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Disease-Related Determinants of 
Quality of Life 10 Years After Clinically 

Isolated Syndrome
R. Philip Kinkel, MD; Genevieve Laforet, MD, PhD; Xiaojun You, PhD

Background: The main clinical determinants of quality of life (QOL) 5 years after clinically isolated syn-
drome (CIS) are Expanded Disability Status Scale (EDSS) score and conversion to clinically definite mul-
tiple sclerosis (CDMS). The aim of this study was to determine the demographic, clinical, and magnetic 
resonance imaging (MRI) factors associated with QOL 10 years after CIS.

Methods: Controlled High Risk Avonex® Multiple Sclerosis Prevention Study in Ongoing Neurologic Sur-
veillance (CHAMPIONS) 10-year patients were assessed for CDMS, EDSS score, MRI T2 activity, brain 
parenchymal fraction, and patient-reported QOL. Associations were evaluated using analysis of variance 
models.

Results: A second clinical event consistent with CDMS and higher EDSS scores at years 5 and 10 were 
associated with lower 36-item Short Form Health Status Survey (SF-36) Physical Component Summary 
scores at year 10 (P < .01). Patients with earlier onset of CDMS had worse patient-reported Physical Com-
ponent Summary, SF-36 Mental Component Summary, fatigue, and pain scores at year 10 than patients 
with later or no onset of CDMS. Neither initial randomization group nor any MRI metrics assessed at 
baseline or during follow-up were associated with QOL at 10 years.

Conclusions: These results support the development of therapies for patients with CIS that significantly 
reduce the risk of conversion to CDMS and the progression of physical disability to milestones as low as 
EDSS scores of 2.0. Int J MS Care. 2015;17:26–34.

Multiple sclerosis (MS) is a chronic progressive 
disease of the nervous system that can lead to 
significant increases in physical and cognitive-

behavioral disabilities over time, but patient-reported 
symptoms tend to dominate the early years of the illness, 
which often spans more than 5 decades. A common first 
indication of MS is the occurrence of clinically isolated 
syndrome (CIS), characterized by an initial episode of 
demyelination typically involving the optic nerve, brain-
stem, cerebellum, or spinal cord.1,2 Patients with a CIS 
diagnosis and characteristic white matter lesions on 

magnetic resonance imaging (MRI) are at high risk for 
clinically definite MS (CDMS),1,2 and several clinical 
trials have demonstrated that current first-line therapies 
reduce the rate of conversion to CDMS.3-6 However, 
little is known about the long-term impact of treatment 
initiated at CIS onset on disability or patient-reported 
outcomes (PROs).

The beneficial effect of early intervention with weekly 
intramuscular interferon beta-1a (IFNβ-1a) on the rate 
of CDMS development, first demonstrated in the Con-
trolled High-Risk Subjects Avonex® Multiple Sclerosis 
Prevention Study (CHAMPS), persisted in the Con-
trolled High Risk Avonex® Multiple Sclerosis Prevention 
Study in Ongoing Neurologic Surveillance (CHAMPI-
ONS) 5- and 10-year studies, in which the comparison 
group was patients who initiated therapy later (a median 
of 2.5 years after CIS onset).6,7 Few patients in CHAM-
PIONS, regardless of treatment group, developed sig-
nificant disability or progressive disease over 10 years, 
although there was a modest reduction in the proportion 
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Clinical Outcome Measures
The development of CDMS required a second clini-

cal event in a location different from the initial event 
and was determined by review of suspected cases by 
an independent blinded outcomes committee that 
maintained the same outcome definitions used in 
CHAMPS.4,6,7 Changes on MRI were not used to deter-
mine CDMS. The number of relapses and neurologic 
disability as measured by the EDSS were determined 
by an unmasked site neurologist at each annual visit as 
in CHAMPS and CHAMPIONS.4,6,7,11 The number 
of new or enlarging T2 lesions and T2 lesion volume 
and brain parenchymal fraction (BPF) at years 5 and 
10 in CHAMPIONS were assessed by the MRI read-
ing center (blinded to previous/current treatment) and 
by Elizabeth Fisher at the Cleveland Clinic Foundation 
(Cleveland, OH), respectively, using previously reported 
methods.4,6,7,12

PRO Measures
The MSQLI13 consists of ten scales designed to 

assess current health status from the patient’s perspec-
tive (Table 1). The MSQLI includes disease-specific 
measures and the SF-36, which measures a patient’s 
physical and mental well-being. The MSQLI does not 
provide a single overall number or score summarizing 
QOL; rather, each scale is scored separately. The SF-36 
is reported by PCS and Mental Component Summary 
(MCS) scores. Patient responses to the MSQLI as a 
measure of QOL were collected during CHAMPIONS 
study years 5 and 10 but were not collected at baseline 
in CHAMPS.

Statistical Analyses
Analysis of variance (ANOVA) was used to compare 

the IT and DT groups (for patients who completed the 
CHAMPIONS 10-year study) for any of the baseline 
variables. Also, ANOVA was used to evaluate patient-
reported SF-36 (PCS and MCS) scores at 10 years (and 
change in SF-36 scores between 5 and 10 years) and 
their association with each variable. Differences in SF-36 
scores among baseline, clinical, and MRI variables were 
analyzed.

