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REVIEWS
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ABSTRACT
Background. The early onset forms of Multiple Sclerosis (Paediatric MS, P-MS) have a low frequency, occurring in 
2% to 10% of all MS cases. Age at diagnosis is a key feature for disease progression and prognosis in MS patients.
Objective. To evaluate the clinical features and course of MS in patients having the disease onset before the age 
of 18, according to age at diagnosis.
Methods. Patients with MS onset before age of 18 identifi ed from Basse-Normandie MS regional registry, were 
included in the study. Patients were divided in two groups according to the age at MS diagnosis: the fi rst group 
(group A) of patients in whom MS diagnosis was set before age of 18 and the second group (group B) including 
patients older than 18 years at MS diagnosis. Data related to clinical features and disease course were evaluated 
and compared between the two groups and also with some clinical data of adult MS patients included in the same 
regional database. 
Results. A total of 41 patients with P-MS were included in the study, represented by 20 patients in group A and 21 
patients in group B. Patients from group A had a more rapid progression to mild handicap (EDSS 3.0) than patients 
from group B (time to reach EDSS 3.0 of 6.34 vs 14.36 years; p=0.02) and they reached this level of disability at a 
younger age (21.17 vs 29.79 years; p=0.002). The duration of the fi rst remission was signifi cantly shorter in group 
A (1.44 vs 5.14 years; p<0.001) and the evolution to secondary-progressive (SP) form was faster when compared 
to group B (14.97 vs 27.57 years; p=0.01). Patients from group A had a greater risk to reach EDSS 3.0 or EDSS 
6.0 as well as a greater probability to reach SP form (p<0.001) than patients from group B. Progression index (PI) 
of the entire paediatric group was signifi cantly lower than mean PI in the adult group (0.29 vs 0.45; p=0.003) but 
not signifi cantly different between the two groups (0.37 in group A vs 0.21 in group B). 
Conclusion. P-MS forms show some clinical peculiarities, especially those with the age of diagnosis less than 18 
years. They seem to have a more severe clinical MS course and a faster progression of disability. 
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ORIGINAL ARTICLES

INTRODUCTION

Multiple sclerosis (MS) is a heterogenous chro-
nic demyelinating disease of the central nervous 
system (CNS) of presumed autoimmune etiology, 
characterized by localized areas of infl ammation, 
demyelination, axonal loss and gliosis in the brain 
and spinal cord (1,2). It represents the most com-
mon neurological cause of progressive disability in 
young adults (3,4). 

The clinical presentation and course of the di-
sease are highly variable (1,5). The onset of symp-
toms usually occurs between age of 20 to 40 but the 
age at onset is considerably variable (6-8). The 
clinical disease onset before age of 10 and after 50 
years is considered relatively rare (9,10). Previous 
studies have shown that early-onset MS (Paediatric 

MS; P-MS) occurs in 2 to 10% of all MS cases and 
less than 1% of all MS cases have an onset earlier 
that age of 10 (10-12). 

Although the majority of MS patients are diag-
nosed in early or mid-adulthood, the clinical onset 
of MS is being increasingly recognized in child-
hood due to the current diagnosis techniques (13-
17). However, when compared to adult-onset, 
P-MS cause greater diagnosis diffi culties due to the 
age-related higher frequency of acute disseminated 
encephalomyelitis (ADEM) and neurometabolic 
white matter diseases (18-21). Moreover, distinc-
tion between ADEM and fi rst presentation of MS is 
all the more diffi cult because it has important prog-
nosis and therapeutic implications (22-24).

