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ABSTRACT
Objective. This study was conducted to analyze the effect of certain environmental factors on clinical and labora-
torial variables in a cohort of multiple sclerosis patients.
Material and methods. Serum vitamin 25(OH) D, smoking habits and oral contraceptive use were evaluated in 36 
relapsing-remitting MS female patients between ages 29-45 under Interferon beta-1a therapy. Clinical variables 
included annualized relapse rate and Expanded Disability Status Scale (EDSS). The effect of sun exposure, di-
etary and smoking habits and oral contraceptive use on 25(OH) D levels was also examined.
Results. Patients with higher 25(OH) D serum levels and consumers of oral contraceptives (OC) had better clinical 
outcomes, but not in a statistically signifi cant extent. The practice of artifi cial tanning, consumption of alternative 
sources of vitamin D (cod liver oil, omega-3 fatty acids) and the use of oral contraceptives were associated with 
signifi cantly higher vitamin D levels.
Conclusions. Smoking seems to have less effect on disease progression and vitamin D levels than anticipated. 
Oral contraception use could be benefi c and maintaining a high plasma D level is also encouraged in MS patients.
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Multiple sclerosis is one of the most frequent 
causes of disability amongst young adults, affect-
ing mainly the age group of 30 and 40. The female 
and male ratio is 3:2 (1). It is determined by a com-
bination of genetic and environmental factors, but 
the precise role of these factors needs to be further 
elucidated. Out of the genetic risk factors, HLA-
DRB1*1501 haplotype is the strongest genetic pre-
dictor of MS risk (2). The external factors that 
probably play a role in the etiology of the disease 
include Ebsein-Barr virus (EBV) infection, ciga-
rette smoking, and suboptimal serum levels of vita-
min D (3). Oral contraceptive use does not increase 
the risk of multiple sclerosis (4). These factors 

could also be involved in disease activity and pro-
gression.

Vitamin D or calciferol can be ingested orally 
but its main source is the production in the skin fol-
lowing exposure to sunlight. Its serum concentra-
tion depends on geographical latitude, season, skin 
pigmentation, age and it is also infl uenced by cer-
tain factors connected to lifestyle: dietary habits, 
vitamin supplementation and sun exposure.

Beside its role in modulating calcium homeosta-
sis, vitamin D is well known for its immunomodu-
latory and anti-infl ammatory actions as well (5). 
There is strong evidence to suggest that it has mea-
surable effect on T-cell reactivity in MS patients, 
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mediating a shift of T-cells to an anti-infl ammatory 
profi le (6,7). Based on these fi ndings, adequate se-
rum levels of vitamin D is assumed to have a be-
nefi c infl uence on the course of MS, both on the 
frequency of relapses and the progress of disability. 
Several, but not all studies suggest that higher vita-
min D metabolite levels are associated with higher 
chance to remain relapse-free and with lower dis-
ability scores (8-11).

Smoking may also exert an infl uence on the 
course of MS. Observational studies suggest that 
smoking facilitates the transformation of clinically 
isolated syndrome (CIS) to defi nite disease, and 
also accelerates the conversion from relapsing-re-
mitting form to a more severe secondary progres-
sive form (12,13). Smoking may also increase dis-
ability scores, but no association was found between 
smoking and relapse rate (12,13). Based on the het-
erogeneous results of the studies, a trend towards 
the harmful effect of smoking is observed but it 
cannot be stated for certain.

The role of OCs in disease progression is not 
clear, but it may have a benefi c effect on the course 
of the disease by increasing the serum vitamin D 
levels (14,15).

The aim of this study is to identify those factors 
that signifi cantly increase serum vitamin D concen-
tration, thus indirectly have a benefi c effect on MS 
disease evolution. Furthermore we examine the di-
rect role of serum vitamin D concentration, smok-
ing habits and oral contraceptive use on relapsing-
remitting MS evolution in terms of annual relapse 
rate and EDSS score.

SUBJECTS AND METHODS

36 patients diagnosed with relapsing-remitting 
multiple sclerosis were included in our study. The 
including criteria were as follows: female sex, age 
between 29-45 years, receiving immunomodulato-
ry therapy with Interferon beta-1a of subcutaneous 
or intramuscular administration in First Neurologi-
cal Clinic, University Emergency County Hospital, 
Targu-Mures. One patient did not approve of the 
venepuncture, in her case we used only anamnestic 
and clinical data. All participants gave their written 
informed consent.

