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Abstract

Background and Objectives
The goal of this work was to determine whether the prevalence of multiple sclerosis (MS) varies
by race and ethnicity.

Methods

We conducted a retrospective cohort study of >2.6 million adults from the multiethnic,
community-dwelling members of Kaiser Permanente Southern California. The complete
electronic health records of individuals with at least 1 ICD-9 code for MS between January 1,
2008 and December 31, 2010 were reviewed. MS prevalence and 95% Cls stratified by age, sex,
and race and ethnicity among 2010 members were estimated with binomial regression. Age-
and sex-standardized prevalence was estimated according to the 2010 US Census population.

Results

We identified 3,863 patients with MS. The average age of patients with prevalent MS was 51.7
years (SD 13.1 years), and 76.8% were women. The female preponderance was more pro-
nounced among Black (81.2%) and Asian (83.6%) than White (76.3%) or Hispanic (74.5%)
individuals with MS. Age- and sex-standardized MS prevalence per 100,000 was similarly high
among Black (225.8, 95% CI 207.1-244.5) and White (237.7, 95% CI 228.2-247.2) and
significantly lower among Hispanic (69.9, 95% CI 64.4-75.5) and Asian (22.6, 95% CI
17.1-28.1) persons. MS prevalence was highest between the ages of 35 and 64 years and
declined after 65 years of age across all racial and ethnic groups. Among adults 18 to 24 years of
age, the crude MS prevalence was low but was highest among Black and Hispanic young adults,
lower in White people, and lowest in Asian/Pacific Islander individuals (48.5, 25.0, 18.0,and 7.1
per 100,000, respectively).

Discussion

MS prevalence varies by race and ethnicity, being similarly high in White and Black and
significantly lower in Hispanic and Asian persons in Southern California. Taken together with
previous studies, these findings indicate that the burden of MS in the US Black community has
long been underrecognized. More studies are needed to determine whether MS is an emerging
disease among US Hispanic adults and whether MS susceptibility and prevalence vary among
Hispanic or Asian individuals from different cultures or ancestral backgrounds.
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Glossary

ICD-9 = International Classification of Diseases, 9th revision; insuff-no = insufficient documentation but not likely MS; insuff-
yes = insufficient documentation but likely MS; KPSC = Kaiser Permanente Southern California; MS = multiple sclerosis; RR =

risk ratio.

Long believed to be a disease primarily of White people, we
recently showed that multiple sclerosis (MS) incidence is
highest in Black followed by White women and significantly
lower in Hispanic and Asian individuals residing in
Southern California." Understanding whether similar dif-
ferences exist in MS prevalence in the United States has
important policy and resource allocation implications as
an increasing proportion of inhabitants identify as non-

White.”

The dearth of MS prevalence estimates in the United States is
a result of the fragmented US health care system and the
difficulties of carrying out studies in sufficiently large, well-
defined populations with sampling frames. Most previous
studies of MS prevalence in well-defined community-based
populations in the United States have reported that women
have significantly higher prevalence than men, with female:
male ratios ranging from 2.15 to 4.13° and age-specific prev-
alence that peaks in the fifth decade.* These studies, however,
are of largely White populations, necessitating new studies in
diverse populations that can provide robust race-specific
prevalence estimates.

Previous race-specific MS prevalence studies in the United
States have yielded conflicting results. A study in Texas in
1998 to 2000 reported a relatively low crude prevalence in
White persons (56 per 100,000),” even compared to con-
temporary cohorts (177 per 100,000),* followed by much
lower prevalence in Black and Hispanic persons (22 and 11
per 100,000, respectively).” More recent studies that used
electronic health record data from an insured population in
Northern California reported that the age-standardized MS
prevalence was highest in Black individuals, followed by
White and Hispanic individuals, and lowest in Asian Ameri-
cans (521.4, 384.6, 183.7, and 63.8 per 100,000, re-
spectively).® A pooled US administrative claims database that
did not distinguish between Hispanic and non-Hispanic in-
dividuals reported a slightly higher age- and sex-standardized
prevalence among White than Black Americans (283.7 and
226.1 per 100,000.respectively),” whereas a large national US
telephone survey reported a very high crude self-reported MS
prevalence in White, Black, and Hispanic respondents (824,
741, and 349 per 100,000, respectively).® These studies have
significant methodologic limitations, including patient finding
methods that are unvalidated and expected to inflate the
number of patients with MS,6’8 particularly in the elderly/high
health care users,”® unvalidated and unspecified methods for
identifying race and ethnicity,7 and a small, nonrepresentative
sample.’
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The purpose of our study was to determine whether MS
prevalence varies by race and ethnicity using rigorous patient
and race and ethnicity identification methods and, if so,
whether there are additional differences in prevalence by age
or sex within groups in a large, well-enumerated, diverse
population representative of Southern California.

