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ABSTrAcT

Multiple sclerosis is a chronic autoimmune inflammatory demyelinating disease, which usu-
ally affects young adults. Several studies showed that in 5-10% cases the disease manifests in 
patients younger than 18 years of age. According to the statistics, women suffer more from auto-
immune diseases, including multiple sclerosis. The predominance of women among patients with 
autoimmune diseases may indicate the role of sex hormones in susceptibility to disease. In the 
pathogenesis of multiple sclerosis the role of prolactin is in the discussion.

The aim of present study was to analyze the level of serum prolactin in adolescents aged 13 to 
18 years with relapsing-remitting multiple sclerosis in comparison with healthy individuals and 
adolescents with rheumatoid arthritis. 

The group of remitting multiple sclerosis included 54 adolescents in clinical remission stage, 
group of rheumatoid arthritis – 27 patients, and control group – 45 healthy individuals of the 
same age. A significant increase in the average level of serum prolactin was detected both in 
multiple sclerosis group and rheumatoid arthritis group compared with the control one.

Prolactin levels in blood of teenagers with multiple sclerosis were significantly higher in 
cases with the presence of gadolinium-enhanced lesions on magnetic resonance imaging, which 
may indicate a relationship between subclinical inflammatory activity and increase of serum 
prolactin level. There were no correlation of prolactin levels with a disability degree by Ex-
panded Disability Status Scale, disease duration, annual exacerbation frequency and the age of 
the onset of multiple sclerosis. In 27% adolescents with multiple sclerosis (all girls) hyperprolac-
tinemia was discovered with indicator values of prolactin more than 500 mIU/L, moreover, in two 
of them the levels of prolactin were more than 1000 mIU/l without any correlation with clinical 
features of the disease. Possible role of prolactin in multiple sclerosis may be associated with the 
mechanisms of immunomodulation and tissue repair, especially in the pubertal age period.
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of the total population is composed of pediatric 
patients [Duquette P et al., 1987; Ghezzi A et al., 
1997]. Within the pediatric age group, the inci-
dence is highest in adolescence (between 13 and 
16 years of age), much rarer in pediatric patients 
(up to 10 years), at that, small subgroup has sig-
nificant differences of clinical manifestations and 
disease course compared with older subgroup 
[Ruggieri M et al., 2004].

Multiple sclerosis mainly affects individuals 
between the ages of 20 and 40 years, with the high-
est incidence at the age of 30 years. Population 

introduction

Multiple sclerosis is a chronic autoimmune in-
flammatory disease, characterized by demyelin-
ation and axonal degeneration in central nervous 
system. Multiple sclerosis commonly affects 
young adults and is considered a rare occurrence 
in children younger than 18 years of age. How-
ever, several studies have indicated, that 5 to 10% 
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studies showed that between 1.7 and 5.6% of the 
multiple sclerosis population is younger than 18 
years of age [Deryck O et al., 2006], and that onset 
before 10 years of age occurs in less than 1% of all 
multiple sclerosis cases [Renoux C et al., 2007].

With regard to gender in pediatric multiple 
sclerosis, the ratio varies when age is taken into 
account. In subjects older than 10 years of age and 
adolescents, females predominate from 2.1:1 to 
3:1, respectively. However, for those younger than 
10 years of age, the female-to-male ratio ranges 
from 0.8:1 in children younger than 6 years of age 
to 1.6:1 in patients between 6 and 10 years of age 
[Banwell B et al., 2007]. This epidemiological 
phenomenon leads researchers to think about the 
role of neuroendocrine factors in the pathogenesis 
of the disease.

According to the statistics, women suffer more 
from autoimmune diseases, including multiple 
sclerosis. The predominance of women among pa-
tients with autoimmune diseases may indicate a 
role of sex hormones in susceptibility to disease. 
While trying to find an explanation to the growing 
prevalence of the autoimmune pathology in females, 
most consideration is traditionally given to studying 
the gender endocrine specifics, of both exogenous 
(e.g. taking oral contraceptives and other exposures) 
and endogenous (associated with pregnancy, meno-
pause) nature. Currently, particular emphasis is given 
to the genetic gender differences, both direct (repre-
sentativeness of hormone genes and their receptors on 
chromosomes) and indirect (for example, microchi-
merism) ones [Oliver J, Silman A, 2009].

