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Abstract
Background: Disease progression is observed across the spectrum of people with multiple 
sclerosis (MS) and identification of effective treatment strategies to halt progression remains 
one of the greatest unmet clinical needs.
Objectives: The Canadian Prospective Cohort Study to Understand Progression in MS 
(CanProCo) was designed to evaluate a wide range of factors associated with the onset and 
rate of clinical disease progression in MS and to describe the interplay between these factors.
Design: A prospective cohort study.
Methods: CanProCo is a national, prospective, observational cohort study that has recruited 
944 individuals from 5 large academic MS centers in Canada. Participants include people with 
radiologically isolated syndrome (RIS), early relapsing-remitting and primary progressive 
MS (RRMS, PPMS), and healthy controls (HCs). Annually, participants complete self-reported 
questionnaires, undergo clinical evaluation and, if clinically indicated, magnetic resonance 
images (MRIs) of the brain and cervical spinal cord; in a subset of participants (n = 399), blood, 
and research MRIs of the brain and cervical spinal cord are collected. Linkages to health 
administrative databases are available at three sites.
Results: Overall, 944 participants were recruited (53 HCs, 63 RIS, 751 RRMS, 77 PPMS). 
RIS and MS participants had a mean age of 39.0 years and 70.5% female. The mean time 
since diagnosis was 2.7 years. There were differences observed in the Expanded Disability 
Status Scale score and components of the MS performance test (walking speed test, manual 
dexterity test, processing speed test, and low-contrast visual acuity) between RIS and MS 
subtypes. Questionnaires revealed more symptoms of depression and anxiety and impaired 
physical and mental quality of life in people with RIS/MS versus HCs and differences across 
RIS/MS subtypes.
Conclusion: Physical and mental neurological disability is prevalent even in the earliest 
stages of MS. Transdisciplinary approaches such as those used in CanProCo are needed to 
better characterize clinical progression in MS. Additional CanProCo results, including MRI, 
biological, and pharmaco-economic data will be forthcoming. Going forward, CanProCo’s 
data sharing and collaborative vision will facilitate numerous global collaborations, which 
will inform the development and implementation of effective interventions for people with MS 
around the world.
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Introduction
One of the greatest unmet needs in the field of 
multiple sclerosis (MS) is treatments that defini-
tively modify the course of neurological disease 
worsening, or progression in MS. This recogni-
tion has led to numerous international efforts 
aiming to address this unmet need—one of the 
largest being the International Progressive MS 
Alliance.1 The Canadian Prospective Cohort 
(CanProCo) Study to Understand Progression in 
MS was designed with the overarching aim to 
better understand the multitude of factors, and 
interactions between these factors that lead to 
onset, heterogeneity, and magnitude of progres-
sion in MS.

CanProCo is a large, national prospective cohort 
study of healthy control (HC) participants and 
individuals with radiologically isolated syndrome 
(RIS), and in early stages of different subtypes of 
MS (clinically isolated syndrome (CIS) with dis-
semination in space per 2017 McDonald Criteria,2 
relapsing-remitting MS (RRMS), and primary 
progressive MS (PPMS)) followed over 5 years at 
one of five participating academic MS centers in 
Canada. CanProCo participants contribute a wide 
range of clinical, self-reported, biological, and 
imaging data during yearly study visits. Participants 
in British Columbia (one site) and Alberta (two 
sites) agree to link study data to provincial health 
administrative data. The considerable breadth 
and depth of data collected in CanProCo will 
allow for a thorough evaluation of biological fac-
tors (e.g. immunophenotyping) extending to 
social determinants of health (e.g. health system 
factors) that are relevant to disease worsening 
across the spectrum of MS. Knowledge gained 
from CanProCo may enable a better understand-
ing of the mechanisms underlying MS disease 
onset and progression that will in turn inform 
future research, clinical trials, MS practice, and 
health policy, ultimately improving the lives of 
people living with MS in Canada and beyond.

This manuscript describes the baseline demo-
graphic and clinical characteristics of CanProCo 
participants, which will serve as a reference for 

current and future studies utilizing CanProCo 
data.

Methods
A comprehensive description of the CanProCo 
study rationale, inclusion and exclusion require-
ments, and study design has been previously pub-
lished3 and the protocol adheres to Strengthening 
the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines. Briefly, study 
participants were enrolled at five academic MS 
research centers in Canada between April 2019 
and March 2022. Data collected from all partici-
pants constitute the “foundation cohort” (core 
data); and a subcohort of participants contribute 
additional data, described further below (Figure 1).

Inclusion criteria for the foundation cohort and 
specific subcohorts in participants with RIS (per 
2009 Okuda criteria), CIS with dissemination in 
space, RRMS, and PPMS as well as healthy con-
trol (HC) participants are summarized in Table 1. 
All CanProCo participants form the “foundation” 
cohort and contribute clinical data and clinical 
MRIs. A subset of individuals from the CanProCo 
foundation cohort with RIS, CIS/RRMS, and 
PPMS who meet more restrictive criteria (as out-
lined in Table 1) and who are willing to give blood 
and participate in research MRIs at each study 
visit constitute the RIS, CIS/RRMS, and PPMS 
subcohorts. All RIS participants participated in 
the RIS subcohort. For the remainder of this man-
uscript, those with CIS and dissemination in space 
will be grouped together with RRMS and referred 
to collectively as the “RRMS subgroup.”

Participants were recruited via referral through a 
member in their circle of care, or self-referral 
from advertisement (e.g. posters and website). 
Each CanProCo participant signed an informed 
consent form approved by the study site’s research 
ethics board.

All research staff received training regarding study 
protocols and standard operating procedures. 
Ongoing training and data audits ensure 
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continued data quality. Additional details of data 
standardization and quality assurance are detailed 
in the methods manuscript.3

Data collection
A comprehensive description of all clinical, imag-
ing, and biological questionnaires collected in 
CanProCo, and linkage to health administrative 
data have been described previously.3 Briefly, 

CanProCo data collection includes demographic 
and clinical information, a clinician-assessed out-
come: expanded disability status scaled (EDSS) 
score administered by an experienced neurolo-
gist, performance-based outcomes (iPad-based 
multiple sclerosis performance test (MSPT)), 
patient-reported outcomes collected by various 
questionnaires (Table 2), and clinical MRIs of 
the brain conforming to accepted guidelines,6 and 
research-grade MRIs of the brain and cervical 

Figure 1.  CanProCo study schematic.
Source: Figure created with BioRender.com.
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spinal cord which include advanced sequences in 
subcohort participants (Figure 1). The MSPT7,8 
is an iPad-administered set of tests and question-
naires that includes three tests similar to those 
that constitute the multiple sclerosis functional 
composite9 including the manual dexterity test 

(similar to the 9-hole peg test), the walking speed 
test (similar to the 25-foot timed walk), the infor-
mation processing test (similar to the symbol digit 
modalities test). The MSPT also includes visual 
tests, including high-contrast visual acuity and 
low-contrast letter acuity.

Table 1.  CanProCo inclusion and exclusion criteria in foundation cohort and subcohorts.

Cohort Inclusion criteria

Study group •  Age 18–60 (all patient groups) and EDSS4 ⩽6.5

Foundation cohort • � RRMS or CIS diagnosis with MRI evidence of dissemination in space,2 with 
symptom onset ⩽10 years

•  PPMS diagnosis2 with symptom onset ⩽15 years
•  RIS diagnosis per Okuda criteria5

RRMS subcohort • � RRMS or CIS diagnosis with MRI evidence of dissemination in space,2 with 
symptom onset ⩽5 years

•  Treatment-naïve or no disease-modifying treatment ⩾6 months
•  At least 100 patients demonstrating “high” disease activity defined by:
○  2 or more relapses in the past year OR
○  1 relapse in the past year and >10 T2 lesions and >3 gadolinium+ lesion OR
○ � 1 relapse in the past year and >10 T2 lesions and >3 new T2 lesions in the 

past 1–2 years OR
○ � 1 relapse in the past year and >10 T2 lesions and brainstem/spinal cord 

involvement (clinically or on MRI)
○ � 1 relapse in the past year with >10 T2 lesions with incomplete relapse 

recovery and EDSS >2.0

PPMS subcohort •  PPMS diagnosis2 with symptom onset ⩽10 years

RIS subcohort •  RIS diagnosis per Okuda criteria5

Healthy controls •  Age 18–60

  Exclusion criteria

  •  HIV positive (all groups)
•  Previous treatment with chemotherapy for malignancy (all groups)
• � Healthy controls: Previous traumatic brain injury, brain surgery, recent 

cancer treatment, dementia, stroke, or neurological or psychiatric (e.g. major 
depressive disorder) disease-causing functional limitation

CIS, clinically isolated syndrome; EDSS, expanded disability status scale; PPMS, primary progressive multiple sclerosis; 
RIS, radiologically isolated syndrome; RRMS, relapsing-remitting multiple sclerosis.
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Table 2.  CanProCo questionnaires administered.