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

The institutional review board at Kaiser Permanente South-
ern California (KPSC) approved this study. Informed consent
was waived because this was a database and chart review study
without direct patient contact.

Identification of Patients With MS

KPSC is a large prepaid health maintenance organization with
>3.5 million members in 2010. At that time, it provided
comprehensive health care coverage to =20% of the pop-
ulation in the geographic area it serves. The costs of specialist
consultations, hospitalizations, MRI scans, other diagnostic
tests, and medications are fully covered. The KPSC mem-
bership is representative of the general population in South-
ern California for ethnicity, age, sex, and socioeconomic
status, except for an underrepresentation of the lowest and
highest ends of the socioeconomic spectrum.” In 2010, the
number of adults (>18 years of age) with at least 6 months of
membership was 2,655,194.

To identify patients with prevalent MS, we searched elec-
tronic databases with any mention of ICD-9 diagnostic code
for MS (340) from January 1, 2008 to December 31, 2010,
including all inpatient and outpatient encounters among in-
dividuals with at least 6 months of membership in 2008, 2009,
or 2010 (N = 4,892). Diagnoses were confirmed according to
the revised McDonald criteria' through full medical records
abstraction including all inpatient and outpatient records,
MRI scans, and diagnostic test results by trained medical chart
abstractors (E.G.G., J.B.S.) and, when uncertain, an MS spe-
cialist (A.M.L.-G.). There was sufficient documentation to
apply MS diagnostic criteria in 97.1% of members with at least
1 ICD-9 code for MS, of whom 83.9% met criteria and 13.2%
clearly did not (e.g., misuse of code or misdiagnosis). In the
remaining patients, the documentation was insufficient to
meet diagnostic criteria, most of whom were elderly adults.

To avoid underestimating MS prevalence in older adults due
to insufficient documentation, we further classified these
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patients as likely having MS on the basis of available docu-
mentation (insuff-yes) or unlikely MS (insuff-no). Those
classified as insuff-yes (1.5%) were typically elderly patients
who appeared to have either advanced or benign MS but
lacked clear documentation of >2 clinical relapses or pro-
gressive disability over >1 year and did not have brain MRI
scans. Those classified as insuff-no (1.3%) were typically el-
derly people with MS entered into their problem list by a
primary care provider with no or only a brief comment (e.g.,
“diagnosed in 20s”).

Race and ethnicity information was obtained from medical
records review (patients only), health plan administrative
records, and birth certificates.'’ We categorized race and
ethnicity as non-Hispanic White (White), Hispanic White
(Hispanic), Black (regardless of ethnicity), Asian or Pacific
Islander (Asian/Pacific Islander), other or multiple races and
ethnicities (e.g., Black and Asian, Asian and Hispanic), and
unknown because of missing information. For unknown race
and ethnicity information (0% patients with MS, 9% of cohort
members), we assigned the probability on each member using
the Bayesian Improved Surname Geocoding method."*"?
The racial and ethnic distribution of the cohort population
remained essentially unaltered after race imputation.

