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Abstract
Background and Objectives
Infections, including infection with SARS-CoV-2 (COVID-19), could alter the course of
multiple sclerosis (MS). Previous studies assessing the effects of COVID-19 on MS outcomes
were small and had discordant findings. The study objective was to evaluate the association of
COVID-19 infection with changes in the trajectory of MS symptoms and disability.

Methods
We used a controlled interrupted time series (ITS), a quasiexperimental study design using
longitudinal data from the North American Research Committee on Multiple Sclerosis Registry.
Participants who completed at least 3 surveys before and after their index survey were identified.
Exposure of interest was COVID-19 infection based on confirmed diagnosis using an at-home or
laboratory test, as reported by the participant. Symptoms were measured using the Symp-
toMScreen (SMSS), a self-report measure of symptom severity across 12 domains common in
MS. Disability was measured using PDDS. Segmented regression was used to compare changes in
outcomes over time between cohorts, before and after the exposure (COVID-19 infection).

Results
The spring 2023 survey response rate was 67.3%, and 4,787 participants completed the
COVID-19 questions. Of those participants, 2,106 (44.0%) reported ever having confirmed
COVID-19. The COVID-19 infection cohort included 796 participants with ≥3 surveys both
before and after index survey. The uninfected cohort included 1,534 participants (32.0%) who
reported never having COVID-19 nor other infections in the previous 6 months, of whom
1,336 had the requisite number of presurveys and postsurveys. After adjusting for participant
characteristics, the SMSS score increased nominally over time in the COVID-19 and uninfected
cohorts and this change over time did not differ between cohorts either before (0.005, 95%
CI −0.025 to 0.035) or after (−0.0002, 95% CI −0.014 to 0.014) COVID-19 infection. The
immediate effect of COVID-19 infection on the SMSS total score was minimal within the
COVID-19 cohort and did not differ between cohorts (0.41, 95% CI −0.13 to 0.94). Findings
were similar for disability.

Discussion
Our study using an ITS design found that COVID-19 infection was not associated with
immediate changes in symptom severity or disability, nor did it change the trajectories of these
outcomes over a median follow-up of 18months. Although results may not generalize to younger
people with MS, these findings enhance our general understanding of the consequences of
infection in people with MS.
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Introduction
The COVID-19 pandemic has focused attention on the
consequences of infection on the course of disease. As of July
2024, at least 775 million people worldwide were infected
with SARS-CoV-2 (hereinafter COVID-19).1 Infection has
the potential for clinically significant consequences in people
with multiple sclerosis (MS). MS is associated with an in-
creased risk of infection and infection-related hospitalizations,
including for viral infections.2–4 Infection-related hospital-
izations are concerning because, in one study, hospitalizations
were associated with greater disability accrual, regardless of
the reason for admission.5

Several small and moderately sized studies assessed the effects
of COVID-19 infection on MS outcomes with conflicting
findings.6–11 Using a pre-post design examining 53 people
with relapsing-remitting MS, relapse rates did not differ after
COVID-19 infection nor did the frequency of 3-month
sustained disability progression.12 Similarly, in a propensity-
matched study, COVID-19 was not associated with an in-
creased risk of relapses or disability worsening, but fatigue,
dyspnea, and hyposmia were transiently more frequent.9

However, another study reported that after COVID-19 in-
fection, one-third of people with MS and related disorders
were neurologically worse than before infection because of
pseudorelapses, relapses, worsening of preexisting symptoms,
or new neurologic symptoms.10 Thus, the long-term effects of
COVID-19 on symptoms and disability in people with MS
remain uncertain.

The conflicting findings in the literature highlight how the
assessment of the effects of COVID-19 on subsequent
symptoms in people with MS may be complicated by sev-
eral factors. First, many of the common symptoms after
COVID-19 infection are nonspecific and overlap with
symptoms of MS. For example, fatigue, impaired memory and
concentration, sleep problems, and depression or anxiety are
common COVID-19 symptoms,13 and these overlap with
symptoms experienced by people with MS. Second, the
pandemic adversely affected the psychological well-being of
people with MS14 in addition to changing levels of physical
activity, frequency of social interaction, and patterns of health
care use,15,16 all of which may influence outcomes in MS.

