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ABSTRACT

Objective: The relationship between relapses and long-term disability in multiple sclerosis (MS)
remains to be fully elucidated. Current literature is conflicting and focused on early relapses. We
investigated the effects of relapses at different stages on disability progression.

Methods: We conducted a retrospective review of 2,477 patients with definite relapsing-onset
MS followed until July 2003 in British Columbia, Canada. Time-dependent Cox proportional haz-
ards models examined the effect of relapses at different time periods (0–5; �5–10; �10 years
postonset) on time to cane (Expanded Disability Status Scale [EDSS]) and secondary progressive
MS (SPMS). Findings were derived from hazard ratios with 95% confidence intervals (CIs), ad-
justed for sex, onset age, and symptoms.

Results: Mean follow-up was 20.6 years; 11,722 postonset relapses were recorded. An early
relapse (within 5 years postonset) was associated with an increased hazard in disease progres-
sion over the short term, by 48%; 95% CI 37%–60% for EDSS 6 and 29%; 95% CI 20%–38%
for SPMS. However, this substantially lessened to 10%; 95% CI 4%–16% (EDSS 6) and 2%;
95% CI �2%–7% (SPMS) after 10 years postonset. The impact of later relapses (�5–10 years
postonset) also lessened over time. Effects were modulated by age, impact being greatest in
younger (�25 years at onset) and least in older (�35 years) patients where relapses beyond
5–years postonset typically failed to reach significance. Relapses during SPMS had no measur-
able impact on time to EDSS 6 from SPMS.

Conclusion: Relapses within the first 5 years of disease impacted on disease progression over the
short term. However, the long-term impact was minimal, either for early or later relapses. Long-term
disease progression was least affected by relapses in patients with an extended disease duration
(�10 years) or already in the secondary progressive phase. Neurology® 2009;73:1616 –1623

GLOSSARY
BCMS � British Columbia MS; CI � confidence interval; EDSS � Expanded Disability Status Scale; IMD � immunomodula-
tory drug; MS � multiple sclerosis; RRMS � relapsing-remitting multiple sclerosis; SPMS � secondary progressive multiple
sclerosis.

Multiple sclerosis (MS) is a common cause of neurologic disability in young adults.1 The
majority (85%) present with a relapsing-remitting (RR) course, with many later entering the
secondary progressive (SP) phase. Disability accrual in MS is said to occur in 2 situations:
incomplete recovery from a relapse or deterioration of functional ability outside of a relapse,
synonymous with the progressive phase.1

The mechanisms involved in either relapses or irreversible disability are not fully under-
stood. Relapses are associated with inflammation and demyelination; irreversible disability with
axonal damage. However, destruction of axons and the myelin-oligodendrocyte complex oc-
curs in early and late disease.2 The nature of the relapse-disability relationship is thought crucial
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for targeted drug development.3 Therapies to
reduce inflammation and relapses are unlikely
to alter long-term disability if the 2 processes
are independent.

Relapses have been shown to affect disability,
at least in the short term,4,5 and early relapses
appear associated with longer-term progression,
either to disability milestones or SPMS.6-10

However, older studies found dissociation be-
tween early relapses and disability,11-13 and early
relapses appear to have no detrimental effect
once moderate disability (EDSS 4) is reached.14

No study to date has examined the long-
term impact of relapses occurring throughout
a patient’s clinical history; most focus on re-
lapses in the very early stages of disease (first
2–5 years).6-10,12 While important, these do
not address the specific timing of relapses, or
their impact beyond this early window on
later disease progression.

We explored the effect of both early and
later relapses on disease progression.