Tool name Variable of interest Number of questionnaire 
items

Total score range

Comorbidity Questionnaire10 Concurrent medical 
conditions

37 No overall score.
Scores can be grouped into:
(1)  No physical comorbidities
(2)  One comorbidity
(3)  Two comorbidities
(4)  Three or more comorbidities

Euro Quality of Life—5 
Dimensions11,12

Quality of life 6 Covers five dimensions of function: (1) mobility, 
(2) self-care, (3) usual activities, (4) pain and 
discomfort, and (5) anxiety and depression.
No overall score.
• � The five dimensions each have a score range 

of level 1 (indicating no problem) to level 5 
(indicating extreme problems)

•  Visual Analog Scale (0–100)

Generalized Anxiety Disorder13 Anxiety and depression 7 0–5 (mild)
6–10 (moderate)
11–15 (moderately severe anxiety)
15–21 (severe anxiety)
This questionnaire can be interpreted using a cut-off 
threshold of 10: participants with a score >10 can 
be interpreted as having clinically significant anxiety 
symptoms.

Healthcare Resource Utilization 
Questionnaire14

Healthcare resource 
utilization

15 No overall score

Health-Related Productivity 
Questionnaire15

Work productivity 7 No overall score

Modified Fatigue Impact Scale16 Fatigue 21 0–84 (combination of physical, cognitive, and 
psychosocial subscales)

aMultiple Sclerosis Quality of 
Life17

Quality of life 54 The components of this questionnaire can be used 
to evaluate a wide range of scales with the two key 
scales being the physical and emotional health 
scales.
No overall score. Composite scores comprised of:
(1)  Physical Health (0–100)
(2)  Mental Health (0–100)

Valuation of Lost Productivity18 Work productivity 13 0–10

Patient Health Questionnaire19 Anxiety and depression 9 0–5 (mild)
6–10 (moderate)
11–15 (moderately severe depression)
15–21 (severe depression)
This questionnaire can be interpreted as an ordinal 
score, or using a cut-off threshold of 10: participants 
with a score >10 can be viewed as having a clinically 
significant level of depressive symptoms.

Statistics Canada Demographic 
Questions20

Tobacco, cannabis use, 
physical activity

23 No overall score

aControl participants do not complete the Multiple Sclerosis Quality of Life questionnaire.
CanProCo, Canadian Prospective Cohort Study to Understand Progression in MS.
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For questionnaires, the Patient Health Ques
tionnaire (PHQ-9)19 can be interpreted as an 
ordinal score, or using a cut-off threshold of 10: 
participants with a score >10 can be viewed as 
having a clinically significant level of depressive 
symptoms. Similar to the PHQ-9, the Generalized 
Anxiety Disorder questionnaire13 (GAD-7) can 
be interpreted using a cut-off threshold of 10: 
participants with a score >10 can be interpreted 
as having clinically significant anxiety symptoms.

The (Euro quality of life, 5 dimensions11,12  
(EQ-5D)) items cover five dimensions of func-
tion: (1) mobility, (2) self-care, (3) usual activi-
ties, (4) pain and discomfort, and (5) anxiety and 
depression. The components of the MS quality of 
life (QOL) can be used to evaluate a wide range 
of scales with the two key scales being the physical 
and emotional health scales.

Standardized case report forms (CRFs) were used 
to collect participant baseline data (Supplemental 
Documents 1a–d). Demographic details were 
self-reported during the baseline study visit. 
Information related to RIS/MS disease onset, 
diagnosis, relapse, and treatment history was 
abstracted from the medical chart and confirmed 
by the participant during the study visit.

A total of 70 mL of blood was collected from HCs 
and subcohort participants at each study visit: 
60 mL was collected in ethylenediaminetet-
raacetic acid-treated tubes for immediate isola-
tion of peripheral blood mononuclear cells 
(PBMC) (50 mL) and plasma (10 mL), and 
10 mL was collected in a tube with gel for optimal 
serum collection. PBMC, plasma, and serum 
samples were frozen at −80°C, while PBMCs 
were subsequently stored in liquid nitrogen. In 
consenting participants undergoing spinal taps 
for clinical reasons, a single additional 5 mL tube 
of cerebrospinal fluid (CSF) was taken for 
research purposes and spun down. Cell pellet and 
supernatants were frozen at −80°C. CSF samples 
were obtained at any point during study partici-
pation, and repeat samples were collected if the 
participant provided consent and underwent 
another spinal tap for clinical reasons.

Data storage
Clinical data were recorded on CRFs at each 
study site and uploaded to the central study data-
base hosted by the Praxis Spinal Cord Institute’s 
Global Research Platform. All biological speci-
mens were shipped to the biological sample 
repository sites, the Centre Hospitalier de 
l’Université de Montréal, and the University of 
Calgary. De-identified MRI data collected at 
each site (clinical and research MRI scans) were 
sent electronically via secure file transfer proto-
col, where they were stored in the UBC MSMRI 
Imaging Repository, a secure server in the UBC 
EduCloud infrastructure.

Statistical analyses
Descriptive statistics were used to describe the 
data in all participants, and in subgroups. All data 
available from each participant were included. 
Chi-squared tests, Fisher’s exact tests, Wilcoxon 
rank-sum tests, and Kruskal–Wallis tests were 
used for group comparisons. Hypotheses were 
tested at the p < 0.05 level of confidence. In view 
of the descriptive nature of this analysis, adjust-
ments for multiple tests were not used. MSPT 
outcomes were converted into Z-scores which 
were provided by the device, and calculated from 
regression-based equations derived from a healthy 
volunteer study.17

Ethics approval
Each CanProCo participant provided a written 
informed consent form approved by the study 
site’s research ethics board. For full details on 
consent and ethical approval, please see the eth-
ics statement at the end of this article.

Results
A total of 944 adults (n = 891 patients (n = 63 
RIS; n = 751 RRMS; n = 77 PPMS); and n = 53 
HC participants) attended baseline study visits 
between April 2, 2019 and March 2, 2022. All 
study participants contributed data to the analy-
ses presented below, but not all participants had 
complete baseline datasets.

https://journals.sagepub.com/home/tan
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Geographic distribution
Participants were distributed throughout five 
large academic MS centers with similar numbers 
from each site: Toronto, 161; Montreal, 206; 
Edmonton, 177; Calgary, 206; Vancouver, 194.

Demographic and clinical characteristics
At baseline, the mean age of the 891 people with 
RIS/MS was 39.0 years (SD = 10.3) and 70.5% 
were female. HCs (n = 53) had a mean age of 
37.0 years (SD = 11.3) and 67.9% were female 
(Tables 3–6). The mean time since diagnosis of 
all MS/RIS participants was 2.7 years (SD = 2.7). 
When demographics were assessed by disease 
subtype: RIS (n = 63) participants were a mean 
age of 42.3 years (SD = 10.3) and 77.8% female 
with a mean time since diagnosis of 2.2 
(SD = 2.7) years, CIS/RRMS (n = 751) partici-
pants were a mean age of 37.5 years (SD = 9.6), 
72.7% female, and a mean time since diagnosis of 
2.8 (SD = 2.7) years, and PPMS (n = 77) partici-
pants were a mean age of 51.0 years (SD = 7.7), 
42.9% female, with a mean time since diagnosis 
of 2.6 (SD = 2.6) years. Notably, CIS/RRMS sub-
cohort patients (who had to be treatment-naïve at 
the first study visit) had a mean time since diag-
nosis of 0.9 (SD = 1.4) years. There were no dif-
ferences observed between RIS/MS and HC 
participants with respect to age and sex. PPMS 
participants were older, had a lower proportion of 
females, and had a longer time since symptom 
onset than RRMS participants.