The aim of present study was to investigate the 
level of serum prolactin in adolescents of the specific 
age subgroup (from 13 up to 18 years old) with relaps-
ing-remitting multiple sclerosis versus healthy adoles-
cents and patients with another autoimmune disease – 
rheumatoid arthritis, from the same age group de-
pending on gender and degree of subclinical activ-
ity of immunopathological process.

Material and MethodS

More than 5500 histories of patients from Moscow 
Multiple Sclerosis Center and pediatric clinical hospi-
tals of Moscow were analysed for the selection pa-
tients with multiple sclerosis. Overall 58 patients were 
found with the necessary age characteristics. Four fe-
males with associated endocrine pathology were ex-

cluded from the study. The main group included 54 
adolescents (39 females and 15 males) with definite 
multiple sclerosis according to Mac Donald’s criteria 
[Polman C et al., 2005], aged between 13 and 18 
years. The average age of the group of multiple 
sclerosis patients at examination time was 15.9±0.1 
years, at disease onset – between 7.4 and 17.0 
years (mean age of debut 13.4±2.2) and with the 
duration from 6 months to 7.7 years (Table 1).

TABle 1
Characteristics of adolescents with relapsing-

remitting multiple sclerosis

Indices Mean SD Min Max

Age at the time of 
examination (years) 15.9 0.1 13.3 17.8

Age at the multiple 
sclerosis onset (years) 13.4 2.2 7.4 17.0

Multiple sclerosis 
duration (years) 1.88 0.44 0.5 7.7

Number of 
exacerbations 3.7 1.6 2.0 10.0

Expanded Disability 
Status Scale (score) 1.55 0.71 0.5 4.00

The comparison group consisted of 27 adoles-
cents (11 females and 16 males) who suffered from 
juvenile rheumatoid arthritis in the clinical remission 
stage and did not take glucocorticoids. The control 
group included 45 adolescents (30 females and 15 
males) also aged between 13 and 18 years, with the 
absence of neurologic, endocrine or gynecologic pa-
thology, with average-aged physical development 
and regular menstrual cycle without taking contra-
ceptives (among females) at the time of the study.

Physical development of the examined adoles-
cents with multiple sclerosis corresponded to the 
4-5th centile corridor, all females at the time of ex-
amination had well-established menstruation, and 
none of the females were taking contraceptives. 
All patients had relapsing-remitting sclerosis, and 
the disability level according to Expanded Disabil-
ity Status Scale did not exceed 4.0. The presence 
of clinical remission (the absence of new or wors-
ening symptoms for the period of at least one 
month before inclusion in the study) ruled out the 
use of any corticosteroids in this group of patients.

Blood sampling for analysing the level of pro-
lactin was conducted on an empty stomach in the 
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morning. The prolactin content in serum was as-
sessed using the Vitros Eci immunology analyzer 
by “Johnson & Johnson” (USA), through the ap-
plication of augmented chemiluminescence (Vitros 
Eci immunodiagnostic system).

Subclinical activity of the immunopathological 
process was provisionally assessed by the results 
of the brain magnetic resonance imaging (MRI), 
T2–, FLAIR and Т1-weighted images before and 15 
minutes after intravenous bolus injection of para-
magnetic contrast agent (Gadovist, in the dose 
from 0.1 to 0.2 ml/kg of body weight) at the appa-
ratus “1.5 TE GE SIGNA Twin speed” manufac-
tured by “General Electric” (USA). Based on the 
brain MRI results, the adolescents with multiple 
sclerosis were divided into a subgroup with the 
presence of gadolinium-enhanced (Gd+) (30 pa-
tients) and unenhanced lesions (Gd-) (24 patients).

The statistical analysis of the obtained data was 
conducted using the SPSS software package (ver-
sion 17). Quantitative characteristics are presented 
as M±m (M – arithmetic mean, m – mean error of 
the arithmetic mean). Spearman rank correlation 
coefficient was calculated to evaluate the correla-
tions. Differences were considered statistically 
significant at p<0.05.

reSultS

The obtained result demonstrated a statistically 
significant increase of the mean values of serum 
prolactin level in adolescents with multiple sclero-
sis compared with the control group. While in the 
healthy controls a pronounced but insignificant 
tendency to the prolactin increase was noted in fe-
males, in the group of adolescents with multiple 
sclerosis the differences in the prolactin levels de-
pending on gender reached statistically significant 
values (Table 2). A statistically significant increase of 
the serum prolactin level was also noted in the com-
parison group, in adolescents with rheumatoid arthri-
tis, compared to healthy controls. The prolactin values 
in females from comparison group were also signifi-
cantly higher than in males.

