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A B S T R A C T   

Background: Factors driving differences in disease burden between African American and White people with 
multiple sclerosis (pwMS) remain unclear. Here, we explored whether differences in disability outcomes could be 
observed after controlling for major sociodemographic factors and comorbidities, and assessed the presence of a 
possible interaction between MS and race. 
Methods: In this cross-sectional study, 120 pwMS within 6 years from disease onset and 82 healthy controls 
between 18 and 70 years of age, self-identified as either African American or White, were prospectively enrolled. 
Inclusion criteria for pwMS were: diagnosis of MS according to the revised McDonald criteria, relapsing-remitting 
phenotype and Expanded Disability Status Scale (EDSS) < 6.5. Study outcomes included: (i) global disability 
(EDSS); (ii) quantitative mobility and leg function (Timed 25 Foot Walk Test-T25FWT); (iii) quantitative finger 
dexterity (9-Hole Peg Test-9HPT); (iv) cognitive efficiency and speed performance (Symbol Digit Modalities Test- 
SDMT). Differences in disability outcomes were assessed employing multivariable linear regression models. 
Based on their association with MS or disability, covariates included age, gender, race, years of education, total 
income, body mass index, comorbidities. The interaction between MS and race on disability outcomes was 
estimated via relative excess risk of interaction and attributable proportion. 
Results: Accounting for age, gender, total income, education, body mass index and comorbidities, African 
American pwMS showed significantly worse performances in manual dexterity and cognition than White pwMS 
(White pwMS coeff. 3.24, 95% CI 1.55, 4.92 vs African American pwMS coeff. 5.52, 95% CI 3.55, 7.48 and White 
pwMS coeff. -5.87, 95% CI -8.86, -2.87 vs African American pwMS coeff. -7.99, 95% CI -11.58,-4.38). MS and 
race independently contributed to the observed gradient in disability severity. 
Conclusions: Complex social disparities and systemic racism might contribute to clinical heterogeneity in MS.   

1. Introduction 

Although a more aggressive disease course has been reported in Af
rican American in comparison with White people with multiple sclerosis 
(pwMS) (Weinstock-Guttman et al., 2003, Cree B a et al., 2004, Nai
smith et al., 2006, Kister et al., 2010, Ventura et al., 2017, Petracca et al., 
2018, Amezcua and McCauley, 2020, Gray-Roncal et al., 2021), 

differences in disability outcomes might be partly related to socio
demographic factors limiting access to care or influencing lifestyle be
haviors (Marrie et al., 2006, Marrie et al., 2008, Amezcua et al., 2021). 
Sociodemographic disadvantages can indeed delay diagnosis, choice 
and timing of the therapeutic approach, and lead to the development of 
comorbidities through unhealthy nutritional choices and physical 
inactivity (Pampel et al., 2010). Research addressing this issue is still 
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scarce, and no definite conclusion has been reached, given the difficulty 
to gather comprehensive data of social disparities. Here, in a prospective 
setting, we evaluated whether differences in disability outcomes be
tween African American and White pwMS could be observed after 
controlling for social, economic, and biological factors known to affect 
MS disability, and, for the first time, assessed the presence of a possible 
interaction between MS and race. 

2. Methods 

2.1. Subjects 

One hundred-twenty pwMS and 82 healthy controls (HC) between 
18 and 70 years of age and self-identifying as Black/African American 
(henceforth referred to as African American) or White were prospec
tively enrolled between February 23rd 2018 and January 8th 2020. Data 
on ethnicity (Hispanic/Non-Hispanic) were also collected. Additional 
inclusion criteria for patients were: a) clinically definite MS according to 
the revised McDonald criteria, b) relapsing-remitting phenotype, c) 
EDSS < 6.5. Exclusion criteria for all participants were: a) medically 
unstable or major hematologic, renal, or hepatic dysfunction, b) preg
nancy, c) contraindications to MRI, d) head injury, stroke, seizures, 
psychiatric disorders or substance abuse. HC were recruited through 
flyers at the enrolling institution as well as thanks to referrals from 
enrolled subjects. Data on demographic, socioeconomic and clinical 
status of all enrolled subjects were collected. Written informed consent 
was obtained from all participants before the beginning of the study 
procedures, according to the Declaration of Helsinki. The protocol was 
approved by the Icahn School of Medicine at Mount Sinai Institutional 
Review Board (17-00766). 