CanProCo participants had a wide range of self-
reported ethnicities. The most common ethnici-
ties of MS/RIS participants included: 78.8% 
white, 4.5% South Asian, 4.4% Arab/West Asian, 
4.3% mixed race, and 2.5% Black and Caribbean. 
In HCs, the most common ethnicities were: 
69.8% white, 5.7% South Asian, 5.7% Latin 
American, 5.7% Korean, 5.7% mixed race, 3.8% 
Arab/West Asian, and 3.8% Black and Caribbean. 
Most MS/RIS participants (78.9%) had some 
post-secondary education. Most MS/RIS partici-
pants were employed full-time or part-time 
(72.5%) with 12.9% unemployed due to disability. 
A lower proportion of participants with PPMS 
were employed full-time or part-time in compari-
son to those with RRMS (55.8% vs 73.9%, respec-
tively, p = 0.001). Nearly two-thirds of MS/RIS 
participants were partnered (62%), 29.3% were 
single, and 8.3% reported being divorced or sepa-
rated. A higher proportion of PPMS participants 

reported being divorced or separated compared 
to RRMS participants (18.2% vs 7.5%, respec-
tively, p = 0.004). There was a range of reported 
alcohol consumption in the past year: 15.6% of 
MS/RIS participants reported no alcohol con-
sumption, and 22.6% reported alcohol consump-
tion less than once monthly. When the frequency 
of having had more than five drinks of alcohol on 
one occasion in the past year was evaluated, most 
MS/RIS participants reported a frequency of 
“never” (44.3%) or that such occurrences took 
place less than once per month (36.2%) in the 
past year. A greater proportion of PPMS partici-
pants reported never consuming more than five 
drinks of alcohol on one occasion in the past year 
in comparison to RRMS (64.6% vs 45.3.0%, 
p < 0.05). Mean body mass index was 27.4 
(SD = 7.4) among MS/RIS participants. Three-
quarters (74.6%) of participants with MS 
reported no known family history of MS.

The most common presenting clinical symptom 
in MS/RIS participants was sensory (32.6%), fol-
lowed by multifocal (22.5%) and visual (17.6%). 
In RRMS, the most common presenting symp-
toms were sensory (37.4%), multifocal (27.6%), 
and visual (20.9%); while in PPMS the most 
common presenting symptoms were pyramidal 
(46.8%), multifocal (29.9%), and sensory 
(11.7%). With regards to disease-modifying treat-
ment (DMT) use: 51.9% of all RIS/MS partici-
pants were on DMT at baseline. Of note, one RIS 
participant (1.6%), 56.6% of RRMS, and 53.2% 
of PPMS participants were on DMT at baseline. 
When evaluating DMT use at baseline in subco-
horts where there were specific inclusion/exclu-
sion criteria, including DMT use prior to 
enrollment (Table 6): only 3.7% of RRMS sub-
cohort participants were on DMT (n = 9 on mino-
cycline due to standard clinical practice at one 
site, and n = 1 on glatiramer acetate, started on a 
patient before the study visit, but after the base-
line bloodwork was collected), and 48.5% of 
PPMS. Most CanProCo MS/RIS participants 
reported using Vitamin D supplementation 
(92.3%), at doses ranging from 1000 to 10,000 IU 
daily.

Clinical disability measures
Baseline median EDSS in all MS and RIS partici-
pants was 1.5 (interquartile range, IQR = 1.5) 
(Tables 4 and 6). The median EDSS was lowest 
among those with RIS (0 (IQR = 1.5)), followed 
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Table 3.  Demographics, social determinants, and health behavior.

Characteristic Controls MS/RIS RIS RRMS PPMS MS/RIS vs 
HC p-value

  N = 53 N = 891 N = 63 N = 751 N = 77

Demographics, mean (SD)

  Age (SD) 36.94 (11.28) 38.99 
(10.29)

42.32a (10.29) 37.48 (9.62) 51.03b (7.74) 0.16

  Number of children (SD) 0.89 (1.34) 0.99 (1.18) 1.44a (1.26) 0.9 (1.14) 1.57b (1.3) 0.52

  Height, cm (SD) 27.38 (7.37) 27.35 (7.45) 27.31 (7.82) 26.77b (4.33) n/a

  Weight, kg (SD) 169.16 (13) 167.21 (8.39) 169.01 (13.62) 172.16 (8.79)

  Body mass index (BMI) (SD) 27.35 (7.44) 28.60 (5.65) 27.31 (7.81) 26.77 (4.33)

Sex, n (%)

  Female 36 (67.92) 628 (70.48) 49 (77.78) 546 (72.70) 33b (42.86) 0.69

  Male 17 (32.08) 263 (29.52) 14 (22.22) 205 (27.30) 44b (57.14)

Dominant hand, n (%)

  Right hand 48 (90.57) 790 (88.66) 56 (88.89) 668 (88.95) 66 (85.71) 0.83

  Left hand 4 (7.55) 88 (9.88) 7 (11.11) 72 (9.59) 9 (11.69)

  Ambidextrous 1 (1.89) 13 (1.46) 0 (0.00) 11 (1.46) 2 (2.60)

Social determinants

  Born in Canada, n (%)

    Yes 41 (77.36) 739 (82.94) 46a (73.02) 628 (83.62) 65 (84.42) 0.29

    No 12 (22.64) 152 (17.06) 17a (26.98) 123 (16.38) 12 (15.58)

Ethnicity, n (%)

 � Indigenous (North American 
Indian, Metis, Inuit)

0 (0.00) 9 (1.01) 2 (3.17) 7 (0.93) 0 (0.00) <0.05

  Chinese 0 (0.00) 5 (0.56) 0 (0.00) 3 (0.40) 2 (2.60)

  White (Caucasian) 37 (69.81) 702 (78.79) 45 (71.43) 590 (78.56) 67 (87.01)

  Filipino 0 (0.00) 2 (0.22) 0 (0.00) 2 (0.27) 0 (0.00)

  Japanese 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

  Korean 3 (5.66) 1 (0.11) 0 (0.00) 1 (0.13) 0 (0.00)

  Latin American 3 (5.66) 17 (1.91) 2 (3.17) 14 (1.86) 1 (1.30)

 � South Asian (e.g. East Indian, 
Sri Lankan)

3 (5.66) 40 (4.49) 4 (6.35) 34 (4.53) 2 (2.60)

 � Southeast Asian (e.g. 
Vietnamese, Cambodian)

0 (0.00) 3 (0.34) 1 (1.59) 2 (0.27) 0 (0.00)

(Continued)
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Characteristic Controls MS/RIS RIS RRMS PPMS MS/RIS vs 
HC p-value

  N = 53 N = 891 N = 63 N = 751 N = 77

 � Arab/West Asian (e.g. Iranian, 
Afghan)

2 (3.77) 39 (4.38) 5 (7.94) 32 (4.26) 2 (2.60)

  Black and Caribbean 2 (3.77) 22 (2.47) 1 (1.59) 21 (2.80) 0 (0.00)

  Mixed race 3 (5.66) 38 (4.26) 2 (3.17) 34 (4.53) 2 (2.60)

  Prefer not to answer 0 (0.00) 5 (0.56) 1 (1.59) 4 (0.53) 0 (0.00)

  Other 0 (0.00) 8 (0.90) 0 (0.00) 7 (0.93) 1 (1.30)

Total years of education, n (%)

 � 0 years (no formal education) 0 (0.00) 1 (0.11) 0 (0.00) 1 (0.13) 0 (0.00) <0.05

  5 years (elementary school) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

  8 years (middle school) 1 (1.89) 12 (1.35) 2 (3.17) 9 (1.20) 1 (1.30)

 � 12 years (high school 
or general education 
development (GED) high school 
equivalency program)

6 (11.32) 176 (19.75) 13 (20.63) 143 (19.04) 20 (25.97)

 � 16 years (undergraduate 
degree)

21 (39.62) 313 (35.13) 17 (26.98) 276 (36.75) 20 (25.97)

 � 14 years (technical or 
associate’s degree)

9 (16.98) 244 (27.38) 20 (31.75) 199 (26.50) 25 (32.47)

  18 years (master’s degree) 8 (15.09) 103 (11.56) 9 (14.29) 88 (11.72) 6 (7.79)

 � >20 years (doctorate,  doctor of 
medicine (MD), law, dentistry, 
or equivalent)

8 (15.09) 42 (4.71) 2 (3.17) 35 (4.66) 5 (6.49)

Employment status, n (%)

  Prefer not to answer 0 (0.00) 1 (0.11) 0a (0.00) 1 (0.13) 0b (0.00) <0.05

  Full-time 37 (69.81) 521 (58.47) 39a (61.90) 446 (59.39) 36b (46.75)

  Part-time 4 (7.55) 125 (14.03) 9a (14.29) 109 (14.51) 7b (9.09)

  Homemaker 1 (1.89) 22 (2.47) 3a (4.76) 19 (2.53) 0b (0.00)

  Student 9 (16.98) 46 (5.16) 2a (3.17) 44 (5.86) 0b (0.00)

 � Unemployed due to disability 
(long-term, short-term)

0 (0.00) 115 (12.91) 2a (3.17) 88 (11.72) 25b (32.47)

