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Abstract
Objective
To evaluate long-term disability progression in pediatric-onset multiple sclerosis (POMS) and
compare to adult-onset multiple sclerosis (AOMS).

Methods
This was a retrospective cohort study using prospectively collected clinical information from
the Swedish MS Registry. Clinical features were compared and Kaplan-Meier and Cox pro-
portional hazards regression were used to assess the risk of reaching sustained Expanded
Disability Status Scale (EDSS) 3, 4, and 6 in POMS (multiple sclerosis [MS] onset <18 years)
and AOMS (MS onset ≥18 years).

Results
A total of 12,482 persons were included; 549 (4.4%) were classified as POMS. The POMS
cohort took longer to reach all 3 disability milestones from their MS onset, but did so at
a younger age than the AOMS cohort. Primary progressive course (hazard ratio [HR] 4.63;
95% confidence interval [CI] 1.46–14.7), higher relapse rate in the first 5 years of disease (HR
5.35; 95% CI 3.37–8.49), and complete remission from the initial relapse (HR 0.41; 95% CI
0.18–0.94) were associated with an altered risk of progression to EDSS 4 among POMS cases.
The same pattern emerged for the risk of reaching EDSS 3 and 6.

Conclusions
Patients with pediatric-onsetMS follow a distinctive clinical course, which should be considered
in the treatment and management of the disease.

From the Department of Clinical Neuroscience (K.A.M., J.H., A.M.), Karolinska Institutet; and Centre for Molecular Medicine (A.M.), Karolinska Hospital, Stockholm, Sweden.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article. The Article Processing
Charge was funded by the Swedish Research Council.

This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0 (CC BY), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

e2764 Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.

http://dx.doi.org/10.1212/WNL.0000000000007647
mailto:ali.manouchehrinia@ki.se
http://n.neurology.org/lookup/doi/10.1212/WNL.0000000000007647
http://creativecommons.org/licenses/by/4.0/


Multiple sclerosis (MS) is a chronic disorder of the CNS that
typically presents in early adulthood; however, a minority of
patients develop the disease in childhood.1 Though pediatric-

onset MS (POMS) accounts for only about 2%–10% of all
cases, it is particularly distressing to patients and their fami-
lies.2 Persons who develop MS early in life appear to be

Table 1 Comparison of demographic and clinical characteristics of pediatric-onset multiple sclerosis (POMS) and adult-
onset multiple sclerosis (AOMS) cohorts

Characteristic POMS (n = 549) AOMS (n = 11,933) p Value

Age at onset, y, median (IQR), range 16.0 (14.3–17.2), 5.8–17.9 33.2 (26.6–41.4), 18.0–77.5 <0.0001a

Age at diagnosis, y, median (IQR), range 18.4 (16.7–22.9), 8.2–53.4 37.4 (29.7–45.8), 18.0–79.6 <0.0001a

Diagnostic delay, y, median (IQR), range 2.5 (0.6–7.4), 0.0–35.5 1.8 (0.5–5.5), 0.0–37.4 <0.0001a

Sex, n (%) 0.59b

Female 392 (71.4) 8,391 (70.3)

Male 157 (28.6) 3,541 (29.7)

Region of Sweden, n (%) 0.03b

Norrland (North) 102 (18.6) 1739 (14.6)

Svealand (Central) 230 (42.0) 5,149 (43.1)

Götaland (South) 216 (39.4) 5,014 (42.0)

Unknown <5 31 (0.3)

Initial disease course, n (%) <0.0001b

Relapsing-onset 534 (97.2) 10,582 (88.7)

Primary progressive 11 (2.0) 1,152 (9.7)

Unknown <5 199 (1.7)

First MSSS recorded, median (IQR) 3.3 (1.4–6.0) 5.2 (2.8–7.7) <0.0001a

Total EDSS scores recorded, median (IQR) 8 (5–14) 6 (4–10) <0.0001a

Follow-up time, median (IQR) 16.6 (9.7–18.4) 14.4 (8.2–22.0) <0.0001a

DMT exposure <0.0001b

Never-treated 31 (5.6) 2080 (17.4)

