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Abstract
Objective: We estimated coronavirus disease 2019 (COVID-19) vaccination rates in the North American
Research Committee on Multiple Sclerosis (NARCOMS) population and investigated reasons for vaccine
hesitancy.
Methods: In Spring 2021, we surveyed the NARCOMS participants about COVID-19 vaccinations.
Participants reported whether they had received any COVID-19 vaccination; if not, they reported why
not. They also reported whether they had received influenza vaccination. Using multivariable logistic
regression, we assessed participant characteristics associated with uptake of COVID-19 and influenza vac-
cines.
Results: Of 4955 eligible respondents, 3998 (80.7%) were females with a mean (SD) age of 64.0 (9.7)
years. Overall, 4165 (84.1%) reported that they had received a COVID-19 vaccine, most often Pfizer-
BioNTech and Moderna, and 3723 (75.4%) received a seasonal influenza vaccine. Reasons for not
getting the COVID-19 vaccine included possible adverse effects (47.73%), possible lack of efficacy
(13.7%), and lack of perceived need (17.1%). Factors associated with receiving the COVID-19 vaccine
included receipt of influenza vaccine, older age, higher socioeconomic status, any leisure physical activity,
and use of disease-modifying therapy.
Conclusion: In this older cohort of people with multiple sclerosis, COVID-19 vaccine uptake was high,
exceeding uptake of seasonal influenza vaccine. Concerns regarding safety, efficacy, and lack of perceived
risk were associated with not obtaining the COVID-19 vaccine.
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Introduction
Multiple sclerosis (MS) is associated with an
increased risk of infection and infection-related hospi-
talizations, including viral infections.1–3 Although
people with MS do not appear to have a heightened
risk of infection with severe acute respiratory
syndrome-related coronavirus 2 (hereinafter corona-
virus disease 2019 [COVID-19] infection) compared
to people without MS, those with severe disability
are more likely to require hospitalization.4

Vaccinations are an important means of preventing
or reducing the severity of COVID-19 infection.
However, the novelty of COVID-19 vaccinations
and the complexity of messaging around vaccinations
have raised many questions for people with MS,

related to safety in general and specifically related
to their MS, and effectiveness in the context of the
usage of disease-modifying therapies (DMTs).

Prior work involving participants in the North
American Research Committee on Multiple
Sclerosis (NARCOMS) registry showed that uptake
of influenza vaccination ranged from 59.1% to
79.9% depending on the age of the participant, thus
lower than the recommended uptake of 100%.5

Factors associated with the decision not to obtain an
influenza vaccination included concerns regarding
adverse effects including that the vaccine might
worsen their MS and personal preference. Little is
known about the factors associated with the uptake
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of COVID-19 vaccine.6 One survey of 237 persons
with MS found that 22.2% were vaccine hesitant
but the response rate was approximately 18%,
raising concerns about selection bias. We aimed to
determine the uptake of COVID-19 vaccine in the
NARCOMS population, and to investigate the
reasons for not obtaining the vaccine.

Methods

Study population
The source population for this study was all active
participants in the NARCOMS Registry, a self-report
registry for persons with MS.7 Participants report
sociodemographic and clinical information at enroll-
ment and update this information semi-annually.
Participants completed their surveys on paper or
online. Participants allow the usage of their
de-identified information for research purposes. The
spring 2021 survey was approved by the
Institutional Review Board of UT Southwestern.

Participant characteristics
We obtained participant characteristics from the
enrollment and spring 2021 questionnaires. The
enrollment questionnaire provided information
regarding birth date, sex, race, level of education,
region of residence, and ages at MS symptom onset
and diagnosis. All other characteristics were drawn
from the spring 2021 questionnaire. This information
included marital status, annual household income,
health behaviors, and disability status. As reported
previously, we categorized race as White or
non-White, and education level as high school/
general education diploma, and post-secondary
(Associate’s Degree, Bachelor’s Degree,
Post-graduate education, and Technical degree).