2.2. Outcomes of interest 

Study outcomes included (i) global disability, assessed via Expanded 
Disability Status Scale (EDSS); (ii) quantitative mobility and leg func
tion, assessed via Timed 25 Foot Walk Test (T25FWT); (iii) quantitative 
finger dexterity, assessed via 9-Hole Peg Test (9HPT), and (iv) cognitive 
efficiency and speed performance, assessed via Symbol Digit Modalities 
Test (SDMT). 

2.3. Covariates 

Based on their association with MS or disability, covariates included 
age, gender, race, years of education, total income, body mass index- 
BMI, comorbidities. Total income refers to the total combined family 
income for the past 12 months, expressed as ordinal variable, with nine 
categories ranging from less than $5,000 to $100,000+. Comorbidities 
included ongoing medical conditions falling in the following categories: 
allergy, HEENT, respiratory, cardiovascular, gastrointestinal, hepatic, 
genitourinary, hematopioetic/lymphatic, neurological, endocrine/ 
metabolic, musculoskeletal, dermatological, psychosocial/psychiatric, 
infectious disease, rheumatologic. 

2.4. Statistical analysis 

Descriptive analyses (means, medians, standard deviations, inter- 
quartile ranges, frequency distributions) were employed, as appro
priate, to assess and describe the study population. Number of previous 
treatments before study enrollment was compared with unilinear model, 
accounting for disease duration. Comparison of treatment transition 
before study enrollment, as well as the frequency distribution of EDSS 
and its functional system scores (FSS) across races was tested via Chi- 
square. 

To evaluate the individual and joint effects of disease status and race 
on disability, we stratified the study population into 4 classes: (1) White 
controls (reference group), (2) African American controls, (3) White 

pwMS and (4) African American pwMS. 
Differences in disability outcomes (EDSS, T25FWT, 9HPT and SDMT) 

between the four groups were assessed employing multivariable linear 
regression models controlled for age, sex, total income, BMI and number 
of comorbidities. 

The model assessing differences in EDSS only included White and 
African American pwMS. The model assessing differences in SDMT score 
was also controlled for total years of education. 

Within each model, association with covariates was considered sig
nificant for p<0.007, Bonferroni corrected for multiple comparisons 
(0.05/7, as the number of variables entered in each model). 

To assess the presence of a possible biological interaction between 
MS and race on disability outcomes using a departure from additivity 
effects, we estimated the relative excess risk of interaction (RERI) and 
the attributable proportion (AP) (Palladino et al., 2021). 

All statistical analyses were conducted using Stata MP 17.0. 

2.5. Data availability 

Anonymized data will be made available by request from any qual
ified investigator. 

3. Results 

3.1. Study population 

Sociodemographic and clinical features of the study population are 
reported in Table 1. 

Among pwMS, no significant differences in disease modifying 
treatments distribution, nor in time to diagnosis from first symptom 
were identified (p=0.450 and p=0.363, respectively). When comparing 
treatment exposure before study enrollment while accounting for dis
ease duration, no differences emerged between African American and 
White pwMS (p=0.286). Even when analyzing treatment transition 
before study enrollment, no difference emerged (switch from 1st to 2nd 

line DMTs occurred in 3% of Africab American and 2% of White pwMS, 
p=0.842; switch from 2nd to 1st line DMTs occurred in 13% of African 
American and 5% of White pwMS, p=0.204; with 1st line DMTs being 
glatiramer acetate, interferon beta 1a, teriflunomide, dimethyl fumarate 
and 2nd line DMTs being alemtuzumab, fingolimod, natalizumab, ocre
lizumab, rituximab). Looking at the frequency distribution of EDSS and 
its FSS between African American and White pwMS, the only differences 
emerged for the pyramidal FSS (score 2 and 3 observed in 34% of Af
rican American and 10% of White pwMS, p=0.017). 

3.2. Disability prediction 

Race did not contribute to explain EDSS (African American pwMS 
coeff. 0.310, 95% CI -0.50, 1.12) or T25FWT scores (White pwMS coeff. 
0.450, 95% CI -0.38, 1.28 vs African American pwMS coeff. 1.03, 95% CI 
0.05, 2.01). 

PwMS showed significantly higher 9HPT scores compared to HC, 
with African American pwMS showing worse performance than White 
pwMS (White pwMS coeff. 3.24, 95% CI 1.55, 4.92 vs African American 
pwMS coeff. 5.52, 95% CI 3.55, 7.48). 

PwMS showed significantly lower SDMT scores compared to HC, 
with African American pwMS showing worse performance than White 
pwMS (White pwMS coeff. -5.87, 95% CI -8.86, -2.87 vs African Amer
ican pwMS coeff. -7.99, 95% CI -11.58,-4.38). 

