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Introduction
The accumulation of disability in patients with multi-
ple sclerosis (MS) is highly variable. High relapse rate 
has previously been established as a negative prognos-
tic factor.1–3 It has also been suggested that the clinical 
presentation of relapses (relapse phenotype) is an 

important determinant of individual prognosis and 
thus could influence treatment outcomes.4 Previous 
studies have reported a relationship between onset 
symptom location and prognosis,4–11 yet studies report-
ing any relationship between subsequent relapse phe-
notypes and prognosis have been limited.12
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Abstract
Objective: This study evaluated the effect of relapse phenotype on disability accumulation in multiple 
sclerosis.
Methods: Analysis of prospectively collected data was conducted in 19,504 patients with relapse-onset 
multiple sclerosis and minimum 1-year prospective follow-up from the MSBase cohort study. Multivari-
able linear regression models assessed associations between relapse incidence, phenotype and changes in 
disability (quantified with Expanded Disability Status Scale and its Functional System scores). Sensitivity 
analyses were conducted.
Results: In 34,858 relapses recorded during 136,462 patient-years (median follow-up 5.9 years), higher 
relapse incidence was associated with greater disability accumulation (β = 0.16, p < 0.001). Relapses of all 
phenotypes promoted disability accumulation, with the most pronounced increase associated with pyramidal 
(β = 0.27 (0.25–0.29)), cerebellar (β = 0.35 (0.30–0.39)) and bowel/bladder (β = 0.42 (0.35–0.49)) pheno-
types (mean (95% confidence interval)). Higher incidence of each relapse phenotype was associated with 
an increase in disability in the corresponding neurological domain, as well as anatomically related domains.
Conclusion: Relapses are associated with accumulation of neurological disability. Relapses in pyramidal, cer-
ebellar and bowel/bladder systems have the greatest association with disability change. Therefore, prevention 
of these relapses is an important objective of disease-modifying therapy. The differential impact of relapse 
phenotypes on disability outcomes could influence management of treatment failure in multiple sclerosis.
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The fact that patients show a tendency to repeatedly 
develop relapses of a certain phenotype13–15 suggests 
that an association between relapse phenotype and 
disability accumulation in the same system is likely to 
exist. Our study assessed the relationship between 
disability accumulation and relapse phenotype using 
the international MSBase cohort, which encompasses 
a large, representative MS population with long-term, 
prospectively acquired follow-up data. We first evalu-
ated the association between overall disability out-
comes and the number of relapses. Next, we evaluated 
associations between overall disability outcomes and 
number of relapses classified by phenotype. Finally, 
we examined associations between domain-specific 
disability outcomes and number of relapses classified 
by phenotype, including interactions among anatomi-
cally associated domains.

Materials and methods

Ethics
MSBase (registered with WHO ICTRP, ID 
ACTRN12605000455662) was approved by the 
Melbourne Health Human Research Ethics Committee16  
and the local ethics committees in all participating cen-
tres (or exemptions were granted, according to local 
laws and regulations). Enrolled patients provided writ-
ten informed consent as required.

Participants
Data from 32,349 patients from 87 MS centres in 
27 countries were extracted from the MSBase reg-
istry dataset in January 2015. Inclusion criteria 
consisted of diagnosis of clinically definite MS 
(according to the 2005 or 2010 revised McDonald 
criteria) or clinically isolated syndrome (CIS), 
relapse-onset MS (i.e. relapsing-remitting multiple 
sclerosis (RRMS) or secondary progressive MS), at 
least two Expanded Disability Status Scale (EDSS) 
scores recorded over at least 1 year (EDSS scores 
within 30 days of a previous relapse were excluded) 
and the availability of the minimum dataset. The 
minimum dataset requirements included date of 
birth, sex, MS centre, MS course at dates of inclu-
sion and censoring, dates of disease-modifying 
therapy commencement and cessation, and clinical 
relapses (including relapse onset date and pheno-
type). For the analysis of the associations between 
relapse and disability phenotypes, at least two 
Kurtzke Functional System (KFS) scores recorded 
over at least 1 year were required. Only relapses 
recorded during the prospective follow-up period 
(see below) were included for the analysis.

