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Abstract
Objective
To generate a national multiple sclerosis (MS) prevalence estimate for the United States by
applying a validated algorithm to multiple administrative health claims (AHC) datasets.
Methods
A validated algorithm was applied to private, military, and public AHC datasets to identify adult
cases of MS between 2008 and 2010. In each dataset, we determined the 3-year cumulative
prevalence overall and stratiﬁed by age, sex, and census region. We applied insurance-speciﬁc
and stratum-speciﬁc estimates to the 2010 US Census data and pooled the ﬁndings to calculate
the 2010 prevalence of MS in the United States cumulated over 3 years. We also estimated the
2010 prevalence cumulated over 10 years using 2 models and extrapolated our estimate to 2017.
Results
The estimated 2010 prevalence of MS in the US adult population cumulated over 10 years was
309.2 per 100,000 (95% conﬁdence interval [CI] 308.1–310.1), representing 727,344 cases.
During the same time period, the MS prevalence was 450.1 per 100,000 (95% CI 448.1–451.6)
for women and 159.7 (95% CI 158.7–160.6) for men (female:male ratio 2.8). The estimated
2010 prevalence of MS was highest in the 55- to 64-year age group. A US north-south
decreasing prevalence gradient was identiﬁed. The estimated MS prevalence is also presented
for 2017.
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Conclusion
The estimated US national MS prevalence for 2010 is the highest reported to date and provides
evidence that the north-south gradient persists. Our rigorous algorithm-based approach to
estimating prevalence is eﬃcient and has the potential to be used for other chronic neurologic
conditions.
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Glossary
AHC = administrative health claims; CI = conﬁdence interval; ICD-9 = International Classiﬁcation of Disease-9th revision;
KPSC = Kaiser Permanente Southern California; MEPS = Medical Expenditure Panel Survey; MS = multiple sclerosis; NMSS =
National Multiple Sclerosis Society; OP = Optum; TH = Truven Health; VA = Department of Veterans Aﬀairs.

Chronic disease morbidity is challenging to assess within the
United States because it lacks a uniﬁed health system, and
limited infrastructure exists for identifying and tracking
patients across their lifespan. Options for determining incidence and prevalence estimates include surveys, registries,
or administrative health claims (AHC) datasets. Each method
has strengths and limitations; however, the increasing availability of large AHC datasets has made this approach eﬃcient
and cost-eﬀective.1
Multiple sclerosis (MS) is the most common progressive
neurologic disease of young adults worldwide.2,3 Current
estimates suggest that 300,000 to 400,000 individuals are affected in the United States, but this is based largely on revisions of estimates from older data.2–6 These estimates do not
reﬂect the changing demographics of the United States or
potential changes in the ascertainment of MS due to modiﬁcations in the diagnostic criteria and new treatment options.
Moreover, studies in neighboring Canada have reported steep
increases in the prevalence of MS over the past few decades
across several provinces.7–9
Because of the challenges in estimating MS prevalence for the
United States, the National Multiple Sclerosis Society
(NMSS) formed the Multiple Sclerosis Prevalence Workgroup, made up of scientists and policy advocates with the
goal of producing a scientiﬁcally sound and economically
feasible national MS prevalence estimate. By applying a validated case algorithm for MS to multiple large AHC datasets,
we aimed to generate a robust national MS prevalence estimate for the adult population, stratiﬁed by age, sex, and
region.

Methods
Setting and data sources
The United States includes 48 contiguous states, Hawaii, and
Alaska. The 48 contiguous states range from ≈24.52° N to
49.28° N latitude and from ≈66.95° W to 124.77° W longitude. The US population encompassing all 50 states is steadily
growing, having increased from 309.3 million in 2010 to 325.8
million in 2017.10 In the United States, health insurance may
be obtained from several private or public (government)
sources, and a proportion of the population is uninsured. We
acquired several AHC datasets representing the US private
and government-sponsored insurance programs, reasoning
that nearly all persons with MS, except the uninsured, Native
Americans using the Indian Health Service, and the incarcerated, would receive health services through one of these
programs. Each included the adult population (≥18 years)
e1030
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and their health care use for the years 2008 to 2010. The
breakdown of the population within speciﬁc health insurance
programs varies by income, sex, disability, and age group.1
Private insurance

In 2016, most adults <65 years of age (73%) obtained their
health care coverage from private insurance plans.11 Because
the AHC datasets available for the private insurance sector
vary in terms of geographic coverage and the types of providers represented, we accessed 3 datasets: Optum (OP),
Truven Health (TH), and Kaiser Permanente Southern
California (KPSC). These 3 private health datasets represent
a broad sample of all such plans in the US insurance market.
Two of these datasets (OP and TH for 2008–2010) were used
in the prevalence calculations and collectively capture ≈35%
of the privately insured in the United States.
Public insurance