Despite a large literature, there was no certainty 
concerning onset symptoms, natural history or 
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prognostic factors of P-MS (6,25-28). Indeed, some 
previous studies suggested that P-MS has a more 
favourable clinical course than the adult form 
(29,30), but these data were not confi rmed by more 
recent ones (6,12,31). A more frequent polysymp-
tomatic onset when compared to adult-MS, is also 
still debated (9,11,12). Concerning prognostic fac-
tors they have been evaluated in different studies 
with inhomogeneous results (31-34). However re-
lapse rates, especially in the early phase of the dis-
ease, the interval between the fi rst and the second 
attack, the level of disability after one year, an early 
shift to secondary progressive (SP) form have been 
proposed as negative prognostic factors by some 
authors (6,35-38), but not confi rmed by others (39-
41). 

Nevertheless, in spite of a probable slower ini-
tial evolution, the level of disability of P-MS pa-
tients at a given age seems to be generally higher 
(36). In addition, recent data underline the role of 
age in the natural history of the disease as a very 
important clinical prognostic factor (39-41). Most 
studies on P-MS compared clinical paediatric data 
to adult cohorts, therefore it would be interesting to 
uncover additional data related to age among P-MS 
patients. 

We conducted an epidemiological observational 
retrospective study on a cohort of patients from 
Basse-Normandie regional area, including 3 coun-
ties (1.45 M inhabitants), having their clinical onset 
of MS before the age of 18 years. 

The objectives were to evaluate the clinical 
course of P-MS according to age at diagnosis, and 
to identify factors affecting the progression of the 
disease. A comparison was also made with a cohort 
of adult MS patients (having the disease onset after 
the age of 18). 

METHODS

Patients and inclusion criteria
Paediatric cases were defi ned as having MS on-

set before the age of 18, according to the newer 
defi nitions of these forms (42-45). The cases were 
identifi ed within the database of the regional MS 
network funded by the French National Health In-
surance system in 2000. This network includes all 
the neurologists of the regional area who fed with 
their cases the database according to technical and 
epidemiological rules. 

For case selection we used the following inclu-
sion criteria: 1) Diagnosis of MS established ac-
cording to Poser or McDonald criteria (modifi ed or 

not) depending of the date of diagnosis (46-50); 
2) Clinical onset (fi rst documented sign or symp-
tom) before age of 18 (42,43); 3) At least one neu-
rological assessment in the late 5 years prior to the 
study inclusion. 

Patients were classifi ed in two groups according 
to the age at MS diagnosis: the fi rst group (group A) 
of patients in whom MS diagnosis was set before age 
of 18 and the second group (group B) including pa-
tients older than 18 years at MS diagnosis. 

The following characteristics were collected in 
patients: age at onset, age at diagnosis, type of clin-
ical onset (fi rst documented sign or symptom) clas-
sifi ed into 6 categories (optic neuritis, sensory and 
pyramidal signs, brainstem and cerebellar signs, 
and gait disorders), the monosymptomatic or ploy-
symptomatic presentation at onset, initial form of 
disease (primary progressive form – PPMS or re-
lapsing-remitting form – RRMS), relapses history 
(date, number), fi rst episode of remission (duration, 
completeness), level of disability using the Ex-
panded Disability Status Scale score (EDSS) (51).

Disease progression was evaluated in terms of 
time from the clinical onset to confi rmed SP-MS con-
version, time to confi rmed EDSS 3.0, time to con-
fi rmed EDSS 6.0, and progression index of the dis-
ease (PI) as a measure of accumulated disability over 
time (PI = EDSS score/disease duration in years).

The data about disease-modifying treatment (DMT) 
was not collected from the cohort. Evaluation of 
DMT drugs side-effects, causes of treatment change 
or stopping were not set for the study purposes.

The adult MS group consisted of the patients in 
the same regional database having the disease onset 
after age of 18. Analyzed items in this group were 
limited to sex ratio, age at onset and diagnosis, 
form of the disease, EDSS at last follow-up, and 
progression index.

The clinical characteristics and disease course 
were classifi ed according to standardized defi nitions 
(3,36). All EDSS scores in this study refer to residu-
al neurological disability following clinical attacks. 
Initial EDSS represents neurological disability at the 
time when MS diagnosis was established. 