Data entry into the MSBase registry is real time, or 
near real time, in relation to clinical visits. Relapse 
information is recorded by treating physicians 
according to patient reports and clinical examination. 
The MSBase protocol stipulates minimum annual 
updates of the minimum dataset, but patients with 
less frequent updates were not excluded from the 
analysis (if the inclusion criteria were fulfilled). The 
portals for data entry were either the iMed clinical 
record system or the MSBase online data entry sys-
tem. Data quality assurance procedures were 
described elsewhere.17 To enhance reproducibility of 
the clinical assessment of disability, Neurostatus cer-
tification was required at each participating centre.

Study design
The prospective follow-up period was defined as the 
time between the first and last recorded EDSS scores. 
Where KFS score was the primary outcome, the time 
between the first and last recorded corresponding 
KFS scores was used instead. The inclusion and cen-
soring dates were defined as the dates of the first and 
the last recorded EDSS score, respectively. Changes 
in EDSS or KFS scores were calculated as differ-
ences in EDSS or KFS scores at the inclusion versus 
the censoring dates.

Relapses were defined as the occurrence of new symp-
toms, or exacerbation of existing symptoms, persisting 
for at least 24 hours, in the absence of concurrent ill-
ness or fever, and occurring at least 30 days after a pre-
vious relapse.18 Confirmation by increased EDSS was 
not required. Relapses were divided into seven pheno-
types according to the presenting symptoms and signs: 
pyramidal, sensory, bowel/bladder, cerebellar, brain-
stem, visual and cerebral. Polysymptomatic relapses 
included multiple phenotypes.

Data analysis
Statistical analysis was performed using the R pack-
age (version 3.1.0).19 All hypotheses were tested at a 
two-tailed 0.05 level of significance and Benjamini–
Hochberg correction was used to control false-dis-
covery rate.

For all three analytical steps, multivariable regres-
sion models were designed to estimate the effects of 
continuous and categorical independent determinants 
of patients’ change in EDSS score or KFS score over 
the prospective follow-up period. The overall total 
number of relapses experienced during the follow-up 
period was included to assess its effect on overall 
EDSS change (step 1). In order to evaluate the effect 
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of relapses over an extended follow-up period, an 
additional analysis of patients with at least 10-year 
prospective follow-up was conducted. In two sepa-
rate models, associations between disability accrual 
and additional relapse properties were examined: the 
mono- or polysymptomatic relapse presentation and 
treatment with corticosteroids. The number of 
relapses for each of the seven phenotypes experi-
enced during the follow-up period was used in seven 
models assessing associations between relapse phe-
notypes and overall EDSS change (step 2). As part of 
step 2, independent association of each phenotype 
with the EDSS change was evaluated in a single mul-
tivariable regression model that included all seven 
relapse phenotypes. Finally, 49 multivariable regres-
sion models were designed to assess associations 
between each of the seven relapse phenotypes and 
changes in the seven KFS scores (step 3). In addition, 
sex, age, MS centre, MS course at inclusion, duration 
of the follow-up period, disease duration, the propor-
tion of the follow-up period that the patient was 
treated with disease-modifying therapy, date of inclu-
sion, baseline EDSS (recorded at inclusion), propor-
tion of relapses treated with steroids and proportion 
of relapses that occurred while on disease-modifying 
therapy were assessed as independent predictors in 
all models. The Akaike Information Criterion was 
used to assess goodness of fit of the models.

Sensitivity analyses were conducted (a) to assess the 
effect of the minimum required relapse count by 
excluding, from all analyses, patients with no relapses 
recorded during the follow-up period, (b) to evaluate 
the associations between relapse incidence and 
change in EDSS confirmed for ⩾12 months20 and (c) 
in patients with long-term prospective follow-up from 
early after disease onset, recorded as part of the 
MSBase Incident Study (MSBASIS) study.21,22