Low-income adults and those with particular disabilities may
obtain health care coverage through government-funded
Medicaid plans. In 2016, 96% of US adults ≥65 years of age
were enrolled in government-funded Medicare.11 In the
public sector, the Centers for Medicare & Medicaid Services
datasets captured all eligible persons (100%) enrolled in
Medicare or Medicaid across the United States (>50 million
individuals).12 All active-duty military enrollees receive their
health care from the Department of Defense, and based on
current eligibility criteria, ≈30% to 40% transfer to the
Department of Veterans Aﬀairs (VA) health care and
beneﬁt system when they leave active duty. To assess the
military sector, we used the VA database, which included all
persons enrolled in the VA health care system. Collectively,
these datasets provided health care information for >125
million persons.
The AHC datasets varied with respect to the information
captured. Therefore, we developed a common data dictionary
and variable list for this study. These included a denominator
ﬁle for all enrollees, including dates of insurance eligibility,
sex, year of birth, and geographic region of residence. Because
race and ethnicity were not available in all data sources, they
were not considered in this analysis. We also accessed data on
health care encounters in the inpatient and outpatient settings, as well as prescription drug claims. Each inpatient and
outpatient encounter included ≥1 diagnostic codes, recorded
with the ICD-9 system, as well as the date of the encounter. In
the ICD-9 system, MS is uniquely identiﬁed by the 340 code.
For inpatient encounters, we used the date of admission.
Prescription drug claims included the name of the medication
and the date of release.
Neurology.org/N

Diagnostic algorithm for MS
As described elsewhere,13 we developed and tested several
algorithms to identify people with MS using AHC datasets
compared with physician-adjudicated MS cases as the reference standard. The optimal algorithm in terms of sensitivity,
speciﬁcity, and simplicity required the accumulation of ≥3
MS-related hospitalizations, outpatient visits, or prescription release encounters for an MS disease-modifying
therapy in any combination within a 1-year period. For
prescription drug claims, we considered only diseasemodifying therapies approved by the US Food and Drug
Administration for MS by 2010, including the interferon
betas, glatiramer acetate, natalizumab, and ﬁngolimod.14
To avoid misclassiﬁcation, claims for natalizumab were not
included if the individual also had an ICD-9 code for inﬂammatory bowel disease, another disorder for which this
medication is approved.
When tested among individuals with at least 1 MS claim,
the sensitivity of the MS algorithm was 86% to 92% and the
speciﬁcity was 66% to 83%, depending on the dataset.13
When tested in a Canadian population that included individuals with and without any MS claims (i.e., general
population), the sensitivity was 96.0% and the speciﬁcity
was 99.5%.13
Prevalence estimates
For the TH, OP, VA, and KPSC datasets, enrollees who also
had Medicare coverage were removed from both the
numerators and the denominators within each dataset to
prevent double counting. The annual prevalence within
a given dataset was demarcated as all those who met the MS
case deﬁnition divided by the annual population at risk, deﬁned as all enrollees ≥18 years of age at the beginning of the
calendar year and with health plan eligibility for a total of 6
months within the calendar year. Because individuals with MS
may have variable contact with the health system, once an
enrollee met the case deﬁnition and remained eligible for care,
he or she was considered a case thereafter. Applying the algorithm to each dataset, we determined the prevalence at the
end of the 3-year study period by identifying all persons who
met the case deﬁnition in any 1 of the 3 study years who were
still alive and eligible for care in the last year of the study
period (2010) and dividing this by the population at risk in
2010. These 3-year prevalence estimates were stratiﬁed by sex,
age (18–24, 25–34, 35–44, 45–54, 55–64, 67–74, and ≥75
years) and US Census region (North, East, South, and West).
They were directly age and sex standardized to the 2010 US
Census.10 Conﬁdence intervals (CIs) were calculated for the
ﬁnal total number of cases using binomial CIs (±1.96 ×
√(NPQ, where P and Q are the proportions of cases and
noncases and N is the estimated US population in 2010). The
95% CIs were then adjusted for the rate per 100,000, and the
inﬂation factors were calculated with a ﬁxed-eﬀects model.
Veriﬁcation of the prevalence estimates was performed for
each dataset by 2 independent reviewers (W.E.K. and L.W.)
for quality control.
Neurology.org/N