Participants reported annual household income as
≤$50,000, $50,001–$100,000, >$100,000, and “I do
not wish to answer.” Marital status was categorized
as single (never married, divorced, widowed, or sepa-
rated) and married (married or co-habiting). Using a
question from the Behavioral Risk Factor
Surveillance Survey, participants reported their
current smoking status as “no, yes Some days, or
yes every day.” We collapsed these responses to
yes/no.8 They reported whether they had participated
in any physical activity or exercise during the past
month (yes/no). Participants also reported alcohol
intake using one question from the Alcohol Use
Disorders Identification Test (AUDIT-C),9 modified
to use a recall period of 6 months rather than 12
months. Response options included never, monthly

or less, two to four times a month, two to three
times a week, or four or more times a week.

Disease duration from symptom onset was categor-
ized (≤10, 11–19, ≥20 years). Disability status was
reported using patient-determined disease steps
(PDDS). PDDS is a single-item measure with
response options ranging from 0 (normal) to 8 (bed-
ridden) and is highly correlated with a physician-
scored Expanded Disability Status Scale score.10

We categorized PDDS as mild (0–1), moderate (2–
4), and severe (5–8).11 Based on items from
SymptoMScreen we classified participants as having
any depression (yes/no) or anxiety (yes/no) symp-
toms.12 Participants reported use of DMT in the last
6 months which were as none or any.

COVID-19 infection and immunization
We asked participants several questions about
COVID-19 immunization. Participants reported
whether any of their health care providers had
talked to them about COVID-19 vaccine (yes, no,
don’t know). If they answered in the affirmative
they reported which provider had talked to them
including neurologist, primary care provider and
other (specify). They also indicated whether their pro-
vider had recommended: (a) to get the COVID-19
vaccine; (b) to never get the COVID-19 vaccine; (c)
to wait for more information to determine if you
should get the COVID-19 vaccine; and (d) the recom-
mendations were different from different providers.

Participants reported whether they had received a
COVID-19 vaccine (yes, no, don’t know) and specif-
ically which vaccine (Moderna, Pfizer-Biontech,
Other), and whether they had received one or two
doses. Unvaccinated participants reported their
reasons as (a) vaccine not available to me (yet); (b)
my doctor advised against it; (c) allergic reaction to
vaccines; (d) concerned about side effects from the
vaccine; (e) did not think I needed it; (f) allergy to
polyethylene glycol; (g) concerned vaccine does not
work; (h) concerned that vaccine would worsen MS;
and (i) other, consistent with our prior work.13

Influenza vaccination is routinely recommended for
people with MS, therefore we used it as a comparator,
and participants also reported whether or not they had
received the influenza vaccination.

Statistical analysis
For consistency with our prior work,13 we included
individuals who reported a confirmed diagnosis of
MS with an age of symptom onset ≥16 years, com-
plete information regarding sex and date of birth;
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Table 1. Clinical and demographic characteristics of study participants.

Characteristics Responders

N 4955
Age at time of Spring 2021 survey (years)a, mean (SD) 64 (9.7)
Age group (years), n (%)
18–34 14 (0.3)
35–50 419 (8.5)
51–64 1881 (38.0)
≥65 2641 (53.3)

Femaleb, n (%) 3998 (80.7)
White racec, n (%) 4367 (88.2)
Education at enrollmentd, n (%)
High school/GED 1232 (25.9)
Post-secondary 3532 (74.1)

Annual household income at enrollmente, n (%)
Less than $50,000 1555 (31.7)
$50,001–$100,000 1202 (24.5)
Over $100,000 1032 (21.1)
I do not wish to answer 1114 (22.7)

Age at MS symptom onset (years)f, mean (SD) 32 (9.6)
Age at MS diagnosis (years)g, mean (SD) 39 (9.7)
Disease Duration (years)h, mean (SD) 32 (11.2)
PDDSi, median (IQR) 4 (5)
PDDS
Mild (0–1) 1469 (30.1)
Moderate (2–4) 1557 (32.0)
Severe (5–8) 1848 (37.9)