Associations between SF-36 scores at 10 years and 
EDSS scores at 5 and 10 years were analyzed across 
EDSS score subgroups (0.0, 1.0–1.5, 2.0–2.5, and ≥3.0) 
and separately for patients with and without CDMS 
by CHAMPIONS study year 10. Similarly, possible 
associations among patient EDSS scores, baseline char-
acteristics, and MSQLI scores were evaluated at CHAM-
PIONS study year 10 using ANOVA.

Each of the MSQLI subscales was also analyzed by 
CDMS status within certain intervals; this was either 
across subgroups (CDMS between 0 and 5 years, 
CDMS between 5 and 10 years, and no CDMS by 

of patients in the immediate-treatment (IT) group devel-
oping a second clinical event consistent with CDMS.4,6,7

Patients followed in CHAMPIONS completed the 
Multiple Sclerosis Quality of Life Inventory (MSQLI), 
a battery including the 36-item Short Form Health 
Status Survey (SF-36) and nine disease-specific scales as 
outcome measures, at study years 5 and 10. We previ-
ously reported that MSQLI scores, particularly on the 
SF-36 Physical Component Summary (PCS), the Modi-
fied Fatigue Impact Scale (MFIS), the Pain Effects Scale 
(PES), and the Bladder Control Scale, were significantly 
worse in patients who developed CDMS by 5 years than 
in patients still classified as having CIS at 5 years.8 These 
worsening quality of life (QOL) scores were also sig-
nificantly associated with an increase in Expanded Dis-
ability Status Scale (EDSS) scores in patients developing 
CDMS by 5 years, whereas patients without CDMS at 5 
years reported QOL (SF-36) scores that were similar to 
the scores of controls.8,9

This study examined whether patient conversion to 
CDMS remained associated with QOL at 10 years and 
whether other baseline or on-study demographic, clini-
cal, or MRI characteristics were associated with QOL in 
the CHAMPIONS 10-year extension.

Methods
This study was primarily a cross-sectional analysis 

of data from CHAMPIONS patients at their 5- and 
10-year evaluations (approximately 5 and 10 years after 
their enrollment into CHAMPS). Additional longitudi-
nal analyses were performed to assess changes in SF-36 
summary scores between 5 and 10 years.

Study Design and Outcomes
The CHAMPIONS study design has previously 

been described.6 Patients were divided into an IT group, 
which initiated intramuscular IFNβ-1a treatment at 
the onset of CIS symptoms (CHAMPS initiation), 
and a delayed-treatment (DT) group, which initiated 
treatment at a later point (a median of 30 months after 
symptom onset [CHAMPS initiation]; interquartile 
range, 24–35 months).

Previous analyses comparing patient baseline demo-
graphic and clinical characteristics between the IT and 
DT groups showed no statistically significant differences 
between the two groups.7 Similarly, there were no signif-
icant differences in MSQLI scores between the IT and 
DT groups at CHAMPIONS study years 5 and 1010 or 
between these two groups among patients who complet-
ed the CHAMPIONS 10-year study. Therefore, IT and 
DT group data from patients who had MSQLI scores at 
both 5 and 10 years and completed the CHAMPIONS 
10-year study were combined for the current analyses.
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Results
Patients

The IT and DT groups exhibited similar baseline 
demographic and clinical characteristics, with no statis-
tically significant differences (Table 2; additional data 
not shown). A total of 155 patients enrolled (IT, n = 
81; DT, n = 74), and 127 patients (IT, n = 68; DT, n = 
59) completed the CHAMPIONS 10-year examination. 
From this subset of 127 patients, 125 (IT, n = 67; DT, 
n = 58) completed the MSQLI at 5 and 10 years.

Baseline Determinants of QOL After CIS
Associations between baseline characteristics and 

SF-36 summary scores revealed that there were no sig-
nificant differences in SF-36 scores at 10 years (Table 
3) or in change in SF-36 scores from 5 to 10 years (data 
not shown) between the randomization groups (IT and 
DT). There were also no significant differences in SF-36 
scores by syndrome type at onset. There was a trend 
suggesting lower SF-36 PCS scores at 10 years with 
increased age at CIS onset (P = .017). This result was 
likely related to the significant association between age 
at CIS onset and EDSS score at 10 years (Spearman cor-
relation r = 0.17; P = .047). Baseline T2 lesion number 
and volume and gadolinium lesion number were not 
associated with SF-36 PCS or MCS scores at 5 or 10 
years (Table 3).

10 years) or between the CDMS-by-10-years and no-
CDMS-by-10-years groups.

Spearman correlation coefficients were used to evalu-
ate correlations between age and EDSS scores at the 
5- and 10-year follow-up visits; between each QOL 
measure and each of the subscales of the Multiple Scle-
rosis Functional Composite (Timed 25-Foot Walk test, 
Nine-Hole Peg Test, and Paced Auditory Serial Addi-
tion Test) as well as the composite score of the Multiple 
Sclerosis Functional Composite; between all QOL mea-
sures and BPF measures at 5 and 10 years; and between 
changes in all QOL measures and percentage change in 
BPF measures from 5 to 10 years.