Based on anamnestic and laboratorical informa-
tion, the participants were subdivided into more 
groups. According to serum 25(OH) D levels there 
were two groups, one with adequate and another 
with inadequate serum vitamin D concentrations. 
Based on personal smoking history there were a 
group of smokers (defi ned by smoking for at least 

10 years, at least 10 cigarettes a day) and a group of 
non-smokers. Similarly, a third subgroup was dis-
tinguished based on oral contraceptive use: users 
were defi ned as present or past consumers of OC 
for at least 3 months after the diagnosis of MS or 
maximum 5 years beforehand. Non-users were 
those participants that did not fi t these criteria. 
Members of the user subgroup took combination 
pills with ethinyl estradiol with variable progestin 
component. 

Each subject completed a questionnaire de-
signed to study the intake of vitamin D. The ques-
tionnaire is similar to the one used in the study of 
Bolek-Berquist et al, and consists of questions re-
ferring to natural or artifi cial tanning in the last 12 
months, sunscreen use, the average length of sun 
exposure the previous week, milk consumption, 
multivitamin or vitamin D supplement consump-
tion and the presence of conditions known to affect 
vitamin D absorption (16).

During the study of the effect of smoking and 
oral contraceptive use on vitamin D concentrations, 
8 patients that took oral or intravenous supplemen-
tation of calciferol were excluded.

Protocol variables included neurological dys-
function and disability (determined by neurological 
examination, numerically expressed by EDSS 
score), duration of disease, number of previous re-
lapses, annualized relapse rate, and serum 25-hy-
droxi vitamin D concentrations.

Blood samples were obtained by venepuncture 
during winter and spring months (from November 
to May). Serum 25- hydroxi vitamin D levels were 
determined using chemilumifl ourescent assay. Op-
timal levels were defi ned by a cut-off of 30 μg/l 
(approximately 75 nmol/l), below this value the re-
sults were considered insuffi cient.

Statistical analysis was performed by student t 
test, ANOVA test and Pearson correlation coeffi -
cient.

RESULTS

The study population is made up by 36 female 
patients, diagnosed of relapsing-remitting MS. Se-
rum vitamin D concentrations were determined in 
all but one case. The average age is 37 years old, 
disease duration varies between 1 and 21 years, 
with a mean of 7.6 years. The mean annualized re-
lapse rate (ARR) is 0.58, and the mean EDSS score 
is between 1.0 and 1.5 which indicates no disability 
and minimal signs in one or more functional sys-
tems (17). 88.6% of the patients had lower serum 
calciferol concentration that the 30 μg/l cut-off. 
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The average 25(OH) D level is 17.4 μg/l, the value 
of measurements varies between 4.4 and 46.7 μg/l. 
Other clinical characteristics of the participants can 
be seen in Table 1.

TABLE 1. Characteristics of the study population
N 37

Age (years)
29-45

mean: 37
Age at disease off set (years) 30 ± 7
Disease durati on (years) 7.6 ± 5.3
ARR* 0.58 ± 0.55
EDSS** 1.3 ± 1.6
Serum 25(OH) D concentrati on (μg/l) 17.4 ± 9.5

Smoking (N,%)
14

37.8%

Oral contracepti ve use (N,%)
13

35.1%
Durati on of immunomodulatory therapy (years) 3.5 ± 2.6

Values are expressed as mean ± SD
*Annualized relapse rate
** Expanded Disability Status Scale

The questionnaire identifi ed the following char-
acteristics – the number and percentage of the yes 
answer is shown in brackets: natural tanning in the 
last 12 months (N=12; 34.2%), sunscreen use 
(N=18; 51.4%), average sun exposure the previous 
week (less than 5 min/day: N = 19; 54.2%; 5-15 
min/day: N=9; 25.7%; 15-30 min/day: N=6; 17.1%; 
more than 30 min/day: N=1; 2.8%), tanning booth 
use (N=4; 11.4%), daily milk consumption (N =25; 
71.4%), multivitamin use (N=9; 25.7%), vitamin D 
supplement intake (N=8; 22,8%), cod liver oil or 
omega-3 fatty acid intake (N=10; 28.5%). No intes-
tinal or bowel disease was reported. Out of these 
factors, two were associated with signifi cantly 
higher serum 25(OH) D levels: the fi rst is tanning 
booth use (26.63 ± 15.18 versus 16.2 ± 8.16, p-va-
lue = 0.04), the second is cod liver oil or omega-3 
fatty acid intake (24.8 ± 8.88 versus 14.43 ± 8.16 
p-value = 0.002).

Table 2 Summarizes the result of comparing the 
subgroups mentioned in Subjects and methods sec-
tion.

As visible, both ARR and EDSS values are high-
er in suboptimal 25(OH) D concentration group, 
which denotes a more severe disease course, al-
though the difference is not statistically signifi cant. 
There is no signifi cant difference between the re-
sults of smokers in comparison with non-smokers 
either. Oral contraceptive users’ mean ARR and 
EDSS values are lower, but again, no statistical dif-
ference is observed between user and non-user 
group. The duration of therapy did not correlate 

with ARR (Pearson correlation coeffi cient, r = 
0.29) or with EDSS (r = 0.13).

