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Abstract

Background: As new therapies emerge which increase the risk of autoimmune disease it is increasingly
important to understand the incidence of autoimmune disease in multiple sclerosis (MS).

Objective: The purpose of this review is to estimate the incidence and prevalence of comorbid autoim-
mune disease in MS.

Methods: The PUBMED, EMBASE, SCOPUS and Web of Knowledge databases, conference proceed-
ings, and reference lists of retrieved articles were searched, and abstracts were independently screened
by two reviewers. The data were abstracted by one reviewer using a standardized data collection form,
and the findings were verified by a second reviewer. We assessed quality of the included studies using a
standardized approach and conducted meta-analyses of population-based studies.

Results: Sixty-one articles met the inclusion criteria. We observed substantial heterogeneity with respect
to the populations studied, methods of ascertaining comorbidity, and reporting of findings. Based solely
on population-based studies, the most prevalent autoimmune comorbidities were psoriasis (7.74%) and
thyroid disease (6.44%). Our findings also suggest an increased risk of inflammatory bowel disease,
likely uveitis and possibly pemphigoid.

Conclusion: Fewer than half of the studies identified were of high quality. Population-based studies that
report age, sex and ethnicity-specific estimates of incidence and prevalence are needed in jurisdictions
worldwide.
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Introduction MS population.? Unfortunately, findings of published

. . . .. ; : : 36
Multiple sclerosis (MS) is a chronic disease of the Studies have been inconsistent.

central nervous system which is believed to be
immune-mediated. Although multiple putative etio-
logic factors have been identified for MS, the etiology
of the disease remains unknown.! The co-occurrence

We conducted a systematic review to estimate the
incidence and prevalence of autoimmune comorbidity
in MS, and to assess the quality of included studies.

of autoimmune disease has thus been of substantial
interest, as associations between MS and other auto-
immune diseases may highlight common genetic or
environmental exposures. Further, as new therapies
emerge that raise the risk of autoimmune diseases
such as thyroid disease and idiopathic thrombocyto-
penic purpura it has become increasingly important to
understand the incidence of these conditions in the

We also aimed to identify the most prevalent autoim-
mune comorbidities in the MS population.

Methods

This review was part of a larger study on the world-
wide incidence and prevalence of comorbidity in MS;
we have divided these studies to allow for more
detailed examination and discussion of findings.
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Search strategy and study selection

As delineated in detail elsewhere, we developed a
comprehensive search strategy for autoimmune
comorbidities (Supplemental Appendix I). Briefly,
the autoimmune comorbidities evaluated included
alopecia areata, ankylosing spondylitis, autoimmune
thyroid disease, bullous pemphigoid, celiac disease,
dermatomyositis, idiopathic thrombocytopenic pur-
pura, inflammatory bowel disease, myasthenia
gravis, pemphigus vulgaris, pernicious anemia, poly-
myositis, primary adrenocortical insufficiency, pri-
mary biliary cirrhosis, psoriasis, theumatoid arthritis,
Sjogren’s syndrome, systemic lupus erythematosus,
systemic sclerosis, uveitis, vitiligo, and Wegener’s
granulomatosis. The autoimmune disorders investi-
gated varied from one study to another, as did the
classification schema. Therefore the results are pre-
sented anatomically as follows: overall, gastrointesti-
nal system; endocrine; eye; hair and skin;
connective tissue disorders; and other. The search
included reviews of the electronic databases
PUBMED, EMBASE, SCOPUS, and Web of
Knowledge for all years available through 15
November 2013, and manual reviews of the refer-
ence lists of studies identified during electronic
searches.

Two reviewers (RAM, NR) independently assessed
whether the unique abstracts identified met the inclu-
sion criteria: (a) MS population; (b) include original
data; (c) specify the autoimmune comorbidity of
interest; (d) report incidence or prevalence of the
comorbidity; and (e) English language publication. If
either reviewer selected the abstract it underwent full-
text review, during which stage the articles were
independently reviewed by the two reviewers.
Disagreements were resolved by consensus.

Data extraction and study quality

One reviewer abstracted the data using a standard-
ized data collection form and the findings were veri-
fied by the second reviewer. As detailed elsewhere,’
general study characteristics as well as incidence and
prevalence estimates were captured. We critically
appraised each study and awarded quality scores
based on yes or no responses to nine questions.’
These steps supported a qualitative assessment of
study heterogeneity.