Because multiple comparisons were conducted during 
these analyses, probability values between .05 and .01 
were considered suggestive, and only probability values 
less than or equal to .01 were regarded as significant.

Table 1. MSQLI individual component scales13

Scale
No. of 
items

Score 
range Basis of scale

SF-36
Physical 
Component 
Summary
Mental 
Component 
Summary

36 0–100a Physical and mental 
health

Modified Fatigue 
Impact Scale

21 0–84b Impact of fatigue on 
activities

MOS Pain Effects 
Scale

6 6–30b Impact of pain on a 
patient’s mood and 
behavior

Sexual Satisfaction 
Scale

5 4–24b Problems with sexual 
satisfaction

Bladder Control 
Scale

4 0–22b Bladder control problems

Bowel Control 
Scale

5 0–26b Bowel control problems

Impact of Visual 
Impairment Scale

5 0–15b Impact of visual problems

Perceived Deficits 
Questionnaire

20 0–80b Perceived cognitive 
impairment

Mental Health 
Inventory

18 0–100a Mental health

MOS Modified 
Social Support 
Survey

18 0–100a Perceived social support

Abbreviations: MOS, Medical Outcomes Study; MSQLI, Multiple 
Sclerosis Quality of Life Inventory; SF-36, 36-item Short Form Health 
Status Survey.
aHigher scores indicate a better perceived quality of life.
bHigher scores indicate a worse perceived quality of life.

Table 2. Demographic and baseline clinical 
characteristics and CDMS status at 5 and 10 
years for CHAMPIONS extension participants 
who completed the MSQLI at 10 years

Characteristic

Treatment group
Total 

(N = 127)
Immediate 

(n = 68)
Delayed 
(n = 59)

Female sex, No. (%) 50 (73.5) 44 (74.6) 94 (74.0)

Age, mean (SD), y 34.8 (7.9) 33.2 (6.9) 34.1 (7.4)

Presenting event, No. (%)

Brainstem-cerebellar 19 (27.9) 14 (23.7) 33 (26.0)

Optic neuritis 33 (48.5) 32 (54.2) 65 (51.2)

Spinal cord 16 (23.5) 13 (22.0) 29 (22.8)

EDSS score at 1 mo, No. (%)

<3.0 61 (89.7) 55 (93.2) 116 (91.3)

≥3.0 7 (10.3) 4 (6.8) 11 (8.7)

CDMS at 5 y, No. (%) 21 (30.9) 28 (47.5) 49 (38.6)

CDMS at 10 y, No. (%) 33 (48.5) 36 (61.0) 69 (54.3)

Abbreviations: CDMS, clinically definite multiple sclerosis; CHAM-
PIONS, Controlled High Risk Avonex® Multiple Sclerosis Prevention 
Study in Ongoing Neurologic Surveillance; EDSS, Expanded Disabil-
ity Status Scale; MSQLI, Multiple Sclerosis Quality of Life Inventory.
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statistically significant relationship was detected between 
EDSS and SF-36 MCS scores. The SF-36 PCS scores 
showed considerable variability among patients with 
EDSS scores of 0.0 to 2.5, although PCS scores at 10 
years were consistently low in patients with EDSS scores 
of 3.0 or greater at 10 years (data not shown).

The number of relapses between CIS onset and 5 
years and the number of relapses between 5 and 10 years 
were marginally, but not significantly, associated with 
lower SF-36 PCS scores (P = .030 and .017, respec-
tively) (Table 4). Similarly, a nonsignificant association 
was found between a greater number of relapses between 
CIS onset and 5 years and lower SF-36 MCS scores at 
10 years (P = .019) (Table 4).

The number of new or enlarging T2 lesions between 
CHAMPS baseline and 5 or 10 years was not associated 

On-Study Determinants of QOL After CIS
The development of CDMS by study year 5 or 10 

was significantly associated with worse SF-36 PCS 
scores (P = .004 and P = .005, respectively). Similarly, 
the development of CDMS by 5 years was marginally 
associated with lower SF-36 MCS scores at 10 years (P 
= .015), and the development of CDMS by 10 years was 
more significantly associated with lower MCS scores at 
10 years (P = .002).

The EDSS scores at years 5 and 10 were significantly 
associated with worse SF-36 PCS scores at 10 years (P < 
.001 for both), although few patients had EDSS scores 
of 3.0 or greater at either 5 years (9.8%) or 10 years 
(18.4%) (Table 4). This association remained strong 
when data from only patients with CDMS by 10 years 
were included in the analysis (Table 5). However, no 

Group
Patients, 

No. PCS score
P 

value MCS score
P 

value

All patients
5 y 124 48.22 (9.88) 49.18 (10.05)
10 y 125 47.99 (10.60) 48.46 (9.63)

Randomization group
IT 67 47.11 (10.80) .320 47.01 (10.08) .071
DT 58 49.01 (10.38) 50.13 (8.88)

Baseline characteristics
Age at CIS onset, y
<28 31 51.28 (8.94) .017a 46.18 (10.25) .213
28–32 26 51.05 (8.70) 50.82 (11.09)
33–38 37 46.18 (10.45) 47.43 (9.23)
≥39 31 44.30 (12.39) 49.98 (7.72)