Statistical analysis

Discrete data are presented as frequencies and 
percentages, continuous variables as means and 
standard deviations or median and quartiles. Clini-
cal characteristics of the two paediatric patients 
were compared using chi-square or Fisher exact 
tests for qualitative variables, non-parametric 
Mann-Whitney tests for continuous measures. 
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Time-to-event analyses (Cox proportional hazard 
models) were performed to identify factors affecting 
disease progression (time to SP-MS, time to EDSS 
3.0, time to EDSS 6.0). Hazard ratios (HR) and 95% 
confi dence intervals (CI) were computed for each po-
tential factor. Separate Kaplan-Meier curves were 
produced in the two study groups for each of the three 
endpoints. Time to fi rst disease-modifying treatment 
was also compared between the two groups using a 
Cox model. Considering the small number of patients, 
multivariate analyses were not attempted. Statistical 
signifi cation was set at p < 0.05. Analyses were con-
ducted using SPSS software, version 14.0.

RESULTS

A total of 43 patients with MS onset before age 
of 18 were identifi ed in the database. Two patients 
were excluded from the study because of insuffi -
cient medical information (relapse history, EDSS 
scores), leaving 41 patients to be studied. The age 
of diagnosis was before 18 years for 20 patients 
(group A) and at or after 18 years for 21 patients 
(group B). The adult group was represented by 605 
patients of the database. The clinical characteristics 
of the P-MS patients are described and compared 
between the two groups in Table 1.

TABLE 1. Clinical characteristics of P-MS patients 
according to age at diagnosis (n=41).

Characteristi cs Group A
n = 20

Group B
n = 21

Total
n = 41 p*

Female/male (rati o) 14/6 (2.3:1) 17/4 (4.3:1) 31/10 (3.1:1) 0.48
Age at MS onset **
 mean (sd) 13.6 (3.7) 15.2 (1.5) 14.5 (2.9)
 median (quarti les) 15.0 (14.2,17.0) 16.0 (14.0,16.0) 15.0 (14.0,16.0) 0.12

Initi al form of disease 

 RR-MS (n (%)) 19 (95.0%) 21 (100%) 40 (97.6%)
0.49

 PP-MS (n (%)) 1 (5.0%) 0 (0%) 1 (2.4%)
Follow-up durati on** -
 mean (sd) 11.5 (8.5) 23.1 (14.0) 17.4 (12.9)
 median (quarti les) 10.5 (3.7,21.0) 18 (10.5,36.0) 13.1 (6.5,25.2) 0.004
Annual relapse rate
 mean (sd) 0.97 (0.66) 0.48 (0.39) 0.72 (0.59)
 median (quarti les) 0.90 (0.38,1.7) 0.40 (0.18,0.54) 0.50 (0.26,1.1) 0.011
Number of relapses (1st year)
 mean (sd) 2.1 (1.3) 1.2 (0.54) 1.6 (1.0)
 median (quarti les) 2.0 (1.0-3.0) 1.0 (1.0-1.0) 1.0 (1.0-2.0) 0.021
Number of relapses (1st and 2nd year)
 mean (sd) 3.1 (2.3) 1.7 (1.4) 2.4 (2.0)
 median (quarti les) 2.0 (1.0-5.0) 1.0 (1.0-2.0) 1.0 (1.0,4.0) 0.030
Durati on of fi rst remission**
 mean (sd) 1.5 (2.7) 5.0 (4.4) 3.3 (4.0)
 median (quarti les) 0.42 (0.17-2.0) 4.0 (1.3-8.0) 1.8 (0.42,4.8) < 0.001

* p value refers to the comparison between group A and B; 
** Values are expressed as years

Sex ratio and age
For the whole group of P-MS patients, the over-

all female to male ratio was of 3.1 compared to 2.6 
in the adults group. The female to male ratio did not 
differ signifi cantly between the groups A and B (2.3 
vs 4.3, p= 0.48).