METHODS Patients. Our patient cohort has been described
previously.15-21 Briefly, patients were selected from the population-
based British Columbia MS (BCMS) database covering all 4 MS
clinics in this Canadian province. Inclusion criteria (previously de-
picted as a flow chart21) were laboratory-supported or clinically def-
inite MS (Poser criteria22); relapsing onset with first symptoms
before July 1988 (to maximize the possibility of a meaningful
follow-up time [no minimum follow-up time was required; those
with a rapid disease course were eligible]); �1 EDSS score; and
registered with a BCMS clinic before July/1998 (to enable establish-
ment of the disease course). At the first clinic visit, a detailed clinical
history, including past relapses, was obtained by the MS specialist
neurologists, supported by physician referral letters. Subsequent in-
formation, including EDSS evaluations and relapses, were essen-
tially collected prospectively during the yearly neurologist-patient
encounter up until July 2003.

Outcome measures. The main outcomes were time to sus-
tained EDSS 6 (requires a cane), confirmed �150 days later,
with all subsequent scores being � EDSS 6 and time to second-
ary progression (SP).19,23 A relapse was defined as worsening neu-
rologic symptoms �24 hours, without fever or infection. Once
an immunomodulatory drug (IMD, first licensed in 1995) was
initiated, subsequent relapses and EDSS scores were excluded.

Statistical analyses. The effects of early relapses on disease
progression were explored using Kaplan-Meier and the Cox pro-
portional hazards model. Relapse rates in the first 5 years poston-
set were categorized (�0.2; 0.2–�0.4; �0.4, excluding the
onset relapse) and their effect on time to EDSS 6 and SPMS
examined in patients with �5 years of follow-up. In the Cox
models, gender, onset age, and symptoms (motor, sensory, optic
neuropathy, cerebellar, ataxia, and brainstem) were included.

Given the limitations of this analysis—exclusion of some pa-
tients and consideration of early relapses only—a new approach was
proposed, whereby all relapses were considered as follows.

The effects of relapses at different time periods on disease

progression were examined using a Cox proportional hazards

model. Disease duration was categorized as follows: early or

short-term: 0–5 years; medium: �5–10 years; long: 10� years.

The cumulative number of relapses in each duration was in-

cluded as a time-dependent covariate24 (appendix e-1 on the

Neurology® Web site at www.neurology.org). Findings were

placed into clinical context using different scenarios.

Scenarios 1–3 (see Results) aimed to mimic relapse prevention

by considering relapse impact on the hazard of reaching EDSS 6 or

SPMS. Scenario 4 examined prognosis based on a patient’s relapse

history. Scenario 5 considered the influence of a patient’s onset age

(precategorized as �25; �25–35; �35 years) and scenario 6 exam-

ined the impact of relapses during SPMS on progression to EDSS 6.

Results were expressed as the hazard ratio (or percentage change in

hazard) for a relapse, relative to the scenario of no relapse, with

corresponding 95% CIs (appendix e-1).

Given the uncertainty of including patients with a long

lag time between onset and first clinic visit (these patients

typically have less active disease [Tremlett, unpublished data],

but the longer retrospective data collection phase might result

in a less accurate record of past relapses), a complementary

analysis was performed, restricted to patients seen within 5

years postonset.

A sensitivity analysis previously indicated that patients reach-

ing EDSS 6 at an unknown time (typically before the first clinic

assessment) did not bias findings (median time to EDSS 6).18

Using a similar approach, a time to EDSS 6 was imputed based

on 2 clinically plausible scenarios: 1) optimistic assumed EDSS 6

was reached at the first clinic visit; 2) midway assumed EDSS 6

was reached halfway between onset and the first clinic visit. Few

patients had an unknown time to SPMS (n � 30),19 such that a

sensitivity analysis was not warranted. SPSS (version 15) was

used for statistical analyses.

Standard protocol approvals, registrations, and patient
consents. The Clinical Research Ethics Board, University of

British Columbia, approved the study. Written informed con-

sent was obtained from all patients participating in the study.

RESULTS Of the 2,837 eligible cohort, 2,485
(87.6%) were relapsing at onset, the remainder pri-
mary progressive.16-21 For the current study, 8 of the
2,485 eligible were excluded because of unclear re-
lapse histories, leaving 2,477 patients (table). The
follow-up time from MS onset totaled 51,120
person-years with 11,722 postonset relapses. Some
439 (18%) patients took an IMD, but this resulted
in minimal (�3%) excluded time (RR follow-up).