11 smokers and 16 non-smokers reported no vi-
tamin D supplementation prior to this study. Their 
vitamin D levels are not signifi cantly different 
(14.5 ± 7.13 μg/l for smokers, 17.94 ± 13.51 μg/l 
for non-smokers, p-value: 0.4). On the other hand, 
OC users (N=9) have signifi cantly increased serum 
25(OH) D concentrations compared to non-users 
(N=18): 21.91 ± 11, 64 μg/l versus 12.96 ± 7.37 
μg/l, p-value: 0.02 (shown in Figure 1). Moreover, 
the duration of the intake correlates with the vita-
min D level (Pearson correlation coeffi cient, r = 
0.67, r2= 0.45).

 DISCUSSION

The results of this study demonstrate that the av-
erage 25(OH) D levels amongst relapsing-remitting 
MS patients are far below optimal level, and only a 
few (N=4) of our subjects had ≥ 30 μg/l serum con-
centrations. This result not only shows the wides-
pread vitamin D deffi ciency of MS patients but it 
raises the issue of serum 25(OH) D levels conside-
red „normal”. The lower limit of optimal range has 
been determined as the serum level above whose 
benefi cial skeletal effects of vitamin D can be ob-
served (18). The optimal limit for its immunologi-
cal effects is not yet unequivocally defi ned. An ob-
servational study with calciferol supplemenation 
proved benefi cial effect of higher serum levels on 
disease course only below a concentration of 110 
nmol/l (approximately 45 μg/l) (19). This shows 
that a higher vitamin D concentration may be nee-
ded for the pozitive extra-skeletal effects.

FIGURE 1. Serum vitamin D concentrations of oral 
contraceptive users and non-users
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In light of these fi ndings it is not suprising that 
our study proved no direct effect of vitamin D con-
centration on ARR and EDSS. It has to be mentio-
ned though that lower average relapse rate and 
EDSS scores were registered in the optimal serum 
25(OH) D concentration group. A possible confu-
sing factor is the fact that our patients were already 
on immonomodulatory therapy with INF β, whose 
immunological effects may have interfered with 
the effects of vitamin D. For instance, both of these 
substances increase IL-10 levels (20). 

TABLE 2. Variables associated with serum vitamin D 
concentration, smoking status and oral contraceptive use

25(OH) D < 30 μg/l
N = 31a

25(OH) D ≥ 30 μg/l
N = 4a p-value

ARR* 0.60 ± 0.56 0.48 ± 0.52 0.69
EDSS** 1.45 ± 1.76 0.5 ± 0.58 0.3

Smokers
N = 13

Non-smokers
N = 23

p-value

ARR* 0.58 ± 0.34 0.62 ± 0.65 0.85
EDSS** 1.08 ± 1.15 1.48 ± 1.9 0.49

Oral contracepti ve 
users
N = 12

Non-users
N = 24

p-value

ARR* 0.46 ± 0.36 0.68 ± 0.62 0.26
EDSS** 0.7 ± 1.18 1.6 ± 1.82 0.17

Values are expressed as mean ± SD. 
*Annualized relapse rate; ** Expanded Disability Status Scale
a The total number of vitamin D samples obtained is 35

Based on our fi ndings, cigarette smoking does 
not infl uence negatively the course of MS: no sig-
nifi cant differences have been shown between the 
ARR and EDSS values or serum 25(OH) D levels 
of smokers and non-smokers. The results of other 
studies are characterized by heterogeneity and a 
trend towards smoking increasing the risk of trans-
formation of relapsing-remitting SM to secondary 
progressive form (12). Smoking is furthermore 
considered as a risk factor and it is contra-indicated 
to all SM patients. 

Oral contraceptive use is one of the few factors 
identifi ed in our study that signifi cantly increases 
vitamin D levels. Its benefi c effect on disease pro-
gression is also possible, based on the lower ARR 
and EDSS scores of the OC user group. OC impact 
on calciferol concentrations is explained by estro-
gen increasing D vitamin binding protein (DBP) 
level (15). DBP is a vascular (and assumably intra-
cellular) transport protein whose concentration is 
positively correlated to vitamin D metabolite levels 
(15). However, OC use was not associated with el-
evated free 1.25(OH)2 D levels, which is the only 
fraction available to excert metabolic effects in tar-
get cells (21). As a consequence, positive infl uence 
of OC use on vitamin D metabolic effects is still in 
question.
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FIGURE 2. Correlation between serum vitamin D levels 
and oral contraceptive use duration
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