Syndrome onset
Optic 
neuritis

63 47.25 (10.97) .348 48.43 (9.41) .334

Brainstem 33 50.30 (8.81) 46.79 (9.72)
Spinal 
cord

29 46.99 (11.58) 50.43 (9.95)

MRI outcomes
No. of new or enlarging T2 lesions at 5 y
0 27 45.29 (10.84) .236 48.34 (7.79) .135
1–2 20 51.72 (8.23) 51.71 (6.40)
3–6 32 47.83 (11.72) 48.90 (9.80)
>6 38 47.56 (10.38) 45.62 (11.55)

No. of new or enlarging T2 lesions at 10 y
0 12 49.42 (7.14) .859 48.07 (8.33) .109
1–2 15 49.59 (11.96) 51.06 (7.26)
3–6 31 49.17 (10.84) 50.90 (7.83)
>6 51 47.58 (10.61) 46.36 (10.34)

Group
Patients, 

No. PCS score
P 

value MCS score
P 

value

T2 lesion volume at 5 y
First 
quartile

27 49.33 (9.67) .377 51.24 (8.40) .190

Second 
quartile

29 48.08 (9.98) 46.21 (10.63)

Third 
quartile

29 44.71 (12.87) 46.41 (10.00)

Fourth 
quartile

28 48.61 (9.89) 48.17 (9.29)

T2 lesion volume at 10 y
First 
quartile

26 50.24 (8.68) .527 50.53 (8.30) .348

Second 
quartile

28 47.24 (12.29) 47.19 (8.89)

Third 
quartile

28 49.81 (8.96) 49.65 (8.58)

Fourth 
quartile

27 46.83 (11.48) 46.67 (10.87)

Change in T2 lesion volume from 5 to 10 y
First  
quartile

24 48.96 (9.44) .281 50.55 (10.37) .322

Second 
quartile

26 51.17 (9.87) 49.34 (7.51)

Third 
quartile

26 46.12 (11.17) 47.52 (10.38)

Fourth 
quartile

25 46.51 (11.30) 45.90 (8.95)

Table 3. Association of baseline characteristics and MRI measures with SF-36 summary scores at 
10 years

Abbreviations: CIS, clinically isolated syndrome; DT, delayed treatment; IT, immediate treatment; MCS, Mental Component Summary; MRI, 
magnetic resonance imaging; PCS, Physical Component Summary; SF-36, 36-item Short Form Health Status Survey.
Notes: Data are presented as mean (SD). Higher scores indicate better quality of life for the PCS and the MCS.
a.01 ≤ P ≤ .05.



International Journal of MS Care
30

Kinkel et al.

Further Analysis of QOL by Interval CDMS 
Status

To better understand the relationship between the 
time from onset of symptoms to a second clinical event 
consistent with CDMS and both generic and disease-
specific QOL outcomes at 10 years, MSQLI subscale 
scores were categorized by interval CDMS status and 
were evaluated (Table 9). Specifically, MSQLI com-
parisons were performed between patient subgroups 
that developed CDMS between baseline and 5 years, 
those that developed CDMS between 5 and 10 years, 
and those that did not develop CDMS by 10 years. An 
MSQLI score comparison was also performed between 
patients who did and those who did not develop CDMS 
by 10 years.

The SF-36 PCS, SF-36 MCS, MFIS (fatigue), PES 
(pain), and Mental Health Inventory scores at 10 years 
were significantly worse for patients with CDMS com-
pared with patients without a CDMS diagnosis. Greater 
worsening in patient-reported QOL measures at 10 
years was seen in patients with earlier CDMS diagnosed 
between baseline and 5 years than in patients who devel-
oped CDMS between 5 and 10 years. Scores on the 
Perceived Deficits Questionnaire (a self-reported mea-
sure of perceived cognitive impairment) at 10 years were 
also significantly worse in patients with CDMS than in 
patients without a CDMS diagnosis at 10 years, with no 
clear time-dependent relationship. Sexual Satisfaction 
Scale and Bowel Control Scale scores exhibited non-
significant trends toward greater worsening in patients 
with CDMS than in those without CDMS. No signifi-
cant associations were detected between conversion to 

with SF-36 scores (Table 3). Similarly, neither T2 lesion 
volume at 5 or 10 years nor change in T2 lesion volume 
between baseline and 10 years or between 5 and 10 years 
was associated with SF-36 PCS or MCS scores (Table 3; 
additional data not shown). There were also no signifi-
cant associations between T2 lesion volume at 10 years 
and any of the 11 MSQLI subscores in patients with or 
without CDMS at 10 years. The BPF at 10 years was 
not associated with any MSQLI measure.

There were no univariate associations between 
change in mean SF-36 scores from 5 to 10 years and 
any baseline or interval clinical or MRI variables  
(Tables 6–8).