The controlled interrupted time series (ITS) design is a qua-
siexperimental design, which compares the change in the
outcome of interest over time between 2 groups, before and
after the intervention or exposure of interest. The pre-post

comparison within a group allows each participant to act as
their own control, thereby controlling for both fixedmeasured
and unmeasured factors. The comparison between groups
controls for changes that may occur over time unrelated to the
exposure, in this case those generally related to the pandemic
period but not COVID-19 infection itself. Using an ITS de-
sign, we evaluated the association of COVID-19 infection
with changes in the trajectory of MS symptoms and disability,
hypothesizing that COVID-19 infection would not be asso-
ciated with changes in these trajectories.

Methods
Study Design and Data Source
We used longitudinal data from the North American Research
Committee on Multiple Sclerosis (NARCOMS) Registry in
a controlled ITS approach. Participants in the NARCOMS
Registry self-report demographic and clinical information at
enrollment and semiannually thereafter. The semiannual
questionnaires update information regarding sociodemo-
graphic factors such as income and clinical information such
as symptoms using online or paper questionnaires according
to the preference of the participant. Registry surveys are
conducted every 6 months in April and October.

Standard Protocols, Approvals, and
Patient Consents
Participants agreed to the use of their deidentified in-
formation for research, and the registry was approved by the
University of Texas Southwestern Institutional Review Board.

COVID-19 Infection
In spring 2023, survey participants reported whether they ever
had COVID-19, the number of COVID-19 infections, and
dates of infection (month and year). For participants with
multiple infections, dates of their first and most recent in-
fection were requested. The COVID-19 infection cohort and
uninfected cohort were based on the responses to these
questions. In addition, surveys through the index period
(spring 2020 to fall 2022) also queried participants about
COVID-19 infections and, when available, were used to
confirm presence or absence of COVID-19 infection in these
cohorts.

Participants
For this analysis, we included NARCOMS Registry partic-
ipants who reported clinician-diagnosed MS, were aged
18 years or older, and US residents. Two cohorts were cre-
ated. The COVID-19 infection cohort included participants

Glossary
DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; FDR = false discovery rate; ITS = interrupted
time series; MS = multiple sclerosis; NARCOMS = North American Research Committee on Multiple Sclerosis; PDDS =
patient-determined disease steps; SE = standard error; SMSS = SymptoMScreen.
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who reported that they had a confirmed diagnosis of COVID-
19 infection through a self-administered home or laboratory
test during the period from spring 2020 to fall 2022. This
index period was necessary to allow sufficient follow-up after
infection (Figure 1). For the COVID-19 infection cohort, the
index survey was the survey(s) when the participant reported
having the COVID-19 infection. A follow-up survey was ex-
cluded if the survey was completed within 30 days after the
reported COVID-19 infection. If multiple COVID-19 infec-
tions were reported, the index survey was the survey associ-
ated with the first COVID-19 infection and all surveys
between the participant’s first and most recent COVID-19
infection were excluded from the pre- and post-periods. The
uninfected cohort included participants who reported never
having a positive COVID-19 test during the period between
spring 2020 and spring 2023. In addition, the uninfected co-
hort did not report having other infections for the 6-month
period before the spring 2023 survey. Other infections in-
cluded influenza, common cold, gastrointestinal tract in-
fection, pneumonia, zoster (shingles), strep throat, urinary
tract infection, skin infection, osteomyelitis, and joint in-
fection. For the uninfected cohort, the index survey was
assigned to the survey that met the eligibility criteria. When
more than one survey met the eligibility criteria, we randomly
assigned the index survey to the surveys completed between
spring 2020 and fall 2022 to align with the distribution of
index surveys in the COVID-19 infection cohort. Participants
in each cohort were required to have completed at least 3
surveys before and after the index survey.

Outcomes
Our semiannual updates collected symptom and disability
outcomes, including in the period before the index period, to
examine whether COVID-19 infection altered the trajectories
of symptom severity and disability. Comparisons with the
control cohorts addressed potential confounding due to gen-
eral pandemic effects.