Results

Patient and relapse characteristics
Out of the 32,349 patients with data in the MSBase 
registry, 19,504 patients with 136,462 patient-years 
from 77 MS centres were retained for the analysis 
after inclusion/exclusion criteria were applied (Figure 
1). The number of patients retained per centre ranged 
from 1 to 2,570 (Online Supplementary Table 1). 
Median prospective follow-up period was 5.9 (inter-
quartile range: 3.1–9.8) years per patient. The mean 
relapse rate was 0.25 per year (standard deviation: 
0.36). Patient characteristics at inclusion and censor-
ing are outlined in Table 1 and their comparison to the 
excluded patients is provided in Online Supplementary 

Table 2. The included patients experienced 34,858 
relapses, with a median of 1 (interquartile range: 0–2) 
relapse per patient. In total, 53% were treated with 
steroid therapy and 52% had occurred while the 
patient was on disease-modifying therapy. Of the 
28,310 relapses with phenotype information, patients 
experienced mostly relapses that included sensory 
and/or pyramidal symptoms/signs (50% and 42%, 
respectively). The majority (68%) of relapses with 
phenotype information were monosymptomatic. 
Relapse characteristics are outlined in Table 1.

Relapse frequency and change in EDSS
The multivariable regression model used in step 1 
showed that higher relapse frequency was associated 
with an increase in EDSS, independent of the duration 
of the prospective follow-up period (β = 0.16, 95% 
confidence interval (95% CI): 0.13–0.19; Table 2). In 
addition, a longer follow-up period, older age, male 
sex, longer disease duration and a diagnosis of second-
ary progressive MS at inclusion were associated with 
a greater increase in EDSS, while a higher EDSS score 
at baseline, greater persistence on disease-modifying 
therapy and a diagnosis of CIS at inclusion were asso-
ciated with a smaller increase in EDSS score. An inter-
action term demonstrated that the effect of relapse 
frequency on EDSS change decreased with longer 

Figure 1.  CONSORT flowchart of patient disposition. 
The patients excluded due to incomplete data had at least 
one of the following information missing: MS course 
at inclusion and censoring, disease-modifying therapy, 
relapse-related information (relapse onset, phenotype).
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follow-up period. Relapses with polysymptomatic 
presentation showed a relatively stronger association 
with disability accrual than monosymptomatic relapses 
(β = 0.20, 95% CI: 0.17–0.23 vs β = 0.06, 95% CI: 
0.04–0.09, respectively). Relapses treated with corti-
costeroids were more likely to result in disability 
accrual than the untreated relapses (β = 0.06, 95% CI: 
0.04–0.08). An analysis of patients with at least 
10-year prospective follow-up (n = 4709) confirmed 
the above results (see Online Supplementary Table 3).

Relapse phenotype and change in EDSS
Of the 19,504 patients who met the inclusion criteria, 
16,052 had complete available phenotypic informa-
tion for all relapses experienced and were included for 
analysis in step 2. Outcomes of seven multivariable 

models, each of which included only one relapse phe-
notype, are summarised in Table 3. All of the relapse 
phenotypes were associated with an increase in EDSS 
score. Change in EDSS disaggregated for relapse 
count and phenotype is visualised in Figure 2.

A model encompassing all seven relapse phenotypes 
was designed to compare their mutually independent 
associations with EDSS change. The model showed 
that the positive associations of pyramidal (0.27 (0.25 
to 0.30)), cerebellar (0.17 (0.12 to 0.22)) and bowel/
bladder (0.12 (0.04 to 0.19)) relapses with the increase 
in EDSS were relatively more pronounced than those 
of brainstem (0.03 (−0.02 to 0.07)), visual (−0.03 
(−0.07 to 0.01)), sensory (−0.08 (−0.10 to 0.05)) and 
cerebral (−0.17 (−0.3 to −0.02)) relapses (coefficient 
(95% CI)).

Table 1.  Patient and relapse characteristics.