To obtain a national US prevalence estimate for MS, we undertook several analytic steps. First, we treated estimates from
OP and TH as random samples drawn from the same underlying population (the commercially insured), so their ageand sex-stratiﬁed estimates were pooled with the use of
a random-eﬀects model to represent the US private insurance
populations. Because KPSC was included in the general
population denominator in the West region, it was not included in these calculations. Sensitivity analyses examining
the eﬀects of including or excluding KPSC from the West
region were conducted, and the ﬁndings did not diﬀer signiﬁcantly (data not shown). Second, we used data from the
US Census to determine the total size of the US population in
each age and sex stratum and the proportion with private,
public, and military health insurance coverage.15 Medicaid,
Medicare, and military veteran prevalence estimates fully
captured these populations.10,15 The stratum-speciﬁc estimate
was multiplied by the total insured US population in that
stratum to determine the number of individuals aﬀected. In
2010, 16% of the US population was uninsured, but the
proportion uninsured varies across conditions.11,16 To account for the uninsured MS population, we used data from
both the Sonya Slifka cohort study17 and the NMSS, which
reported a 5.0% uninsured rate within the MS population
before the initiation of the Aﬀordable Care Act. Thus, the
number of individuals aﬀected in each stratum was summed,
inﬂated by 5.0% to account for the uninsured across all strata,
and then divided by the total US population to generate
a summary prevalence estimate for the United States.
The term cumulative prevalence applies to our case ﬁnding
approach within datasets in that once an individual meets the
MS case deﬁnition for a given year, that person is counted as
a case for subsequent years through 2010 if he or she remains
active in the health plan. This method of case ascertainment
eﬀectively represents a limited-duration (3-year) prevalence.
Ultimately, the prevalence estimate of interest is lifetime
prevalence, which is the proportion of a population that at
some point in life (up to the time of assessment) has developed MS. In chronic, predominantly relapsing diseases
such as MS that start in early adult life, individuals may forgo
contact with the health system for extended periods. Thus,
long periods of observation (minimum 10 years) are needed
to approach lifetime prevalence in the assessment of AHC
datasets, as described previously for systemic lupus erythematosus18 and as widely recognized in the cancer literature.19
As noted elsewhere,13 by using AHC datasets available from
Intercontinental Marketing Services, the VA, and the province
of Manitoba over the period of 2000 to 2016, we determined
the proportion of cases missed by using a 3-year vs 10-year
cumulative prevalence estimate. On the basis of these ﬁndings, undercount adjustment factors for the 10-year cumulative prevalence were required and were estimated to range
from 1.37 (lower bound, 95% CI 1.13–1.66) to 1.47 (upper
bound, 95% CI 1.23–1.76). We applied these factors to derive
estimates for the 2010 prevalence of MS cumulated over 10
years.13
Neurology | Volume 92, Number 10 | March 5, 2019
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Complementary analysis
The cumulative prevalence of MS grows at variable rates and
eventually levels oﬀ when an algorithm is applied to a given
health system AHC dataset.7,13 We have shown that the average annual growth in the MS prevalence rate between 2010
and 2017 for 2 AHC datasets was 2.3%/y.13 This growth rate
can be applied to the 2010 prevalence estimates to obtain
a more recent prevalence ﬁgure.
SAS version 9.4 (SAS Institute Inc, Cary, NC) and SPSS
version 22 (IBM Inc, Armonk, NY) were used to conduct the
statistical analyses.
Standard protocol approvals, registrations,
and patient consents
The study was approved by the Institutional Review Board at
the VA Medical Center–Baltimore/University of Maryland
Medical Center, KPSC, Colorado Multiple Institutional Review Board, Stanford University, and Quorum Review. Standard contracts and data use agreements were obtained for the
analysis of all datasets.
Data availability
The datasets for this study were purchased and are owned by
the NMSS. There are no current sharing agreements, and data
are held under a data use contract with the NMSS.

Results
The characteristics of the AHC datasets during the study
period are summarized in table 1; in total, they captured 125
million persons ≥18 years of age. The 3 private insurance
datasets collectively captured 58 million individuals, approximately half of the privately insured US adult population (age
18–64 years). Collectively, the public (government) insurance sources captured all 68 million individuals nationwide
who are insured through these plans.
The prevalence estimates reported refer to the adult population.
The age- and sex-stratiﬁed prevalence estimates for MS in 2010
cumulated over 3 years (2008–2010) and number of cases from
these datasets are displayed in tables e-1 through e-5 (available
from Dryad, https://doi.org/10.5061/dryad.pm793v8). The
prevalences for OP and TH are remarkably similar, while the VA
sex-stratiﬁed estimates are highest among the datasets. Denominator data from the 2010 US Census are shown in table e-6
(available from Dryad, https://doi.org/10.5061/dryad.pm793v8).
The annual cumulative prevalence of MS in the United States
for 2008 to 2010 using the MS algorithm is displayed for the 2
private health insurance datasets (OP and TH) and the 3
government insurance datasets (Medicaid, Medicare, and
VA) in ﬁgure 1. The average annual increase in prevalence

Table 1 Characteristics of AHC datasets used for the US MS prevalence estimate
Health claims database (URL)

Adult enrollees
2008–2010, n

OP (optum.com)

15 million

Employer-based, fee-for-service,
preferred provider, or capitated
health plans; United Health Care

All 50 states

Demographic data, hospital
admissions, outpatient claims,
emergency room claims, prescription
medications

TH Market Scan (marketscan.
truvenhealth.com)

40 million

Mix of private health insurance
companies

All 50 states

Demographic data, hospital
admissions, outpatient claims,
behavioral health claims, emergency
room claims, prescription
medications

KPSC (share.
kaiserpermanente.org)

2.7 million

Health maintenance organization
with integrated clinical and hospital
network

Southern
California

Demographic data, hospital
admissions, outpatient claims,
emergency room claims, prescription
medications, clinical records data,
laboratory data, imaging data