 � Unemployed, not due to 
disability

1 (1.89) 26 (2.92) 2a (3.17) 22 (2.93) 2b (2.60)

  Other 1 (1.89) 16 (1.80) 3a (4.76) 13 (1.73) 0b (0.00)

  Retired 0 (0.00) 19 (2.13) 3a (4.76) 9 (1.20) 7b (9.09)

Table 3.  (Continued)
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Characteristic Controls MS/RIS RIS RRMS PPMS MS/RIS vs 
HC p-value

  N = 53 N = 891 N = 63 N = 751 N = 77

Current living arrangement, n (%)

 � Home, without professional 
assistance

53 (100.00) 881 (98.88) 63a (100.00) 743 (98.93) 75b (97.40) 0.74

 � Home, with professional 
assistance

0 (0.00) 6 (0.67) 0a (0.00) 6 (0.80) 0b (0.00)

  Assisted living 0 (0.00) 0 (0.00) 0a (0.00) 0 (0.00) 0b (0.00)

  Care facility 0 (0.00) 0 (0.00) 0a (0.00) 0 (0.00) 0b (0.00)

  Other 0 (0.00) 4 (0.45) 0a (0.00) 2 (0.27) 2b (2.60)

Marital status, n (%)

  Divorced 1 (1.89) 44 (4.94) 3 (4.76) 32 (4.26) 9b (11.69) 0.52

  Separated 0 (0.00) 30 (3.37) 1 (1.59) 24 (3.20) 5b (6.49)

  Single (never married) 20 (37.74) 261 (29.29) 13 (20.63) 231 (30.76) 17b (22.08)

 � Married or in a domestic 
partnership

32 (60.38) 552 (61.95) 46 (73.02) 460 (61.25) 46b (59.74)

  Widowed 0 (0.00) 1 (0.11) 0 (0.00) 1 (0.13) 0b (0.00)

  Other 0 (0.00) 3 (0.34) 0 (0.00) 3 (0.40) 0b (0.00)

  Prefer not to answer 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0b (0.00)

Health behaviors

 � Alcohol consumption in the 
past year, n (%)

    Yes 47 (88.68) 751 (84.29) 53 (84.13) 635 (84.55) 63 (81.82) 0.39

    No 6 (11.32) 140 (15.71) 10 (15.87) 116 (15.45) 14 (18.18)

Alcohol history: frequency of 
consumption in last year, n (%)

  Uncertain 0 (0.00) 2 (0.27) 0a (0.00) 1 (0.16) 1b (1.59) 0.10

  Less than once a month 14 (29.79) 170 (22.64) 10a (18.87) 143 (22.52) 17b (26.98)

  Once a month 4 (8.51) 146 (19.44) 12a (22.64) 123 (19.37) 11b (17.46)

  2–3 times a month 4 (8.51) 89 (11.85) 6a (11.32) 76 (11.97) 7b (11.11)

  Once a week 8 (17.02) 53 (7.06) 4a (7.55) 47 (7.40) 2b (3.17)

  2–3 times a week 10 (21.28) 218 (29.03) 10a (18.87) 195 (30.71) 13b (20.63)

  4–5 times a week 4 (8.51) 50 (6.66) 6a (11.32) 37 (5.83) 7b (11.11)

  Daily or almost daily 3 (6.38) 22 (2.93) 5a (9.43) 12 (1.89) 5b (7.94)

  Answer not provided 0 (0.00) 1 (0.13) 0a (0.00) 1 (0.16) 0b (0.00)

Table 3.  (Continued)
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Characteristic Controls MS/RIS RIS RRMS PPMS MS/RIS vs 
HC p-value

  N = 53 N = 891 N = 63 N = 751 N = 77

Alcohol history: frequency of >5 
drinks on one occasion in last 
year, n (%)

  Uncertain 0 (0.00) 3 (0.40) 0a (0.00) 3 (0.47) 0b (0.00) 0.53

  Less than once a month 17 (36.17) 269 (35.82) 21a (39.62) 236 (37.17) 12b (19.05)

  Once a month 5 (10.64) 78 (10.39) 1a (1.89) 72 (11.34) 5b (7.94)

  2–3 times a month 6 (12.77) 36 (4.79) 3a (5.66) 32 (5.04) 1b (1.59)

  Once a week 1 (2.13) 20 (2.66) 3a (5.66) 16 (2.52) 1b (1.59)

  2–3 times a week 0 (0.00) 8 (1.07) 0a (0.00) 8 (1.26) 0b (0.00)

  4–5 times a week 0 (0.00) 2 (0.27) 0a (0.00) 1 (0.16) 1b (1.59)

  Daily or almost daily 0 (0.00) 2 (0.27) 1a (1.89) 0 (0.00) 1b (1.59)

  Never 18 (38.30) 333 (44.34) 24a (45.28) 267 (42.05) 42b (66.67)

  Answer not provided 0 (0.00) 0 (0.00) 0a (0.00) 0 (0.00) 0b (0.00)

Family history of MS, n (%)

  Yes 18 (33.96) 226 (25.36) 16 (25.40) 196 (26.10) 14 (18.18) 0.16

  No 35 (66.04) 665 (74.64) 47 (74.60) 555 (73.90) 63 (81.82)

aThe p-value <0.05 for RIS versus RRMS group comparisons.
bThe p-value <0.05 for RRMS versus PPMS group comparisons.
HC, healthy controls; MS, multiple sclerosis; PPMS, primary progressive multiple sclerosis; RIS, radiologically isolated syndrome; RRMS,  
relapsing-remitting multiple sclerosis; SD, standard deviation.

Table 3.  (Continued)

by those with RRMS (1.5 (IQR = 2.0)), and 
PPMS (4.0 (IQR = 2.0), p < 0.001). Based on the 
patient-determined disease steps score, the major-
ity of MS/RIS participants reported having no 
(60.7%) or only mild (20.8%) disability at base-
line: in RIS 87.3% and 7.9%; RRMS 64.3% and 
21.7%; and PPMS 3.9% and 22.1% reported hav-
ing no or mild disability, respectively, with signifi-
cant differences across subgroups (p < 0.001).

The MSPT was completed by n = 641 partici-
pants, and both raw scores and Z-score are sum-
marized in Table 7. Based on the mean Z-scores, 
participants with PPMS were generally impaired, 
but RIS and RRMS did not demonstrate clear 
evidence of impairment (mean Z-scores in the 
range of 0). When comparing subgroups, PPMS 
demonstrated greater deficits in each test in com-
parison to RRMS (p < 0.001). On the other hand, 

there were significant differences between RRMS 
and RIS in PST and visual acuity at 100% 
(p < 0.05), but these results were not adjusted for 
multiple comparisons.

There were differences observed across CanProCo 
study sites in the distribution of participants, and 
many key demographic and clinical characteris-
tics, summarized in Supplemental Table 1. As 
such, CanProCo site is a covariate that will need 
to be taken into account for relevant future 
analyses.

Questionnaires
Results of select questionnaires evaluating depres-
sive symptoms (PHQ-9),19 anxiety symptoms 
(GAD-7),13 and QOL (EQ-5D11,12 and MSQOL18) 
are summarized below (Table 8). Results of 
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Table 4.  Clinical characteristics.

Mean (SD)a Controls MS/RIS RIS RRMS PPMS MS vs HC  
p-value

N = 53 N = 891 N = 63 N = 751 N = 77

  Age of diagnosis (SD) 36.25 (10.12) 40.11b (10.09) 34.67 (9.36) 48.47c (7.81) n/a

  Age of first symptoms (SD) 34.63 (9.89) n/a 33.56 (9.31) 45.03c (9.42) n/a

  Years since diagnosis (SD) 2.74 (2.72) 2.21 (2.68) 2.80 (2.73) 2.56 (2.60) n/a

  Years since symptom onset (SD) 3.84 (3.46) n/a 3.91 (3.03) 6.00c (5.88) n/a

 � Number of relapses in the last 
12 months (SD)

0.49 (0.76) n/a 0.58 (0.8) 0.04c (0.25) n/a

  Median EDSS score (IQR) 1.5 (1.50) 0.00b (1.50) 1.50 (1.00) 4.00c (2.00) n/a

PDDS, n (%)

  Normal 487 (58.82) n/a 484 (64.45) 3c (3.90) n/a

  Mild disability 183 (22.10) 165 (21.97) 18c (23.38)

  Moderate disability 58 (7.00) 50 (6.66) 8c (10.39)

  Gait disability 54 (6.52) 36 (4.79) 18c (23.38)

  Early cane 29 (3.50) 10 (1.33) 19c (24.68)