The mean serum prolactin level in the group of 
adolescents with the presence of Gd+- lesions on 
MRI was found to be significantly higher than in 
the group with the absence of such “subclinical” 
activity on MRI (Table 3). The sub-group of ado-
lescents with relapsing-remitting multiple sclero-

TABle 2
Prolactin level in adolescents with multiple sclerosis 

and rheumatoid arthritis compared to the control group

Groups Patients n Prolactin mIU/L

Main

with multiple sclerosis
Females 39 486.5±26.0* **
Males 15 333.6±9.7*
Total 54 441.3±23.7*

Comparison

with rheumatoid arthritis
Females 11 533.8±49.1* **
Males 16 387.2±28.3 *
Total 27 445.8±19.1*

Control

All healthy adolescents 
Females 30 349.2±21.5
Males 15 273.2±26.1
Total 45 311.0±21.1

Notes: * – p<0.05 vs. controls (of the same gender), 
** – p<0.05 vs. males from the same group

sis and the presence of “active” MRI lesions was 
represented mainly by girls (25 females and 5 
males), whose average age was 16.1±1.1 years, the 
average duration of sclerosis – 1.93±0.60 years, 
the mean relapses frequency per year – 1.42±0.9, 
and the average score by Expanded Disability Sta-
tus Scale was equal to 1.5±0.5. All main character-
istics of the disease course in the Gd+ subgroup 
corresponded to those of the Gd- subgroup, except 
an apparent gender shift in the Gd+ subgroup to-
wards females (Table 3).

Spearman rank correlation test showed, that the 
level of serum prolactin in adolescents with multiple 
sclerosis appeared to be significantly associated with 
the female sex and II Phase of the menstrual cycle in 
females, and with the presence of active lesions on 
MRI. No other significant associations of the prolac-
tin level with the duration or onset age of the disease, 
with relapses frequency or score by Expanded Dis-
ability Status Scale were found (Table 4). 

In 27% (n=15) of adolescents with multiple sclero-
sis, absolute hyperprolactinemia (with prolactin values 
over 500 mIU) was detected, and in two of them it was 
considerable, with the serum prolactin level over 1000 
mIU/L. All adolescents with hyperprolactinemia 
(100%) were represented by females, in 80% of whom 
Gd+- lesions were detected on brain MRI. No other pe-
culiarities of the disease course were detected in ado-
lescents with hyperprolactinemia.
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tween the immune and endocrine systems, with 
supposedly activating effect of prolactin on the 
synthesis of proinflammatory cytokines [Duquettе 
P, Girard M, 1993]. There is an assumption, that 
prolactin also produces antiapoptotic effect on the 
models of multiple sclerosis, rheumatoid arthritis, 
systemic lupus erythematosus and Hashimoto thy-
roiditis, in addition to the activation of prolifera-
tive immune response [Orbach H, Shoenfeld Y, 
2007]. Higher level of serum prolactin was regis-
tered in patients with Devic disease, than in pa-
tients with relapsing-remitting multiple sclerosis 
or in patients with human T-cell lymphotropic vi-
rus-I-associated myelopathy/tropical spastic para-
paresis [Yamasaki K et al., 2000]. 

The level of prolactin was recently studied both 
in serum and cerebrospinal fluid in adult patients 
17-61 years of age with clinically-isolated syn-
drome (80 patients), compared to 72 patients with 
definite relapsing-remitting multiple sclerosis. A 
significant increase in prolactin levels both in 
serum and cerebrospinal fluid were found in fe-
males with relapsing-remitting multiple sclerosis, 
but not in males, while patients with clinically-
isolated syndrome had normal prolactin levels. No 
associations with disease activity, duration of ill-
ness and presence of active lesions or oligoclonal 
bands in cerebrospinal fluid were found in adult 
patients [Markianos M et al., 2010]. A case report 
was published on the first multiple sclerosis clini-
cal event in adult patient during the development 
of a prolactin-secreting adenoma and the only two 
disease relapses during adenoma recurrence [Noc-

TABle 3
Clinical characteristics and prolactin level in adolescents with multiple sclerosis depending on 

the presence of “active” lesions on MRI

Characteristics Gd+ 
n=30

Gd- 
n=24

Gender
Females Males Females Males

25 5 14 10
Age at the time of examination (years) 16.1±1.1 14.2±1.5

Age at the multiple sclerosis onset (years) 14.1±2.5 12.8±2.2
Multiple sclerosis duration (years) 1.93±0.6 1.85±0.59
Relapse rate per year 1.42±0.9 1.35±0.2
Expanded Disability Status Scale (score) 1.50±0.5 1.61±0.7
Prolactin, mIU/L 536.90±27.0* 321.73±10.1
NoTe: * (Gd+ vs. Gd-) p<0.001

