symp-
toms).

Patients were included if their score in the Kurtzke
Expanded Disability Status Scale was between 0.5 and

Conclusions: Lower serum concentrations of 25(OH)D3
in MS patients compared to the control group were found. 
The lowest concentrations of 25(OH)D3 were found in
female patients aged 20-40 and in patients with a longer dis-
ease duration without substantial impairment of calcium-
phosphate metabolism.

Key words: multiple sclerosis, 25(OH)D3, dietary supple-
ments.

Wnioski: Stwierdzono mniejsze stê¿enie 25(OH)D3 w suro-
wicy chorych na SR ni¿ w grupie kontrolnej. Najmniejsze
stê¿enie 25(OH)D3  odnotowano u kobiet pomiêdzy 20. 
a 40. rokiem ¿ycia i u osób d³u¿ej choruj¹cych bez istotnych
zaburzeñ gospodarki wapniowo-fosforanowej. 

S³owa kluczowe: stwardnienie rozsiane, 25(OH)D3, suple-
menty diety.
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3.0. The mean number of relapses in patients with ear-
ly RRMS was 2.4 and in patients with advanced RRMS
it was 3.5. Those relapses were treated with cortico -
steroids. Blood for laboratory studies was drawn 4 ± 2
months (patients with early RRMS) or 8 ± 3 months
(patients with advanced RRMS) after the end of the
therapy with corticosteroids. Patients received neither
immunomodulatory nor immunosuppressive treatment. 

All study participants (patients and controls) lived
in the Silesian voivodship and worked in a similar envi-
ronment. Control subjects did not have any symptoms
or signs of CNS damage; they did not exhibit any signs
of systemic or metabolic disorders.

Serum concentrations of 25(OH)D3 (range: 11.1-
42.9 ng/mL or 20.0-125.0 nmol/L) and parathormone
(range: 15-65 pg/mL) were measured with a COBAS
e 601 analyzer (Roche).

Serum phosphorus (0.81-1.45 mmol/L), calcium (2.1-
2.55 mmol/L), ALP2L alkaline phosphatase (30-
90 IU/L), bone alkaline phosphatase (20-48 IU/L), as
well as daily urine excretion of calcium (2.5-6.5 mg/
24 hours) were measured with a COBAS c 501 analyzer
(Roche). Serum ionized calcium concentration (refer-
ence range: 1.13-1.32 mmol/L) was measured directly,
using ion selective electrodes (RAPID lab 865, Siemens).

The following meteorological data were obtained
from the Institute of Meteorology and Water Manage-

ment, Upper Silesian Hydrological and Meteorological
Centre in Katowice: average daily cloud cover, tempe -
rature, relative humidity, precipitation, and insolation.
Data were pertinent to the dates of blood and urine sam-
pling. Meteorological conditions were similar on all days
when biological samples were obtained.

The Bioethical Committee of the Silesian Medical
University of Katowice approved the protocol of the
study.

Data were stored in the dedicated database prepared
in MS EXCEL. Statistical analysis was performed with
Statgraphics v. 2.6. Statistical significance for qualitative
variables in contingency tables was assessed with the
Pearson chi-square test. Difference among groups was
evaluated with univariate analysis of variance (ANOVA).
The NIR test was used to find the least significant dif-
ference. A p-value of 0.05 was considered statistically sig-
nificant.

Results

The group of 15 patients with early RRMS (age
range: 19-51 years) comprised 10 women (mean age 
32.7 years) and 5 men (mean age 35.0 years). The EDSS
score ranged from 0.5 to 2.0. The group of 15 patients
with advanced RRMS (age range: 30-58 years) com-

Patients with early Patients with advanced Controls
RRMS RRMS

Serum phosphorus [mmol/L] 1.13 ± 0.20 1.01 ± 0.17 1.03 ± 0.14
(0.59-1.41) (0.54-1.23) (0.71-1.27)

Serum calcium [mmol/L] 2.37 ± 0.20 2.39 ± 0.06 2.32 ± 0.06
(1.99-2.98) (2.24-2.47) (2.25-2.42)

Alkaline phosphatase (ALP2L) [U/L] 63.87 ± 16.84 63.53 ± 18.26 60.67 ± 24.21
(37-94) (39-98) (38-119)

Bone alkaline phosphatase (ALP) [U/L] 22.80 ± 7.70 22.67 ± 7.03 20.40 ± 10.62
(10-35) (14-38) (8-50)

Ionized calcium [mmol/L] 1.14 ± 0.06 1.09 ± 0.05 1.17 ± 0.19
(1.07-1.31) (0.95-1.17) (1.02-1.82)

Parathormone [pg/mL] 61.01 ± 34.97 78.78 ± 40.36 55.15 ± 26.71
(5.76-140) (30.49-189.7) (22.68-120.6)

25(OH)D3 [ng/mL] 16.91 ± 8.44 13.59 ± 6.54 25.28 ± 8.79
(6.61-31.94) (4-26.77) (11.23-40)

Calcium in 24-hour urine collection [mmol/L/24 h] 2.67 ± 1.90 3.14 ± 2.52 4.29 ± 2.87
(1.16-7.57) (1.00-8.22) (0.86-10.19)

Table 1. Calcium, phosphorus, and related parameters among studied patients and controls*

RRMS – relapsing-remitting multiple sclerosis
*Values reported as mean ± standard deviation (range) 
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prised 11 women (mean age 36.8 years) and 4 men
(mean age 38.2 years). The EDSS score ranged from
1.0 to 3.0.