Statistical Analyses

MS 1-year period prevalence in 2010 by race and ethnicity,
age group (18-24, 25-34, 35-44, 45-54, 55-64, 65-74, >75
years), or sex (male, female) was estimated by dividing the
number of adult (>18 years) patients with MS by the number
of adult members of that same group. Binomial distribution

was used to calculate 95% Cls. Age- and sex-standardized
prevalence ratios were calculated from direct standardiza-
tion'* with the 2010 US Census population as the reference
population. Crude and risk ratios (RRs) adjusted for age and
sex comparing prevalence between groups were calculated
with Poisson regression between racial and ethnic groups with
White non-Hispanic as the reference category. For the pri-
mary analyses, MS was defined as those who met diagnostic
criteria or were classified as insuff-yes.

The means and SDs of normally distributed variables were
compared by 2-sample ¢ tests; medians were compared with
the Kruskal-Wallis test; and for binary or categorical variables,
X2 with Fisher exact test was used. Only 22 patients (0.6%) of
other/mixed races were identified, so reliable estimates for
this racial and ethnic category could not be calculated. They
are included, however, in analyses of the total population. All
analyses were conducted with SAS software version 9.4 (SAS
Institute Inc, Cary, NC).

Data Availability
Due to the KPSC institutional review board, deidentified data
would be available on reasonable request.

Results

Demographic and KPSC coverage characteristics in 2010 of
the 3,863 adults with MS are presented in Table 1. The av-
erage age of patients with prevalent MS was 51.7 years, and
76.8% were women. The female preponderance was more
pronounced among Black (81.2%) and Asian/Pacific Islander

Table 1 Demographic and Kaiser Permanente Coverage Characteristics of Patients With Prevalent MS by Race and

Ethnicity
White Black Hispanic Asian/Pacific
persons persons persons?® Islander persons® Total®
(n=2,537) (n =585) (n =652) (n=67) (N =3,863) pVaIue“I
Age, mean (SD), y 54.2 (12.45) 50.2(12.84)  43.9(12.76) 46.2 (13.13) 51.7 <0.0001
(13.14)
Female, n (%) 1935 (76.3) 475 (81.2) 486 (74.5) 56 (83.6) 2,966 0.0158
(76.8)
Kaiser Permanente coverage type, n (%) <0.0001
Employer or Self-pay 1,665 (65.6) 400 (68.4) 517 (79.3) 53(79.1) 2,651
(68.6)
Medicaid/other public assistance 68 (2.7) 46 (7.9) 45 (6.9) 1(1.5) 160 (4.1)
Medicare Advantage 804 (31.7) 139 (23.8) 90 (13.8) 13(19.4) 1,052
(27.2)
Membership duration, mean (SD), y 17.2 (12.08) 20.9 (11.74) 15.3(11.78) 14.0 (9.26) 17.4 <0.0001
(12.05)

Abbreviation: MS = multiple sclerosis.

2 The majority of Hispanic persons residing in Southern California are of Mexican (77%) or other Central American (12%) descent.
® Asian/Pacific Islander persons residing in Southern California are primarily of Chinese, Filipino, or Korean origin. The proportion of Asian persons
descending from India or Vietnam is lower in Southern California compared to the Midwest or Louisiana and Mississippi, respectively.

¢Includes 22 patients with MS with mixed race and ethnicity.
9 Difference between 4 racial and ethnic groups.
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(83.6%) than White (76.3%) or Hispanic (74.5%) individuals
with MS. Hispanic and Asian/Pacific Islander persons were
younger on average compared to White or Black individuals.
More patients with MS were White (65.7%) or Black (15.1%),
and fewer were Hispanic (16.9%) or Asian/Pacific Islander
(1.7%) than would be expected from the underlying distri-
bution of KPSC members (40.7% White, 9.4% Black, 37.1%
Hispanic, 10.7% Asian/Pacific Islander, and 2.0% other/
mixed). Black and Hispanic individuals with MS were more
likely to receive KPSC coverage through Medicaid or other
public assistance programs than White or Asian/Pacific Is-
lander patients, although the majority of patients with MS
were covered through employer- or self-pay options across all
racial and ethnic groups (Table 1).