We did not observe any departures from additivity for the association 
of MS and race with disability outcomes (T25FWT: RERI 0.97, 95% CI 
-0.27, 2.22; AP: 0.94, 95% CI -0.55, 2.43; 9HPT: RERI 0.90, 95% CI 
-1.51, 3.31; AP: 0.16, 95% CI -0.27, 0.60; SDMT: RERI 2.24, 95% CI 
-1.99, 6.47; AP: -0.28, 95% CI -0.82, 0.26). 
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4. Discussion 

Recently, a greater burden of disability has been reported in a large 
cohort of African American with MS relative to White pwMS, despite 
adjustment for socioeconomic status indicators (Gray-Roncal et al., 
2021). 

Our analysis extends these findings, demonstrating that a gradient in 
fine motor performance and cognitive efficiency between African 
American and White pwMS is already present at an earlier disease stage 
(6 versus 12-14 years of disease duration), even after accounting for 
major social confounders and, for the first time, comorbidities. Manual 
dexterity in altered in most pwMS, across disease stages and phenotypes 
(Bertoni et al., 2022). Although neural mechanisms underlying hand 
impairment in MS are not fully understood, previous research focused 
on progressive MS has highlighted the role of intracortical sensorimotor 
networks and cerebellar damage (Cocozza et al., 2017, Dubbioso et al., 
2022). Interestingly, grey matter damage in African American pwMS 
seems to affect preferentially cortical and cerebellar regions as well as 
the thalamus (Petracca et al., 2018, Al-Kawaz et al., 2016), whose 
involvement in early MS and significant role as driver of cognitive 
performance is undiscussed (Petracca et al., 2021, Engl et al., 2020). 
Damage accrual within these areas, as well as maladaptive functional 
rewiring (Petracca et al., 2018, Cocozza et al., 2018) could partly ac
count for the observed disability gradient. The role of social differences 

however, recently reported specifically for processing speed and manual 
dexterity outcomes (Abbatemarco et al., 2022), should not be 
overlooked. 

Indeed, the reasons behind the observed disability gradient are likely 
multifaceted. More specifically, race is a social construct rather than a 
marker of intrinsic biological features (Roberts, 2011), and, although we 
considered both direct (total income) and indirect (education, BMI) in
dicators of socioeconomic status as well as indicators of access to care 
(diagnostic delay, disease modifying therapies), complex differences in 
access to housing, quality of education, employment, disparities in 
resource utilization, as well as chronic stress induced by exposure to 
overt and covert racism cannot be fully captured with a limited number 
of variables. It is therefore likely that unmeasured social differences 
(and/or their consequences) contribute to our findings. 

Specifically, a role for biased treatment strategies and comorbid 
conditions has been previously suggested (Gray-Roncal et al., 2021, 
Marrie et al., 2008). In our population we did not identified differences 
in current treatment distribution, but we cannot exclude that, along the 
disease course, differences in treatment choices related to access to 
specialized vs non-specialized MS care might have contributed to the 
observed gradient in disability. However, we did not identified differ
ences in number of DMTs, and, despite a recent report identifying in
jection fatigue and subjective worsening as factors increasing the 
likelihood of therapy switch in African American pwMS (Okuda et al., 
2022), no difference in treatment transition prior to study enrollment 
were present between African American and White pwMS. 

In addition to treatment exposure, comorbidities represent a relevant 
confounding factor when assessing the relationship between race and 
disability, not only because they significantly affect disability outcomes, 
but also because the adequate management of comorbidities and their 
consequent impact might vary according to socioeconomic conditions 
(Marrie et al., 2008). In our population, however, no significant differ
ences in treatment distribution nor in time to diagnosis were observed, 
and a disability gradient was present despite accounting for comorbid
ities. Therefore, in addition to unexplored social factors, a role for 
gene–environment or gene–gene interactions, that could alter pheno
type differentially across racial groups (Boullerne et al., 2021, Beecham 
et al., 2020), could be hypothesized. However, comparing ours with 
previous findings (Gray-Roncal et al., 2021), it appears that clinical 
differences grow to involve more domains along the disease course, with 
between-group differences in global disability status and walking 
appearing only at a later disease stage. This, given the difference in 
disease duration between the two cohorts, might result from changes in 
access to care over the years (Cole and Franzosa, 2022, "https://www. 
census.gov/topics/health/health-insurance/library/publications.2021. 
List_1458400546.html") and/or represent the consequence of social 
disparities and experienced racism building their effect over time. In line 
with this hypothesis, analyzing the impact of MS and race on disability, 
we identified an additive rather than synergistic interaction, suggesting 
that the two factors independently contribute to the clinical outcome. 
Indeed, although a previous work also reported a gradient in the dis
tribution of SDMT scores across races/ethnicities (White, Hispanic and 
Black people), the Authors did not identify any interaction between 
race/ethnicity and MS case status (Amezcua et al., 2020). Our findings 
support such observation, pointing to the lack of a synergistic interac
tion between race and MS. 