Symptoms
The SymptoMScreen (SMSS) is a self-report measure of
symptom severity across 12 domains common to MS including,
walking, hand function/dexterity, spasticity and stiffness, bodily

pain, sensation, bladder function, fatigue, vision, dizziness, cog-
nitive function, depression, and anxiety.17 Each domain is rated
on an ordinal scale ranging from 1 (not affected at all) to 7 (total
limitation). The SMSS was validated against performance-based
and clinician-assessedmeasures and showed strong criterion and
construct validity and reliability.18 NARCOMS began collecting
the SMSS in the fall 2017 survey. The SMSS total score, which is
the sum of the 12 individual domain scores, was used, as well as
that of each domain separately. The SMSS total score ranged
from 0 to 72, where higher scores indicate more severe
symptoms.

Disability
The patient-determined disease steps (PDDS) is a single-item
measure of disability with 9 levels including 0 (normal), 1
(mild disability), 2 (moderate disability), 3 (gait disability), 4
(early cane), 5 (late cane), 6 (bilateral support), 7 (wheel-
chair/scooter), and 8 (bedridden).19,20 Scores on the PDDS
are highly correlated with those from a physician-scored Ex-
panded Disability Status Scale (EDSS; r = 0.73; 95% CI
0.66–0.79), where a score of 0 approximates an EDSS score of
0, a score of 3 represents early gait disability without needing
an assistive device and approximates an EDSS score of
4.0–4.5, and scores of 4, 5, and 6 represent EDSS scores of
6–6.5.21,22

Covariates
From the enrollment questionnaire, we obtained information
regarding date of birth, sex, race and ethnicity, level of educa-
tion attained, and age at MS symptom onset. Age at symptom
onset was used to calculate disease duration. We categorized
race as White, African American/Black, and other; the number
of participants reporting Hispanic ethnicity was too small for
the analysis (<50). Education level was categorized as high
school/General Educational Development Test and post-
secondary education (associate’s degree, bachelor’s degree,
postgraduate education, and technical degree).

From the index questionnaire, we obtained information re-
garding disease-modifying therapy use, annual household in-
come, marital status, health behaviors (smoking, alcohol intake,
physical activity), and comorbid conditions. Disease-modifying

Figure 1 Study Design
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therapies (DMTs) from each survey in the preindex and
postindex periods were included in the analysis (time varying)
and categorized as none, S1P modulators, B-cell therapies, and
other based on their previous association with severity of
COVID-19 infection.23 Annual household income response
options were <$15,000; $15,001-$30,000; $30,001-$50,000;
$50,001-$100,000; >$100,000; and “I do not wish to answer.”

Analysis
We characterized the study population using descriptive sta-
tistics including mean (SD), median (interquartile range),
and frequency (percentage). For the ITS analysis, we imple-
mented segmented regression models to evaluate the fol-
lowing questions simultaneously: (1) Did the COVID-19
infection cause a change in the outcome for either cohort? (2)
Was the preperiod to postperiod change in the outcome rates
between the cohorts significant? (3) Was the immediate
outcome change at the time of COVID-19 infection the same
for both groups? The ITS model used generalized estimating
equations and an autoregressive covariance structure to
evaluate the immediate impact and change in trend on
symptoms and disability associated with COVID-19 infection
while controlling for ongoing changes related to MS or the
pandemic over time.24,25 A Durbin-Watson test was used to
investigate the presence of autocorrelation. The model for the
SMSS total score used a normal distribution and model
assumptions were verified using residuals, whereas the models
for the PDDS and individual SMSS domains used a Poisson
distribution. Contrast statements were used to explicitly
evaluate each question in the model, and the estimate and
standard error (SE) are reported for each contrast. Models
were adjusted for age at index, sex, race, education level,
disease duration at index, and DMT category at each survey.