The mean age at MS onset was of 14.5 (vs 33.9 
in the adult MS group). Only 2 of the 41 patients 
(4.9%) were younger than age of 10 at onset. There 
is a male predominance before age of 12 in contrast 
to a female predominance between ages of 12 and 
18. The age intervals with the highest frequency at 
MS onset were 14-15 years in group A (40.0%) and 
16-17 years in group B (52.4%). 3 patients in group 
A and none in group B were younger than 11 years 
at onset. 

The mean age at MS diagnosis was 19.3 years in 
the whole paediatric group (15.3 years in group A 
vs 23.2 years in group B) and 37.4 years in the adult 
group.

Symptoms, disease form and relapses 
For the entire P-MS cohort, the most frequent 

onset symptoms were optic neuritis (34.1%) and 
sensory alterations (31.7%) (Table 2). Females pre-
sented more frequently optic neuritis (41.9%); 
whereas males – pyramidal signs (30.0%). 
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In the two paediatric groups, only one patient 
(group A) had initially PPMS course, the other 40 
cases (97.6%) being categorized as RRMS. In the 
adult group, the RRMS initial course occurred in 
84.7% of cases and the PPMS in 15.3% (data avail-
able for 594 patients). The difference was not sig-
nifi cant (p = 0.08).

Of the overall paediatric MS patients with ini-
tially RRMS, only 8 (19.5%) had less than 5 re-
lapses during their disease course. The annual re-
lapse rate (on the whole course of the disease) was 
signifi cantly lower in group B (p = 0.011, Table 1). 
The number of relapses was also signifi cantly low-
er in group B during the fi rst year (p = 0.021) and 
the fi rst two years of the disease (p = 0.03). Of the 
19 patients from group A with initially RRMS, 11 
patients (57.9%) had at least one additional relapse 
during the fi rst year and 13 (68.4%) during the fi rst 
two years following MS onset. In group B only 4 
(19.0%) had at least one additional relapse during 
the fi rst year and 6 (28.6%) during the fi rst two 
years following MS onset.

The delay between the fi rst two relapses was 
largely longer in group B than in group A (mean 
5.14 vs 1.44 years respectively, p < 0.001). 13 pa-
tients (68.4%) in group A and 19 (90.5%) in group 
B had a complete recovery after the fi rst attack 
(p = 0.12). 

Clinical course, disability and progression

The overall median follow-up (MS onset to cur-
rent study inclusion) was of 13.1 years, but the 
follow-up period was signifi cantly longer in group 
B compared to group A (p = 0.004, Table 1). In ad-
dition, 65.9% of all patients had been followed for 
more than 10 years, representing 50.0% of group A 
and 81.0% of group B. 

From 19 subjects of group A having initially 
RRMS, 5 (26.3%) developed SPMS in the whole 

period of follow-up, after a median time of 17 
years. In group B, 7 subjects out of 21 (33.33%) 
evolved to SPMS, after a median time of 27 years. 
The factors signifi cantly affecting the conversion to 
SPMS were represented by the age at diagnosis be-
low 18 (p = 0.007), the presence of brainstem and 
cerebellar signs at onset (p = 0.05 and p = 0.02 re-
spectively) and the annual relapse rate, with a dou-
bling of the probability to reach SPMS per 10% 
increase of the rate (p = 0.01). 

Kaplan-Meier survival curves according to age 
at diagnosis are presented in Fig. 1. The 50% risk 
for the switch from RRMS to SPMS (median sur-
vival time) is reached 18.8 years after onset in 
group A compared to 32.0 years in group B. 

The overall median EDSS at last follow-up was 
3.5 (quartiles: 1.5, 6.5) in the P-MS cohort, com-
pared to 3.5 (quartiles: 1.5, 6.0) in the adult group 
(data available for 533 adult patients). A median 
value of 3.25 (quartiles: 1.1, 5.75) was observed in 
group A versus 3.5 (quartiles: 2.25, 6.5) in group B 
(p = 0.47). Median EDSS at the time of MS diagno-
sis was 2.0 (quartiles: 1.0, 2.0) in group A com-
pared to 2.0 (quartiles: 1.0, 2.75) in group B 
(p = 0.87).