Any disease-modifying therapy in last 6 monthsj, n(%) 2601 (54.9)
Current smoking, n(%) 315 (6.4)
Leisure Activityk, n(%) 2912 (59.1)
Alcohol intakel, n(%)
Never 1807 (36.6)
Monthly or less 1224 (24.8)
2–4 times a month 771 (15.6)
2–3 times a week 543 (11.0)

≥4 times a week 597 (12.1)
Anxietym, n(%) 911 (18.9)
Depressionn, n(%) 1747 (36.2)

IQR: interquartile range; GED: general education diploma; PDDS: patient determined disease step.
a0 missing.
b0 missing.
c1 missing.
d191 missing.
e52 missing.
f62 missing.
g20 missing.
h65 missing.
i81 missing.
j220 missing.
k31 missing.
l13 missing.
m146 missing.
n130 missing.
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and were residing in the United States to limit hetero-
geneity related to differences in vaccination policy
and availability. We excluded participants who did
not respond to any of the questions regarding both
COVID-19 and influenza vaccination as these were
the key study outcomes. Missing responses were not
imputed.

First, we summarized participant characteristics using
descriptive statistics including means (standard devia-
tions [SD]), median (interquartile range (IQR)), and
frequency (percent). We summarized uptake of the
COVID-19 and influenza vaccines, and physician
recommendations for vaccination overall and strati-
fied by sex, age (18–34, 35–50, 51–64, and ≥65
years), disability status (mild, moderate, severe), and
DMT use (no as reference). We summarized the
reasons for not receiving the COVID-19 vaccines.

Last, we used logistic regression to examine factors
associated with (a) the uptake or not of the
COVID-19 vaccine, and (b) uptake or not of the influ-
enza vaccine. Consistent with our prior work, these
models included sociodemographic and clinical char-
acteristics and health behaviors.13 Sociodemographic
characteristics included sex (female as the reference
group), race (White as reference), age (≥65 years as
reference), education level (high school as reference),
and income (<$50,000 as reference). Clinical charac-
teristics included disease duration (<10 years as refer-
ence), disability status (mild as reference), DMT use,
depression (no as reference), and anxiety (no as refer-
ence). Health behaviors included current smoking
status (no as reference), alcohol intake (never as refer-
ence), and physical activity (inactive as reference).
We tested for interactions between DMT use and
age, education level and disability status using cross-
product terms. We used standard methods to assess
model assumptions, and assessed model fit using the
Hosmer Lemeshow Goodness of Fit Statistic.14 We
report the c-statistic for each model. Statistical ana-
lyses were conducted using SAS V9.4 (SAS
Institute Inc., Cary, NC).

Data availability
The data sets generated and analyzed during this
study are held by the NARCOMS registry
(narcoms.org).

Results
The Spring 2021 survey was distributed to 8516 par-
ticipants, of whom 5760 (67.6%) responded. As com-
pared to responders, non-responders were more likely
to report non-White race, had a slightly higher level of

education, and more severe disability (Supplemental
Table e1). After applying exclusion criteria, 4955
(86%) participants constituted the final sample.
Most respondents were females with some post-
secondary education (Table 1). Over half of the
respondents were aged 65 years and older. Based on
the PDDS, respondents were almost evenly distribu-
ted across mild, moderate, and severe disability cat-
egories. Respondents with missing data did not
differ from those without missing data
(Supplemental Table e2).

Vaccination uptake
Overall, 4165 (84.06%) respondents received a
COVID-19 vaccine with the most common vaccine
being Pfizer-BioNtech, followed by Moderna.
Nearly 10% more respondents received a
COVID-19 vaccine than influenza vaccine. Table 2
shows the prevalence of uptake of each type of
vaccine, stratified according to age, sex, and disability
status. Supplemental Table e3 presents the character-
istics of the participants who received each vaccine.
The uptake of COVID-19 and influenza vaccine did
not vary meaningfully by age group (Figure 1).

Respondents spoke to their primary care providers (n
= 2197, 44.34%) more often than to their neurolo-
gists (n = 1990, 38.35%) about COVID-19 vaccine.
Among 3273 respondents who reported what their
providers recommended with respect to COVID-19
vaccination, 92.82% reported that they were advised
to get the COVID-19 vaccine. A minority reported
that they were advised to wait for more information
(4.12%) or to never get the vaccine (0.58%),
whereas 2.47% reported receiving conflicting
recommendations.