Sensitivity analyses examined these questions in a cohort using
a 90-day window in the COVID-19 infection cohort for ex-
cluding follow-up surveys and in a 30-day window propensity
score–weighted cohort that included all covariates described
above. Propensity score weighting includedmodel covariates and
annual household income, comorbidities (anxiety disorder, de-
pression, autoimmune thyroid disease, diabetes, hypertension,
hyperlipidemia, heart disease, chronic lung disease, irritable
bowel syndrome, psoriasis, fibromyalgia, sleep apnea, stroke, and
cancer), current smoking status, any physical activity, and alcohol
intake. Stabilized inverse probability of treatment weights was
used in the analysis, and plots and standardized differences were
used to assess balance with the weighted propensity scores. An
additional sensitivity analysis included disability level at index and
vaccination status as an additional, time-varying covariate in the
model. To control for multiple comparisons, we implemented
a false discovery rate (FDR) correction of 5% with an adjusted
significance level of 0.0001. Statistical analyses were conducted in
SAS v9.4 (SAS Institute, Cary, NC) using PROC GEE.

Data Availability
Individual participant data that underlie the results reported
in this article after deidentification will be made available for

replication on request. The study survey, data dictionary, and
analytic code will also be made available. Data will be available
beginning 3months and ending 5 years after article publication.
Proposals should be directed to msregistry@narcoms.org; to
gain access, data requestors will need to sign a data access
agreement. Researchers who provide a methodologically sound
proposal and rationale will be provided access to achieve aims
in the approved proposal.

Results
Participants
The spring 2023 survey was distributed to 7,782 participants,
of whom 5,239 (67.3%) responded. Of those, 344 participants
were excluded for not reporting a clinician-diagnosed MS,
being aged 18 years or older or a US resident, and an addi-
tional 108 did not complete the COVID-19 question. Of
these 4,787 eligible participants, 2,106 participants (44.0%)
reported having COVID-19 that was confirmed with a labo-
ratory or at-home test. There were 796 participants with the
requisite number of surveys before and after index in the
COVID-19 infection cohort using a 30-day window around
the COVID-19 infection. The median (25th, 75th) time from
COVID-19 to index was 4 (1, 3) months. Using a 90-day
window, there were 685 participants eligible for the analysis.

For the uninfected cohort, 1,534 (32.0%) reported never
having a COVID-19 infection nor any other infection in the
6 months before the spring 2023 survey and 1,336 had at least
3 surveys in the pre- and post-periods. The COVID-19 in-
fection cohort was younger and had a greater proportion of
women, higher income, and level of education compared with
the uninfected cohort (Table 1). They were also younger at
symptom onset, with a lower median disability level at index,
and they more frequently used anti-CD20 DMTs. The median
[25th, 75th] number of survey participants in the COVID-19
infection cohort in the pre- and post-periods were 6 [5, 7] and 3
[3, 4], respectively while participants in the uninfected cohort
had a similar number for the pre-period (6 [4, 7], p = 0.24) and
a higher number for the post-period (4 [3, 4], p = 0.0004).
Demographics of the 90-day window cohort were generally
similar to the 30-day window cohort (eTable 1). Propensity
score weights were balanced for the 2 groups (eFigure 1).

Symptoms
After adjusting for age at index, sex, race, education level,
disease duration at index, and DMT, the slopes of the
COVID-19 infection cohort and uninfected cohort did not
differ in the change in the SMSS total score eachmonth before
or after the index period (p = 0.73, p = 0.98, respectively;
Table 2, Figure 2). For each group, the SMSS score increased
nominally by 0.02 points per month before to after index
survey and this change did not differ between the groups (p =
0.75). The immediate effect of the COVID-19 infection on
the SMSS score was minimal (less than half a point) within
each group and did not differ between groups (p = 0.14).
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Table 1 Participant Characteristics

Total (N = 2,132)
Uninfected (unexposed)
(N = 1,336)

COVID-19 (exposed)
(N = 796) p Value

Age at index 64.1 ± 9.4 65.7 ± 8.8 61.5 ± 9.9 <0.001b

Femalea 1710 (80.2) 1,052 (78.8) 658 (82.7) 0.030c

Race 0.093c

American Indian 5 (0.23) 4 (0.30) 1 (0.13)

Arab 5 (0.23) 3 (0.22) 2 (0.25)

Asian 5 (0.23) 5 (0.37) 0 (0.0)

Black/African American 46 (2.2) 37 (2.8) 9 (1.1)

Latino 16 (0.75) 11 (0.82) 5 (0.63)

Multiple 23 (1.1) 17 (1.3) 6 (0.75)