VA (va.gov)

8.5 million

National government health care
program for military veterans;
outpatient clinics, medical centers,
rehabilitation facilities, nursing
homes, and service offices

All 50 states

Demographic data, hospital
admissions, outpatient claims,
emergency room claims, prescription
medications, clinical records,
laboratory data, imaging data

Medicaid (national) (cms.gov)

27.9 million

State-based health insurance
program supplemented by federal
funding to provide for those in
poverty or with designated disabilities

All 50 states

Demographic data, hospital
admissions, outpatient claims,
emergency room claims, prescription
medications

Medicare (national) (cms.gov)

31.2 million

Federal health insurance program for
the elderly (≥65 y) and disabled

All 50 states

Demographic data, hospital
admissions, outpatient claims,
emergency room claims, prescription
medications

Health plan characteristics

Geographic
coverage

Variables in database

Abbreviations: AHC = administrative health claims; KPSC = Kaiser Permanente Southern California; MS = multiple sclerosis; OP = Optum; TH = Truven Health;
VA = Department of Veterans Affairs.
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Figure 1 Average annual prevalence of MS in the United States for 2008, 2009, and 2010 per 100,000 population for private
(OP and TH, black lines) and government (Medicaid, Medicare, and VA, red lines) health insurance datasets

Multiple sclerosis (MS) cases acquired from the MS
algorithm in year 1 are displayed, along with new cases
added cumulatively in subsequent years. OP = Optum;
TH = Truven Health; VA = Department of Veterans
Affairs.

over this 3-year period for all datasets was 6.3% (SD 3.8%).
The 2010 MS prevalence estimate cumulated over 3 years for
the combined datasets was 199.84 (95% CI 199.83–199.85),
corresponding to 470,053 people with MS.

higher than in the southern Census region as evidenced by
nonoverlapping 95% CIs.

After adjustment for the uninsured and application of the
lower-bound inﬂation factor to account for undercounting
due to the limited period of observation, the estimated 2010
prevalence for MS cumulated over 10 years was 265.1 per
100,000 (95% CI 264.3–265.8), corresponding to 623,437
people with MS. Similarly, after adjustment for the uninsured
and application of the upper-bound inﬂation factor, the 2010
prevalence for MS cumulated over 10 years was 309.2 per
100,000 (95% CI 308.1–310.1), representing a total of
727,344 people with MS. The 2010 MS prevalence estimates
cumulated over 10 years, 95% CIs, and number of cases in the
United States stratiﬁed by age and sex (lower and higher
estimates) are shown in table e-7 (available from Dryad,
https://doi.org/10.5061/dryad.pm793v8). Figure 2 shows
the lower and ﬁgure 3 displays the higher 2010 MS prevalence
estimates cumulated over 10 years in the United States
stratiﬁed by age and sex. The overall female:male prevalence
ratio for 2010 was 2.8. The peak age-speciﬁc MS prevalence
was 55 to 64 years, followed by 65 to 74 years.

We report a current national prevalence estimate for MS in
the adult population by using a validated algorithm across 5
large US AHC datasets, which also accounted for the uninsured population and for the limited (3-year period) of
observation. Our estimates were based on a case-ﬁnding
strategy that identiﬁed MS cases annually combined with the
2010 Census for denominator data. Overall, nearly 45% of the
US population was assessed, including 100% of those with
publicly funded insurance. In 2010, our higher 10-year prevalence estimate was 309.2 per 100,000 population, representing 727,344 adults aﬀected by MS. This higher 2010
estimate is based on the adjustment (3-year vs 10-year) seen
in a single health insurance payer system covering the entire
population. The lower-level estimate is based on a dataset
adjustment (3-year vs 10-year) for a government insurance
carrier for a segment of the population. Our approach
accounted for the demographics of the national population,
the sporadic follow-up for a chronic disease with young-adult
onset, the diﬀerent insurance providers within the health care
system, and the uninsured.

Tables 2 and 3 show the 2010 MS prevalence estimates cumulated over 10 years, 95% CIs, and number of cases in the
US by age, sex, and geography (lower and higher estimates).
Figure 3 illustrates the higher estimate for 2010 cumulated
over 10 years by Census regions, along with corresponding
sex ratios. The prevalence in the northern Census regions of
the US (Northeast and Midwest) was statistically signiﬁcantly
Neurology.org/N

Discussion

When coupled with prior estimates of the prevalence of MS in
the US, our ﬁndings suggest that there has been a steady rise
in the prevalence of MS over the past 5 decades, that the
prevalence of MS remains higher for women than men, and
that a north-south geographic gradient still persists.2 The
earliest published national US MS prevalence estimate for the
Neurology | Volume 92, Number 10 | March 5, 2019
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Figure 2 2010 Prevalence for MS cumulated over 10 years in the United States per 100,000 population by age and sex