At inclusion At censoring

Patients

  Patient number (female) 19,504 (72%)  

  Age (years)a 37.6 (11.2) 44.6 (11.7)

  Follow-up period (years)b 5.9 (3.1–9.8)

  Disease duration (years)b 3.8 (1–10.2) 11.9 (6.7–19)

  EDSSb 2 (1–3.5) 2.5 (1.5–4.5)

  Change in EDSSb 0.5 (0–1.5)

  Number of relapsesb 1 (0–2)

  Proportion of follow-up time on DMTb 65% (0%–97%)

Disease course

  CIS 4167 (21%) 1513 (8%)

  RRMS 13,829 (71%) 14,992 (77%)

  SPMS 1508 (8%) 2999 (15%)

Relapses

  Total relapses 34,858

    Relapses treated with steroids 18,431 (53%)

    Relapses while on DMT 18,109 (52%)

  Relapse phenotype recorded 28,310 (81%)

    Monosymptomatic relapses 19,362 (68%)

    Polysymptomatic relapses 8948 (32%)

  Pyramidalc 11,962 (42%)

  Bowel/bladderc 1602 (6%)

  Cerebellumc 2959 (10%)

  Visualc 4030 (14%)

  Brainstemc 4397 (16%)

  Cerebralc 375 (1%)
  Sensoryc 14,279 (50%)

EDSS: Expanded Disability Status Scale; DMT: disease-modifying therapy; CIS: clinically isolated syndrome; RRMS: relapsing-
remitting multiple sclerosis; SPMS: secondary progressive multiple sclerosis.
aMean (standard deviation).
bMedian (interquartile range).
cThe number of relapses with the specific phenotypes includes both mono- and polysymptomatic relapses.
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Relapse phenotype and change in KFS scores
Finally, we designed a series of multivariable models 
to evaluate associations between relapse phenotype 
and changes in disability in each functional domain 
(step 3). Of the 19,504 included patients, between 
14,199 and 14,277 patients had sufficient phenotypic 
information for the studied KFS changes. Outcomes 
of 49 multivariable models, each of which included 
only one relapse phenotype and change in one KFS 
score (adjusted for patient and disease characteristics 
as in step 1) are summarised in Table 4. For each of 
the seven functional domains, relapses with the 
respective phenotype predicted an increase in the 
corresponding KFS score. We also observed associa-
tions between certain relapse phenotypes and accu-
mulation of disability in anatomically related 

domains (such as the long descending and ascending 
fibres and the infra-tentorial region). For example, 
pyramidal relapses led to an increase in the bowel/
bladder KFS score, and vice versa, while brainstem 
relapses led to an increase in the cerebellar KFS 
score, and vice versa. In addition, the number of cer-
ebellar relapses was associated with changes in the 
pyramidal and bowel/bladder KFS scores. In con-
trast, the magnitude of the associations between vis-
ual or sensory relapses and visual or sensory KFS 
score change was relatively low.

Sensitivity analyses
The first sensitivity analysis, which assessed the 
effect of relapse phenotype among patients who 

Table 2.  Multivariable model of the associations between relapse number and EDSS change.

Beta coefficient (95% CI) p value

Number of relapses (per one relapse) 0.16 (0.13 to 0.19) <0.001

Age (per year) 0.03 (0.03 to 0.03) <0.001

Sex (male) 0.18 (0.14 to 0.23) <0.001

Follow-up period (per year) 0.06 (0.05 to 0.07) <0.001

Disease duration (per year) 0.01 (0.01 to 0.02) <0.001

Baseline EDSS (per one point) −0.29 (−0.31 to −0.28) <0.001

DMT treatment proportion (per 10%) −0.01 (−0.02 to −0.00) 0.004

Disease course (RRMS) Reference  

  CIS −0.16 (−0.22 to −0.10) <0.001

  SPMS 0.86 (0.77 to 0.96) <0.001
Number of relapses by follow-up 
period (interaction term)

−0.01 (−0.01 to 0.00) <0.001

EDSS: Expanded Disability Status Scale; DMT: disease-modifying therapy; CIS: clinically isolated syndrome; SPMS: secondary 
progressive multiple sclerosis; CI: confidence interval; RRMS: relapsing-remitting multiple sclerosis.
The multivariable regression coefficients represent the estimated mean change in EDSS score per relapse after the effect of the con-
founding variables has been taken into account.

Table 3.  Change in EDSS according to relapse phenotype.