TABle 4
Correlation associations of the serum prolactin level 

with other characteristics of multiple sclerosis in 
adolescents

Serum prolactin level Correlation 
index p

Sex (female) 311 0.022
Menstrual phase (II) 302 0.026
Presence of active lesions on MRI 455 0.001

diScuSSion

According to widely used hypothesis, hyperp-
rolactinemia may be one of the most constant en-
docrine feature common to all autoimmune dis-
eases [Azar S, Yamout B, 1999; Nicot A, 2009]. 
Prolactin and vitamin D are being explored as im-
munomodulators and may influence disease course 
or may be used therapeutically to modulate the im-
mune response.

Previously the level of serum prolactin was studied 
only in adult patients with multiple sclerosis. One of 
the first authors, S. Nowak and co-authors described 
the increase of prolactin content in approximately one-
third of MS patients [Nowak S et al., 1987]. Lately, J. 
Kira and co-authors found the relationship between 
the prolactin level and the disease activity, showing 
increase in serum prolactin level during the exacerba-
tion of relapsing-remitting multiple sclerosis versus 
remissions [Kira J et al., 1990]. Using multiple scle-
rosis and rheumatoid arthritis as examples, some 
authors assumed mechanisms of interaction be-
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iti V et al., 2010]. At the same time, no significant 
differences were found in serum prolactin levels 
between the case and control groups in a case-con-
trol study of 43 adult patients with multiple sclero-
sis and 43 sex- and age-matched healthy controls 
[Harirchian M et al., 2006].

It should be mentioned that serum prolactin 
level was studied in a very specific group of 
multiple sclerosis patients at age from 13 up to 
18 years old and a significant increase was found 
in this index comparing to controls of the same 
age, as well as in rheumatoid arthritis patients 
independently of gender. In nearly one third of 
adolescents with sclerosis absolute hyperprolac-
tinemia was detected. These female patients did 
not differ from others, while the number of pa-
tients included and relevantly short duration of 
observation might not allowed to find a differ-
ence. All patients with multiple sclerosis had 
clinical remission at least for one month, while, 
it was shown, that the subgroup of adolescents 
with the presence of “subclinical” activity (Gd+- 
lesions on T1-weighted brain MRI images) had a 
significant increase of serum prolactin levels. 
An association between the prolactin level and 
the inflammatory process activity according to 
the MRI was confirmed by correlation test. It 
was impossible to find any association of hyper-
prolactinemia and severity of disease course in 
this group of patients, while in Devic disease all 
multiple sclerosis patients with hyperprolac-
tinemia had a higher score by Expanded Disabil-
ity Status Scale and a greater visual impairment 
[Markianos M et al., 2010].

Adolescence is a unique time period, when the 
gender distribution among patients with multiple 
sclerosis begins to change rapidly in the direction 
of the females. It is known, that the predominant 
onset age of the majority of autoimmune diseases 
(multiple sclerosis, rheumatoid arthritis, systemic 
lupus erythematosus, sclerodermia) is between 18 
and 40 years old, characterising with the largest 
changes on the part of sex hormones (the age of 
maximum fertility) [Alamanos Y, Drosos A, 2005; 
D’Cruz D et al., 2007]. Noteworthy is that among 
autoimmune patients, whose disease manifestation 
age is outside the fertility range, the sex ratio im-
mediately begins to “equalise”, i.e. shift towards 
the male sex. 

According to epidemiologists’ statistics, nowa-
days the sex ratio among multiple sclerosis pa-
tients over 23 years of age is, on the average, up to 
4:1 in favour of females [Hirst C et al., 2009]. The 
difference of incidence in terms of gender repre-
sentativeness occurs only after 10-12 years of age, 
i.e. upon puberty, while before 10 years of age the 
numbers of patients of both sexes are equal [Tintore 
M, Arrambide G, 2009]. The same equal level is 
noted again in patients older than 50 years (Fig. 1). 
At age before 10 and especially after 50, multiple 
sclerosis often has unfavourable course with fast 
progression of neurodegenerative changes outside 
the “standard” age range, especially in males 
[Martinelli V et al., 2004]. 