Was the time to EDSS 6 or SPMS affected by early

relapses? Relapse frequency within 5 years postonset
affected time to EDSS 6, p � 0.0005, and SPMS,
p � 0.0005 (figure 1, A and B), even when adjusting
for baseline characteristics (gender, onset age, and
symptoms) (data not shown).

Impact of relapses at different time periods on later

disease progression. Results were generated from
models described in appendix e-1 and displayed in
figures 2 and 3 and figures e-1–e-6.
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Scenario 1: A relapse occurs early in the disease course
(within 5 years postonset). If this relapse had not hap-
pened, would this impact the risk of progression over the

short, medium, or long term? Risk at short-term follow-up. A
patient relapsing within 5 years postonset was at a
48% higher hazard of reaching EDSS 6 over the
short term, compared to the scenario of no relapse,
HR � 1.48; 95% CI 1.37–1.60 and a 29% elevated
hazard of reaching SPMS, HR � 1.29; 95% CI
1.20–1.38 (figures 2 and 3).

Risk at medium-term follow-up. Assuming EDSS 6 was not
yet reached, the risk of doing so was still elevated, but
diminished (HR � 1.25; 95% CI 1.17–1.34) com-
pared to the short-term HR. A similar drop was ob-
served for SPMS (HR � 1.11; 95% CI 1.06–1.17).

Risk at long-term follow-up. The hazard remained ele-
vated, but dropped to 1.10; 95% CI 1.04–1.16 for
EDSS 6 and 1.02; 95% CI 0.98–1.07 for SPMS.

Early relapses posed an immediate risk on disease
progression which diminished with time, becoming
marginal or insignificant after long-term follow-up.

Scenario 2: A relapse occurs within 5–10 years poston-
set. If this relapse had not happened, would this impact the
risk of progression over the subsequent medium- or long-

term follow-up? Risk at medium-term follow-up. A patient re-
lapsing within 5–10 years postonset had a higher
hazard of reaching EDSS 6 from its occurrence to
year 10, vs the scenario of no relapse, HR � 1.31;
95% CI 1.22–1.42. The hazard associated with
SPMS was also elevated, being 1.23; 95% CI 1.15–
1.31 (figures 2 and 3).

Risk at long-term follow-up. The hazard of reaching
EDSS 6 (HR � 1.07; 95% CI 1.01–1.13) or SPMS
(HR � 1.06; 95% CI 1.02–1.11) was marginally
elevated.

The occurrence of a relapse at years 5–10 in-
creased the immediate hazard of disease progression,
but had little impact on long-term progression.

Scenario 3: A relapse occurs later in the disease course
(>10 years postonset). If this relapse had not happened,

would this impact the risk of progression? A relapse occur-
ring �10 years postonset increased the hazard of
reaching EDSS 6 from this timepoint onward
(HR � 1.12; 95% CI 1.08–1.17). Findings were
similar for SPMS (HR � 1.08; 95% CI 1.04–1.11),
figures 2 and 3. However, both increases were
marginal.

A later relapse placed a patient at only a margin-
ally higher risk of reaching EDSS 6 or SPMS.

Scenario 4: Impact of early vs medium-term vs late
relapse. Did the impact of an early, medium-term, or late
relapse on future disease progression differ? Risk at medium-

term follow-up. If EDSS 6 was not reached within 5
years postonset, every early relapse was associated
with a 25%; 95% CI 17%–34% increased hazard of
doing so over the medium term. This was similar to
the 31%; 95% CI 22%– 42% increase associated
with a medium-term relapse, p � 0.44. Findings
were somewhat similar for SPMS (23% vs 11%; p �
0.05, figures 2 and 3).

The effects of an early or medium-term relapse on
the medium-term disease progression were rather
similar.