Of the respondents who did not receive the
COVID-19 vaccine, 700 reported the reasons for
that outcome. The most common reason was
concern about the adverse effects of the vaccine
(Table 3). Concerns about lack of effectiveness,
allergy, and access were also reported.

Factors associated with receiving vaccination
On univariate logistic regression analysis, demo-
graphic factors, clinical characteristics, and health
behaviors were associated with uptake of
COVID-19 vaccine (Table 4). Respondents aged
18–64 had lower odds of vaccination than those
aged 65 years or older. Being a smoker and having
severe, rather than mild, disability was also associated
with reduced odds of vaccination. In contrast, higher
versus lower annual household incomes, higher levels
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of education, any leisure activity, and any alcohol intake
were associated with increased odds of vaccination. On
multivariable analysis (Table 4), the findings were
largely similar with two notable exceptions. First, dis-
ability was no longer associated with vaccine uptake.
Second, using a DMT was associated with increased
odds of vaccine uptake. We did not observe any interac-
tions between DMT use, age, education level or disabil-
ity status on vaccine uptake. When we added receipt of
seasonal influenza vaccine into the regression model,
findings were largely similar except that use of any
DMT, and leisure activity were no longer associated
with receipt of COVID-19 vaccine.

Findings were largely similar for influenza vaccine,
although post-secondary education was not associated
with vaccine uptake, and depression and anxiety symp-
toms were associated with increased odds of vaccine
uptake. However, we did note an interaction between
age and DMT use on uptake of influenza vaccine.
Specifically, respondents aged 65 years and older
using DMTs had greater uptake than those aged <65
years. Respondents aged 18–64 years had reduced
odds of obtaining influenza vaccine than those aged
≥65 years, however these associations were partially
attenuated among respondents using DMTs.

Participants who obtained the COVID-19 vaccine but
not the influenza vaccine are shown in Supplemental

Table e4, and are largely similar to the study popula-
tion overall although the prevalence of depression
appears to be lower.

Discussion
During the pandemic, the COVID-19 virus infected
millions of Americans. In this study of over 4000
people living with MS, we examined the uptake of
the COVID-19 vaccine and the annual influenza vac-
cination. We found that 85% of respondents had
received COVID-19 vaccine, whereas only 75% had
received the influenza vaccine. Factors associated
with increased odds of COVID-19 vaccination
included older age, higher socioeconomic status,
being physically active, consuming some alcohol,
and use of DMT whereas smoking was associated
with decreased odds of vaccination. Anxiety and
depression were associated with increased odds of
influenza vaccination but not with COVID-19 vaccin-
ation. The strongest predictor of COVID-19 vaccin-
ation was obtaining influenza vaccination. Concerns
about adverse (side) effects and potential lack of effi-
cacy featured prominently among reasons for not
being vaccinated.

Our findings regarding COVID-19 vaccination are
similar to prior findings. Two surveys involving
smaller samples (less than 350 participants each) of
people with MS similarly found that COVID-19

Figure 1. Percentage of participants vaccinated against coronavirus disease 2019 (COVID-19) vaccine and influenza,
stratified by age group.
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vaccination rates were both 88%.6,15 As of February
2022, 87.8% of the United States population aged
18 years and older had received at least one dose of
COVID-19 vaccine, where Pfizer-BioNTech vaccine
was the most commonly used.16 A study relying on
administrative claims data in Ontario, Canada
assessed uptake of COVID-19 vaccine as of
October 2021 among individuals with several
immune-mediated inflammatory diseases (IMID)
including rheumatoid arthritis, ankylosing spondyl-
itis, psoriatic arthritis, psoriasis, and inflammatory
bowel disease as compared to the general popula-
tion.17 Eighty-two percent of the general Ontario
population had received at least one dose of the
COVID-19 vaccine, whereas uptake ranged from
87.3% to 90.6% in those with an IMID.