Age- and sex-standardized MS prevalence was highest in
White (237.7 per 100,000) and Black (225.8) persons, sig-
nificantly lower in Hispanic persons (69.9, adjusted RR 0.29,
95% CI 0.27-0.32), and even lower in Asian/Pacific Islander
individuals (22.6, adjusted RR 0.09, 95% CI 0.07-0.12)
compared to White persons (Table 2). There was no signif-
icant difference in MS prevalence between Black and White
individuals (adjusted RR 0.93, 95% CI 0.85-1.02, p = 0.13).
This similarly high prevalence among White and Black and
lower prevalence among Hispanic and Asian/Pacific Islander
persons were consistent in both crude and age- and sex-
stratified analyses (Figure 1, A and B, respectively).

MS prevalence varied by age and sex across all racial and
ethnic groups (Figure 1). In Black and White individuals,
regardless of sex, prevalence continued to increase with age,
peaking at 313 and 360 per 100,000 among 45- to 64-year-
olds, respectively. While MS prevalence increased in these age
groups among Hispanic and Asian individuals as well, the
magnitude of increase was significantly smaller, peaking at
only 854 and 29.2 per 100,000 respectively. Prevalence

declined among those >65 years of age across all racial and
ethnic groups (Figure 1A).

MS prevalence was significantly higher in women compared
to men across all racial and ethnic groups (Figure 2), and
there was no significant difference between Black and White
women (p = 0.16) or Black and White men (p = 0.48)
(Figure 1B). The female:male ratios across age strata were
also similar among White and Black persons and were highest
(3.1-3.8) during the peak prevalence ages of 35 to 64 years
(Table 3 and Figure 2, A and B). In contrast, the female:male
ratio was highest at ages 25 to 34 years among Hispanic and
Asian/Pacific Islander individuals.

Among young adults 18 to 24 years of age, MS prevalence was
relatively low (compared to middle and older ages), but the
racial and ethnic pattern was somewhat different. In this age
group, prevalence was highest among Black (48.5 per
100,000, 95% CI 24.7-72.2) and Hispanic (25.0, 95% CI
16.9-33.0) persons, lower in White people (18.0, 95% CI
10.1-25.9), and lowest in Asian/Pacific Islander individuals
(Figure 1A). The difference in MS prevalence between young
Hispanic and White adults was driven by a higher prevalence
among men but not women, whereas both Black men and
women had a higher prevalence than young White men and
women (Table 3 and Figure 2).

Discussion

The findings from this study, together with 2 US MS in-
cidence studies”'® and a US death certificate study,'® con-
tradict the widely held belief that MS is rare in Black
Americans. Moreover, the findings from this study and the
death certificate study'® indicate that MS has affected US
Black and White adults at similar rates for decades.

Table 2 Standardized Prevalence and Estimated Number of Adults With MS in the United States in 2010 by Race and

Ethnicity

KPSC
members, n persons (95% Cl)

Prevalent
Race and ethnicity patients, n

Prevalence per 100,000

Standardized
prevalence?® (95% Cl)

2010 Adult US Census Expected patients
population, n with MS in 2010, n

White persons 2,537 1,080,310 234.8 (225.7-244) 237.7 (228.2-247.2) 157,428,903 374,199
Black persons 585 250,824 233.2 (214.3-252.1) 225.8 (207.1-244.5) 27,473,469 62,029
Hispanic personsb 652 984,568 66.2 (61.1-71.3) 69.9 (64.4-75.5) 33,346,703 23,322
Asian/Pacific 67 284,546° 23.5(17.9-29.2) 22.6(17.1-28.1) 11,789,912 2,664
Islander persons®

Other persons 22 54,946 40.0 (23.3-56.8) 68.7 (35.3-102.1) 4,525,084 3,108
Total persons 3,863 2,655,194 145.5 (140.9-150.1) 234,564,071 465,322

Abbreviations: KPSC = Kaiser Permanente Southern California; MS = multiple sclerosis.

@ Standardized by age and sex to the 2010 US Census total population.

®The majority of Hispanic persons residing in Southern California are of Mexican (77%) or other Central American (12%) descent and less diverse than

Hispanic persons residing on the East Coast.