Risk at long-term follow-up. In a patient not reaching
EDSS 6 by year 10, the hazard of doing so over the
long term was marginally increased, by 10% with an
early relapse; 7%; 95% CI 1%–13% with a medium-
term relapse (�5–10 years) or 12%; 95% CI 8%–
17% with a later relapse (�10 years postonset).
None of these hazards was different from each other
(pairwise comparisons: early vs medium, p � 0.64 or
late, p � 0.46; medium vs late, p � 0.22). Findings
were somewhat similar for SPMS, corresponding

Table Characteristics of the relapsing at onset population

Characteristics Values

No. patients 2,477

Demographics

Women, n (%) 1,804 (73)

Men, n (%) 673 (27)

Age at onset, y, mean (SD) 29.2 (9.0)

Clinical characteristics

Presence of onset symptoms, n (%)*

Motor 327 (13)

Sensory 1,102 (45)

Optic neuropathy 503 (20)

Cerebellar, ataxia, or brainstem 390 (16)

Time from onset to first clinic visit, mean (SD, range) 12.1 y (9.44, 1 wk–51.4 y)

Seen within 5 years from onset, n (%) 626 (25)

Follow-up time

All follow-up (from disease onset to last
EDSS), y, mean (SD, range)

20.5 (9.82, 0.2–57.8)

<10 y, n (%) 327 (13.2)

10–<20 y, n (%) 990 (40.0)

20–<30 y, n (%) 753 (30.4)

30� y, n (%) 407 (16.4)

All RR follow-up (from disease onset
to SPMS† or last EDSS), y

15.1 (9.10, 0–51.0)

All RR follow-up immunomodulatory drug-free
(from disease onset to first IMD use, SPMS†
or last EDSS), y

14.7 (8.95, 0–51.0)

Disability (EDSS) assessments
with a neurologist, mean (SD)

8.8 (9.54)

*“Other” onset symptoms were recoded for 586 (23.7%) patients; this included symptoms
such as balance problems, bladder symptoms, and fatigue.
†30 patients excluded because the date of secondary progressive multiple sclerosis
(SPMS) was unknown.
EDSS � Expanded Disability Status Scale; RR � relapsing remitting; IMD � immunomodu-
latory drug use (including any immunomodulatory drug prescribed in clinical practice or
clinical trials).
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hazards being 2% (95% CI �2%–7%), 6% (95% CI
2%–11%), and 8% (95% CI 4%–11%), with no over-
all differences (pairwise comparisons: early vs medium,
p � 0.37 or late, p � 0.072; medium vs late, p � 0.59).

The effect of early, medium-term, or later relapses
on longer-term disease progression was similar, further
confirming that the impact of relapses dissipated over time.

In the multivariate model, other factors affecting
disease progression included the following: women
were at a 30% (95% CI 16%–42%) lower hazard of
reaching EDSS 6 than men (p � 0.0005) and a 31%
(95% CI 23%–39%) lower hazard of reaching SPMS
(p � 0.0005); an older age at MS onset was associ-
ated with a higher hazard (p � 0.0005), being 17%
(95% CI 12%–23%) for EDSS 6 and 25% (95% CI
21%–28%) for SPMS for every 5-year increase in
age. No onset symptom altered the hazard (data not
shown, p � 0.05).

Scenario 5: An older (or younger) patient presents
with MS. Did the impact of relapses depend on the patient’s

age at presentation? Regardless of onset age, findings
typically echoed the main analyses, except that those

younger at onset (�25 years) exhibited a delayed
drop in the hazard ratio for EDSS 6 (figure e-1,
A–C) and in those older at onset (�35 years), re-
lapses had a nonsignificant impact on the medium-
term or long-term hazard associated with reaching
SPMS (figure e-2, A–C).

The patient’s age at presentation modulated the
impact of relapses on long-term disease progression.

Scenario 6: A patient presents with SPMS. Did relapses
occurring during the SP phase impact on later progression?

Relapses occurring once SPMS had been reached had
a marginal or nonsignificant impact on the risk of
reaching EDSS 6, after short, medium, or long-term
follow-up. Findings were similar whether or not
stratifying by disability (EDSS) at SPMS (figure e-5,
stratified data only shown).

Relapses occurring during the SP phase had little
impact on future disease progression.