First-line therapy only 125 (22.8) 4,228 (35.4)

Second-line therapy only 92 (16.8) 1,358 (11.4)

Switched from first-line to second-line therapy 301 (54.8) 4,267 (35.8)

Complete remission from initial relapse,c n (%) 149 (88.6) 2,592 (74.9) <0.0001b

Annualized relapse rate in first 5 years of disease, mean (SD) 0.28 (0.34) 0.24 (0.29) 0.004d

Abbreviations: DMT = disease-modifying therapy; EDSS = ExpandedDisability Status Scale; IQR = interquartile range;MSSS =Multiple Sclerosis Severity Score.
a Wilcoxon rank-sum test.
b χ2 test.
c Information on initial event was available for 168 POMS and 3,462 AOMS patients.
d Student t test.

Glossary
AOMS = adult-onset multiple sclerosis; ARR = annualized relapse rate; CI = confidence interval; DMT = disease-modifying
therapy; EDSS = Expanded Disability Status Scale; HR = hazard ratio; IQR = interquartile range; MS = multiple sclerosis;
MSSS = Multiple Sclerosis Severity Score; POMS = pediatric-onset multiple sclerosis; PPMS = primary progressive multiple
sclerosis; SMSreg = Swedish MS Registry.
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vulnerable to heightened inflammation and axonal loss.3 At
the same time, their younger age may provide protection
through the brain’s enhanced compensatory abilities.4,5

The majority of studies on the clinical course of pediatric MS
have been limited by small sample sizes and relatively short
follow-up periods.1 As such, there remain unanswered ques-
tions regarding the long-term prognosis for this subset of
patients. We aimed to evaluate the clinical characteristics and
neurologic disability progression of a cohort of POMS
patients and compare them to cases of adult-onset multiple
sclerosis (AOMS) using nationwide information from the
Swedish MS Registry.

Methods
We conducted a retrospective cohort study using prospectively
collected clinical information from the Swedish MS Registry
(SMSreg). All 64 neurology clinics in Sweden contribute MS-
specific clinical information to this resource, which is estimated
to capture 80% of all cases of MS in the country.6 Registered
cases of definiteMSwith an onset of disease between January 1,
1975, and December 31, 2014, were included, to allow

sufficient follow-up time before the study end date of April 15,
2018. Personswith fewer than 2 ExpandedDisability Status Scale
(EDSS)measurements on record were excluded. Pediatric-onset
cases were defined as those whoseMS onset occurred before the
age of 18 years, in accordance with the definition proposed by
the International Pediatric MS Study Group.7

Information in the SMSreg includes sex, date of birth, date of
MS onset and diagnosis, date and reason for withdrawal from
registry (i.e., emigration or death), clinical course (relapsing-
onset or primary progressive), and geographical region of
residence.6 The date of MS onset was defined as the date of
first recorded clinical manifestation of MS, and the diagnosis
was performed by a neurologist based on the prevailing di-
agnostic criteria at the time of diagnosis.8–11 The SMSreg is
a Quality Register that is routinely assessed for accuracy, such
that if a person is found to be misdiagnosed, they are removed
from the Registry. Detailed information on disease-modifying
therapy (DMT) use (product name, start and stop dates),
relapses (date of onset and complete remission [complete
clinical recovery within 6 months] or incomplete remission),
and EDSS scores were prospectively recorded by the treating
neurologist. Three distinct endpoints were analyzed: time to
EDSS 3 (moderate disability, though fully ambulatory), EDSS

Figure 1 Multiple Sclerosis Severity Scores

HistogramofMultiple Sclerosis Severity Scores basedon
the first recorded Expanded Disability Status Scale from
the (A) pediatric-onset and (B) adult-onset multiple
sclerosis cohorts.