Relapse phenotype Beta coefficient (95% confidence interval) p value

Pyramidal 0.27 (0.25–0.29) <0.001

Sensory 0.05 (0.03–0.07) <0.001

Bowel/bladder 0.42 (0.35–0.49) <0.001

Cerebellar 0.35 (0.30–0.39) <0.001

Brainstem 0.15 (0.11–0.19) <0.001

Visual 0.06 (0.02–0.10) 0.008
Cerebral 0.25 (0.12–0.39) <0.001

EDSS: Expanded Disability Status Scale.
The results of seven multivariable models (for details of the models, see Table 2). For each model, only the association for the  
corresponding relapse phenotype is shown. The multivariable regression coefficients represent the estimated mean change in EDSS 
score per relapse of the given phenotype after the effect of the confounding variables has been taken into account.
p values adjusted according to the Benjamini–Hochberg method.
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experienced at least one relapse during follow-up 
(Online Supplementary Tables 4–6), included 
11,290 patients with 95,809 patient-years follow-up 
and a median of 2 (interquartile range: 1–4) relapses. 
This analysis confirmed the association between 
relapse frequency, as well as pyramidal, bowel/
bladder, cerebellar, brainstem and cerebral relapse 
frequency and increased disability accumulation. 
However, in this cohort, sensory (p = 0.40) and vis-
ual (p = 0.59) relapses were not associated with an 
increase in EDSS.

The second sensitivity analysis (n = 10,562) con-
firmed that the higher relapse frequency as well as 

pyramidal, bowel/bladder and cerebellar relapses 
were associated with the increase in EDSS confirmed 
over ⩾12 months. On the other hand, the associations 
between visual, sensory, brainstem and cerebral 
relapse phenotypes and disability outcomes were not 
confirmed (Online Supplementary Tables 7 and 8).

Finally, the sensitivity analysis evaluating the effect 
of relapse phenotype among patients with long-term 
prospective follow-up from disease onset (the 
MSBASIS study) included 3093 patients with 
15,609 patient-years follow-up, a median time from 
the first symptom of 4.8 (interquartile range: 2.4–
9.6) months, and a median of 1 (interquartile range: 

Figure 2.  Change in EDSS according to number of relapses experienced per phenotype. Markers indicate the mean 
change in EDSS for patients who experienced 0, 1–2, 3–4 or more than 5 relapses of each phenotype. Error bars indicate 
standard deviation.

Table 4.  Multivariable models of the associations between relapse phenotypes and likelihood of change in KFS scores.

Relapse 
phenotype

Pyramidal 
KFS score

Sensory 
KFS score

Bowel/bladder 
KFS score

Cerebellar 
KFS score

Brainstem 
KFS score

Visual KFS 
score

Cerebral 
KFS score

Pyramidal 0.16 
(0.15–0.18)

0.10 
(0.09–0.12)

0.10  
(0.09–0.12)

0.11 
(0.10–0.13)

0.05 
(0.04–0.06)

0.02 
(0.01–0.03)

0.03 
(0.02–0.04)

Sensory 0.05 
(0.03–0.06)

0.07 
(0.05–0.08)

0.04  
(0.02–0.05)

0.03 
(0.02–0.04)

 

Bowel/
bladder

0.29 
(0.24–0.34)

0.22 
(0.17–0.26)

0.28  
(0.24–0.33)

0.19 
(0.14–0.23)

0.09 
(0.06–0.13)

0.08 
(0.03–0.12)

0.07 
(0.04–0.11)

Cerebellar 0.18 
0.15–0.22)

0.10 
0.07–0.13)

0.15  
(0.12–0.18)

0.22 
(0.19–0.25)

0.12 
(0.10–0.15)

0.04 
(0.01–0.07)

0.07 
(0.05–0.09)

Brainstem 0.09 
(0.07–0.12)

0.08 
(0.05–0.10)

0.05  
(0.02–0.07)

0.11 
(0.09–0.14)

0.09 
(0.07–0.11)

0.05 
(0.03–0.07)

Visual 0.05 
(0.02–0.08)

0.05 
(0.03–0.08)

0.04  
(0.01–0.06)

0.05 
(0.03–0.08)

0.04 
(0.02–0.06)