  Late cane 10 (1.21) 4 (0.53) 6c (7.79)

  Bilateral support 7 (0.85) 2 (0.27) 5c (6.49)

  Wheelchair or scooter 0 (0.00) 0 (0.00) 0c (0.00)

  Bedridden 0 (0.00) 0 (0.00) 0c (0.00)

Symptoms at onset, n (%)

  Bowel/bladder 5 (0.60) n/a 3 (0.40) 2c (2.60) n/a

  Brainstem 89 (10.75) 87 (11.58) 2c (2.60)

  Cerebellar 13 (1.57) 12 (1.60) 1c (1.30)

  Pyramidal 65 (7.85) 29 (3.86) 36c (46.75)

  Cerebral/cognitive 4 (0.48) 3 (0.40) 1c (1.30)

  Sensory 290 (35.02) 281 (37.42) 9c (11.69)

  Visual 157 (18.96) 157 (20.91) 0c (0.00)

  Other 3 (0.36) 1 (0.13) 2c (2.60)

  Multifocal 200 (24.15) 177 (23.57) 23c (29.87)

  Not provided 2 (0.24) 1 (0.13) 1c (1.30)

Relapses, n (%)

  Never had a relapse 135 (10.10) 63b (100.00) 0 (0.00) 72c (93.51) n/a

  Yes, have had a relapse 756 (89.90) 0b (0.00) 751 (100.00) 5c,d (6.49)

(Continued)
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Mean (SD)a Controls MS/RIS RIS RRMS PPMS MS vs HC  
p-value

N = 53 N = 891 N = 63 N = 751 N = 77

On DMT, n (%)

  Yes 462 (51.85) 1b (1.59) 425 (56.59) 36c (46.75) n/a

  No 429 (48.15) 62b (98.41) 326 (43.41) 41c (53.25)

Type of DMT, n (%)

  Aubagio 37 (8.01) 0b (0.00) 37 (8.71) 0c (0.00) n/a

  Avonex 3 (0.65) 0b (0.00) 3 (0.71) 0c (0.00)

  Betaseron 2 (0.43) 0b (0.00) 2 (0.47) 0c (0.00)

  Copaxone 65 (14.07) 0b (0.00) 65 (15.29) 0c (0.00)

  Gilenya 32 (6.93) 0b (0.00) 32 (7.53) 0c (0.00)

  Glatect 12 (2.60) 0b (0.00) 11 (2.59) 1c (2.78)

  Imuran 1 (0.22) 0b (0.00) 1 (0.24) 0c (0.00)

  Lemtrada 23 (4.98) 0b (0.00) 23 (5.41) 0c (0.00)

  Mavenclad 17 (3.68) 0b (0.00) 17 (4.00) 0c (0.00)

  Minocycline 12 (2.60) 1b (100.00) 11 (2.59) 0c (0.00)

  Ocrevus 129 (27.92) 0b (0.00) 94 (22.12) 35c (97.22)

  Plegridy 4 (0.87) 0b (0.00) 4 (0.94) 0c (0.00)

  Rebif 14 (3.03) 0b (0.00) 14 (3.29) 0c (0.00)

  Rituximab 9 (1.95) 0b (0.00) 9 (2.12) 0c (0.00)

  Tecfidera 80 (17.32) 0b (0.00) 80 (18.82) 0c (0.00)

  Tysabri 22 (4.76) 0b (0.00) 22 (5.18) 0c (0.00)

On any Vitamin D supplementation, n (%)

  Yes 23 (43.40) 822 (92.26) 52b (82.54) 697 (92.81) 73c (94.81) <0.05

  No 30 (56.60) 69 (7.74) 11b (17.46) 54 (7.19) 4c (5.19)

Daily dosage of Vitamin D, n (%)

  1000 IU 9 (39.13) 51 (6.20) 5b (9.62) 44 (6.31) 2 (2.47) <0.05

  2000 IU 5 (21.74) 71 (8.64) 7b (13.46) 56 (8.03) 8 (10.96)

  3000 IU 2 (8.70) 67 (8.15) 5b (9.62) 55 (7.89) 7 (9.59)

  4000 IU 2 (8.70) 271 (32.97) 11b (21.15) 236 (33.86) 24 (32.88)

  5000 or more IU 1 (4.35) 195 (23.72) 12b (23.08) 164 (23.53) 19 (26.03)

  10,000 per week 0 (0.00) 104 (12.65) 8b (15.38) 89 (12.77) 7 (9.59)

  Other 2 (8.70) 49 (5.96) 2b (3.85) 43 (6.17) 4 (5.48)

  Unknown 2 (8.70) 14 (1.70) 2b (3.85) 10 (1.43) 2 (2.74)

aUnless otherwise specified.
bThe p-value <0.05 for RIS versus RRMS group comparisons.
cThe p-value <0.05 for RRMS versus PPMS group comparisons.
dIn these PPMS participants, the possibility of new/worsening symptoms due to a relapse was raised during their disease course, but the treating neurologist ultimately 
deemed these symptoms to be consistent with a primary progressive MS disease course.
DMT, disease-modifying therapy; EDSS, expanded disability status scale; HC, healthy controls; IQR, interquartile range; MS, multiple sclerosis; PDDS, patient-determined disease 
steps disability score; PPMS, primary progressive multiple sclerosis; RIS, radiologically isolated syndrome; RRMS, relapsing-remitting multiple sclerosis; SD, standard deviation.

Table 4.  (Continued)
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Table 5.  Demographics, social determinants, and health behaviors of subcohort participants.

Characteristic RIS RRMS PPMS Group comparison 
RIS/MS p-value

  N = 63 N = 270 N = 66

Demographics, mean (SD)

  Age (SD) 42.32a (10.27) 36.40 (10.31) 50.53b (10.29) <0.05

  Number of children (SD) 1.44a (1.18) 0.78 (1.18) 1.56b (1.18) <0.05

  Height, cm (SD) 167.21 (13.21) 169.01 (13.02) 172.20b (13.02) <0.05

  Weight, kg (SD) 80.17 (19.98) 78.35 (19.95) 79.94 (19.97) 0.71

  BMI (SD) 28.60 (7.54) 27.35 (7.46) 26.78 (7.46) 0.21

Sex, n (%)

  Female 49a (77.78) 190 (70.73) 29b (43.94) <0.05

  Male 14a (22.22) 80 (29.63) 37b (56.06)

Dominant hand, n (%)

  Right hand 56 (88.89) 239 (88.52) 55 (83.33) 0.59

  Left hand 7 (11.11) 27 (10.00) 9 (13.64)

  Ambidextrous 0 (0.00) 4 (1.48) 2 (3.03)

Social determinants

  Born in Canada, n (%)

    Yes 46 (73.02) 219 (81.11) 57 (86.36) 0.15

    No 17 (26.98) 51 (18.89) 9 (13.64)

Ethnicity, n (%)

 � Indigenous (North American Indian,  
Metis, Inuit)

2 (3.17) 1 (0.37) 0 (0.00) 0.26

  Chinese 0 (0.00) 0 (0.00) 1 (1.52)

  White (Caucasian) 45 (71.43) 201 (74.44) 58 (87.88)

  Filipino 0 (0.00) 0 (0.00) 0 (0.00)

  Japanese 0 (0.00) 0 (0.00) 0 (0.00)

  Korean 0 (0.00) 0 (0.00) 0 (0.00)

  Latin American 2 (3.17) 10 (3.70) 1 (1.52)

  South Asian (e.g. East Indian, Sri Lankan) 4 (6.35) 11 (4.07) 2 (3.03)

 � Southeast Asian (e.g. Vietnamese, 
Cambodian)

1 (1.59) 2 (0.74) 0 (0.00)

  Arab/West Asian (e.g. Iranian, Afghan) 5 (7.94) 15 (5.56) 2 (3.03)

  Black and Caribbean 1 (1.59) 8 (2.96) 0 (0.00)

  Mixed race 2 (3.17) 17 (6.30) 1 (1.52)

  Prefer not to answer 1 (1.59) 2 (0.74) 0 (0.00)

  Other 0 (0.00) 3 (1.11) 1 (1.52)

(Continued)
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Characteristic RIS RRMS PPMS Group comparison 
RIS/MS p-value

  N = 63 N = 270 N = 66

Total years of education, n (%)

  0 years (no formal education) 0 (0.00) 1 (0.37) 0 (0.00) 0.8

  5 years (elementary school) 0 (0.00) 0 (0.00) 0 (0.00)

  8 years (middle school) 2 (3.17) 4 (1.48) 0 (0.00)

  12 years (high school or GED) 13 (20.63) 53 (19.63) 17 (25.76)