e2766 Neurology | Volume 92, Number 24 | June 11, 2019 Neurology.org/N

http://neurology.org/n


4 (limited walking ability, but able to walk more than 500 m
without aid or rest), and EDSS 6 (ability to walk with unilateral
support no more than 100 meters without rest). The local
Multiple Sclerosis Severity Score (MSSS)12 was also calculated
to compare disease severity at the first recorded EDSS between
groups. DMTs were categorized as first- or second-line based
on the prescribing guidelines in Sweden. First-line therapies
included interferon-β, glatiramer acetate, teriflunomide, and
dimethyl fumarate. Second-line therapies included fingolimod,
daclizumab, rituximab, mitoxantrone, and natalizumab. Aver-
age annualized relapse rates were calculated for individuals in
the first 5 years of disease (from MS onset). CSF results are
recorded prospectively in the SMSreg, and were assessed for
the cases of pediatric-onset MS who were identified as pro-
gressive from onset. Follow-up extended from birth or MS
onset until the last available EDSS score prior to emigration,
death, or the study end date, whichever came first.

Statistical analysis
Demographic and clinical characteristics were compared be-
tween POMS and AOMS using Pearson χ2 for categorical
variables and the Wilcoxon rank-sum or Student t test for

continuous variables. Kaplan-Meier andCox proportional hazards
regressionwere used to assess the risk of reaching sustained EDSS
3, 4, and 6 (expressed as hazard ratios [HR] with 95% confidence
intervals [CI]) in POMS and AOMS. Cox models were adjusted
for sex, disease course at onset (relapsing-onset or primary pro-
gressive), and time-varying DMT exposure, categorized as none,
first-line, or second-line. To address the issue of interval censoring
(when an individual reaches the disabilitymilestone in the interval
between clinical visits, but the exact date is not known), we ran
a complementary analysis using the Weibull model. The Weibull
model is equivalent to aCoxmodel; instead of the baseline hazard
being nonparametric, it is assumed to follow a Weibull distribu-
tion. By using this methodology, we do not exclude persons who
have reached the outcome at their first recorded EDSS, thereby
reducing potential bias due to left-censoring.

We used Cox models to explore the influence of clinical and
demographic characteristics on time fromMSonset to EDSS 3, 4,
and 6 exclusively in the POMS cohort. Statistical analyses were
performed using R: A Language and Environment for Statistical
Computing v.3.4.1 (R Foundation for Statistical Computing,
Vienna, Austria; 2017).

Figure 2 Kaplan-Meier survival curves of time from birth and multiple sclerosis (MS) onset to Expanded Disability Status
Scale (EDSS) 3 in pediatric-onset multiple sclerosis (POMS) vs adult-onset multiple sclerosis (AOMS)

Time from (A) birth and (B) MS onset to EDSS 3 in
POMS vs AOMS.
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Standard protocol approvals, registrations,
and patient consents
The study was approved by the Regional Ethical Review
Board of Stockholm, and informed consent was provided
from patients for the collection of their clinical information.

Data availability statement
Data related to the current article are available from Jan
Hillert, Karolinska Institutet. To be able to share data from
the Swedish MS Registry, a data transfer agreement needs to
be completed between Karolinska Institutet and the in-
stitution requesting data access. This is in accordance with
the data protection legislation in Europe (General Data
Protection Regulation [GDPR]). Persons interested
in obtaining access to the data should contact Ali Man-
ouchehrinia (ali.manouchehrinia@ki.se).

Results
Of 14,491 MS cases registered in the Swedish MS Registry
with an onset between 1975 and 2014, 12,482 (86.1%) had at
least 2 EDSS scores recorded and were included in the anal-
ysis. Within this cohort, 549 (4.4%) individuals were classified

as pediatric-onset, and 11,933 (95.6%) as adult-onsetMS. Age
at disease onset of the pediatric cases ranged from 5 to 17
years. Most cases reported an onset in adolescence, but 71
(12.9%) occurred prior to the age of 13, and 15 (2.7%) prior
to the age of 10. The female:male ratio for those with an MS
onset before age 13 was 1.84, while it was 2.62 for those born
between ages 13 and 17, inclusive. This difference was not
statistically significant (χ2 = 1.75, p = 0.19). The majority of
cases had a relapsing-onset disease course (98.0%), and most
(520; 94.7%) had received a DMT at some point during the
follow-up period.