Other/unknown 163 (7.6) 97 (7.3) 66 (8.3)

White/Caucasian 1869 (87.7) 1,162 (87.0) 707 (88.8)

Education levela 0.028c

High school/GED 493 (24.7) 339 (26.8) 154 (21.0)

Associates 279 (14.0) 172 (13.6) 107 (14.6)

Technical degree 43 (2.2) 23 (1.8) 20 (2.7)

Bachelor’s 643 (32.2) 388 (30.7) 255 (34.8)

Post-bachelor’s 538 (27.0) 341 (27.0) 197 (26.9)

Annual income at indexa <0.001c

Less than $15,000 65 (3.3) 50 (4.0) 15 (2.0)

$15,000—$30,000 229 (11.5) 170 (13.6) 59 (8.0)

$30,001—$50,000 287 (14.4) 197 (15.7) 90 (12.2)

$50,001—$100,000 490 (24.6) 293 (23.4) 197 (26.7)

Over $100,000 455 (22.8) 225 (17.9) 230 (31.1)

I do not wish to answer 467 (23.4) 319 (25.4) 148 (20.0)

Marital status at indexa <0.001c

Never married 171 (8.5) 125 (9.9) 46 (6.2)

Married 1,311 (65.5) 769 (61.1) 542 (72.9)

Divorced 263 (13.1) 187 (14.9) 76 (10.2)

Widowed 170 (8.5) 123 (9.8) 47 (6.3)

Separated 13 (0.65) 10 (0.79) 3 (0.40)

Cohabitating/domestic partner 73 (3.6) 44 (3.5) 29 (3.9)

Age at start of symptomsa 31.8 ± 9.8 32.4 ± 9.8 30.9 ± 9.6 0.001b

PDDS at indexa 3.0(1.00,6.0) 4.0(1.00,6.0) 3.0(1.00,5.0) <0.001d

MS clinical course <0.001c

Relapsing 1,145 (53.7) 662 (49.6) 483 (60.7)

Progressive 766 (35.9) 515 (38.5) 251 (31.5)

Unsure/not answered 221 (10.4) 159 (11.9) 62 (7.8)

Continued
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Results were similar when using the 90-day window, using the
propensity score–weighted cohort, and including disability at
index and vaccination status as covariates (eTables 2, 4, and 6).

Individual Symptom Domains
Findings for the domains of bodily pain, sensory, bladder
control, fatigue, vision, dizziness, cognitive function,

depression, and anxiety were similar to those for the SMSS
total score (Table 3). A few domains showed changes in the
COVID-19 cohort, although they were likely too small to be
clinically meaningful and not statistically significant at the
FDR-corrected level. Walking, hand function/dexterity, and
spasticity and stiffness showed a small decrease in the change
of the symptom severity in the COVID-19 infection cohort

Table 1 Participant Characteristics (continued)

Total (N = 2,132)
Uninfected (unexposed)
(N = 1,336)

COVID-19 (exposed)
(N = 796) p Value

DMT category at index 0.009c

Anti-CD20 635 (29.8) 373 (27.9) 262 (32.9)

S1P modulators 158 (7.4) 95 (7.1) 63 (7.9)

Other 1,331 (62.4) 860 (64.4) 471 (59.2)

None/not answered 8 (0.38) 8 (0.60) 0 (0.0)

Index survey <0.001c

S20 30 (1.4) 22 (1.7) 8 (1.0)

F20 99 (4.6) 78 (5.8) 21 (2.6)

S21 321 (15.1) 216 (16.2) 105 (13.2)

F21 325 (15.2) 250 (18.7) 75 (9.4)

S22 429 (20.1) 214 (16.0) 215 (27.0)

F22 928 (45.5) 556 (41.6) 372 (46.7)

Before index time (mo), median (25th, 75th) 42 (36, 54) 42 (36, 54) 42 (36, 48) 0.96d

After index time (mo), median (25th, 75th) 18 (12, 24) 18 (12, 24) 12 (12, 18) <0.001d

Abbreviations: DMT = disease-modifying therapy; MS = multiple sclerosis; PDDS = patient-determined disease steps.
Values are presented as mean ± SD, median (P25, P75), median (min, max), or N (column %).
a Data not available for all participants. Missing values: sex = 1, education level = 136, annual income = 16,marital status = 131, age at start of symptoms = 125,
and PDDS = 63.
b ANOVA p values.
c Pearson χ2 test p values.
d Kruskal-Wallis test p values.