  16 years (undergraduate degree) 17 (26.98) 94 (34.81) 18 (27.27)

  14 years (technical or Associate’s degree) 20 (31.75) 75 (27.78) 22 (33.33)

  18 years (master’s degree) 9 (14.29) 31 (11.48) 5 (7.58)

  >�20 years (doctorate, MD, law, dentistry,  
or equivalent)

2 (3.17) 12 (4.44) 4 (6.06)

Employment status, n (%)

  Prefer not to answer 0a (0.00) 1 (0.37) 0b (0.00) <0.05

  Full-time 39a (61.90) 163 (60.37) 31b (46.97)

  Part-time 9a (14.29) 41 (15.19) 6b (9.09)

  Homemaker 3a (4.76) 6 (2.22) 0b (0.00)

  Student 2a (3.17) 19 (7.04) 0b (0.00)

  Unemployed due to disability 2a (3.17) 20 (7.41) 22b (33.33)

  Unemployed, not due to disability 2a (3.17) 11 (4.07) 2b (3.03)

  Other 3a (4.76) 5 (1.85) 0b (0.00)

  Retired 3a (4.76) 4 (1.48) 5b (7.58)

Current living arrangement, n (%)

  Home, without professional assistance 63 (100.00) 267 (98.89) 64 (96.97) 0.16

  Home, with professional assistance 0 (0.00) 2 (0.74) 0 (0.00)

  Assisted living 0 (0.00) 0 (0.00) 0 (0.00)

  Care facility 0 (0.00) 0 (0.00) 0 (0.00)

  Other 0 (0.00) 1 (0.37) 2 (3.03)

Marital status, n (%)

  Divorced 3 (4.76) 13 (4.81) 8b (12.12) <0.05

  Separated 1 (1.59) 7 (2.59) 4b (6.06)

  Single 13 (20.63) 91 (33.70) 15b (22.73)

  Married or in a domestic partnership 46 (73.02) 159 (58.89) 39b (59.09)

  Widowed 0 (0.00) 0 (0.00) 0b (0.00)

Table 5.  (Continued)
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Characteristic RIS RRMS PPMS Group comparison 
RIS/MS p-value

  N = 63 N = 270 N = 66

  Other 0 (0.00) 0 (0.00) 0b (0.00)

  Prefer not to answer 0 (0.00) 0 (0.00) 0b (0.00)

Health behaviors

  Alcohol consumption in the past year, n (%)

    Yes 53 (84.13) 221 (81.85) 55 (83.33) 0.89

    No 10 (15.87) 49 (18.15) 11 (16.67)

Alcohol history: frequency of consumption in 
last year, n (%)

  Uncertain 0a (0.00) 0 (0.00) 1b (1.82) <0.05

  Less than once a month 10a (18.87) 46 (20.81) 15b (27.27)

  Once a month 12a (22.64) 37 (16.74) 8b (14.55)

  2–3 times a month 6a (11.32) 39 (17.65) 7b (12.73)

  Once a week 4a (7.55) 23 (10.41) 2b (3.64)

  2–3 times a week 10a (18.87) 63 (28.51) 11b (20.00)

  4–5 times a week 6a (11.32) 11 (4.98) 6b (10.91)

  Daily or almost daily 5a (9.43) 2 (0.90) 5b (9.09)

  Answer not provided 0a (0.00) 0 (0.00) 0b (0.00)

Alcohol history: frequency of >5 drinks on one 
occasion in last year, n (%)

  Uncertain 0a (0.00) 0 (0.00) 0b (0.00) <0.05

  Less than once a month 21a (39.62) 85 (38.46) 11b (20.00)

  Once a month 1a (1.89) 32 (14.48) 4b (7.27)

  2–3 times a month 3a (5.66) 9 (4.07) 1b (1.82)

  Once a week 3a (5.66) 6 (2.71) 1b (1.82)

  2–3 times a week 0a (0.00) 4 (1.81) 0b (0.00)

  4–5 times a week 0a (0.00) 0 (0.00) 1b (1.82)

  Daily or almost daily 1a (1.89) 0 (0.00) 1b (1.82)

  Never 24a (45.28) 85 (38.46) 36b (65.45)

  Answer not provided 0a (0.00) 0 (0.00) 0b (0.00)

Family history of MS, n (%)

  Yes 16 (25.40) 66 (24.44) 12 (18.18) 0.52

  No 47 (74.60) 204 (75.56) 54 (81.82)

aThe p-value <0.05 for RIS versus RRMS group comparisons.
bThe p-value <0.05 for RRMS versus PPMS group comparisons.
MS, multiple sclerosis; PPMS, primary progressive multiple sclerosis; RIS, radiologically isolated syndrome; RRMS, relapsing-remitting multiple 
sclerosis; SD, standard deviation.

Table 5.  (Continued)
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Table 6.  Clinical characteristics of subcohort participants.

Mean (SD)a RIS RRMS PPMS Group comparison 
RIS/MS p-value

N = 63 N = 270 N = 66

Age of diagnosis (SD) 40.11b (10.11) 35.48 (10.14) 48.32c (10.12) <0.05

Age of first symptoms (SD) n/a 34.51 (9.92) 45.05c (9.90) n/a

Years since diagnosis (SD) 2.21b (2.68) 0.92 (1.36) 2.21c (2.13) <0.05

Years since symptom onset (SD) n/a 1.90 (1.73) 5.48c (6.08) n/a

Number of relapses in the last 12 months (SD) n/a 0.99 (0.77) 0.05c (0.76) n/a

Median EDSS score (IQR) 0b (1.50) 1.5 (1.00) 4c (1.88) <0.05

PDDS, n %

  Normal n/a 182 (67.41) 3c (4.55) n/a

  Mild disability 58 (21.48) 16c (24.24)

  Moderate disability 13 (4.81) 7c (10.61)

  Gait disability 12 (4.44) 14c (21.21)

  Early cane 4 (1.48) 17c (25.76)

  Late cane 0 (0.00) 4c (6.06)

  Bilateral support 1 (0.37) 5c (7.58)

  Wheelchair or scooter 0 (0.00) 0c (0.00)

  Bedridden 0 (0.00) 0c (0.00)

Symptoms at onset, n (%)

  Bowel/bladder n/a 0 (0.00) 2c (3.03) n/a

  Brainstem 27 (10.00) 1c (1.52)

  Cerebellar 4 (1.48) 1c (1.52)

  Pyramidal 12 (4.44) 29c (43.94)

  Cerebral/cognitive 2 (0.74) 0c (0.00)

  Sensory 99 (36.67) 8c (12.12)

  Visual 57 (21.11) 0c (0.00)

  Other 0 (0.00) 2c (3.03)

  Multifocal 69 (25.56) 22c (33.33)

  Answer not provided 0 (0.00) 1c (1.52)

Relapses, n (%)

  Never had a relapse 63b (100.00) 0 (0.00) 61c (92.42) <0.05

  Yes, have had a relapse 0b (0.00) 270 (100.00) 5c,d (7.58)

(Continued)
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Mean (SD)a RIS RRMS PPMS Group comparison 
RIS/MS p-value

N = 63 N = 270 N = 66

On DMT, n (%)

  Yes 1b (1.59) 10 (3.70) 32c (48.48) <0.05

  No 62b (98.41) 260 (96.30) 34c (51.52)

Type of DMT, n (%)

  Aubagio 0b (0.00) 0 (0.00) 0c (0.00) <0.05

  Avonex 0b (0.00) 0 (0.00) 0c (0.00)

  Betaseron 0b (0.00) 0 (0.00) 0c (0.00)

  Copaxone 0b (0.00) 0 (0.00) 0c (0.00)

  Gilenya 0b (0.00) 0 (0.00) 0c (0.00)

  Glatect 0b (0.00) 1 (10.00) 1c (3.13)

  Imuran 0b (0.00) 0 (0.00) 0c (0.00)

  Lemtrada 0b (0.00) 0 (0.00) 0c (0.00)

  Mavenclad 0b (0.00) 0 (0.00) 0c (0.00)

  Minocycline 1b (100.00) 9 (90.00) 0c (0.00)

  Ocrevus 0b (0.00) 0 (0.00) 31c (96.88)

  Plegridy 0b (0.00) 0 (0.00) 0c (0.00)

  Rebif 0b (0.00) 0 (0.00) 0c (0.00)

  Rituximab 0b (0.00) 0 (0.00) 0c (0.00)

  Tecfidera 0b (0.00) 0 (0.00) 0c (0.00)

  Tysabri 0b (0.00) 0 (0.00) 0c (0.00)