EDSS score of 3.0 at last follow-up had been 
reached by 11 patients in group A after a median 
time of 7 years, and 13 patients in group B after a 
median time of 13 years. Factors signifi cantly affect-
ing progression to EDSS ≥ 3.0 were represented by 
the age at diagnosis below 18 (p = 0.014), the pres-
ence of cerebellar signs at onset (p = 0.005), the 
polysymptomatic onset (p = 0.03) and the annual 
relapse rate (p < 0.001). A negative association with 
the duration of the 1st remission was close to signifi -
cance, with a 9% decrease of the probability to prog-
ress to EDSS ≥ 3.0 per 1-year increase of the dura-
tion (p = 0.066). Kaplan-Meier survival curves 
according to age at diagnosis are presented in Fig. 2. 

TABLE 2. Distribution of P-MS patients according to sex and initial symptoms (n=41).

Initi al symptoms

Group A
MS diagnosis before age of 18

Group B
MS diagnosis aft er age of 18

p*Males 
n = 6

%

Females 
n = 14

%

Total
n = 20

%

Males
n = 4

%

Females 
n = 17

%

Total 
n = 21

%
Opti c neuriti s 16.7 42.9 35 0 41.2 33.3 1
Sensory signs 16.7 42.9 35 25 29.4  28.6 0.75
Pyramidal signs 16.7 21.4 20 50 17.6 23.8 1
Brainstem signs 33.3 14.3 20 0 29.4 23.8 1
Cerebellar signs 16.7 21.4 20 25 5.9 9.5 0.41
Gait disorders 0 21.4 15 0 5.9  4.8 0.34
Polysymptomati c onset 16.7 50.0 40 0 23.5 19 0.18

* p value refers to the comparison of the “Total” columns in group A and B
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The median survival time is 8.5 years in group A 
compared to 15.4 years in group B.

The EDSS score of 6.0 at last follow-up had been 
reached by 5 patients in group A after a median time 
of 15 years, and 9 in group B after a median time of 
24 years. Factors signifi cantly affecting progression 
to EDSS ≥ 6.0 were represented by the age at diag-
nosis under 18 (p=0.016), the presence of cerebellar 

signs at onset (p = 0.043) and a higher annual relapse 
rate (p = 0.006). Association with brainstem signs at 
onset was close to signifi cance (p = 0.057). Kaplan- 
Meier survival curves according to age at diagnosis 
are presented in Fig. 3. The median survival time is 
15.0 years in group A compared to 29.3 years in 
group B.

FIGURE 1. Kaplan-Meier survival curves of 
the probability of not reaching secondary 
progression (SPMS) in groups A and B.

FIGURE 2. Kaplan-Meier survival curves of 
the probability of not reaching EDSS score of 
3.0 in groups A and B.

FIGURE 3. Kaplan-Meier survival curves of 
the probability of not reaching EDSS score of 
6.0 in groups A and B.
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To better evaluate MS accumulated disability 
over time, we calculated the progression index (PI) 
in the two study groups. The patients in group A 
had a median PI of 0.30 (quartiles: 0.11, 0.49) com-
pared to 0.18 (quartiles: 0.10, 0.24) in group B (p = 
0.09). The progression index was however signifi -
cantly lower in all P-MS patients (median: 0.23, 
quartiles: 0.11, 0.41) than in the adult MS group 
(median: 0.30, quartiles: 0.17, 0.52, p = 0.036, data 
available for 533 adult MS patients).