Statistical analysis
Quantitative analysis was restricted to population-
based studies that aimed to estimate the incidence or
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Figure 1. Forest plot of the prevalence of diabetes in
multiple sclerosis in population-based studies.

prevalence of autoimmune comorbidity. We used the
I test to assess heterogeneity. We conducted random
effects meta-analyses of these studies using a Microsoft
excel spreadsheet developed for this purpose.® For
studies in which zero events were recorded we
employed a continuity correction of 0.5.°

Results

Search

After duplicates were removed the search identified
1476 unique citations (Supplemental, Figure 1).
After abstract screening and hand searching of refer-
ence lists, 84 articles met the criteria for full-text
review, of which we excluded 23. Sixty-one studies
were the subject of this review.3-6:10-66 Quality scores
are summarized in Supplemental Table 1 of the
“Overview” manuscript.” Incidence and prevalence
estimates for all disorders are summarized in
Supplemental Tables 1-72. More detailed results are
presented below.

Study characteristics

The studies were conducted from 1905-2012 and
most were conducted in Europe (32, 52.4%), followed
by North America (21, 34.4%), Asia (6, 9.8%)
and Australia (2, 3.3%). The data sources used
included clinical interview and diagnostic tests (21,
34.4%), medical records (19, 31.1%), self-report (14,
22.9%), and administrative data (10, 16.4%). Some
studies used more than one data source. Quality scores
varied widely from 0/9 to 8/8 overall, but among
population-based studies were higher and less varia-
ble ranging from 4/8 to 8/8. Some of the observed
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limitations included lack of population-based designs,
absence of validated approaches to the identification
of MS or comorbid disease when using administrative
databases, lack of confidence intervals for estimates
of incidence and prevalence. Few age or sex-specific
estimates were reported.

Any autoimmune disorder (overall)

One population-based study reported the incidence of
autoimmune disease (based on hospital contacts) to
be 1.26% (Supplemental Table 1), but this did not
exceed expectations for the general population
(Supplemental Table 2).48

Four studies reported the prevalence of autoim-
mune disease after MS diagnosis to range from
3-26.1%,3-° but the autoimmune disorders included
varied across studies (Supplemental Table 3). None
of these studies was population-based. Two studies
reported the prevalence of autoimmune disease at
or before MS diagnosis to range from
0.66—1.5%.4%

Three studies reported that the prevalence of autoim-
mune disease was higher in the MS population than in
other age- and sex-matched populations.*® The find-
ings were not statistically significant in the only study
that used controls clearly drawn from the general
population (Supplemental Table 2).

Gastrointestinal

Autoimmune hepatitis. The incidence of autoimmune
hepatitis, in one clinic-based study, was 0.17%; this
did not differ from published findings for the general
population (Supplemental Table 4).!'7 Two studies,
neither population-based, reported the prevalence of
autoimmune hepatitis to range from 0.06% to approx-
imately 0.2% (Supplemental Table 5).2%62 One study
compared the prevalence of hepatitis in the MS popu-
lation before diagnosis to that of age, sex and region-
ally matched controls, and found no difference
(Supplemental Table 6).33

Celiac disease. The incidence of celiac disease in the
sole, population-based study, was 0.01% (Supplemen-
tal Table 7).*8 The prevalence of celiac disease in six
studies ranged from 0.0—11.1%;!321:2236:5457 none was
truly population-based (Supplemental Table 8). Three
of these studies reported comparisons to findings in
blood donors, family members or the published lit-

erature and found no differences (Supplemental Table
9).13.22:54

Inflammatory bowel disease. Two studies, one
population-based, reported the incidence of inflam-
matory bowel disease to range from 0.33-1.0%
(Supplemental Table 10).384% Twelve studies
reported the prevalence after MS diagnosis to range
from 0.36-4.66%.35.1621.22.27.29.37.39.53.55.63 The prev-
alence in the sole population-based study that cap-
tured inpatients and outpatients with MS was 0.78%
(Supplemental Table 11).3°

At or before MS diagnosis the prevalence of
inflammatory bowel disease ranged from 0.10—
1.6%.253337 The lower prevalence estimate may
have been an underestimate as only individuals
with MS diagnoses before age 45 years, and whose
inflammatory bowel disease was severe enough to
require registration for government programs were
captured.?’

Findings regarding inflammatory bowel disease were
mixed, but most studies reported that the incidence
and prevalence were higher in the MS population than
in the general population before and after MS diagno-
sis (Supplemental Table 12).22:27.33.38.39.48.53

Primary biliary cirrhosis. The incidence of primary
biliary cirrhosis, in a population-based Danish study,
was 0.01% (Supplemental Table 13).*8 Five studies
reported the prevalence of primary biliary cirrhosis
to range from 0-0.12% (Supplemental Table
14).18.25:44.45.63 Of these, three studies reported com-
parisons to other populations; none observed a dif-
ference (Supplemental Table 15).5:27:33

Endocrine

Adrenocortical insufficiency. One population-based
study reported the incidence of adrenocortical insuf-
ficiency to be 0% (Supplemental Table 16).*® Four
studies, none population-based, reported the preva-
lence to range from 0-0.31% (Supplemental Table
17).>112122 In the population-based incidence study
from Denmark the incidence of adrenocortical insuf-
ficiency did not differ in the MS and general popula-
tions (Supplemental Table 18). Among the two
prevalence studies that reported comparisons, one
reported no disease in either the MS population or
controls who were drawn from clinic personnel rather
than the underlying source population (Supplemental
Table 18). The second study reported a substantially
increased prevalence of disease in the MS population,
but based on a comparison to published data from the
same region rather than concurrent controls evalu-
ated using similar methods.
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Figure 2. Forest plot of the incidence of autoimmune
thyroid disease in multiple sclerosis in population-based
studies.