0.07 
(0.05–0.10)

 

Cerebral 0.18 
(0.08–0.28)

0.19 
(0.10–0.28)

0.09 
(0.01–0.16)

0.18 
(0.11–0.25)

KFS: Kurtzke Functional System.
Coefficients from 49 adjusted multivariable models of associations between relapse phenotype and change in KFS scores are shown 
(coefficient (95% confidence interval)). The multivariable regression coefficients represent the estimated mean change in EDSS 
score per relapse of the given phenotype after the effect of the confounding variables has been taken into account. Only the  
coefficients significantly different from 0 are shown (p < 0.05 after the Benjamini–Hochberg correction).
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0–2) relapse per patient. This analysis confirmed all 
results from the primary analysis, with stronger 
associations between relapse number and disability 
accumulation (Online Supplementary Tables 9–11). 
The sensitivity analyses confirmed that relapses 
with the respective phenotype predicted an increase 
in the corresponding KFS score.

Discussion
In this study conducted in almost 20,000 patients 
from the observational MSBase cohort, we have dem-
onstrated that the overall association of MS relapses 
with accumulation of neurological disability varies 
depending on the relapse phenotype and is most pro-
nounced for pyramidal, bowel/bladder and cerebellar 
relapses. We have shown that the phenotype of the 
accumulated disability corresponds to the phenotype 
of the preceding relapses. An association between dis-
ability phenotypes and relapses involving anatomi-
cally related functional systems is strongest for 
pyramidal, bowel/bladder and cerebellar relapses. In 
addition, we have observed that relapses involving 
multiple neurological functions are more likely to 
associate with increase in disability. Finally, acute 
treatment with corticosteroids is typically reflective 
of more severe relapses, which is demonstrated by 
their positive association with disability accrual.

We confirmed the results of several previous studies 
that showed that higher relapse frequency promotes 
disability accumulation.1–3,23,24 Using data from 524 
relapses, Hirst et  al.1 showed that a half of relapses 
resulted in an EDSS increase of at least 0.5 points, 
with nearly a third of relapses resulting in an increase 
of 1.0 EDSS points. Another study demonstrated that, 
in 224 patients, each relapse was associated with an 
average increase of 0.24–0.57 EDSS points.2 
Similarly, in our study, a relapse was independently 
associated with an increase in EDSS by 0.16 steps. In 
a cohort followed prospectively from early after dis-
ease onset, we observed a mean adjusted increase in 
EDSS by 0.28 steps per relapse, an effect whose mag-
nitude is comparable to that reported by Lublin et al.2

While all relapse phenotypes were associated with 
disability accumulation, pyramidal, cerebellar and 
bowel/bladder relapses were the most influential pre-
dictors of unfavourable disability outcomes, whereas 
sensory and visual phenotypes were the least influen-
tial. These outcomes extend the results of other stud-
ies which demonstrated that motor,5–9 cerebellar5–9,23 
and/or bowel/bladder4–7 symptoms at MS onset are 
associated with less favourable disability outcomes 
compared to sensory and/or visual symptoms.7,9 

While pyramidal relapses appeared to have the great-
est effect on disability accumulation, it must be noted 
that the EDSS is weighted towards motor disability, 
particularly at the higher scores. However, pyramidal 
relapses were associated with an increased disability 
in all neurological domains as determined by their 
effect on all KFS scores, in particular, the bowel/blad-
der, sensory and cerebellar KFS scores. This confirms 
that the effect of pyramidal relapses on EDSS change 
is not solely determined by their effect on locomotion, 
but an interaction with multiple neurological domains.