Table 4. Association between clinical 
measures and SF-36 summary scores at  
10 years

Group
Patients, 

No. PCS score P value MCS score P value

CDMS by 5 y

Yes 47 44.53 (10.82) .004a 45.78 (10.79) .015b

No 78 50.08 (9.97) 50.07 (8.53)

CDMS by 10 y

Yes 67 45.54 (10.82) .005a 46.02 (10.14) .002a

No 58 50.82 (9.70) 51.28 (8.21)

EDSS score at 5 y

0.0 39 53.23 (6.48) <.001a 50.45 (7.81) .181

1.0–1.5 50 47.27 (10.44) 48.84 (9.63)

2.0–2.5 22 44.65 (12.08) 45.00 (10.72)

≥3.0 12 40.86 (12.87) 46.78 (12.64)

EDSS score at 10 y

0.0 29 52.52 (7.07) <.0001a 49.26 (9.12) .734

1.0–1.5 43 50.04 (9.21) 48.79 (9.61)

2.0–2.5 30 47.55 (10.33) 48.76 (8.56)

≥3.0 23 39.03 (12.17) 46.43 (11.76)

Relapses from baseline through 5 y

0 59 50.53 (8.84) .030b 50.74 (7.67) .019b

1–2 46 45.11 (12.35) 47.39 (9.78)

≥3 20 47.11 (9.65) 44.19 (12.69)

Relapses from 5 to 10 y

0 65 50.12 (9.73) .017b 49.23 (9.38) .598

1–2 40 47.24 (11.06) 47.26 (9.14)

≥3 20 42.59 (10.79) 48.32 (11.50)

Abbreviations: CDMS, clinically definite multiple sclerosis; EDSS, 
Expanded Disability Status Scale; MCS, Mental Component Sum-
mary; PCS, Physical Component Summary; SF-36, 36-item Short 
Form Health Status Survey.
Notes: Data are presented as mean (SD). Higher scores indicate bet-
ter quality of life for the PCS and the MCS.
aP ≤ .001.
b.01 ≤ P ≤ .05.

Table 5. Association between SF-36 summary 
and EDSS scores at 10 years in patients 
reaching CDMS by 10 years

Group
Patients, 

No. PCS score P value MCS score P value

EDSS score at 5 y
0.0 14 52.58 (7.44) .004a 45.77 (8.88) .929
1.0–1.5 28 46.22 (9.95) 46.92 (10.59)
2.0–2.5 14 42.36 (11.16) 44.79 (9.05)
≥3.0 10 37.65 (11.57) 45.34 (13.40)

EDSS score at 10 y
0.0 10 47.65 (9.35) .001a 45.24 (12.00) .947
1.0–1.5 19 50.93 (7.61) 46.76 (9.51)
2.0–2.5 19 47.01 (9.81) 46.59 (7.87)
≥3.0 19 37.58 (11.35) 45.10 (12.28)

Abbreviations: CDMS, clinically definite multiple sclerosis; EDSS, 
Expanded Disability Status Scale; MCS, Mental Component Sum-
mary; PCS, Physical Component Summary; SF-36, 36-item Short 
Form Health Status Survey.
Note: Data are presented as mean (SD).
aP ≤ .01.
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subcutaneous IFNβ-1b trial.15 Although ascertainment 
was high for this follow-up study, there was no evidence 
of reduced disability among survivors, and neither was 
it possible to control for relevant comorbid medical 
conditions that may have been unequally distributed 
between groups. Without a potential mechanism for the 
enhanced survival, which was primarily related to a high-
er rate of pulmonary infections in the group originally 
randomized to receive placebo, this potential treatment 
benefit will require further confirmation.15

Our previous report demonstrated that the devel-
opment of CDMS and the EDSS score at 5 years are 
the only disease-related variables associated with a 
lower QOL at 5 years.8 This report extends the 5-year 
CHAMPIONS results, supporting the somewhat 
intuitive finding that patient-reported QOL is higher in 
patients who do not develop CDMS within 10 years of 
CIS onset. However, it is important to interpret these 

CDMS and change in MSQLI subscale scores from 5 to 
10 years (data not shown).

Discussion
Several phase 3 studies reported a reduction in the 

rate of a second clinical event consistent with CDMS 
in patients with high-risk CIS who started treatment 
with IFNβ shortly after onset of symptoms.3-5 A mod-
est continued reduction in conversion to CDMS for IT 
patients persisted for 5 to 10 years, even after placebo-
treated patients were switched to active treatment, but 
two studies did not demonstrate convincing evidence 
that early treatment with IFNβ after a CIS episode 
reduces long-term disability or improves MRI outcomes 
compared with delayed initiation of therapy.6,7,14 To 
date, the only direct evidence of a prolonged benefit 
from IFNβ treatment is a report of increased long-term 
survival 21 years after the start of the original phase 3 

Group
Patients, 

No.
Change in 
PCS score

P 
value

Change in 
MCS score

P 
value

All patients 122 −0.53 (9.01) −0.59 (11.67)
Randomization group

IT 67 −0.76 (8.81) .756 −1.48 (10.56) .355
DT 55 −0.25 (9.32) 0.50 (12.92)

Baseline characteristics
Age at CIS onset, y
<28 28 0.71 (9.09) .661 −2.52 (12.85) .749
28–32 26 0.54 (8.56) 0.52 (12.40)
33–38 37 −1.49 (8.55) −0.75 (11.43)
≥39 31 −1.42 (10.00) 0.42 (10.51)