There were no differences in sex ratio between the POMS and
AOMS cohorts (table 1). The POMS cohort had a longer
diagnostic delay (time between onset and diagnosis of MS)
and were more likely to have a relapsing-onset disease course
and reside in the North of Sweden relative to the AOMS cases
(table 1). The POMS cases had a higher relapse rate in the
first 5 years than the AOMS cohort (table 1). Detailed in-
formation on the initial event (relapse) was available for
a subset of the cohort—168 POMS and 3,462 AOMS. These
patients were more likely to be female and reside in South or
Central Sweden than persons without records of their initial
event (data not shown). Individuals with pediatric-onset MS

Figure 3 Kaplan-Meier survival curve of time from birth and multiple sclerosis (MS) onset to Expanded Disability Status
Scale (EDSS) 4 in pediatric-onset multiple sclerosis (POMS) vs adult-onset multiple sclerosis (AOMS)

Time from (A) birth and (B) MS onset to EDSS 4 in POMS vs
AOMS.
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were more likely to experience complete remission from the
initial event than adult-onset patients (p < 0.0001, table 1).

Two percent (11/549) of the POMS patients were recorded
as having progressive MS at disease onset. Given the rarity
of this phenomenon, we explored this group of patients
in greater detail. The female:male sex ratio was 0.83, the
median onset age was 16.5 (interquartile range [IQR]
14.9–17.1), and the median first recorded EDSS score was
4.0 (IQR 3.0–7.5). Seven of the POMS patients with pri-
mary progressive MS (PPMS) had a lumbar puncture per-
formed; all were positive for oligoclonal bands in their CSF.
Nine patients showed consistent progression with no evi-
dence of remission (i.e., the EDSS steadily increased over
time) for the duration of follow-up (median follow-up 21.8
years from onset [IQR 15.8–23.7]).

The median local MSSS based on the first recorded EDSS
score was 3.3 (IQR 1.4–6.0) for POMS and 5.2 (IQR 2.8–7.7)
for AOMS (p < 0.0001, table 1 and figure 1). The median age
at which POMS cases reached EDSS 3 was 38.8, compared to
54.4 years for AOMS. The POMS cases took longer to reach
EDSS 3 than the AOMS cases from MS onset (23.1 vs 17.1
years, p < 0.0001, figure 2). The median age at which POMS

patients reached EDSS 4 was 46.9 years, compared to 60.8
years among AOMS (p < 0.0001, figure 3). From MS onset,
themedian time to reach EDSS 4 was longer in the POMS than
the AOMS group (31.0 vs 24.5 years, p < 0.0001, figure 2). The
same pattern emerged for time to EDSS 6; however, less than
half of the POMS cohort reached EDSS 6, so an estimate of the
median time could not be established (figure 4).

The risk of reaching all 3 disability milestones from birth was
higher among POMS compared to AOMS (sustained EDSS
3: HR 2.80; 95% CI 2.33–3.38; sustained EDSS 4: HR: 3.39;
95% CI: 2.74–4.19; sustained EDSS 6: HR 3.67; 95% CI
2.88–4.67). The risk of reaching disability milestones from
onset was lower in the POMS cohort relative to the AOMS
(sustained EDSS 3: HR 0.77; 95% CI 0.66–0.89; sustained
EDSS 4: HR 0.78; 95% CI 0.65–0.95; sustained EDSS 6: HR
0.77; 95% CI 0.62–0.96). All analyses were adjusted for sex,
disease course at MS onset, and DMT exposure (table 2). The
Weibull models produced the same pattern of results, albeit
the risk estimates were less robust (table 3).