Table 2 Interrupted Time Series–Adjusted Estimates for Symptom and Disability

SMSS PDDS

Estimatea (SE) p Value Estimatea (SE) p Value

Difference in cohort trends (pre) 0.005 (0.016) 0.73 −0.0003 (0.001) 0.70

Difference in cohort trends (post) −0.0002 (0.007) 0.98 0.0001 (0.0003) 0.72

Change in uninfected cohort trend (pre-post) 0.02 (0.013) 0.09 −0.0004 (0.0007) 0.54

Change in COVID-19 cohort trend (pre-post) 0.02 (0.011) 0.13 −0.00003 (0.0004) 0.94

Difference in the change in cohort trend (post-pre trend) −0.01 (0.017) 0.75 0.0004 (0.0008) 0.62

Difference in the immediate impact between cohorts 0.41 (0.273) 0.14 0.01 (0.013) 0.37

Immediate impact in uninfected cohort −0.41 (0.218) 0.06 −0.007 (0.011) 0.51

Immediate impact in COVID-19 0.007 (0.165) 0.97 0.004 (0.007) 0.50

Abbreviation: DMT = disease-modifying therapy; PDDS = patient-determined disease steps; SE = standard error; SMSS = SymptoMScreen.
a Estimates were adjusted for age at index, sex, race, education level, disease duration at index, and DMT category.
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after infection compared with the preinfection period while
the control cohort had a small increase in the symptom se-
verity from pre- to post-periods. The results from the sensi-
tivity analyses showed generally consistent results using the
90-day window, using the propensity score–weighted cohort,
and including disability at index and vaccination status as
covariates (eTables 3, 5, and 7).

Disability
The change in disability, measured using the PDDS, did not
differ between the groups in the pre- and post-periods (p = 0.70,
p = 0.72, respectively; Table 2, Figure 3) after adjusting for
demographic and clinical characteristics. A small increase in the
rate of worsening over time was observed; however, for each
group, the slopes before and after the index period changed
little (uninfected, β [SE] = −0.00003 [0.0004]; COVID-19, β
[SE] = −0.0004 [0.0007]) and were not different between the
groups (p = 0.62). The immediate change in disability after the
index period was not different between the cohorts (p = 0.37).
Results were largely similar when using the 90-daywindow, using
the propensity score–weighted cohort, and including disability at
index and vaccination status as covariates (eTables 2, 4, and 6).

Discussion
In this large longitudinal study, we assessed the consequences
of COVID-19 infection in people with MS regarding the
trajectory of symptom severity and disability, making use of
information collected before the pandemic to allow each
participant to act as their own control. These within-cohort
analyses accounted for fixed but unmeasured participant
characteristics that could have affected the impact of COVID-
19. In addition, we accounted for the potential effects of the
COVID-19 pandemic such as changes in physical activity and
social interactions by including a comparison group that had
not experienced known COVID-19 infection. We found that

compared with an uninfected control cohort, COVID-19 had
no effect on symptom and disability trajectories in those
people with MS who had a COVID-19 infection.

While our findings show an increase in the symptom severity over
time, the increasewas consistentwith the rate of change before the
COVID-19 infection and in the uninfected control cohort. One
study reported neurologic worsening in 36.9% of those people
with MS and related diseases with COVID-19 after an average
(SD) of 17 (13.6) weeks of follow-up.10 Of those with neurologic
worsening in that report, 58.5% had patient-reported symptom
worsening.While the proportion of the people withMS reporting
new or worsening symptoms in that study was high, the shorter
duration of follow-up limited their ability to evaluate persistence of
these symptoms and the overall effect on disease course. This is
important, given that one national survey conducted throughout
the pandemic reported deterioration of MS symptoms in almost
half of respondents regardless of COVID-19 infection.26 We did
not find an immediate effect of COVID-19 infection on symptom
severity compared with those uninfected nor did we observe
changes in symptom severity over time.