Higher and lower estimates adjusted to 2010 US Census based on combined datasets from the multiple sclerosis (MS) algorithm inclusive of the following:
Truven, Optum, Department of Veterans Affairs, Medicare, and Medicaid (full data available for all age and sex estimates in data table e-7 available from
Dryad, https://doi.org/10.5061/dryad.pm793v8). (A) Lower-estimate and (B) higher-estimate 2010 MS prevalence in the United States per 100,000 population.

adult and pediatric populations combined was 58 per 100,000
for the year 1976,4 corresponding to 123,000 cases with a 1.7
female:male ratio. That study used surveys of hospitals,
physicians, and patients to estimate prevalence. Subsequent
researchers used this prevalence of 58 per 100,000 as a baseline and estimated the number of physician-diagnosed MS
cases in the United States as 300,000 by 1990 after factoring in
population changes and more contemporary regional prevalence estimates.5 Using the National Health Interview Survey,
investigators calculated a national MS prevalence rate of 85
per 100,000 for the period of 1989 to 1994.20 The corresponding female:male ratio was reported as 2.6:1, much
higher than the 1976 sex ratio.4 Authors of a later study
reported a national annual period prevalence of 0.21% over
a 10-year period (1998–2009), with cases with MS identiﬁed
by at least 1 ICD-9 340 code in the Medical Expenditure Panel
Survey (MEPS).21 This corresponded to 572,312 patients
with MS. More recently, a team with a more restrictive algorithm over 5 years (2008–2012) using the PharMetrics
commercially insured claims database produced an annual
period MS prevalence estimate of 149 per 100,000 with
403,630 individual cases,22 which is reasonably consistent
with our 3-year estimate in 2010 of 470,053 cases. The corresponding female:male ratio was 3.1. The higher prevalence
estimate of the MEPS database over a longer ascertainment
period than that of the PharMetrics study emphasizes the
need to account for undercounting with limited observation
periods. This also accounts for the fact that our prevalence
ﬁgure is most in line with the 10-year MEPS database estimate
e1034
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but with the advantage of a formally validated algorithm and
a broader demographic sample.
We did not assess the prevalence of MS in children, and this
should be considered when our ﬁndings are compared to
those reported in other populations. If we use our agestratiﬁed rates for 2010 (low and high estimates), they fall
within the range of the 2006 MS prevalence estimates in
Manitoba, Canada,7 for all 10-year age groups. Similarly, the
age-stratiﬁed prevalence estimates for Northern Ireland,
United Kingdom, in 2004 were slightly higher than our agespeciﬁc estimates for the following age deciles: 25 to 34, 25 to
44, and 45 to 54 years.23 MS prevalence in older age groups
was slightly higher in the 2010 US population. Compared to
the 2008 age-stratiﬁed prevalence estimates from British
Columbia, Canada,8 our US rates were variably higher
(2%–30%) for all age categories. Thus, our age-stratiﬁed
estimates are in line with recent North American and European ﬁgures. If we were to assume that the prevalence of MS
in children were zero, although this is a conservative assumption, our 2010 prevalence estimates would range from
218.6 (low estimate) to 234.5 (high estimate) per 100,000
population.
Thus, our prevalence results are consistent with recent reports
of MS prevalence from other regions that examined the entire
population. Canada has observed dramatic increases in the
prevalence of MS, with an estimate of 266.9 per 100,000 in
Nova Scotia9 for the year 2010 and a prevalence of 179.9 per
Neurology.org/N

Figure 3 High-estimate 2010 prevalence of MS in the United States per 100,000 population (2010 US Census) by Census
region with 95% CI and F:M prevalence ratio

CI = confidence interval; F:M = female:male; MS = multiple sclerosis.

100,000 in the province of British Columbia in 2008.8 In
European regions, the prevalence of MS has been variable,
with northern regions having higher estimates. For example,
a 2005 national prevalence of 154.5 per 100,000 (European
Standard Population) was reported from Denmark.24 Over
the past decade, France has had national prevalence estimates
generally <94.7 per 100,000 (standardized to French population).25 South American prevalence studies are largely regional, but a 2005 study from Panama produced a crude
prevalence of 5.2 per 100,000,26 substantially lower than
North American estimates.
Prevalence is the product of the incidence rate and the average
duration of a condition. Incidence rates for MS have been
generally stable or have slightly increased over the past 4 to 5
decades in white populations but are higher in selected racial
groups.27–29 Therefore, the rising prevalence estimates for MS
across the Western world (i.e., populations of predominately
European ancestry) largely reﬂect the aging of the population
with improved survival.7 In addition, the diagnostic criteria for
MS have evolved, and an earlier diagnosis of MS is possible
with the use of neuroimaging, and this is likely contributing to
the increased prevalence observed.30,31
With the wide availability of electronic datasets within health
care systems and new techniques to analyze data, there has
been a rise in the number of morbidity and mortality studies
on a global scale.3 However, the methods for identifying cases
and other variables of interest have not been standardized. To
Neurology.org/N