Syndrome onset
Optic 
neuritis

61 −0.39 (9.56) .101 −2.36 (9.88) .227

Brainstem 32 1.67 (6.80) 0.62 (12.18)
Spinal cord 29 −3.26 (9.52) 1.81 (14.17)

MRI outcomes
No. of new or enlarging T2 lesions at 5 y
0 27 −0.68 (9.29) .663 0.04 (10.48) .869
1–2 20 1.78 (5.85) −2.72 (6.16)
3–6 32 −1.38 (9.28) −0.46 (12.18)
>6 38 −0.78 (10.21) −0.87 (13.72)

No. of new or enlarging T2 lesions at 10 y
0 12 0.32 (7.74) .692 0.60 (10.72) .665
1–2 15 −2.19 (10.42) −0.64 (11.67)
3–6 31 1.22 (8.27) 1.20 (11.60)
>6 48 0.32 (9.26) −2.01 (11.81)

Group
Patients, 

No.
Change in 
PCS score

P 
value

Change in 
MCS score

P 
value

T2 lesion volume at 5 y
First quartile 27 0.82 (7.93) .733 −0.32 (11.71) .859
Second 
quartile

29 −1.19 (9.59) −2.16 (13.57)

Third 
quartile

29 −1.74 (11.85) −1.37 (12.55)

Fourth 
quartile

28 −0.05 (6.75) 0.34 (8.49)

T2 lesion volume at 10 y
First quartile 25 1.23 (8.87) .845 −0.83 (12.44) .950
Second 
quartile

27 −0.99 (9.25) −1.43 (10.42)

Third 
quartile

28 0.41 (9.18) 0.40 (13.84)

Fourth 
quartile

26 0.33 (8.78) −0.52 (9.42)

Change in T2 lesion volume from 5 to 10 y
First quartile 24 1.26 (8.10) .739 0.14 (12.26) .642
Second 
quartile

26 0.62 (10.53) 0.75 (12.34)

Third 
quartile

26 0.06 (9.43) −0.82 (12.91)

Fourth 
quartile

25 −1.54 (8.32) −3.13 (7.09)

Abbreviations: CIS, clinically isolated syndrome; DT, delayed treatment; IT, immediate treatment; MCS, Mental Component Summary; MRI, 
magnetic resonance imaging; PCS, Physical Component Summary; SF-36, 36-item Short Form Health Status Survey.
Notes: Data are presented as mean (SD). Higher scores indicate better quality of life for the PCS and the MCS.

Table 6. Association of baseline characteristics and MRI measures with SF-36 summary score 
changes between 5 and 10 years
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with greater disability (EDSS score ≥3.0). There was 
also a relationship between lower SF-36 PCS scores and 
older age at CIS onset that was at least partly explained 
by the relationship between age at CIS onset and higher 
EDSS scores at 10 years. At each EDSS score level 
from 0.0 to 3.5, SF-36 PCS scores varied considerably, 
likely reflecting the pronounced interrater variability of 
EDSS scores between 0.0 and 3.5 and the inability of 
the EDSS to adequately characterize symptoms, patient 
concerns, and perceived disability at these lower EDSS 
scores.16,17 Hence, the use of patient-reported QOL mea-
sures can complement EDSS disability measures.

The SF-36 MCS score was lower in patients with 
CDMS than in those without CDMS at 10 years, but 
unlike the SF-36 PCS score, this was not associated with 
a significantly lower level of disability as measured by 
the EDSS. These results are consistent with a previous 
report that showed significant associations between PCS 
scores and EDSS scores and no significant associations 
between MCS scores and EDSS scores from a large 
international cohort of patients with CIS and MS.18

Disease-specific QOL measures particularly sensitive 
to worsening with the development of CDMS included 
the MFIS, PES, Perceived Deficits Questionnaire, and 
Mental Health Inventory. These QOL measures were 
also associated with CDMS status in the CHAMPIONS 
5-year study and reflect commonly reported symptoms 
that are known to uniquely affect QOL early in MS and 
are not captured by typical neurologic impairment or 
disability scales, such as the EDSS.19-21

results in light of the diagnostic criteria for CDMS used 
in this study, which were based solely on clinical criteria; 
in fact, 96% of patients in the CHAMPIONS 10-year 
study eventually met current MS diagnostic criteria, 
which encompass relapses and new MRI lesions.2,7

Patients who developed CDMS earlier reported 
worse QOL at 10 years than those who developed 
CDMS later, as confirmed by the analysis distinguishing 
between patients who developed CDMS within 5 years 
and those who developed CDMS between 5 and 10 
years (Table 4). These results provide further validation 
of the CDMS outcome measure commonly used in CIS 
treatment trials.