Vaccine hesitancy has been the subject of substantial
interest during the pandemic. Previously we showed
that NARCOMS participants who did not get the
annual influenza vaccine reported concerns regard-
ing vaccine safety and adverse effects in the
context of MS, as well as about efficacy. These con-
cerns were echoed in the present survey regarding
COVID-19 vaccine. Surveys of 359 people with
MS in early 2021 found that 20% were vaccine hesi-
tant.18 Similar to our findings that survey identified
concerns regarding efficacy, adverse effects particu-
larly long term, as well as regarding the vaccine
approval process and their health conditions. The
two more recent surveys of people with MS, that
reported vaccination rates exceeding 87%, reported
common reasons for not getting vaccinated

including concerns about making their MS or other
health conditions worse,15 adverse effects, and long-
term safety.6 A survey of 239 people with inflamma-
tory bowel disease, another IMID, similarly found
that vaccine hesitancy was driven by concerns
regarding vaccine safety and efficacy.19 In the
survey of 237 people, individuals who did not take
DMT had reduced odds of COVID-19 vaccination,
and those with two or more comorbidities had
increased odds; comorbidities incorporated health
behaviors such as smoking. Factors associated with
COVID-19 vaccine hesitancy among the 359
people with MS surveyed in early 2021 included
lower level of education, being non-White, not
having recent influenza vaccine, lower perception
of COVID-19 risk, and lower trust in the Centers
for Disease Control and Prevention.18 These are
largely similar to our findings, although prior
studies in people with MS did not examine the rela-
tionship of vaccine hesitancy to health behaviors
such as physical activity, smoking, and alcohol con-
sumption nor to use of DMT. Consistent with our obser-
vations, prior studies of influenza vaccination uptake
have suggested that regular physical activity and
regular alcohol intake were associated with greater
vaccine uptake in older (≥65 years) Canadian popula-
tions.20 However, smoking was associated with greater
vaccine uptake, in contrast to our findings and those
of a study in United States’ Veterans.21 Greater uptake
among respondents using DMT may reflect an increase
in perceived risk, concordant with reports that exposure
to some DMTs is associated with worse outcomes fol-
lowing COVID-19 vaccination.22

Table 3. Reasons for not receiving a COVID-19 vaccine (n = 700).

Reason N (%)

Concerned about side (adverse) effects from the vaccine 332 (47.43)
Did not think I needed it 120 (17.14)
Concerned vaccine does not work 96 (13.71)
Vaccine not available to me yet 72 (10.29)
Allergic reaction to vaccines 57 (8.14)
My doctor advised against it 49 (7.00)
Allergy to PEG 9 (1.29)
Other (specify) 279 (39.86)
Mobility issues make it hard to leave home 44 (6.29)
My family members/friends don’t support me getting the vaccine 31 (4.43)
Don’t know 18 (2.57)
I can’t arrange or afford transportation to a vaccination site 12 (1.71)
I can’t take the time to get vaccinated because of work or family responsibilities 4 (0.57)
I can’t afford the cost of the vaccine 2 (0.29)

PEG: polyethylene glycol; COVID-19: coronavirus disease 2019.
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Limitations of this study should be considered. Our
response rate was 67.6%, modestly exceeding the
average response rate of 60% in the literature.23

Participants in NARCOMS are volunteers potentially
creating a selection bias. Most participants were
females of White race, and aged 50 years and older
thus our findings may not generalize well to males,
individuals who identify as Black, Indigenous or
People of Color, and younger individuals. We
focused on uptake of any doses of COVID-19
vaccine and did not examine the number of doses
received. Vaccination status was self-reported so
could be inaccurate.

Uptake of COVID-19 vaccine was higher among
people living with MS than uptake of influenza
vaccine, although similar types of concerns influ-
enced vaccine hesitancy. These concerns highlight
the importance of availability of information about
safety and efficacy of emerging vaccines for people
living with MS, and education about these issues by
health care providers. Individuals who are younger,
of lower socioeconomic status and less physically
active are less likely to be vaccinated and may merit
targeted education efforts.
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