ensure that our approach is transparent and to support
comparisons to future work in the United States and other
jurisdictions, we have reported the annual MS prevalence
rates for our combined and individual datasets.
A strength of our study is the validation of our algorithm
against an available gold standard, that is, medical records in
multiple datasets and health systems.13 Our approach also
accounted for the complexity of the current national health
care system.1 To address the need for accurate morbidity and
mortality data for neurologic conditions, a national surveillance system approach compiling electronic AHC datasets
and vital statistics would be a logical way forward. The Neurological Disease Surveillance System that was authorized by
the US Congress in 2016 could adopt this relatively time- and
cost-eﬃcient approach.32
On the basis of observed increases in prevalence with our VA
and Intercontinental Marketing Services datasets after 2010,
we estimated that the prevalence of MS in 2017 cumulated
over 17 years would range from 337.9 per 100,000 population
(n = 851,749 persons with MS) to 362.6 per 100,000 population (n = 913,925 persons with MS). These 17-year cumulative estimates approach lifetime prevalence for MS
within the bounds of our AHC datasets. However, these
estimates should be viewed with caution because they assume
that the factors that have contributed to the rising prevalence
observed in the United States as of 2010 based on coding
records have persisted to 2017 and that substantial changes in
Neurology | Volume 92, Number 10 | March 5, 2019
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Table 2 2010 Prevalence for MS cumulated over 10 years in the United States per 100,000 population by age, sex, and
geography
Lower-estimate 2010 MS prevalence in the US per 100,000 population
West

Midwest

Northeast

South

Total

Age and sex
groups (y)

Cases,
n

Prevalence
(95% CI)

Cases,
n

Prevalence
(95% CI)

Cases,
n

Prevalence
(95% CI)

Cases,
n

Prevalence
(95% CI)

Prevalence
(95% CI)

Women 18–24

1,276

36.0
(33.6–38.4)

1,506

46.8
(44.0–49.6)

1,716

63.9
(60.3–67.5)

2,652

47.1
(45.0–49.3)

47.4
(46.1–48.8)

Men 18–24

759

19.8
(18.2–21.5)

599

17.9
(16.2–19.7)

832

30.1
(27.6–32.5)

1,123

19.2
(17.8–20.5)

21.0
(20.1–21.8)

Women 25–34

8,921

179.4
(174.9–183.8)

10,254

241.0
(235.4–246.6)

9,130

258.3
(252.0–264.7)

14,769

193.6
(189.8–197.3)

211.2
(208.8–213.6)

Men 25–34

2,935

56.8
(54.3–59.2)

3,442

80.0
(76.8–83.3)

3,548

102.0
(97.9–106.0)

5,618

74.5
(72.1–76.8)

75.8
(74.4–77.3)

Women 35–44

17,235

356.0
(349.7–362.4)

23,328

537.7
(529.4–546.0)

20,554

543.1
(534.2–552.0)

33,574

428.6
(423.1–434.1)

455.3
(451.8–458.8)

Men 35–44

6,254

126.7
(122.9–130.5)

7,476

174.1
(169.4–178.9)

6,834

187.8
(182.5–193.1)

10,473

136.4
(133.3–139.5)

151.0
(149.1–153.1)

Women 45–54

28,460

561.2
(553.3–569.0)

35,392

705.2
(696.4–714.0)

33,093

762.3
(752.5–772.2)

47,026

561.2
(555.1–567.3)

631.2
(627.3–635.1)

Men 45–54

8,765

175.0
(170.6–179.4)

11,889

240.9
(235.7–246.1)

10,775

260.5
(254.6–266.4)

14,107

175.6
(172.1–179.1)

205.9
(203.6–208.2)

Women 55–64

27,055

640.1
(630.9–649.2)

31,080

745.1
(735.2–755.0)

26,874

752.2
(741.4–763.0)

39,796

564.0
(557.4–570.6)

656.0
(651.6–660.3)

Men 55–64

9,964

248.8
(242.9–254.6)

11,753

295.5
(289.1–301.9)

10,018

304.8
(297.6–311.9)

12,451

193.2
(189.1–197.2)

249.4
(246.6–252.2)

Women 65–74

14,304

573.1
(561.8–584.3)

17,410

684.9
(672.8–697.1)

15,373

703.6
(690.2–716.9)

23,247

517.8
(509.8–525.7)

600.5
(595.2–605.8)

Men 65–74

5,376

241.2
(233.5–248.9)

5,972

270.2
(262.0–278.4)

4,867

265.4
(256.5–274.4)

7,232

186.0
(180.9–191.2)

230.8
(227.2–234.3)

Women ≥75

4,685

204.7
(197.7–211.7)

5,838

220.8
(214.0–227.6)

6,565

276.9
(268.9–285.0)

6,987

174.6
(169.7–179.5)

213.0
(209.7–216.2)

Men ≥75

1,749

110.4
(104.2–116.6)

1,583

95.6
(89.9–101.2)

1,288

89.4
(83.6–95.3)

2,084

80.5
(76.3–84.6)

92.2
(89.6–94.9)

Total

137,734

254.1
(252.5–255.7)

167,521

329.1
(327.2–331.0)

151,467

351.8
(349.6–353.9)

221,138

254.0
(252.7–255.3)