Figure 1. Gender ratio at multiple sclerosis onset depending 
on the age

Another phenomenon of autoimmune diseases, 
which is associated with females, is the change of clin-
ical activity of autoimmune pathology in females dur-
ing pregnancy. For example, a reduction of clinical 
manifestations of the disease activity by 70% is re-
ported for both multiple sclerosis and rheumatoid ar-
thritis, while systemic lupus erythematosus, on the 
contrary, may become fulminant during pregnancy 
[Nelson J, Ostensen M, 1997; Chifflot H et al., 
2008; de Man Y et al., 2008]. Treatment with pro-
lactin mimics the regenerative effects of pregnancy 
and promotes white matter repair and remyelin-
ation in virgin females [Gregg C, 2009]. Thus, the 
role of prolactin in immunomodulation and tissue 
repair in multiple sclerosis has to be studied more.

Peculiarities of prolactin effects in multiple 
sclerosis may be genetically determinated. Numer-
ous genetic studies confirmed the nature of multi-
ple sclerosis as a disease with multigenic predispo-
sition and complex associations between genetic 
markers and clinical characteristics of disease 
course [Vanderbroeck K et al., 2000]. One of the 
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loci of interest is located in the areas coding the 
synthesis of prolactin and its receptor. Both prolac-
tin and its receptor, by their structure, belong to the 
family of cytokines/hematopoietins and participate 
in the regulation of the immune response. The 
genes that code prolactin and the prolactin receptor 
are located in the region associated with the auto-
immune diseases. The prolactin gene is located on 
the 6R chromosome near telomere 11 HLA-DRB1, 
and the prolactin receptor gene – on the 5R chro-
mosome in the area of telomeres 12-13. Polymor-
phisms in these loci were associated with higher 
risk of multiple sclerosis [Mellai M et al., 2003]. 

Thus, present study demonstrated for the first time 
a significant increase of prolactin levels in serum, to a 
certain extent related to the activity of the pathological 
process in adolescents at the age from 13 up to 18 
years old with relapsing-remitting multiple sclero-
sis. The story of how prolactin and other sex hor-
mones affect inflammation, demyelination/remye-
lination, neuron and glial function is being slowly 
unraveled. Further studies are necessary to ascertain 
the mechanisms of prolactin involvement in forming 
the development risk and specifics of the multiple 
sclerosis course.

1. Alamanos Y, Drosos AA. Epidemiology of adult 
rheumatoid arthritis. Autoimmun Rev. 2005; 
4(3): 130-136.

2. Azar ST, Yamout B. Prolactin secretion is in-
creased in patients with multiple sclerosis. En-
docr Res. 1999; 25(2): 207-214.

3. Banwell B, Ghezzi A, Bar-Or A, Mikaeloff Y, 
Tardieu M. Multiple sclerosis in children: clin-
ical diagnosis, therapeutic strategies, and fu-
ture directions. Lancet Neurol. 2007; 6(10): 
887-902.

4. Chifflot H, Fautrel B, Sordet C, Chatelus E, 
Sibilia J. Incidence and prevalence of systemic 
sclerosis: a systematic literature review. Semin 
Arthritis Rheum. 2008; 37(4): 223-235.

5. D’Cruz DP, Khamashta MA, Hughes GR. Sys-
temic lupus erythematosus. Lancet. 2007; 
369(9561): 587-596.

6. de Man YA, Dolhain RJ, van de Geijn FE, Wil-
lemsen SP, Hazes JM. Disease activity of rheu-
matoid arthritis during pregnancy: results from 
a nationwide prospective study. Arthritis 
Rheum. 2008; 59(9): 1241-1248.

7. Deryck O, Ketelaer P, Dubois B. Clinical char-
acteristics and long term prognosis in early 
onset multiple sclerosis. J Neurol. 2006; 
253(6): 720-723.

8. Duquette P, Girard M. Hormonal factors in 
susceptibility to multiple sclerosis. Curr Opin 
Neurol Neurosurg. 1993; 6(2): 195-201.

9. Duquette P, Murray TJ, Pleines J, Ebers GC, 
Sadovnick D., et al. Multiple sclerosis in child-
hood: clinical profile in 125 patients. J Pediatr. 
1987; 111(3): 359-363.

10. Ghezzi A, Deplano V, Faroni J, Grasso MG, 
Liquori M., et al. Multiple sclerosis in child-
hood: clinical features of 149 cases. Mult 
Scler. 1997; 3(1): 43-46.