¢ Asian/Pacific Islander persons residing Southern California are primarily of Chinese, Filipino, or Korean origin. The proportion of Asian persons descending
from India or Vietnam is underrepresented compared to the Midwest or Louisiana and Mississippi, respectively.
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Figure 1 MS Prevalence by Race and Ethnicity in Southern California
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Prevalence (indicated by the number above each bar in B) and 95% Cls of multiple sclerosis (MS) in White (blue), Black (black), Hispanic (green), and Asian/
Pacific Islander (API) (orange) individuals residing in Southern California by age groups by years (A) and sex (B). MS prevalence is highest in White and Black
persons, lower in Hispanic individuals, and lowest in the heterogeneous group of Asian/Pacific Islander persons residing in Southern California across all age
groups except 18- to 24-year-olds, for whom the prevalence in Hispanic persons is similar to that in White and highest in Black persons. MS prevalence
continues to increase with age in White persons through 55 to 64 years of age, whereas in Black persons, MS prevalence rises until 35 to 44 years of age and
then remains stable through 55 to 64 years of age. MS prevalence declines in the 265-year-old age groups across all racial and ethnic groups. MS prevalence is
similar in Black and White persons in both women (crude risk ratio [RR] 0.93, 95% Cl 0.84-1.03, p = 0.17, Poisson regression with White persons as the
reference group) and men (crude RR0.91, 95% C1 0.75-1.02, p = 0.39, Poisson regression with White persons as the reference group). MS prevalence is lower in
Hispanic and Asian/Pacific Islander compared to White persons, regardless of sex. MS prevalence is higher in women compared to men across all racial and
ethnic groups (White individuals: crude RR 3.09, 95% CI 2.82-3.39, p < 0.0001; Black individuals: crude RR 3.15, 95% Cl 2.56-3.88, p < 0.0001; Hispanic
individuals: crude RR 2.66, 95% Cl 2.23-3.17, p < 0.0001; Asian/Pacific Islander individuals: crude RR 4.12, 95% CI 2.16-7.87, p < 0.0001).

Figure 2 MS Sex- and Age-Specific Prevalence by Race and Ethnicity in Southern California
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Crude sex- and age-specific prevalence of multiple sclerosis (MS) and 95% Cls among White persons (A), Black persons (B), Hispanic persons (C), and the
heterogeneous group of Asian/Pacific Islander persons (A/PI; D) residing in Southern California. The female predominance and peak prevalence between 35
and 64 years of age are remarkably similar between White and Black persons. While this pattern is similar in Hispanic persons, the magnitude of increase
among Hispanic women and men is significantly lower than for Black or White persons. Among Asian women, prevalence increased from ages 18 to 24 years
to 25 to 34 years but no longer after that. MS prevalence was very low among Asian men in all age groups.
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Table 3 Age-Specific and Age-Adjusted MS Prevalence per 100,000 by Sex and Race and Ethnicity, KPSC, 2010

Women Men Total

Race and ethnicity Patients Persons Age-specific Age-standardized Patients Persons, Age-specific Age-standardized Female: Age-specific Age-standardized
and age, y with MS,n  (n) prevalence® prevalence (95% CI)® withMS,n n prevalence? prevalence (95% CI)® Male ratio prevalence? prevalence (95% CI)®
White persons

18-24 14 55,264 253 6 55,852 10.7 2.4 18.0

25-34 113 73,019 154.8 55 73,691 74.6 2.1 114.5

35-44 301 74,440 404.4 100 77,595 128.9 3.1 263.8

45-54 538 108,174 4973 140 108,014 129.6 3.8 313.6

55-64 608 112,907 5385 179 105,764  169.2 3.2 359.9

65-74 283 68,104 415.5 99 62,520 158.3 2.6 292.4

275 78 59,361 131.4 23 45,605 50.4 2.6 96.2

Total 1935 551,269 352.6 (336.3-368.8) 602 529,041 116.0 (106.5-125.5) 3.0 237.7 (228.2-247.2)
Black persons