Findings were similar for those seen within 5
years postonset, albeit with diminished HRs and
wider 95% CIs, likely related to smaller sample sizes
(figures e-3 and e-4). Also, the direction of findings

Figure 1 Effect of early relapses on disease progression

Kaplan-Meier curves: annualized relapse rate in the first 5 years and time to Expanded Disability Status Scale (EDSS) 6 (A); Kaplan-Meier curves: annual-
ized relapse rate in the first 5 years and time to secondary progressive multiple sclerosis (SPMS) (B).
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was essentially unchanged in the sensitivity analyses
for EDSS 6 (figure e-6, A and B).

DISCUSSION We found relapses during the first 5
years of disease to have an impact on short-term dis-
ease progression. However, the association between
relapses and disease progression typically diminished
with time, becoming insignificant after longer
follow-up. This was particularly pronounced in those
older at onset. Findings were similar whether consid-
ering disease progression as time to requiring a cane
to walk (EDSS 6) or the onset of secondary progres-
sion. Further, once secondary progression was
reached, relapses had no discernible influence on fur-
ther disease progression.

Our study extends previous knowledge by 1) ex-
amining relapses at different time periods, not just in
the first few years after MS onset; 2) using a powerful
statistical approach not previously used in this situa-
tion; 3) considering the patient’s age at MS onset; 4)
examining the effect of relapses on time to SPMS;
and 5) examining the impact of individual relapses
during the secondary progressive phase.

We first confirmed findings from other studies,
by showing that relapses soon after onset (within 5
years) had a significant impact on later disability pro-
gression6-8; a higher relapse rate was associated with a
shorter time to a fixed disability milestone (EDSS 6).6-8

A similar effect was found for SPMS. Few others

have assessed how relapses might affect time to
SPMS—only the first 2 relapses postonset were pre-
viously examined.25,26

Others examined relapses occurring in the first
few years postonset and found them to have no im-
pact on subsequent disease progression once a patient
had already reached a specific EDSS milestone.14

While these studies advanced our understanding, tra-
ditional Kaplan-Meier and Cox regression tech-
niques were applied, necessitating exclusion of all but
the very early relapses and limiting analyses to spe-
cific subgroups of patients,14 excluding potentially
important information.

We were able to extend previous findings by tak-
ing advantage of powerful modern statistical meth-
ods (using time-dependent covariates), enabling
relapses to be considered as a dynamic process chang-
ing over time.

Our findings indicate that early relapses pose a tran-
sitory short-term risk rather than having any substantial
long-term consequences. While an early relapse placed
the patient at an immediate risk of irreversible disability,
as time passed, this risk dissipated, no longer being asso-
ciated with a clinically significant lifelong altered risk of
irreversible disability.

No comparable study has considered the impact
of relapses occurring past the early window of 2 to 5
years postonset.6-10,12 Our findings indicate that re-

Figure 2 Impact of a relapse on the hazard of reaching EDSS 6 at different time points

Hazard ratios were calculated from Cox regression analysis, controlling for sex, age at onset, and onset symptoms. The
percentage change in hazard is relative to the risk of reaching EDSS 6 under the same conditions, but under the scenario of
no relapse. *Censored patients � those who did not reach sustained EDSS 6 by the study end. MS � multiple sclerosis;
EDSS � Expanded Disability Status Scale; CI � confidence interval.
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lapses occurring later in the disease course still pose
an immediate risk on disease progression (as did early
relapses). However, this immediate risk is lower in
later relapses, particularly for relapses occurring �10
years postonset. In addition, as before, as time moves
on, and the relapse becomes more distant, this risk
diminishes further.

An extended window of opportunity might exist for
those younger at onset, indicating that relapse modula-
tion later in the disease course (5–10 years postonset)
could be beneficial, not just those relapses occurring
soon after onset. This would be in keeping with MRI
and clinical evidence suggesting that the inflammatory
response in MS wanes as a patient ages.27,28

One study found the presence of superimposed
relapses during the secondary progressive phase to be
associated with a longer time between disability mile-
stones.14 We were able to extend findings by examin-
ing the timing of relapses during the secondary
progressive phase, none of which impacted on future
disease progression.