Neither sex nor onset age influenced the risk of reaching any
of the 3 disability milestones within the POMS cohort
(table 3). POMS with PPMS were at a significantly increased

Figure 4 Kaplan-Meier survival curve of time from birth and multiple sclerosis (MS) onset to Expanded Disability Status
Scale (EDSS) 6 in pediatric-onset multiple sclerosis (POMS) vs adult-onset multiple sclerosis (AOMS)

Time from (A) birth and (B) MS onset to EDSS 6 in POMS vs
AOMS.
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risk of reaching EDSS 4 and 6. Persons with a higher annualized
relapse rate (ARR) in the first 5 years of disease were at an
increased risk of reaching all 3 disabilitymilestones. Experiencing
complete remission from the initial relapse was associated with
a reduced risk of reaching EDSS 3, 4, and 6. Second-line DMT
exposure did not alter the time to reach disability milestones, but
first-line DMT exposure was associated with an increased risk of
reaching all 3 (relative to no DMT exposure, table 4). In the
multivariate analyses, which included sex, age at onset, disease
course, and ARR, exposure to first-line DMTs was found to have
no effect on disability, while exposure to second-line DMTs was
associated with a reduced risk of reaching EDSS 3 and 4 among
POMS (table 5).

Discussion
We identified 549 cases of pediatric-onsetMS, representing 4.4%
of all registered cases ofMS in Sweden. The pediatric-onset cases
had a slower disability progression than the adult-onset cases
from disease onset, but nonetheless reached disabilitymilestones
of sustained EDSS 3, 4, and 6 at a significantly younger age. The
POMS cases had an extended diagnostic delay, active early dis-
ease, and a high proportion of relapsing-onset disease course
relative to AOMS. Among the POMS cases, having a progressive
course at onset or a high number of relapses in the first 5 years of
disease was associated with an increased risk of disability, while
complete remission from the initial relapse was associated with
a reduced risk.

Most cases of POMS began in adolescence, but the disease
occurred as early as age 5. Having MS from childhood (<10

years) had no measurable effect on the longer-term trajectory
of disease, though only 15 persons were in this category,
therefore the analysis may have been underpowered to detect
a difference. While the vast majority had relapsing-onset MS,
11 cases (2.0%) had a primary progressive disease course.
This proportion is in line with findings from other POMS
cohorts.13,14 Children with PPMS were at a substantially in-
creased risk of MS disability progression; the HR of reaching
EDSS 6 was 11.0 relative to relapsing-onset POMS, a much
higher risk than that seen in progressive MS in the adult-onset
population.15 We could not confirm these diagnoses through
medical chart review as these individuals have been anony-
mized, and therefore cannot rule out the possibility that they
may have been misdiagnosed. However, all of these patients
were followed by their neurologist for an average of 20 years,
during which time none were reclassified as non-MS or
relapsing-remitting MS/secondary progressive MS. As well,
the clinical evidence, including oligoclonal bands in the CSF,
high proportion of men, and severe disability, is suggestive of
a PPMS course. The median onset age of these patients was
16.5; therefore it is plausible that they represent the tail end of
the normal distribution of age at onset for persons with
PPMS.

The pattern of disability progression in pediatric-onset rela-
tive to adult-onset MS is also concordant with previous
findings13,14,16–18; however, our estimates of the median time
to reach disability milestones were substantially higher. For
instance, while earlier estimates of the time to reach EDSS 4
ranged from 10.8 to 23.8 years,13,14,16–18 we estimated a me-
dian time of 31.0 years from MS onset. This disparity may

Table 2 Coxmodels of time to Expanded Disability Status
Scale (EDSS) 3, 4, and 6 from birth or multiple
sclerosis (MS) onset, comparing pediatric-onset
MS (POMS) to adult-onset MS (AOMS) (reference
group)

Risk of reaching
disability milestone in
POMS vs AOMS (ref) HR 95% CI

Adjusted
HRa 95% CI

From birth to:

EDSS 3 4.33 3.69–5.08 2.80 2.33–3.38

EDSS 4 4.78 3.95–5.79 3.39 2.74–4.19

EDSS 6 5.20 4.17–6.47 3.67 2.88–4.67

From MS onset to:

EDSS 3 0.64 0.55–0.75 0.77 0.66–0.89

EDSS 4 0.62 0.51–0.74 0.78 0.65–0.95

EDSS 6 0.55 0.44–0.68 0.77 0.62–0.96

Abbreviations: CI = confidence interval; HR = hazard ratio; Ref = reference
category.
a Adjusted for sex, disease course at onset (primary progressive or re-
lapsing-onset), and time-varying disease-modifying therapy exposure (no
treatment, first- or second-line).