Our work is not without limitations. First and foremost, the intrinsic 
difficulty to capture and measure all direct and indirect factors that 
might contribute to social disparities. Second, although disability 
accrual, especially in the initial phases of the disease, is partly sustained 
by por recovery from inflammatory activity (Kappos et al., 2020), we did 
not collect data on disease activity prior to study enrolment, and 
therefore could not evaluate differences in recovery from relapses be
tween African American and White pwMS. Third, although we collected 
data about ethnicity, we did not have the power needed to explore the 
impact of this factor. Finally, longitudinal evaluations will be needed to 

Table 1 
Demographic and clinical features of the study population.   

HC MS  

White African 
American 

White African 
American 

Age 35.49 ±
11.37 

35.86 ±
11.84 

35.58 ±
10.66 

37.67 ±
10.41 

Sex (M/F) 15/24 12/31 19/41 15/45 
Ethnicity (Hispanic/Non- 

Hispanic) 
1/38 3/40 0/60 8/52 

Disease duration - - 5.91 ±
5.50 

5.47 ±
5.57 

DMT (no ther/1st line/2nd 

line) 
- - 2/29/29 5/25/30 

Number of previous DMTs 
(0/1/2/3/4) 

- - 31/18/ 
7/4/0 

31/19/5/ 
4/1 

Diagnostic delay (months) - - 12.45 ±
28.74 

19.18 ±
47.98 

Total income (median, 
range) 

8 [3-9] 6 [2-9] 9 [2-9] 6 [1-9] 

BMI 24.27 ±
4.37 

27.65 ±
4.08 

26.07 ±
5.44 

30.02 ±
5.48 

Comorbidities (median, 
interquartile range) 

1 [1] 0 [0] 1 [1] 1 [2] 

Education, yrs 18.83 ±
3.69 

15.49 ±
2.39 

17.55 ±
3.04 

15.32 ±
2.14 

EDSS (median, range) - - 1.5 (0-6) 2 (0-6.5) 
T25FWT 4.04 ±

0.49 
5.28 ±
2.02 

4.46 ±
0.75 

5.54 ±
2.75 

9HPT 19.66 ±
2.44 

22.55 ±
3.12 

22.44 ±
3.78 

25.34 ±
5.29 

SDMT 45.52 ±
7.12 

39.58 ±
9.64 

38.51 ±
6.79 

34.76 ±
7.75 

Abbreviations: 9HPT, 9-hole peg test, BMI, body mass index; DMT, disease 
modifying treatment; EDSS, expanded disability status scale, SDMT, symbol 
digit modalities test; T25FWT, timed 25 foot walk test. Total income refers to the 
total combined family income for the past 12 months and is expressed as ordinal 
variable, with the relative categories being 1: less than $5,000; 2: $5,000- 
$11,999; 3: $12,000-$15,999; 4: $16,000-$24,999; 5: $25,000-$34,999; 6: 
$35,000-$49,000; 7: $50,000-$74,999; 8: $75,000-$99,999; 9: $100,000+. 
1st line: glatiramer acetate, interferon beta 1a, teriflunomide, dimethyl fuma
rate. 
2nd line: alemtuzumab, fingolimod, natalizumab, ocrelizumab, rituximab. 
All values are expressed as mean ± standard deviation, unless otherwise 
indicated. 
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ascertain if the observed gradient is maintained, develops further or 
tends to resolve over the disease course. 

Despite these limitations, our findings are particularly relevant, as 
the susceptibility to a more aggressive disease course, associated to MS 
underestimation in the African American community (Langer-Gould 
et al., 2022), might result in MS-related disability disproportionately 
affecting this population. More broadly, they raise awareness on factors 
affecting clinical heterogeneity in MS, which represent the basis to tailor 
disease management at the individual level. Further studies on minor
ities and disadvantaged groups should explore the effects of systemic 
racism and socioeconomic disparities on disease course and disability in 
MS. 
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