Within an individual symptom domain, few changes were
detected between groups or because of the immediate effect
of COVID-19. Within the COVID-19 cohort, most symptom
trajectories changed little from their pre–COVID-19 rates.
Symptoms such as fatigue and cognitive function, which are
common in both MS and COVID-19, were consistent over
time and compared with uninfected controls. Similarly, while
the emotional well-being of people with MS was adversely
affected during the pandemic,14 we noted minor changes in
specific symptom domains compared with prepandemic tra-
jectories in both those with COVID-19 and the uninfected
cohort. These changes may be due to the instrument used in
our study to assess these symptoms, being less sensitive
compared with a specific scale for each domain.

Figure 2 Trends in Symptoms Between and Within Cohorts

Trends are presented for the following covariate levels: fe-
male, White, bachelor’s degree, not taking a disease-
modifying therapy, 65 years of age, and a disease duration
of 25 years. The index line represents the period of infection
for the exposed (COVID-19) cohort and the matched index
time assigned to the unexposed (uninfected) cohort.
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Table 3 Interrupted Time Series Estimates for Individual Symptom Domains

Difference in
cohort
trends (pre)

Difference in
cohort trends
(post)

Change in
uninfected
cohort trend
(pre-post)

Change in
COVID-19
cohort trend
(pre-post)

Difference in
cohort trends
(post)

Immediate
impact in
uninfected

Immediate
impact in
COVID-19

Difference in
immediate
impact between
cohorts

Walking Estimate (SE)a 0.002 (0.0009) −0.0004 (0.0004) 0.0016 (0.0009) −0.0007 (0.0006) −0.0023 (0.0011) −0.0043 (0.0144) −0.008 (0.0092) −0.0037 (0.0171)

p Value 0.04 0.36 0.07 0.26 0.03 0.77 0.38 0.83

Hand function/dexterity Estimate (SE)a 0.001 (0.0015) −0.001 (0.0007) 0.0028 (0.0013) 0.001 (0.0010) −0.0019 (0.0017) 0.0123 (0.0219) −0.007 (0.0162) −0.019 (0.0272)

p Value 0.53 0.19 0.03 0.35 0.25 0.57 0.66 0.48

Spasticity and
stiffness

Estimate (SE)a 0.001 (0.0014) −0.0001 (0.0007) 0.0034 (0.0013) 0.002 (0.0010) −0.001 (0.0016) −0.006 (0.0213) 0.018 (0.0159) 0.024 (0.02655)

p Value 0.38 0.88 0.01 0.05 0.39 0.79 0.25 0.37

Bodily pain Estimate (SE)a −0.0002 (0.002) 0.0004 (0.0008) −0.0004 (0.0016) 0.0003 (0.0011) 0.0007 (0.0019) −0.0296 (0.0247) 0.029 (0.0191) 0.059 (0.03123)

p Value 0.90 0.58 0.80 0.82 0.73 0.23 0.13 0.06

Sensory Estimate (SE)a −0.001 (0.0016) −0.0003 (0.0008) 0.0001 (0.0015) 0.0011 (0.0011) 0.001 (0.0018) 0.004 (0.0253) −0.006 (0.01756) −0.009 (0.03078)

p Value 0.45 0.72 0.93 0.32 0.60 0.89 0.74 0.76

Bladder control Estimate (SE)a −0.002 (0.0014) −0.0001 (0.0007) −0.0004 (0.0012) 0.0017 (0.0010) 0.0021 (0.0016) −0.027 (0.0216) −0.0001 (0.01512) 0.027 (0.0264)

p Value 0.11 0.88 0.76 0.08 0.18 0.21 1.00 0.31

Fatigue Estimate (SE)a −0.0002 (0.0011) −0.0004 (0.0005) 0.0008 (0.0010) 0.0005 (0.0007) −0.0002 (0.0012) −0.011 (0.0171) 0.012 (0.0107) 0.023 (0.0202)

p Value 0.85 0.40 0.44 0.44 0.85 0.52 0.28 0.26

Vision Estimate (SE)a 0.002 (0.0025) 0.001 (0.0011) 0.003 (0.0022) 0.002 (0.0017) −0.001 (0.0027) −0.062 (0.0371) −0.005 (0.0251) 0.057 (0.0448)