Diabetes. No studies reported the incidence of type
I diabetes. Eighteen studies reported the prevalence
of type I diabetes to range from 0-9.4%35.16.21.22,24.2
7.28303334404143.5253.6465 Only four of these studies
were truly population-based (Supplemental Table
19). Heterogeneity of the estimates was substantial
(17=95.3). The summary estimate was 0.016% (95%
confidence interval (CI): 0.01-0.21%) (Figure 1).

Twelve studies compared the prevalence of type I
diabetes in the MS population to a comparator
population,522.2427.28.3033.40.43.53.64 with most (eight
studies) reporting no difference (Supplemental
Table 20).24

Thyroid disease. Four studies reported the incidence
of autoimmune thyroid disease.38:48:65.66 Three of these
captured both hypo- and hyper-thyroidism, reporting
estimates of 0.15-0.42%. The fourth study reported
an incidence of Hashimoto’s thyroiditis of 0% (Sup-
plemental Table 21).#8 Heterogeneity of the three
population-based estimates was substantial (/2=89.9).
The summary incidence estimate was 0.17% (95%
CI: 0-0.40%) (Figure 2). Removing the earliest study
(published 1990) did not reduce heterogeneity
(12=94.1) nor change the summary estimate (0.19%;
95% CI: 0-0.59%).

Twenty-four studies reported the prevalence of
thyroid disease, of which 21 specifically reported
the prevalence of autoimmune thyroid disease
(Supplemental Table 22).35.11.14.1620-2227-29.323337.45-
47.5051,53.59.65.66  Some studies reported hypo- and
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Figure 3. Forest plot of the prevalence of autoimmune
thyroid disease in multiple sclerosis in population-based
studies.

hyper-thyroidism together, while others reported these
separately. The prevalence of thyroid disease overall
ranged from 2.08-10%, of Hashimoto’s thyroiditis
ranged from 0-16.1%, and of Grave’s disease ranged
from 0-2.56%. Of the three population-based studies,
two reported the prevalence of autoimmune thyroid
disease overall.5>% Heterogeneity of these estimates
was substantial (/7=95.4). The summary estimate was
6.44% (95% CI: 0.19-12.7%) (Figure 3).

Three studies compared the incidence of thyroid dis-
ease in the MS population to that in the general popu-
lation (Supplemental Table 23);48.65.66 none found a
statistically significant difference. Thirteen studies
compared the prevalence of thyroid disease in the MS
population to that in the general popula-
tiOH,5’22’27’28’32’34’38’46’47’53’59’66 but some studies did not
use concurrent controls while others used spousal
controls, potentially leading to overmatching. Of
these 13 studies, eight found that the prevalence of
disease was similar in the MS population.

Eye

Two studies reported the incidence of uveitis
(Supplemental Table 24),1938 while 12 reported prev-
alence (Supplemental Table 25).3-:15.21.22.31.33.35.37.56
The incidence of uveitis ranged from 0-0.11%, and
prevalence ranged from 0-9.33%.35:15-21,22.31,33,35.37.56
None of these studies was population-based. The
study with the highest reported prevalence conducted
a complete ophthalmological examination on every
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participant, potentially improving ascertainment but
likely capturing some asymptomatic cases.

In three studies the prevalence of uveitis reported
at or prior to MS diagnosis ranged from 0.41—
1.95%.33-3>67

Six studies compared the prevalence of uveitis in the
MS population and the general population
(Supplemental Table 26).%:1522:33.38 Only three of these
studies used concurrent control populations, two of
which noted a higher than expected prevalence of
uveitis in the MS population.

Hair and skin

Alopecia areata. No study reported the incidence of
alopecia. Four studies reported the prevalence of alo-
pecia areata to be less than 1%.3>1621 Three of the
studies were hospital-based; the other study was not
population-based (Supplemental Table 27). One of
the hospital-based studies reported that the prevalence
of alopecia did not differ between the MS population
and clinic personnel (Supplemental Table 28).°

Pemphigoid/pemphigus. Two studies reported the
incidence of bullous pemphigoid or pemphigus
vulgaris (Supplemental Table 29).1948 The incidence
of pemphigoid was 0.11% in a large population-
based study from Denmark.*® The incidence of pem-
phigus vulgaris ranged from 0-0.51%. Four studies
reported the prevalence of these conditions (Supple-
mental Table 30).11.21.33.62 The prevalence of pem-
phigoid was 0.08% in one study from Europe and
one from North America.2!:33 The prevalence of
pemphigus vulgaris ranged from 0.02-0.62%.!% 2!
62 One Danish population-based study reported that
the incidence of pemphigoid and pemphigus folia-
ceous were increased as compared to matched pop-
ulation controls (Supplemental Table 31).48 A North
American study using Kaiser Permanente-linked
administrative and clinical records reported an
increased prevalence of pemphigoid after MS
diagnosis.??