18-24 12 17,994 66.7 4 15,007 26.7 25 48.5

25-34 45 19,091 235.7 12 12,308 97.5 2.4 181.5

35-44 108 25,308 426.7 21 17,561 119.6 3.6 300.9

45-54 140 30,945 452.4 31 23,633 131.2 34 3133

55-64 112 25,434 440.4 25 18,714 133.6 33 3103

65-74 45 15,692 286.8 12 11,637 103.1 2.8 208.6

275 13 10,671 121.8 5 6,829 73.2 1.7 102.9

Total 475 145,135 337.4 (306.6-368.1) 110 105,689 109.2 (88.3-130.1) 3.1 225.8 (207.1-244.5)
Hispanic persons®

18-24 23 77,236 29.8 14 70,887 19.7 1.5 25.0

25-34 109 112,219 971 26 96,100 27.1 3.6 64.8

35-44 134 116,423  115.1 49 108,335 452 25 81.4

45-54 129 101,506  127.1 39 95,307 40.9 3.1 85.4

55-64 71 62,235 114.1 28 57,921 48.3 2.4 82.4

Continued
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Table 3 Age-Specific and Age-Adjusted MS Prevalence per 100,000 by Sex and Race and Ethnicity, KPSC, 2010 (continued)

Women Men Total

Race and ethnicity Patients Persons Age-specific Age-standardized Patients Persons, Age-specific Age-standardized Female: Age-specific Age-standardized
and age, y with MS,n  (n) prevalence® prevalence (95% CI)® withMS,n n prevalence® prevalence (95% CI)® Male ratio prevalence? prevalence (95% CI)®

65-74 15 29,781 50.4 9 26,158 34.4 1.5 42.9

275 5 16,861 29.7 1 13,599 7.4 4.0 19.7

Total 486 516,261 99.9 (90.7-109.1) 166 468,307 38.7 (32.6-44.8) 2.6 69.9 (64.5-75.5)
Asian/Pacific
Islander persons®

18-24 1 14,537 6.9 1 13,617 7.3 0.9 7.1

25-34 14 30,122 46.5 1 22,143 4.5 10.3 28.7

35-44 12 31,926 37.6 2 25,709 7.8 4.8 243

45-54 13 30,869 42.1 3 24,537 12.2 35 289

55-64 12 28,772 4.7 3 22,619 133 3.1 29.2

65-74 4 14,077 28.4 1 12,756 7.8 3.6 18.6

275 0 6,939 0 0 5,923 0 0.0

Total 56 157,242 35.8(26.4-45.2) 1 127,304 9.0 (3.6-14.3) 4.0 22.6(17.1-28.1)

Abbreviations: KPSC = Kaiser Permanente Southern California; MS = multiple sclerosis.
2 Prevalence rates are per 100,000 people.

 Age and sex standardized to 2010 US Census.

€The majority of Hispanic persons residing in Southern California are of Mexican (77%) or other Central American (12%) descent and less diverse than Hispanic persons residing on the East Coast.
9 Asian/Pacific Islander persons residing Southern California are primarily of Chinese, Filipino, or Korean origin. The proportion of Asian persons descending from India or Vietnam is underrepresented compared to the
Midwest or Louisiana and Mississippi, respectively.
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The belief that MS is rare in Black individuals was based on
problematic evidence, including ecologic studies and a 1950s
prevalence study of veterans that found that White men were
twice as likely as Black men to be service-connected for MS."”
However, becoming service-connected is a complicated
benefit process that was likely difficult for Black men to
navigate, particularly in the 1950s. When a similar military
personnel study of Gulf War era veterans (1990-2007) found
that MS incidence was 1.27-fold higher in Black'® than White
persons and we reported that Black individuals had a 47%
increased incidence of MS compared to White people' in the
same study population included herein, some concluded that
MS was an emerging disease in US Black adults.'®

If MS were truly an emerging disease in Black persons, then
we would expect to see significantly lower MS prevalence and
MS-related mortality in older age groups compared to White
persons. Because prevalence is a combination of incidence
and longevity and US Black persons have a shorter life ex-
pectancy than White individuals, the fact that we found similar
MS prevalence in older Black and White persons is rather
remarkable. A large US insurance claims study also found that
the age- and sex-standardized prevalence was similar among
Black and White adults (226.1 and 283.7 per 100,000, re-
spectively).” In addition, a study of US death certificates from
1999 to 2015 found that MS was just as likely to be listed as a
cause of death in Black adults <65 years of age and only
slightly less likely to be listed in those >6S years of age
compared to White adults.'® These findings strongly suggest
that MS is not a new disease among US Black individuals;
rather, the burden of disease in Black persons was not mea-
sured until recently®® and was incorrectly assumed to be low.