Table 3 Weibull models of time to disability milestones
from birth and multiple sclerosis (MS) onset,
comparing pediatric-onset MS (POMS) to adult-
onset MS (AOMS) (reference group)

Risk of reaching
disability milestone in
POMS vs AOMS (ref) HR 95% CI

Adjusted
HRa 95% CI

From birth to:

EDSS 3 2.43 2.15–2.74 2.45 2.17–2.77

EDSS 4 2.83 2.45–3.27 2.90 2.51–3.35

EDSS 6 3.09 2.58–3.70 3.23 2.70–3.87

From MS onset to:

EDSS 3 0.69 0.61–0.77 0.72 0.64–0.81

EDSS 4 0.65 0.57–0.76 0.72 0.62–0.83

EDSS 6 0.59 0.49–0.71 0.69 0.57–0.82

Abbreviations: CI = confidence interval; EDSS = Expanded Disability Status
Scale; HR = hazard ratio; Ref = reference category.
a Adjusted for sex, disease course at onset (primary progressive or re-
lapsing-onset), and disease-modifying therapy exposure (no treatment,
first-line only, second-line only, or switched from first- to second-line
therapy).
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reflect true differences in survival times between cohorts, or it
could be due to methodologic differences between studies.
The wider literature of predominantly AOMS has also sug-
gested a slowing of disability progression over time.19,20 Prior
studies of pediatric MS typically had shorter follow-up times
and smaller sample sizes, and employed the outcome of time

to first reach a disability milestone,13,14,16–18 while the current
study employed time to sustained EDSS as the endpoint. In
comparison to regional and single clinic-based studies, our
data likely capture a wider disability range. Finally, our study
took place largely during the treatment era ofMS; over 95% of
the POMS cases had received a DMT at some point during

Table 4 Univariate Coxmodels of time frommultiple sclerosis (MS) onset to Expanded Disability Status Scale (EDSS) 3, 4,
and 6 in the pediatric-onset MS cohort

Characteristic

EDSS 3 (n = 425) EDSS 4 (n = 468) EDSS 6 (n = 511)

HR 95% CI HR 95% CI HR 95% CI

Female (ref) 1.00 1.00 1.00

Male 1.13 0.81–1.58 1.24 0.84–1.84 1.29 0.83–2.01

Relapsing-onset (ref) 1.00 1.00 1.00

Primary progressive 2.61 0.83–8.21 4.63 1.46–14.7 11.00 4.33–27.85

Onset age (continuous) 1.06 0.98–1.14 1.00 0.92–1.09 1.04 0.93–1.15

Onset age 10–18 years (ref) 1.00 1.00 1.00

Onset age <10 years 0.58 0.14–2.34 1.78 0.65–4.85 1.37 0.34–5.60

ARR in first 5 years (continuous) 5.83 3.94–8.64 5.35 3.37–8.49 2.90 1.70–4.94

No DMT exposure (ref) 1.00 1.00 1.00

First-line DMT exposure 1.50 1.29–1.75 1.44 1.22–1.71 1.29 1.07–1.55

Second-line DMT exposure 1.06 0.78–1.45 0.91 0.64–1.27 1.10 0.79–1.53

Incomplete remission from first relapse (ref) 1.00 1.00 1.00

Complete remission from first relapsea 0.42 0.21–0.83 0.41 0.18–0.94 0.45 0.17–1.19

Abbreviations: ARR = annualized relapse rate; CI = confidence interval; DMT = disease-modifying therapy; HR = hazard ratio; Ref = reference category.
a Details of first relapse were only available for a subset of the population, such that 129 persons were included in model of endpoint EDSS 3, n = 140 for
outcome EDSS 4, and n = 156 for outcome EDSS 6.