On any Vitamin D supplementation, n (%)

  Yes 52b (82.54) 249 (92.22) 62 (93.94) <0.05

  No 11b (17.46) 21 (7.78) 4 (6.06)

Daily dosage of Vitamin D, n (%)

  1000 IU 5 (9.62) 21 (8.43) 1 (1.61) 0.2

  2000 IU 7 (13.46) 22 (8.84) 7 (11.29)

  3000 IU 5 (9.62) 17 (6.83) 5 (8.06)

Table 6.  (Continued)

(Continued)
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additional questionnaires, including workplace 
productivity,10 comorbidities,16 and other QOL 
scales21,22 have been or will be reported in subse-
quent publications.23

The median PHQ-9 score was higher in people 
with RIS/MS vs HCs (median score of 6 vs 2, 
p < 0.0001), reflecting more symptoms of depres-
sion in people with RIS/MS. Based on the PHQ-
9, the prevalence of clinically meaningful 
elevations in depressive symptoms in the MS/RIS 
was 29.5% while it was significantly lower at 
6.8% (95% CI: 2.1%–19.6%) in HCs (unad-
justed OR = 5.7 (95% CI: 1.8–29.2), p = 0.0005). 
When comparing subgroups, there was no differ-
ence in PHQ-9 scores across RIS and MS sub-
types (p = 0.25).

The median GAD-7 score was also higher in peo-
ple with RIS/MS compared to HCs (4 vs 2, 
p < 0.01), reflecting more symptoms of anxiety in 
those with RIS/MS. The prevalence of clinically 
significant anxiety was 16.6% (95% CI: 14.2%–
19.3%) in RIS/MS and 6.8% (95% CI: 2.1%–
19.6%) in HCs (OR = 2.72 (95% CI: 0.85–13.9, 
p = 0.09), which was numerically lower, but not 
statistically significant.

The median EQ-5D health status score was 
higher in those with RIS/MS versus HCs (90 vs 
80, p < 0.001). Specifically, people with RIS/MS 

reported significantly higher (worse) scores in all 
domains but self-care versus HCs. When com-
paring across RIS/MS subgroups, participants 
with PPMS reported worse scores in mobility, 
self-care, usual activities, and pain/discomfort 
domains (all p < 0.001); however, they did not 
differ significantly with respect to the anxiety and 
depression domain from those with RIS/RRMS 
(p = 0.64). EQ-5D subscale scores for mood and 
anxiety were concordant with results observed 
with the GAD and PHQ-9 (p < 0.01).

In people with RIS/MS, the median physical 
health score of the MSQOL was 90 (IQR = 35 
(65–100)) and the median emotional health score 
was 72 (IQR = 28 (84–56)). The MSQOL was 
not administered to HCs. When evaluating across 
RIS/MS subgroups, there were group differences 
in physical health (p < 0.001) but not mental 
health (p = 0.29). When pairwise comparisons 
were performed there was greater physical disa-
bility in PPMS versus RRMS, but not mental dis-
ability. On the other hand, there were no 
differences observed in any of the measures 
between RRMS and RIS, suggesting that the level 
of physical and mental disability was similar in 
these two groups.

Additional CanProCo results, including MRI, 
biological, and pharmaco-economic data will be 
forthcoming.

Mean (SD)a RIS RRMS PPMS Group comparison 
RIS/MS p-value

N = 63 N = 270 N = 66

  4000 IU 11 (21.15) 96 (38.55) 19 (30.65)

  5000 or more IU 12 (23.08) 48 (19.28) 19 (30.65)

  10,000 per week 8 (15.38) 26 (10.44) 7 (11.29)

  Other 2 (3.85) 14 (5.62) 3 (4.84)

  Unknown 2 (3.85) 5 (2.01) 1 (1.61)

aUnless otherwise specified.
bThe p-value <0.05 for RIS versus RRMS group comparisons.
cThe p-value <0.05 for RRMS versus PPMS group comparisons.
dIn these PPMS participants, the possibility of new/worsening symptoms due to a relapse was raised during their disease course, but the treating 
neurologist ultimately deemed these symptoms to be consistent with a primary progressive MS disease course.
DMT, disease-modifying therapy; IQR, interquartile range; MS, multiple sclerosis; PDDS, patient-determined disease steps; PPMS, primary 
progressive multiple sclerosis; RIS, radiologically isolated syndrome; RRMS, relapsing-remitting multiple sclerosis; SD, standard deviation.

Table 6.  (Continued)
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Discussion
CanProCo is a national prospective cohort study 
designed to shed insight into the many relevant 
factors and how they interact to result in disease 
worsening in MS. An understanding of the deter-
minants of progression sets the stage for the 
development of targeted therapies, including 
experimental drugs and treatment strategies that 
can prevent and meaningfully alter the trajectory 
of progression in MS, which is one of the field’s 
major unmet clinical needs.

In this manuscript, we reported the baseline 
demographic and clinical characteristics of 
CanProCo participants: HCs and a relatively 
early group of people with RIS/MS, who are also 
reflective of the “spectrum” of MS—spanning 
from those without overt clinical symptoms (RIS) 
to those with early RRMS, to those with early 
PPMS. There were expected abnormalities in 
various measures of neurological disability in 
those with established MS (RRMS and PPMS) 
and RIS in comparison to HCs having similar dis-
tributions of age and sex. Moreover, there were 
expected differences observed in clinical charac-
teristics between disease subtypes, including 
more composite disability as measured by the 
EDSS and the MSPT and more physical disabil-
ity and other domains based on patient-reported 
outcomes in those with PPMS versus RRMS. 
One important observation is that in individuals 
with RIS, there were findings in the question-
naires evaluating mood symptoms and QOL, 
which is in keeping with recent literature demon-
strating that when sensitive clinical tools are uti-
lized, people with RIS have evidence of subtle 
neurological deficits.24 In addition, we observed 
lower mood (including nearly 30% in the clini-
cally meaningful range), higher anxiety, as well as 
lower QOL across the spectrum of MS in com-
parison to HCs, even in early RRMS and RIS. 
Interestingly, when evaluating MS disease sub-
types, PPMS consistently had more physical dis-
ability, but mental health was comparable to 
those with RRMS. Moreover, there was no differ-
ence observed between RRMS and RIS in the 
questionnaires evaluating mood and QOL, sug-
gesting that those without overt clinical symp-
toms of MS (RIS) are, in many ways, 
indistinguishable from those with established 
MS. These findings make it evident that, across 
the spectrum of MS, neurological disability as 
measured by a variety of tools (physical health, 
mental health, pain, and general QOL) are 
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negatively affected, even in the very earliest stages 
of the disease. It will be of high interest to moni-
tor these measures longitudinally to evaluate how 
they change over time in CanProCo participants 
and whether there are differences in trajectories of 
change across disease subtypes and according to 
various demographic/clinical characteristics.

There are additional national cohorts of people 
with MS that have been established around the 
world in recent years. Similar to CanProCo, some 
of these cohorts are collecting a wide range of 
data on participants, including clinical, biologi-
cal, and imaging data. Specific examples include 
the Ausimmune/Auslong study that recruited 
patients between 2003 and 2006 and collected 
blood samples, a range of clinical information, 
and basic MRI data,25 and the Queensland 
cohort.26 In recent years, both Australian cohorts 
have reported on a wide range of findings, includ-
ing findings of interest on diet and its relationship 
to MS disease activity, neuropsychiatric features 
of MS, proteomics related to MS risk, as well as 
employment.27–31 The German National MS 
Cohort (German Competence Network Multiple 
Sclerosis (KKNMS) networks) also recruited a 
group of CIS and RRMS patients nearly a decade 
ago and has reported on a wide range of top-
ics32–35 including genetics, environmental factors, 
pain, fatigue, as well as fluid biomarkers in MS. 
Finally, a recently established national cohort is 
the Scottish Future MS Cohort which has 
recruited a group of newly diagnosed people with 
RRMS (n = 440) and was established with the 
goal of developing predictive tools to aid MS clin-
ical care. This cohort recently reported baseline 
and early longitudinal clinical results.36 While 
there are similarities between these studies and 
CanProCo, a few distinct features of CanProCo 
are worth highlighting. CanProCo was specifi-
cally designed with the aim of understanding 
mechanisms of disease progression in MS and 
includes people with MS of distinct subtypes as 
well as RIS that will allow an evaluation of pro-
gression across the spectrum of MS. Moreover, 
when evaluating differences in data collection, 
CanProCo includes a wide range of biological 
factors, both clinical and research MRIs (includ-
ing spinal cord MRIs), a range of clinical and 
performance-based measures, including those 
collected using digital devices, and also includes 
the ability to link to health administrative data at 
three of five sites. Thus, the depth and breadth3 
of data collection in our cohort is unique and will 