On the other hand, whether MS is an emerging disease among
Hispanic individuals is unclear yet appears plausible. This
concern has been raised by multiple investigators and is
supported by increasing MS incidence and prevalence in se-
lected Latin American countries,"® particularly Argentina'®
and Puerto Rico.*

Our findings that MS prevalence is higher among young
Hispanic adults than among young White adults yet signifi-
cantly lower among older Hispanic adults compared to White
adults residing in Southern California are consistent with
emerging disease hypotheses. The magnitude of difference in
prevalence between Hispanic persons compared to White and
Black persons in all age groups >35 years of age appears too
large to be explained by underlying population differences in
all-cause mortality. In addition, greater longevity may in-
fluence higher later-life prevalence among White adults but
would not explain higher prevalence in older Black adults
compared to US Hispanic adults because Black Americans
have a shorter life expectancy than US Hispanic persons. MS-
related mortality among Hispanic individuals also appears to
be significantly less common after 35 years of age compared to
US White and Black adults.'® Alternatively, our findings could
be explained by a younger age at onset yet lower incidence of
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MS among Hispanic individuals, as we previously
reported.”*" Even if MS incidence is not increasing in His-
panic persons, the burden of disease in the Hispanic com-
munity is likely to increase because this is a rapidly growing
racial and ethnic group and is projected to account for 28% of
the US population by 2060.”

The broad group of individuals referred to as Asian, in con-
trast, has a consistently low incidence and prevalence of MS
regardless of ethnicity or setting. MS prevalence is quite low in
Asia, even in resource-rich countries like Japan’; among
South Asian individuals living in London™*; in our study
population; and among indigenous Asiatic Russian persons
compared to European Russian persons who migrated to
Siberia.”® In addition, MS incidence among Asian individuals
was 80% lower than in White persons in our study population
(1.39 and 6.94 per 100,000 person-years, respectively)' and
=9- to 10-fold lower in Asian adults residing in Canada
compared to non-Asian adults.*® An intriguing finding in the
latter study was a doubling in the incidence of MS among
Asian women from 0.71 per 100,000 in 2005 to 2.08 per
100,000 in 2006 to 2010 but no change in men.”® This finding
is consistent with the high female:male ratio (4.0) among
Asian/Pacific Islander persons reported herein and is de-
serving of further study.

The main limitation of this study, like other studies of racial
and ethnic disparities, is that the terms Hispanic, Asian, Black,
and White are socially constructed labels that influence social
standing and opportunities for advancement in the United
States, not uniform biological or even cultural differences.
Therefore, these groups, particularly Hispanic and Asian/
Pacific Islander persons in the United States, represent a
broad group of cultures and ancestral backgrounds, which
may have different effects on MS risk. The majority of His-
panic persons residing in Southern California are from Mex-
ico (77%) or other Central American countries (12%) and are
less diverse than Hispanic persons residing on the East
Coast.”” Mexicans are predominantly Mestizos (mixed
Spanish and Amerindian/Indigenous descent, 62%), while
another 21% identify as predominantly Amerindian, 7% as
Amerindian, and only 10% as other/mostly European.28
Puerto Ricans, on the other hand, are predominantly of White
European descent (65.9%), followed by African descent
(11.7%) and only 0.2% of Indigenous descent.> Thus, it may
not come as a surprise that MS incidence in Puerto Rico was
2-fold higher than in our Hispanic population (6.1 in 2013%°
and 3.0 per 100,000 in 2008-2010," respectively).