Table 5 Multivariate Cox models of time frommultiple sclerosis (MS) onset to Expanded Disability Status Scale (EDSS) 3,
4, and 6 in the pediatric-onset MS cohort

EDSS 3 (n = 425) EDSS 4 (n = 468) EDSS 6 (n = 511)

HR 95% CI HR 95% CI HR 95% CI

Female sex (ref) 1.00 1.00 1.00

Male sex 1.30 0.93–1.81 1.41 0.94–2.10 1.45 0.92–2.29

Relapsing-onset (ref) 1.00 1.00 1.00

Primary progressive MS 2.94 1.72–5.05 3.35 1.68–6.66 8.33 4.52–15.34

Onset age (continuous) 0.95 0.88–1.02 0.90 0.83–1.00 0.98 0.88–1.08

ARR (continuous) 4.62 3.40–6.28 4.64 3.02–7.15 2.69 1.42–5.11

No DMT exposure (ref) 1.00 1.00 1.00

1st-line therapy 1.16 0.95–1.41 1.08 0.88–1.33 1.13 0.91–1.40

2nd-line therapy 0.67 0.46–0.96 0.56 0.38–0.85 0.78 0.51–1.20

Abbreviations: ARR = annualized relapse rate; CI = confidence interval; DMT = disease-modifying therapy; HR = hazard ratio; Ref = reference category.
All models were adjusted for sex, disease course, onset age, ARR, and DMT exposure.
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their disease. It is possible that DMT use has contributed to the
extended period of time before reaching disability thresholds.
For instance, in the multivariate analysis of POMS cases, we
found that second-line DMT exposure was associated with
a reduced risk of reaching EDSS 3 and 4. We did not have
information on adherence, nor did we adjust for confounding
by indication, therefore we are not able to draw conclusions
regarding treatment effectiveness within this study.

With the exception of the female:male ratio, the POMS co-
hort differed from the more common AOMS in every feature
studied. By definition, the POMS cases were younger at both
MS onset and diagnosis, but they also showed a longer di-
agnostic delay. This could relate to the infrequency of the
disease and the need to explore more extensive differential
diagnoses among children.21 Regardless of the source of this
disparity, it highlights a missed opportunity to commence
treatment as early as possible for these patients. POMS
patients had higher relapse rates in the first 5 years of disease
by 0.04 relapses per year relative to the AOMS.While this was
statistically significant, the clinical significance of this differ-
ence is marginal. The POMS cases were also more likely to
reside in the North of Sweden. There is a marked latitudinal
gradient of MS, globally,22 and low sunlight exposure (and
subsequently lower serum vitamin D) has been posited as one
of the potential drivers of this phenomenon.23 It is possible
that children are exposed to a higher burden of environmental
risk, which may contribute to their earlier onset, similar to the
higher genetic burden that children with MS bear.24,25 An
alternative explanation is that this finding relates to differences
in access to pediatric care across the country. Specialist pe-
diatric care is more common in the more populous areas in
South and Central Sweden. It is possible that patients in the
North were more likely to be followed in adult neurology
clinics from childhood, and therefore included in the SMSreg
during the follow-up period.

This study represents one of the largest population-based
studies of POMS to date. Even so, MS progression occurs
over decades, resulting in a high rate of right-censoring in
the analysis of time to EDSS 6. As with all clinical cohorts,
there is a level of imprecision regarding when persons truly
met disability endpoints as patients typically come to clinic
on an annual basis. We do not expect this to have biased our
estimates comparing pediatric-onset to adult-onset MS. It is
also possible that very severely progressive patients are not
well-represented in the register, which may result in an
overestimation of the time to disability. The vast majority of
patients in the Swedish MS Registry are of Northern Eu-
ropean descent, and therefore these findings are mostly
generalizable to this group of patients.

Pediatric-onset MS accounted for nearly 5% of the total in-
cident cases of MS in Sweden between 1975 and 2014. POMS
differed from adult-onset cases in several ways, including having
an increased diagnostic delay and relapse rate and a higher
proportion of cases with relapsing-onset MS. While the POMS

cohort took longer to reach disability milestones from their MS
onset, they did so at a younger age than the AOMS cohort. This
information should be used to inform treatment strategies and
health services allocation for this subset of patients. In partic-
ular, POMS patients with primary progressive disease, active
early disease, or incomplete remission from their first relapse
should be monitored closely as they are at a substantially in-
creased risk of disability progression over time.
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