DISCUSSION

In agreement with previous studies (6-8,36), our 
study shows a female preponderance among P-MS 
without signifi cant difference when compared to 
adults. The distribution by age and sex confi rms a 
female preponderance after the age of 13, whereas 
most patients are male before the age of 12 (female/
male ratio < 1). In addition, all patients younger 
than 12 years at MS onset are males. The highest 
female to male ratio (5.4:1) was observed in the pu-
bertal and postpubertal period (14-17 years). Thus, 
as in other studies, our data support the theory of a 
role of sexual hormonal infl uence on MS onset 
(6,36,37).

The overall most common initial signs are optic 
neuritis (34.1%) and sensory signs (31.7%) consist-
ent with the study of Boiko and colab. (6), even if 
the observed frequency of this symptoms is higher 
in our study with a slightly predominance of optic 
neuritis. Girls have most often optic neuritis where-
as boys have a predominance of motor symptoms 
at disease onset. Contrary to Boiko data (6), in our 
study no boy presents gait disorder at clinical onset. 
According to other studies, onset symptoms of 
brainstem or cerebellum involvement and a high 
rate of relapses were associated with a more fre-
quent transformation to secondary progressive MS 
(36,38).

PPMS form has been rarely reported in P-MS 
patients in the most previous studies (6-8,36). Our 
study confi rmed that the initial clinical course was 
mainly relapsing-remitting and that frequency of 
progressive form is largely lower in P-MS com-
pared to adult MS patients (2.4% vs 15.3%). 

Concerning the early phase of the disease, there 
is a possible relationship between the duration of 
the fi rst remission and the time to reach EDSS 3.0. 
In addition, the time to reach EDSS 6.0 is nega-
tively associated to the frequency of relapses. 

 At last follow-up, the level of neurological dis-
ability was comparable between paediatric MS pa-
tients and adult patients (median EDSS score of 3.5 

in the 2 groups). In agreement with several previ-
ous studies (6,27,31,36) the rate of disease progres-
sion was slower in P-MS patients compared to adult 
patients. Nevertheless, these patients reach disabil-
ity landmarks at a younger age that is clearly lower 
than the mean age at MS onset or diagnosis of our 
adult cohort. This was in agreement with recent pa-
pers which emphasise the role of age in the natural 
history of MS (7,8,39,40). 

One surprising result from our cohort analysis 
deserves some specifi c comments. Indeed, follow-
up period of group A is clearly lower than in group 
B despite a clearly worst clinical evolution (signifi -
cant shorter time to reach EDSS 3.0 or 6.0 and shift 
to SP-MS form). The more immediate and obvious 
explanation will be that MS diagnosis in paediatric 
patients was diffi cult (even not done) in the older 
period for our cohort and more easily and frequent-
ly done in a more recent period. This could be ex-
plained by the use in the last 20 years of validated 
diagnosis criteria and the parallel improvement of 
diagnostic methods. This was confi rmed by look-
ing individually to the year of diagnosis for each 
patient of our cohort showing that no patient had 
MS diagnosis before age of 18 before 1980 but all 
after that, with 50% having this diagnosis since 
2000. 

CONCLUSION

Among P-MS patients, those getting MS diag-
nosis before age of 18 (group A) have a more rapid 
progression to mild or signifi cant disability (EDSS 
3.0 or 6.0) and reach EDSS 3.0 at a younger age. 
The duration of fi rst remission is signifi cantly 
shorter in this group of patients getting MS diagno-
sis before age of 18 and the number of relapses dur-
ing the fi rst two years is also signifi cantly higher as 
well as the annual relapse rate. In addition, these 
patients have a faster evolution to secondary pro-
gressive MS despite a PI that was not signifi cantly 
different from the group B of P-MS patients.

In summary, P-MS forms have clinical features 
and disease course different from that we classical-
ly observed in adult patients, especially those who 
had confi rmed MS diagnosis before the age of 18 
years. This raises the question of early use of dis-
ease-modifying treatment owing to the particular 
clinical course of these patients. Although this 
study adds some important elements to our knowl-
edge on P-MS, further studies with greater cohorts 
of patients are needed to fully delineate the clinical 
features and course of these MS and their response 
to early therapy.  
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