288.2
(287.4–289.0)

Abbreviations: CI = confidence interval; MS = multiple sclerosis.
Lower estimates adjusted to 2010 US Census on the basis of combined datasets from the MS algorithm inclusive of the following: Truven, Optum, Department
of Veterans Affairs, Medicare, and Medicaid.

the distribution and survival of the population at risk of MS
have not occurred. These assumptions include the continued
high longevity of patients with MS and the general population,
stable incidence of MS, and similar coding practices from
2010 to 2017. Extrapolated estimates have been modeled for
MS and systemic lupus erythematosus within the Canadian
health care system17,33 by assuming stable incidence, which
has been consistently reported across Canada. In the United
States, recent data from the Centers for Disease Control and
Prevention show a slight decrease in life expectancy for the US
population in 2016,34 and the demographic composition of
the US population is also changing.35 Future studies can use
these methods to reassess the prevalence of MS and to examine how these factors aﬀect the ﬁndings.
e1036
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There are limitations to our approach. First, we did not include children, the Indian Health Service, the US prison
system, or undocumented US residents in our prevalence
estimates. However, these segments of the population are
relatively small or, in the case of children, would contribute
few cases, and many individuals would be detected by other
health systems, including the Medicare insurance program, at
some point later in life. Furthermore, diagnosing pediatric MS
is challenging; the performance of our proposed algorithm
would need to be tested in this population given the recognized diﬀerences in relapse rates, more prominent cognitive
impairment that may aﬀect health care use, and reported
diﬀerences in performance of algorithms across the pediatric
and adult populations in other chronic diseases.36–38 This
Neurology.org/N

Table 3 2010 Prevalence for MS cumulated over 10 years in the United States per 100,000 population by age, sex and
geography
Higher-estimate 2010 MS prevalence in the US per 100,000 population
West

Midwest

Northeast

South

Total

Age and sex
groups (y)

Cases,
n

Prevalence
(95% CI)

Cases,
n

Prevalence
(95% CI)

Cases,
n

Prevalence
(95% CI)

Cases,
n

Prevalence
(95% CI)

Prevalence
(95% CI)

Women 18–24

1,369

38.6
(36.1–41.2)

1,616

50.2
(47.2–53.3)

1,841

68.6
(64.7–72.5)

2,846

50.6
(48.2–52.9)

50.9
(49.5–52.3)

Men 18–24

814

21.3
(19.5–23.1)

642

19.2
(17.4–21.1)

893

32.3
(29.6–34.9)

1,205

20.6
(19.1–22.0)

22.5
(21.6–23.4)

Women 25–34

9,572

192.5
(187.7–197.3)

11,003

258.6
(252.6–264.6)

9,796

277.2
(207.4–294.0)

15,846

207.7
(203.7–211.7)

226.7
(224.1–229.2)

Men 25–34

3,149

60.9
(58.2–63.5)

3,694

85.9
(82.4–89.3)

3,807

109.4
(105.1–113.7)

6,029

79.9
(77.4–82.4)

81.4
(79.8–82.9)

Women 35–44

18,493

382.0
(375.2–388.9)

25,030

577.0
(568.1–585.8)

22,055

582.7
(573.2–592.2)

36,024

459.9
(454.0–465.8)

488.5
(484.8–492.3)

Men 35–44

6,711

136.0
(131.9–140.0)

8,022

186.9
(181.8–191.9)

7,333

201.5
(195.8–207.2)

11,237

146.4
(143.0–149.7)

162.1
(159.9–164.3)

Women 45–54

30,537

602.1
(593.7–610.5)

37,975

736.7
(747.3–766.2)

35,509

818.0
(807.4–828.5)

50,458

602.2
(595.7–608.7)

677.2
(673.0–681.4)

Men 45–54

9,404

187.8
(183.1–192.5)

12,756

258.4
(252.9–264.0)

11,562

279.5
(273.2–285.8)

15,136

188.4
(184.7–192.1)

220.9
(218.5–223.4)

Women 55–64

29,030

686.8
(677.0–696.6)

33,349

800.0
(788.8–810.1)

28,835

807.1
(795.5–818.7)

42,701

605.2
(598.0–612.3)

703.8
(699.1–708.5)

Men 55–64

10,691

266.9
(260.7–273.2)

12,611

317.0
(310.2–323.9)

10,750

327.0
(319.3–334.7)

13,360

207.3
(202.9–211.6)

267.6
(264.6–270.6)

Women 65–74

15,349

614.9
(602.8–627.0)

18,680

734.9
(721.9–748.0)

16,495

754.9
(740.6–769.2)

24,945

555.6
(547.0–564.1)

644.3
(638.6–650.0)

Men 65–74

5,769

258.8
(250.5–267.1)

6,408

290.0
(281.1–298.8)

5,222

284.8
(275.2–294.4)

7,760

199.6
(194.1–205.1)

247.6
(243.8–251.4)

Women ≥75

5,027

219.6
(212.1–227.2)

6,264

236.9
(229.6–244.2)