Only those patients (55%) who reached SPMS
could be considered in this analysis. How the re-
maining relapsing-remitting patients might influence
findings if and when they reached SPMS is un-
known. However, our observations concur with the
pivotal SPMS clinical trial of beta-interferon from
the same geographic area (i.e., North America) which
reported a significant decrease in relapses, but no im-
pact on short-term disease progression.29

One limitation of our study is the well-known
issue of retrospectively collating relapses.11,13 Identifi-
cation of more relapses would be expected in a pro-
spective study with frequent follow-up.11,13 However,
the ideal is unknown; too frequent follow-up can re-
sult in over-recording irrelevant pseudo-relapses.30

Our study offers the advantage of consistency, with
the same 5 core MS specialist neurologists treating
over 95% of patients; valuable for consistency in
identification of relapses and secondary progression
in addition to minimizing interrater variability asso-
ciated with the EDSS.31

We refer to a cohort of patents from our geo-
graphic and population-based database, estimated to
capture over 80% of the MS population in BC.32,33

Not all patients were followed through until reaching
the specified endpoint (censoring rates were 72% for
reaching EDSS 6 and 45% for SPMS). Bias can oc-
cur if patients unseen or censored differed, although
this is acknowledged as difficult to assess with any
certainty.34

Overestimation of findings could occur if patients
not reaching the endpoints or not ever coming to our
clinics progressed more rapidly than our patients, but
with a comparable relapse rate. Underestimation
could occur if they progressed slowly and with fewer
relapses. Systematic occurrence of one or more of
these scenarios appears unlikely. Less than 3% of
follow-up time was contaminated with use of an

Figure 3 Impact of a relapse on the hazard of reaching SPMS at different time points

Hazard ratios were calculated from Cox regression analysis, controlling for sex, age at onset, and onset symptoms. *Cen-
sored patients � those who did not reach SPMS by the study end. MS � multiple sclerosis; SPMS � secondary progressive
multiple sclerosis; CI � confidence interval.
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IMD; rerunning analyses including this data resulted
in virtually no change.

We were unable to examine the severity, duration,
or location of relapses. Finally, no scale holistically
captures the myriad of issues related to MS, such as
fatigue, cognition, or quality of life; all might be ad-
versely impacted by relapses and were not measured
here. Our study has several additional strengths, in-
cluding a substantial follow-up time and population
size. We were also able to replicate findings in a seen
near onset group of patients.

There is an urgent need to establish whether the
IMDs currently used in MS impact on long-term
disease progression. It is tempting to extrapolate
findings from our natural history cohort to draw
such conclusions. However, this is best confirmed
through well-designed pharmacoepidemiologic stud-
ies or better still, clinical trials with long-term follow-
up, well beyond the 2–3 years follow-up frequently
employed. Design of future studies might benefit
from estimates derived from our research. In addi-
tion, our study indicates windows of opportunity,
particularly in those younger at MS onset, which are
worthy of exploitation in the pursuit of long-term
patient benefit. Studies investigating the efficacy of
IMDs in clinically isolated syndrome might wish to
consider examining, a priori, the impact of IMDs
according to the patients’ age, rather than just adjust-
ing for age, which assumes that treatment impact is
uniform across all ages, as specific groups of younger
patients may derive benefit not readily apparent in
the entire cohort.

Conversely, energies need to be channeled into
new pharmacologic interventions targeting axonal
degeneration, assumed linked to irreversible disability,35

particularly for patients who have had MS for some
years (�10 years) or are already in the secondary pro-
gressive phase or are older at MS onset (�35 years).
Finally, our findings also have some practical rele-
vance for the prognosis of patients with MS today;
patients presenting with a previous history of relapses
can perhaps be offered a level of reassurance that as
time goes on, what went before will have a diminish-
ing impact on current events. In addition, a relapse
occurring later is likely to have a lesser impact than a
relapse occurring earlier in the disease course.
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