It was also found that disability accumulation within 
specific neurological domains varied according to 
relapse phenotype. The number of relapses of each 
phenotype was positively associated with increase in 
the KFS score of the corresponding domain. While a 
similar phenomenon was described in the visual sys-
tem,25 this is the first study to examine this association 
for all seven functional domains. This finding is com-
patible with the observation of domain-specific 
relapse recurrence, which may potentially reflect ana-
tomical, immunological or structural determinants of 
the topography of autoimmune inflammation.14,26,27

We have also shown that relapses of certain pheno-
types are associated with accumulation of disability 
within neurological domains which are anatomically 
closely related to the domains directly affected by 
relapses. These domains correspond to two anatomi-
cally distinct systems: the long descending and 
ascending fibres (with observed associations among 
pyramidal, sensory and bowel/bladder relapses and 
their KFS scores) and the infra-tentorial structures 
(with associations between cerebellar and brainstem 
relapses and their KFS scores). Interestingly, bowel/
bladder, pyramidal and cerebellar relapses, which 
have the largest impact on the overall disability 
change, were also associated with an increase in the 
KFS scores of all other neurological domains. One 
may therefore speculate that the relapses with a more 
widespread effect on the central nervous system may 
lead to a more pronounced accumulation of perma-
nent disability. Furthermore, sensory and visual 
relapses, which are associated with a relatively lower 
change in disability, tend to occur in younger age.14 It 
was shown that regenerative capacity within the cen-
tral nervous system is greater in younger patients,28 
which may underline the relatively higher recovery 
rate of sensory and visual relapses.14

All relapse phenotypes were associated with an 
increase in the pyramidal or cerebellar KFS scores, 
with the pyramidal domain being the most susceptible 
to damage associated with relapses. It is possible that 
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this high susceptibility is proportional to the extensive 
length of the pyramidal pathways, in keeping with the 
hypothesis that the MS-related damage is a determin-
istic process where the risk of axonal damage depends 
on the axonal length. Against this hypothesis is the 
observation that sensory and bowel/bladder domains 
were relatively less susceptible to damage compared 
to the pyramidal domain, which would imply the role 
of other, tract- or region-specific factors in the overall 
susceptibility to permanent damage.

Several known MS prognostic factors were included 
in the statistical models used in this study. In agree-
ment with the previous studies, older age,29 male 
sex,14,29 longer disease duration23 and secondary 
progressive MS20,30 were associated with an 
increased probability of disability accumulation. 
The inverse relationship between the baseline EDSS 
score and the probability of disability accrual was 
likely determined by several factors: (a) the asym-
metry of the EDSS (where the scale is less stable 
towards the lower end of the disability spectrum, 
with a greater probability of transition between 
EDSS steps) and (b) a ceiling effect (where the 
range of nominal EDSS change among the patients 
with lower EDSS scores is greater than in those 
with higher EDSS scores.20,31,32

The main limitation of this study lies inherent in the 
method of measuring disability accumulation in 
patients with MS. The EDSS is a non-linear scale, 
thus a change of one EDSS point between lower 
scores and higher scores does not equate to the same 
proportional change in disability or functional status. 
While observational studies may be susceptible to 
recall bias, we have minimised its impact by only ana-
lysing information that was recorded between the first 
and the last recorded visits with full neurological 
assessment. We have tested the possible effect of 
reporting bias with sensitivity analyses, including 
only patients followed from early after disease onset 
(the MSBASIS cohort) and also by only assessing 
patients with at least one relapse recorded during the 
follow-up period. Both sensitivity analyses confirmed 
the results of the primary analyses. The intra- and 
interrater variability of the EDSS assessments may 
have contributed to some of the recorded changes in 
EDSS. We have minimised this error by conducting  
a sensitivity analysis that required confirmation of  
the EDSS scores over ⩾12 months. This analysis has 
shown that the associations involving visual, sensory, 
cerebral and brainstem relapses could at least in part 
be attributed to the assessment error but has con-
firmed the effect of pyramidal, bowel/bladder and 
cerebellar relapses on disability change. Finally, 

selection bias inherent in the observational study may 
limit generalisability of the presented conclusions.

Conclusion
Using a large, representative MS cohort, this study 
has demonstrated that relapses are associated with 
disability accumulation. Furthermore, it has shown 
that relapse phenotype constitutes an additional prog-
nostic marker readily accessible to clinicians and their 
patients. Therefore, prevention of relapses, in particu-
lar those presenting with pyramidal, cerebellar and 
bowel/bladder signs, represents an important thera-
peutic goal. Whether relapse phenotype should con-
tribute to treatment initiation or switch decisions 
remains to be determined.
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