7,043

297.2
(288.5–305.8)

7,497

187.3
(182.1–192.6)

228.5
(225.0–232.0)

Men ≥75

1,877

118.5
(111.8–125.1)

1,699

102.6
(96.5–108.6)

1,382

95.9
(89.7–102.2)

2,236

86.4
(81.9–90.8)

98.9
(96.1–101.8)

Total

147,792

272.7
(271.0–274.4)

179,749

353.1
(351–355.2)

162,523

377.4
(375.2–379.7)

237,279

272.6
(272.2–274.0)

309.2
(308.3–310.1)

Abbreviations: CI = confidence interval; MS = multiple sclerosis.
Higher estimates adjusted to 2010 US Census on the basis of combined datasets from the MS algorithm inclusive of the following: Truven, Optum,
Department of Veterans Affairs, Medicare, and Medicaid.

work was out of the scope of the present project but should be
pursued in future studies. Second, those with MS not followed
in the traditional health care system (e.g., alternative medicine
or cash health care practices that bypass health insurance
reimbursement) would be missed by our method. This would
result in an underestimate of MS cases. Third, we had 10 years
of data for the VA health care system and the province of
Manitoba but shorter lengths of data for other health systems
to assess period eﬀects on prevalence. While a decade of data
would have been optimal for all health system datasets, the
high costs of obtaining >3 years of data for all insurance pools
were prohibitive. Finally, we have not characterized the racial
or ethnic demographics of our MS population in this report
because race and ethnicity were not uniformly collected in the
Neurology.org/N

AHC datasets used. Racial and ethnic diﬀerences in MS susceptibility may be a factor contributing to the geographic
diﬀerences in prevalence in US Census regions.28 Strengths of
our approach included the large sample, which captured onethird of the US population; broad healthcare system representation; and the use of a validated case-ﬁnding algorithm
that performed consistently across diﬀerent health systems.13
The US national MS prevalence estimate for 2010 is the
highest reported to date and provides a contemporary understanding of the disease burden. Our rigorous algorithmbased approach to estimate prevalence is eﬃcient and can be
reproduced in other health systems. We would advocate for
this approach to be used for other chronic neurologic
Neurology | Volume 92, Number 10 | March 5, 2019
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conditions. Further work is needed to better understand the
current diﬀerences in MS prevalence by race and to evaluate
possible regional diﬀerences in health care use and disease
morbidity for MS.
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CORRECTIONS

Out-of-pocket costs are on the rise for commonly prescribed
neurologic medications

®

Neurology 2019;93:688. doi:10.1212/WNL.0000000000008353

In the article “Out-of-pocket costs are on the rise for commonly prescribed neurologic medications" by Callaghan et al.,1 ﬁrst published online May 1, 2019, the 2004 out-of-pocket costs
for MS medications (mean [SD]) in the Abstract and Results should be $33 ($50) rather than
$15 ($23), and the 2004 median/IQR in the Results should be $25 ($20–$32) rather than $14
($10–$16). The authors regret the errors.
Reference
1.

Callaghan BC, Reynolds E, Banerjee M, et al. Out-of-pocket costs are on the rise for commonly prescribed neurologic medications.
Neurology 2019;92:e2604–e2613.

The prevalence of MS in the United States
A population-based estimate using health claims data

®

Neurology 2019;93:688. doi:10.1212/WNL.0000000000007915

In the article “The prevalence of MS in the United States: A population-based estimate using
health claims data" by Wallin et al.,1 ﬁrst published online February 15, 2019, the text regarding
the lower bound for MS prevalence in a paragraph in Results should read: “After adjustment for
the uninsured and application of the lower-bound inﬂation factor to account for undercounting
due to the limited period of observation, the estimated 2010 prevalence for MS cumulated over
10 years was 288.2 per 100,000 (95% CI 287.4–289.0), corresponding to 623,437 people with
MS.” This is correctly represented in table 2. The authors regret the error.
Reference
1.

Wallin MT, Culpepper WJ, Campbell JD, et al. The prevalence of MS in the United States: a population-based estimate using health
claims data. Neurology 2019;92:e1029–e1040.

Epidemiology of NMOSD in Sweden from 1987 to 2013
A nationwide population-based study

®

Neurology 2019;93:688. doi:10.1212/WNL.0000000000008382

In the article “Epidemiology of NMOSD in Sweden from 1987 to 2013: A nationwide
population-based study" by Jonsson et al.,1 in ﬁgure 5, the incidence of NMOSD in Australia
and New Zealand should have been 0.37/1,000,000 person-years (CI: 0.35–0.39). The ﬁgure
should also have included A and B labels for the panels and a label for the ﬁrst panel’s x-axis,
“Incidence rate (per 1.000.000 individuals).” The authors and the editorial oﬃce regret the
errors.
Reference
1.
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Jonsson DI, Sveinsson O, Hakim R, Brundin L. Epidemiology of NMOSD in Sweden from 1987 to 2013: a nationwide population-based
study. Neurology 2019;93:e181–e189.
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