Similarly, the term Asian/Pacific Islander encompasses Chi-
nese, Korean, Indian, Filipino, Japanese, and Vietnamese
people, among others. In Southern California, most Asian/
Pacific Islander individuals are of Chinese, Filipino, or Korean
origin,>® whereas the largest Asian group in the majority of
midwestern and southern states is of Indian origin.31 Whether
MS prevalence varies among Asian individuals of Chinese,
Filipino, or Indian descent in the United States has not been

Neurology | Volume 98, Number 18 | May 3, 2022

e1825


http://neurology.org/n

e1826

studied but is certainly plausible. The age-standardized MS
prevalence in South Asian individuals residing in East London
(29 per 100,000)** was higher than the age- and sex-
standardized estimates reported herein (22.6 per 100,000),
even though the prevalence among White individuals was
significantly lower (180** and 2377 per 100,000, re-
spectively). Last, whether there are differences in MS sus-
ceptibility among different US Black populations (e.g,
descents of slaves, recent African or Caribbean immigrants)
has not been studied.

For all these reasons, it is uncertain whether extrapolating
incidence or prevalence rates from Southern California His-
panic, Asian, Black, and White persons to the rest of the US
population is valid. Further calling this into question is a
recent study indicating that a true south-to-north increasing
MS prevalence in the United States remains.”” Thus, our
national estimate should be viewed cautiously and is likely an
underestimation of the true prevalence. We have provided
these estimates to help others approximate how changing
demographics may affect MS prevalence in specific commu-
nities, but future studies should aim to provide estimates in
other subgroups. Future studies should also establish whether
the latitude gradient applies to all racial and ethnic groups of
individuals and MS incidence or whether state-by-state dif-
ferences in MS prevalence® are best explained by differences
in racial and ethnic subgroup composition, migration, or in-
surance status rather than latitude. Of note, our standardized
US prevalence estimate of 465,322 persons with MS in 2010 is
strikingly similar to the uninflated standardized 2010 estimate
derived from a recent national MS prevalence study based on
multiple administrative health claims datasets (470,053).%
Taken together, these findings reaffirm that applying an in-
flation factor to arrive at the final 2010 estimate was
warranted.>?

Other study limitations include the possibility of under-
counting patients with true MS in the very old in whom we
were unable to apply MS diagnostic criteria due to lack of
documentation, imprecise estimates due to small samples
particularly in Asian men, and inability to estimate MS prev-
alence in the uninsured. However, undercounting MS among
the uninsured is more likely to underestimate the true prev-
alence of MS in Black and Hispanic persons who were far
more likely to be uninsured than White persons during the
study period (43.5%, 27.1%, and 15.7%, respectively, in
2010).

Strengths of this study are the rigorous patient finding
methods; application of the 2017 diagnostic criteria; and a
large, diverse well-characterized study population that is
representative of the underlying geographic community. An
important strength was our ability to carefully exclude mis-
diagnosed patients, a feature that is not possible without the
availability of electronic health records. Misdiagnosed MS
appears to be increasing as the diagnostic criteria become
more complex™* and may represent up to 19% of clinically
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diagnosed patients.>® This is a significant advantage over the
use of administrative claims datasets or reliance on ICD
codes®” for which the misdiagnoses would likely be classified
as true because MS misdiagnoses are perpetuated for >3 years
in >50% of patients and use of MS disease-modifying treat-
ments in misdiagnosed patients is common.**

It is becoming increasingly clear that the burden of MS in the
US Black community has long been understudied and
therefore underrecognized. While the prevalence of MS is
relatively low among Hispanic persons, this segment of the
US population is growing rapidly. Simultaneously, the finan-
cial toxicity of MS treatments continues to rise at alarming
rates,*® and Black and Hispanic individuals remain far more
likely to be uninsured than White Americans. This raises
concerns that preventable MS-related disability will or may
already disproportionately affect non-White adults residing in
the United States from a combination of underrecognition of
the magnitude of the problem, delays in diagnosis, and in-
consistent access to treatments in a timely manner. Future
studies are urgently needed to address these issues and to
provide refined incidence and prevalence rates among racial
and ethnic groups across the United States.
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