The SF-36 PCS score at 10 years was highly associat-
ed with the level of disability as measured by the EDSS. 
This association was noticeable at modest levels of dis-
ability (EDSS score ≥2.0) but was most pronounced 

Table 7. Association between clinical 
measures and SF-36 summary score changes 
between 5 and 10 years

Group
Patients, 

No.
Change in 
PCS score

P 
value

Change in 
MCS score

P 
value

CDMS by 5 y
Yes 46 −0.19 (9.24) .744 −2.02 (11.72) .295
No 76 −0.74 (8.92) 0.28 (11.64)

CDMS by 10 y
Yes 64 −1.42 (9.25) .255 −0.24 (12.54) .730
No 58 0.45 (8.71) −0.97 (10.74)

EDSS by 5 y
0.0 39 0.65 (6.80) .640 −1.19 (10.20) .824
1.0–1.5 49 −1.39 (8.61) 0.16 (11.50)
2.0–2.5 22 −1.15 (11.19) −2.52 (13.67)
≥3.0 11 1.38 (12.67) −0.11 (12.53)

EDSS by 10 y
0.0 29 0.42 (7.07) .197 −2.30 (10.85) .612
1.0–1.5 43 1.06 (7.93) −1.37 (11.91)
2.0–2.5 28 −3.43 (10.40) 1.18 (11.89)
≥3.0 22 −1.20 (10.87) 0.94 (12.27)

Relapses from baseline through 5 y
0 57 −0.04 (7.76) .274 0.24 (9.19) .708
1–2 45 −2.09 (10.53) −0.93 (13.58)
≥3 20 1.57 (8.44) −2.18 (13.67)

Relapses from 5 to 10 y
0 65 0.28 (7.94) .512 −0.83 (12.09) .100
1–2 38 −1.05 (10.80) −2.64 (9.38)
≥3 19 −2.27 (8.71) 4.35 (13.44)

Abbreviations: CDMS, clinically definite multiple sclerosis; EDSS, 
Expanded Disability Status Scale; MCS, Mental Component Sum-
mary; PCS, Physical Component Summary; SF-36, 36-item Short 
Form Health Status Survey.
Notes: Data are presented as mean (SD). Higher scores indicate 
better quality of life for PCS and MCS.

Table 8. Association between SF-36 summary 
score changes between 5 and 10 years and 
EDSS scores at 10 years in patients reaching 
CDMS by 10 years

Group
Patients, 

No.
Change in 
PCS score P value

Change in 
MCS score P value

EDSS score at 5 y
0.0 14 0.07 (7.00) .482 −0.21 (12.43) .946
1.0–1.5 27 −3.05 (8.44) 0.75 (13.07)
2.0–2.5 14 −2.00 (9.22) −1.13 (12.46)
≥3.0 9 2.04 (14.05) −1.84 (13.10)

EDSS score at 10 y
0.0 10 −2.11 (10.39) .209 1.58 (16.47) .907
1.0–1.5 19 1.76 (6.74) −1.86 (12.28)
2.0–2.5 17 −4.78 (6.86) 0.41 (10.26)
≥3.0 18 −1.22 (12.03) −0.16 (13.22)

Abbreviations: CDMS, clinically definite multiple sclerosis; EDSS, 
Expanded Disability Status Scale; MCS, Mental Component Sum-
mary; PCS, Physical Component Summary; SF-36, 36-item Short 
Form Health Status Survey.
Note: Data are presented as mean (SD).
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developing CDMS associated with earlier initiation of 
treatment is associated with improved QOL outcomes 
at 10 years.7 It is unclear whether this inability to see 
an effect on QOL at 10 years by initial randomization 
group is a result of the small sample size in this post hoc 
analysis or the treatment effect on the CDMS outcome 
is too small when comparing our IT and DT groups. 
The lack of an observed difference in EDSS scores by 
randomization group at 10 years suggests that the mod-
est benefits of earlier initiation of therapy with IFN in 
slowing the development of CDMS and reducing early 
relapses do not translate into large differences in QOL 
at 10 years. Further studies are required to determine 
whether smaller yet meaningful improvements in long-
term QOL occur with early initiation of therapy, espe-
cially under circumstances in which the control group 
experiences a longer delay in therapy initiation.

The results presented herein support the development 
of therapies that reduce the risk of a second clinical event 
consistent with CDMS and, more importantly, delay 
or prevent the attainment of certain EDSS milestones, 
perhaps as low as an EDSS score of 2.0, after CIS onset. 
Future CIS studies may consider a composite outcome 
that combines time to development of CDMS and a 

There were no significant associations between QOL 
at 10 years and any of the baseline MRI metrics or 
change in MRI metrics over any time span. There were 
also no significant associations between these measures 
when the analysis was performed separately in patients 
with and without CDMS at 10 years. This is perhaps 
not surprising because MSQLI measures were not asso-
ciated with new or enlarging T2 lesions in the CHAM-
PIONS 5-year study.8 In contrast, Rudick et al.22 found 
associations between SF-36 subscores (PCS and MCS) 
and T1 and T2 lesion volumes in a combined analysis 
of patients who received natalizumab for 2 years. This 
was most likely due to the large number of patients in 
their combined analysis, the large effect of natalizumab 
treatment on these patients, and differences in the popu-
lations studied (patients with relapsing-remitting MS 
rather than CIS at treatment initiation).