p Value 0.45 0.43 0.24 0.33 0.72 0.10 0.85 0.20

Dizziness Estimate (SE)a −0.0003 (0.0026) −0.0003 (0.0012) −0.0019 (0.0023) −0.0019 (0.0018) 0.00001 (0.0029) −0.062 (0.0408) −0.055 (0.0271) 0.007 (0.0490)

p Value 0.91 0.83 0.42 0.29 1.00 0.13 0.04 0.88

Cognitive function Estimate (SE)a −0.0002 (0.0016) −0.001 (0.0008) 0.002 (0.0014) 0.002 (0.0011) −0.001 (0.0018) −0.012 (0.0234) −0.015 (0.0171) −0.003 (0.0290)

p Value 0.91 0.30 0.09 0.13 0.73 0.61 0.38 0.92

Depression Estimate (SE)a 0.0007 (0.0025) −0.0001 (0.0011) 0.003 (0.0022) 0.002 (0.0017) −0.001 (0.0028) −0.030 (0.0355) 0.013 (0.0253) 0.042 (0.0436)

p Value 0.79 0.92 0.21 0.24 0.78 0.40 0.61 0.33

Anxiety Estimate (SE)a 0.002 (0.0027) 0.001 (0.0012) 0.004 (0.0024) 0.003 (0.0019) −0.001 (0.0031) −0.059 (0.0395) 0.014 (0.0287) 0.073 (0.0489)

p Value 0.56 0.67 0.14 0.20 0.73 0.14 0.63 0.14

a Estimates were adjusted for age at index, sex, race, education level, disease duration at index, and disease-modifying therapy category.
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Disability changes were similarly consistent after COVID-19
compared with before COVID-19 infection and the uninfected
cohort. Three studies found no association of COVID-19 in-
fection with disability progression compared with a control
cohort.8,9,11 One case-control study observed higher disability
scores using the EDSS after adjusting for age, sex, baseline EDSS
scores, disease duration, and other factors. Two additional
studies examining within-subject differences before and after
COVID-19 (but no control cohort) found decreased rates of
disability progression after COVID-19 compared with before.
However, a study from a clinical cohort in Belgium found that
COVID-19 was associated with disability worsening, measured
using the EDSS and other paraclinical measures of disability.27

The mixture of findings highlights the complexity of assessing
changes over timewhere the natural history includes progression
and the influence of different study designs subject to biases.

Strengths of our study include the controlled ITS design with
longitudinal data to rigorously examine symptom changes over
time and comparisons with a control cohort not infected with
COVID-19. Limitations of the study should also be considered.
Participants in the NARCOMSRegistry are volunteers andmay
impart some selection bias compared with the general MS
population in theUnited States.While theNARCOMSRegistry
participants may not fully represent the general MS population,
the average age of NARCOMS participants was 64 years in this
study. While the peak age-specific prevalence of MS in the
United States as of 2010 was 55–64,28 future studies in-
vestigating these associations in younger age ranges are war-
ranted. Despite our large sample size with longitudinal data, it is
possible that statistically significant differences could be detec-
ted with larger sample sizes. However, those differences would
not be clinically meaningful based on the effect sizes observed.
Our analyses considered participant-reported scales for symp-
toms and disability that may differ in their responsiveness to
longitudinal change or need longer follow-up than clinician-

assessed measures. While we limited the analysis to participants
who reported a positive test for COVID-19 infection, these tests
can produce incorrect results. Similarly, people may have con-
tracted COVID-19 and not know it. We were unable to control
for the severity of COVID-19 in our analyses. The within-
person analysis controlled for fixed measured and unmeasured
characteristics of the individual, but it did not control for un-
measured time-varying characteristics. However, the control
group accounted for general underlying changes over time.

In summary, our study indicates that COVID-19 infection was
not associated with immediate changes in symptom severity
or disability, nor did it change the trajectories of these out-
comes over the medium term. These findings enhance our
general understanding of the consequences of infection in
people with MS and are reassuring regarding the impact of
COVID-19 on the course of MS.
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