be invaluable to understand the wide range of fac-
tors that relate to disease progression in MS. This 
is a particular strength of CanProCo since MS is 
a complex, chronic, slowly progressive disease 
that will inevitably require multimodal tools to 
facilitate a comprehensive understanding of dis-
ease mechanisms. Finally, another noteworthy 
feature of CanProCo is that there was more 
diverse racial/ethnic representation compared to 
other contemporary cohorts: 21.2% of CanProCo 
participants were non-white racially, which is 
reflective of the ethnic diversity in large, academic 
MS centers in Canada. The ethnic diversity 
observed in CanProCo is a much higher propor-
tion than other cohorts including the Queensland 
cohort26 (Direct Communication with Dr Simon 
Broadley, January 8, 2024), the Ausimmune/
Auslong cohort25 (Direct Communication with 
Dr Bruce Taylor, January 18, 2024), the Scottish 
cohort,36 and recent phase III clinical trials,37 all 
which reported >97% white participants. The 
KKNMS38,39 (direct communication and data on 
file with Drs Anke Salmen, Ralf Gold, and Heinz 
Wiendl, January 8, 2024) also observed a sub-
stantially higher proportion of white participants 
(95%). Following disease trajectories of non-
white participants in CanProCo will be informa-
tive to understand how race/ethnicity may 
influence disease progression in MS.

One of the exploratory aims of CanProCo is to 
utilize novel technologies to improve clinical dis-
ease monitoring in MS, which is a great unmet 
clinical need. Specifically, CanProCo incorpo-
rated digital devices, including the iPad-based 
MSPT, and FLOODLIGHT, a smartphone app 
designed for MS40,41 in the early stages of the 
study. Though FLOODLIGHT was unfortu-
nately retired due to decisions made by the appli-
cation sponsor, there remains great interest in 
validating novel digital measures that may assist 
with more accurate disease monitoring in MS, 
which is another great unmet clinical need. With 
the upcoming extension of CanProCo, the hope 
is to incorporate novel technologies, including 
digital tools, smartphone apps, novel biological 
analysis tools, as well as artificial intelligence to 
analyze the “big data” emerging from this study.

Another unique aspect of CanProCo is its fund-
ing structure, which is a hybrid of non-profit 
organizations, government funders, and industry 
partners. Despite the inherent complexities 
related to multiple funding sources, CanProCo’s 
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success demonstrates that such hybrid funding 
schemes are feasible and should be considered for 
large, national, resource-intensive studies that 
necessitate budgets that would be prohibitive for 
single funding agencies. The hope is that 
CanProCo’s unique funding structure will set a 
precedent for the field so that future large-scale 
studies can be funded through such hybrid mech-
anisms. With the planned extension of CanProCo 
to 10 years of follow-up, multiple funding sources 
are being considered, including non-profit organ-
izations, philanthropy, industry partners, and 
government funding agencies.

Another component of CanProCo’s design wor-
thy of discussion is that this is a study that was 
designed to facilitate collaborations with existing 
and ongoing studies around the world, with the 
overarching goal of improving the efficiency of 
scientific discovery. It is increasingly recognized 
that collaborative efforts are key to minimizing 
redundancy and accelerating scientific progress in 
a field.42 In the initial design stages of CanProCo, 
efforts were made to utilize similar inclusion/
exclusion criteria43 and data collection strategies 
(utilizing standardized MRI protocol,6 use of 
MSPT device) with existing collaborative studies 
to facilitate eventual data sharing, including inter-
national pragmatic studies such as TREAT-MS, 
DELIVER-MS,43,44 as well as previously men-
tioned international cohort studies such as 
KKNMS,36 as well as MS-PATHS.45 Moreover, 
CanProCo is seeking funding to establish an open 
science platform that will allow for the release of 
data (if aligned with the CanProCo data manage-
ment scheme) to qualified investigators around 
the world. Furthermore, for any investigators uti-
lizing CanProCo data, analyzed data will be 
required to be returned to the repository and 
made available to qualified investigators, further 
fueling collaborations and scientific discovery 
efficiency. Although CanProCo is still in its early 
stages of collaboration and data sharing, we 
expect that these efforts will substantially increase 
in the years to come. Looking ahead, it would be 
beneficial for the field if most studies could be 
designed to facilitate such collaborations, and 
data sharing was encouraged or even mandated 
with the aim of accelerating scientific progress in 
the field.

There are a number of limitations in CanProCo 
that will need to be taken into account for subse-
quent analysis. First, the COVID-19 pandemic 

led to a halt in study activities at all CanProCo 
sites for a minimum of 6 months. Despite this, 
CanProCo was able to complete study recruit-
ment within 1 year of the expected recruitment 
period. To adjust to the COVID-19 pandemic, 
several modifications were made to the study pro-
tocol including enabling study visits to be delayed 
for up to 6 months, and allowing for partial virtual 
data collection when in-person visits were not 
anticipated to be possible within the 6-month 
grace period. These factors will need to be taken 
into account when data are analyzed. The success 
of CanProCo recruitment despite the restrictions 
of a global pandemic is reflective of the motiva-
tion and willingness of people living with MS to 
continue to participate in a research study in ten-
uous circumstances and also illustrates how 
research studies can pivot and adjust to unex-
pected circumstances to ensure success. While 
CanProCo includes people with MS (pwMS) 
from wide geographic area catchment areas across 
Canada, selection bias or limitations in generaliz-
ability are still an important concern as study par-
ticipants were recruited from the largest academic 
urban MS centers in Canada, making it likely that 
our study population is not entirely representative 
of all people in early stages of MS in Canada. 
Moreover, CanProCo was specifically designed 
with the purpose of trying to understand factors 
related to progression in MS, thus including peo-
ple with relatively early MS of different subtypes, 
making it reflective of an early MS population, 
rather than MS across the entire disease span. 
Finally, as with many longitudinal cohort studies, 
participant retention will be an ongoing concern, 
and our study team is making every effort to 
increase participant retention. These efforts 
include hosting annual educational events devel-
oped to engage and inform study participants, 
increasing patient and public engagement with the 
development of patient expert panels (who regu-
larly provide feedback on study design, analysis 
priorities, and information dissemination), the 
publication of periodic newsletters for participants 
in both official languages (English and French), 
regular study result dissemination, as well as dis-
tributing CanProCo-branded merchandize to 
increase participant morale.

An important lesson learned from the launch of 
CanProCo is that the most time-consuming and 
rate-limiting steps for study initiation were the 
legal and privacy requirements to set up data-
sharing agreements across multiple institutions. 
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Each CanProCo site institution, related to differ-
ences in provincial legislature and institutional 
requirements, had unique requirements to pro-
tect participant privacy at the time of study 
launch. Moreover, there were specific legal 
requirements that differed across institutions that 
ultimately resulted in substantial delays with 
study initiation. Incorporating novel smartphone-
based technologies and the data storage related to 
such new devices was a major challenge for many 
sites, as many ethics boards and contracts offices 
were unfamiliar with the use of novel technologies 
in research studies at the time of CanProCo 
launch. Given that we are living in an era where 
multisite, multinational data-sharing studies are 
common, and that there are continuously novel 
technological devices being integrated into clini-
cal trials, together with ever-changing privacy leg-
islation, our experience highlights the need for 
streamlining study approval processes, particu-
larly those involving privacy legislation, to pre-
vent similar delays. Moving forward, in the MS 
field and beyond, it is evident that multiple stake-
holders (clinicians, scientists, patient representa-
tives, legal entities, hospital administrative 
representatives, and global ethics and regulatory 
agencies) will need to collectively evaluate these 
requirements and find a more efficient way to 
facilitate multisite, multinational research so that 
such collaborative studies are not hampered to 
such an extent in the future.

In conclusion, we summarized baseline demo-
graphic and clinical characteristics of CanProCo 
participants, which reflects an early cohort of 
people living with RIS, MS, and HCs. We expect 
that this manuscript will serve as a starting point 
for numerous future studies and collaborations 
involving our dataset in the years to come. 
CanProCo’s unique study design, overarching 
goal, integration of scientific disciplines, as well as 
potential to collaborate with existing databases 
and mandate to share data widely make it a 
resource that will benefit the field in the years to 
come. Over time, we expect that findings stem-
ming from CanProCo and other collaborative 
international efforts will bring us one step closer 
to developing more effective treatment strategies 
that can definitively modify the course of disease 
worsening in MS, ultimately improving patient 
outcomes for people living with MS in Canada 
and around the world.
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