Despite the association between the rate of develop-
ing CDMS and worsening SF-36 scores at 5 and 10 
years, no effect of initial randomization group (DT 
vs. IT) was observed on either QOL scores at 5 or 10 
years or change in QOL scores between 5 and 10 years. 
Therefore, we are not able to determine in our study 
whether the previously reported reduction in the rate of 

Table 9. MSQLI subscale scores at 10 years by interval CDMS status

MSQLI subscale

CDMS developed 
between baseline 

and 5 y 
(n = 47)

CDMS developed 
between 5 and 10 y 

(n = 20)
No CDMS at 10 y 

(n = 58) P valuea
CDMS at 10 y 

(n = 67) P valueb

SF-36 PCS 44.53 (10.82) 47.92 (10.70) 50.82 (9.70) .010c 45.54 (10.82) .005c

SF-36 MCS 45.78 (1.79) 46.57 (8.67) 51.28 (8.21) .008c 46.02 (10.14) .002c

MFIS 33.66 (19.70) 26.35 (18.87) 22.38 (17.43) .010c 31.48 (19.61) .007c

PES 11.43 (6.23) 11.40 (5.73) 8.40 (3.78) .006c 11.42 (6.04) .001c

SSS 10.59 (6.47)e 7.94 (3.86)f 7.78 (4.06)g .029d 9.79 (5.90)h .047d

BLCS 2.40 (4.79) 1.10 (2.22) 1.33 (2.68) .226 2.01 (4.22) .288

BWCS 2.62 (4.61) 1.35 (2.64) 0.98 (1.41) .031d 2.24 (4.15) .030d

IVIS 1.49 (2.17) 1.65 (2.50) 0.78 (1.39) .084 1.54 (2.25) .027d

PDQ 24.60 (16.48) 24.90 (16.67) 16.81 (13.11) .016d 24.69 (16.41) .004c

MHI 69.22 (19.08) 73.22 (12.80) 79.39 (13.87) .006 70.41 (17.44) .002c

MSSS 80.87 (18.16) 84.41 (16.20) 84.67 (18.66) .536 81.93 (17.55) .399

Abbreviations: BLCS, Bladder Control Scale; BWCS, Bowel Control Scale; CDMS, clinically definite multiple sclerosis; IVIS, Impact of Visual 
Impairment Scale; MCS, Mental Component Summary; MFIS, Modified Fatigue Impact Scale; MHI, Mental Health Inventory; MSQLI, Mul-
tiple Sclerosis Quality of Life Inventory; MSSS, Modified Social Support Survey; PCS, Physical Component Summary; PDQ, Perceived Deficits 
Questionnaire; PES, Pain Effects Scale; SF-36, 36-item Short Form Health Status Survey; SSS, Sexual Satisfaction Scale.
Notes: Data are presented as mean (SD). Higher scores indicate better quality of life for the PCS, MCS, MHI, and MSSS; lower scores indi-
cate better quality of life for the MFIS, PES, SSS, BLCS, BWCS, IVIS, and PDQ.
aAnalysis of variance comparing no CDMS by year 10, CDMS between baseline and year 5, and CDMS between years 5 and 10.
bPairwise comparison of no CDMS at year 10 and CDMS at year 10.
cP ≤ .01.
d.01 ≤ P ≤ .05.
en = 39.
fn = 17.
gn = 49.
hn = 56.
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sustained EDSS score of 2.0 or greater, an outcome 
that likely reflects a significant reduction in QOL after 
CIS. Such a study would be feasible only if enriched 
for patients with CIS at high risk for short-term disease 
activity and disability progression.

Further work is required to develop clinical impair-
ment measures more closely associated with PROs 
in patients with milder levels of disability early in the 
course of MS because most patients have been shown 
to maintain an EDSS score of less than 3.0 for up to 
10 years after CIS regardless of whether IFN therapy is 
initiated at onset or at a later date (usually within 2.5 
years of CIS onset).7 In addition to the use of CDMS 
and sustained low levels of disability as a primary mea-
sure, greater emphasis should be placed on PROs as an 
addition to primary or secondary outcome measures in 
earlier stages of the disease to assess the potential positive 
and negative effects of treatment. o
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PracticePoints
• Multiple Sclerosis Quality of Life Inventory 

scores, reflecting the perceived impact of fatigue, 
pain, mental health, and cognition on quality 
of life (QOL), 10 years after clinically isolated 
syndrome are significantly worse in patients who 
experience a second clinical event consistent 
with clinically definite MS (CDMS) by 10 years, 
with greater perceived impact in those who 
develop CDMS in the first 5 years.

• Expanded Disability Status Scale (EDSS) score 
increases, even to as low as 2.0, at years 5 and 
10 are associated with lower 36-item Short Form 
Health Status Survey (SF-36) Physical Component 
Summary scores at year 10. Patients with earlier 
onset of CDMS report worse QOL (as indicated 
by SF-36 scores) at year 10 than patients with 
later or no onset of CDMS.

• In the Controlled High Risk Avonex® Multiple 
Sclerosis Prevention Study in Ongoing Neurolog-
ic Surveillance (CHAMPIONS), no demonstrated 
effect was observed for immediate initiation 
of therapy with interferon beta-1a (immediate-
treatment group) versus delayed initiation of ther-
apy (delayed-treatment group) on 10-year QOL  
measures.

• Future studies of therapies for patients with high-
risk clinically isolated syndrome should aim to 
reduce the risk of a second attack consistent with 
CDMS, delay the progression of physical disabil-
ity to milestones as low as EDSS scores of 2.0, 
and improve long-term QOL.