11. Gregg C. Pregnancy, prolactin and white mat-
ter regeneration. J Neurol Sci. 2009; 285(1-2): 
22-27.

12. Harirchian MH, Sahraian MA, Shirani A. 
Serum prolactin level in patients with multiple 
sclerosis: a case control study. Med Sci Monit. 
2006; 12(4): CR177-180.

13. Hirst C, Ingram G, Pickersgill T, Swingler R, 
Compston DA, Robertson NP. Increasing prev-
alence and incidence of multiple sclerosis in 
South East Wales. J Neurol Neurosurg Psychi-
atry. 2009; 80(4): 386-391.

14. Kira J, Harada M, Yamaguchi Y, Shida N, Goto 
I. Hyperprolactinemia in multiple sclerosis. J 
Neurol Sci. 1991; 102(1): 61-66.

15. Markianos M, Koutsis G, Evangelopoulos ME, 
Mandellos D, Sfagos C. Serum and cerebrospi-
nal fluid prolactin levels in male and female 
patients with clinically-isolated syndrome or 
relapsing-remitting multiple sclerosis. J Neu-
roendocrinol. 2010; 22(6): 503-508.

R E F E R E N C E S



64

The New ArmeNiAN medicAl JourNAl, Vol.10 (2016), No 3, p. BykovA o.v. et al. 58-64

16. Martinelli V, Rodegher M, Moiola L, Comi G. 
Late onset multiple sclerosis: clinical charac-
teristics, prognostic factors and differential di-
agnosis. Neurol Sci. 2004; 25(4): S350-355.

17. Mellai M, Giordano M, D’Alfonso S, Marchini 
M, Scorza R., et al. Prolactin and prolactin re-
ceptor gene polymorphisms in multiple sclero-
sis and systemic lupus erythematosus. Hum 
Immunol. 2003; 64(2): 274-284.

18. Nelson JL, Ostensen M. Pregnancy and rheu-
matoid arthritis. Rheum Dis Clin North Am. 
1997; 23(1): 195-212.

19. Nicot A. Gender and sex hormones in multiple 
sclerosis pathology and therapy. Front Biosci 
(Landmark Ed). 2009; 14; 4477-4515.

20. Nociti V, Frisullo G, Tartaglione T, Patanella 
AK, Iorio R., et al. Multiple sclerosis attacks 
triggered by hyperprolactinemia. J Neuroon-
col. 2010; 98(3): 407-409.

21. Nowak S, Kowalski D, Kowalska K, Błaszczyk 
B. [Prolactin in the blood serum of patients 
with multiple sclerosis] [Published in Polish]. 
Neurol Neurochir Pol. 1987; 21(3): 202-206.

22. Oliver JE, Silman AJ. Why are women predis-
posed to autoimmune rheumatic diseases? Ar-
thritis Res Ther. 2009; 11(5): 252.

23. Orbach H, Shoenfeld Y. Hyperprolactinemia 
and autoimmune diseases. Autoimmun Rev. 
2007; 6(8): 537-542.

24. Polman CH, Reingold SC, Edan G, Filippi M, 
Hartung HP., et al. Diagnostic criteria for mul-
tiple sclerosis: 2005 revisions to the “McDon-
ald Criteria”. Ann Neurol 2005, 58(6): 840-
846.

25. Renoux C, Vukusic S, Mikaeloff Y, Edan G, 
Clanet M., et al. Natural history of multiple 
sclerosis with childhood onset. N Engl J Med. 
2007; 356(25): 2603-2613.

26. Ruggieri M, Iannetti P, Polizzi A, Pavone L, 
Grimaldi LM; Italian Society of Paediatric 
Neurology Study Group on Childhood Multiple 
Sclerosis. Multiple sclerosis in children under 
10 years of age. Neurol Sci. 2004; 25(4): S326-
335.

27. Tintore M, Arrambide G. Early onset multiple 
sclerosis: the role of gender. J Neurol Sci. 
2009; 286(1-2): 31-34.

28. Vanderbroeck K, Fiten P, Ronsse I, Goris A, 
Porru I., et al. High-resolution analysis of IL-6 
minisatellite polymorphism in Sardinian mul-
tiple sclerosis: effect on course and onset of 
disease. Genes Immun. 2000; 1(7): 460-463.

29. Yamasaki K, Horiuchi I, Minohara M, Os-
oegawa M, Kawano Y., et al. Hyperprolac-
tinemia in optico-spinal multiple sclerosis. In-
tern Med. 2000; 39(4): 296-299.