In 60% of patients with early RRMS and in 66.67%
of patients with advanced RRMS, the disease was diag-
nosed in the winter-spring period with the weather con-
ditions typical for those seasons.

Results of patients with RRMS were compared with
the control group (age range: 26-60 years) which con-
sisted of 10 women (mean age 35.2 years) and 5 men
(mean age 39.0 years) who had neither focal damage of
the CNS nor metabolic disorders due to other conditions.

The study was performed in similar weather condi-
tions. All patients and controls were white-collar workers.

Neither MS patients in either stage of the disease,
nor controls had any abnormalities of calcium and phos-
phorus metabolism. The findings were within the ref-
erence ranges (Table 1).

The only significant difference shown in the analy-
sis of variance among studied groups was related to the
25(OH)D3 concentrations. The test did not reveal any
significant relationship for other cases (Table 2). A post-
hoc NIR test showed significant differences in mean
concentrations of 25(OH)D3 [ng/mL] between (1) pa -
tients with early MS and controls (controls had higher
mean values) (p < 0.006); (2) patients with advanced
MS and controls (controls had higher mean values) 
(p < 0.0002). Patients with early and advanced MS 
did not differ regarding 25(OH)D3 concentrations 
(p = 0.2617).

Among patients with advanced MS, women had sig-
nificantly lower 25(OH)D3 concentrations than men.
In patients with early MS, men had higher 25(OH)D3

concentrations but the difference was less robust.
In MS patients, regardless of the stage, the mean

25(OH)D3 serum concentration was lower than in con-
trols in the same weather conditions. Patients with ear-
ly MS and with a lower number of relapses had signi -
ficantly higher 25(OH)D3 concentrations.

Dietary supplements containing 25(OH)D3 were
used more often by the patients with early RRMS
(10/15, 66.7%) than among patients with advanced
RRMS (6/15, 40%) or controls (0/15) (p < 0.00063
for the difference between patients with MS and con-
trols). Similarly, dietary supplements containing unsat-
urated fatty acids were used more often by the patients
with early RRMS (7/15, 46.7%) than among patients
with advanced RRMS (5/15, 33.3%) or controls (1/15,
6.7%) (p < 0.048 for the difference between patients
with MS and controls).

MS patients, especially those in an early stage of the
disease, significantly more often than controls use mul-
tivitamin preparations (120 IU of 25(OH)D3, on aver-
age) and polyunsaturated fatty acids (625 mg daily, on
average). Among patients with early MS, the beginning
of the oral supplementation was associated with the time
of diagnosis, while in patients with advanced MS the
beginning of supplementation took place 3-4 years on
average after the diagnosis, i.e. two years before this
study was started.

Discussion

As early as in 1974, Goldberg hypothesized that
25(OH)D3 deficiency related to lower exposure to sun-
light might be an environmental factor that increases the
risk of MS [14].

It is highlighted that the incidence of MS among
Caucasians is higher in areas of lower insolation [7,8,
15]. The beneficial impact of sunlight is explained with
the vitamin D synthesis under the influence of ultravio -
let radiation, as vitamin D has some im muno modulating
properties [8-10].

According to Napiórkowska and Kuchuk, the most
significant deficiency of 25(OH)D3 in women is noted
at the age of the greatest fertility, i.e. between 15 and 45,
which coincides with the peak incidence of MS [16,17].
It is estimated that about 4-40% of women at that age
suffer from vitamin D deficiency.

Our study showed significantly lower 25(OH)D3

serum concentrations among MS patients, regardless of
the stage of their disease, than in controls. In patients
with the disease duration of 5-6 years, the 25(OH)D3

F-test P-value

Serum phosphorus [mmol/L] 2.140 0.130

Serum calcium [mmol/L] 1.301 0.283

Alkaline phosphatase (ALP2L) [U/L] 0.116 0.891

Bone alkaline phosphatase (ALP) [U/L] 0.370 0.693

Ionized calcium [mmol/L] 1.939 0.156

Parathormone [pg/mL] 1.911 0.161

25(OH)D3 [ng/mL] 8.544 > 0.001

Calcium in 24-hour urine collection 1.725 0.191
[mmol/L/24 h]

TTable 2. Analysis of variance for the parameters of calcium-phosphate meta-
bolism among studied groups

Concentration of 25(OH)D3 in patients with multiple sclerosis



NNeurologia i Neurochirurgia Polska 2013; 47, 2130

concentration was lower. Additionally, among patients
with advanced MS, markedly lower 25(OH)D3 con-
centrations were noted in women than in men with the
same level of motor disability [17].

This study also assessed the mean 25(OH)D3 serum
concentration in relation to the number of relapses. 
Concentrations of 25(OH)D3 were significantly high-
er among patients with early MS and with a lower num-
ber of relapses.

Significantly more common use of dietary supple-
ments, including those with 25(OH)D3, does not affect
the 25(OH)D3 concentrations in both groups of MS
patients, which are lower than in controls.

MS patients, especially those in an early stage of the
disease, use 25(OH)D3 supplementation more com-
monly than controls. The same difference is seen regard-
ing the use of polyunsaturated fatty acids. A special role
is ascribed to linolenic acid because of its beneficial effect
shown in several clinical trials [18] and probably this
information results in great popularity of that agent
among MS patients.

Conclusions

1. MS patients have lower 25(OH)D3 serum concen-
trations than controls; it is more marked among
women and in patients with longer disease duration.

2. Lower 25(OH)D3 concentrations may be modified
with the significantly more common use of multivi -
tamin preparations and polyunsaturated fatty acids by
MS patients.
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