Psoriasis. Two studies reported the incidence of
psoriasis (Supplemental Table 32),!948 while 10 oth-
ers reported the prevalence (Supplemental Table 33)
3:15.21.22.27.33.34.43.53.62 The incidence of psoriasis in
two European populations ranged from 0.17—
1.63%;!242 the lower estimate was a population-
based study.*® The prevalence of psoriasis ranged
from 0.39-7.74%.3.15:21,22,27.33,3443,53.62 The highest
estimate was reported by the sole population-based

study.®? The prevalence of psoriasis before MS diag-
nosis was 1.19% in one case-control study from the
USA.3

One study reported a higher incidence of psoriasis
in the MS population than expected for the Danish
general population (Supplemental Table 34).48
Among seven studies that compared the prevalence
of psoriasis in the MS population with another pop-
ulation,!522.27.33.3443.53  fijye used concurrent
control populations and did not note differences.
One study reported increased odds of psoriasis in
the MS population as compared to published data
for the general population.??

Vitiligo. One population-based study reported the
incidence of vitiligo to be 0% (Supplemental Table
35),*8 while seven reported prevalence to range from
0-0.70% (Supplemental Table 36).1825.26,39.44,45,63
The incidence of vitiligo did not differ between the
MS population and expected values calculated for
the general population (Supplemental Table 37).48
Among five studies that compared the prevalence of
vitiligo in MS to a comparator group, none found an
increased burden of vitiligo.23:26:39.44.45

Connective tissue disorders

Ankylosing  spondylitis. One  population-based
Danish study reported the incidence of ankylosing
spondylitis to be 0.01% (Supplemental Table 38);
this did not differ from expectations in the general
population (Supplemental Table 39).%8 Five studies
reported the prevalence of ankylosing spondylitis or
the general group of inflammatory spondyloar-
thropathies to range from 0.12—1.98% (Supplemen-
tal Table 40).35:16.26.27.30 One of these studies was
population-based, from Taiwan, and reported a
prevalence of 1.78%.3° This study also reported that
this prevalence was three-fold higher than matched
general population controls (Supplemental Table
39). Two other small studies did not report a differ-
ence between the prevalence in the MS and general
populations.327

Dermatomyositis/polymyositis. One population-
based Danish study reported the incidence of derma-
tomyositis to be 0% (Supplemental Table 41).4% One
hospital-based study reported the prevalence of der-
matopolymyositis to be 0.03%, and the prevalence of
myositis more generally to be 3.33% (Supplemental
Table 42).2! The latter prevalence exceeded the prev-
alence of myositis reported in a small clinic-based
study of 0.62% (Supplemental Table 43).62 A third
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Figure 4. Forest plot of the incidence of rheumatoid
arthritis in multiple sclerosis in population-based studies.

study reported the prevalence of polymyositis to be
approximately 0.2%.3

Polymyalgia rheumatica. No studies reported the
incidence of polymyalgia rheumatica. Two studies
reported the case- prevalence of polymyalgia rheu-
matica to be 0.12-0.15% (Supplemental Table 44),16-33
and one of these also reported that the prevalence of
the condition did not differ between the MS popula-
tion and matched controls (Supplemental Table 45).33

Rheumatoid arthritis. Three studies reported the inci-
dence of rheumatoid arthritis to range from 0.14—
1.28% (Supplemental Table 46).384%65 Two of the
studies were population-based,*®% and reported that
the incidence of rheumatoid arthritis was not signifi-
cantly higher in the MS population than in the general
population (Supplemental Table 47).4-¢! The sum-
mary estimated incidence was 0.21% (95% CI:
0.087-0.33%) (Figure 4).

Seventeen studies reported the prevalence of rheu-
matoid arthritis to range from 0.30-3.64%
(Supplemental Table 48).3:5.11.16.19.21.22.2030.33.34.37.43.53.6
365 Generally, studies that used questionnaires
reported higher prevalence estimates than those rely-
ing on medical records review or administrative data-
bases. The prevalence estimate from two
population-based studies’* was 2.92% (95% CI:
1.8-4.0%) (Figure 5). Two studies reported the prev-
alence of rheumatoid arthritis to be 0.22-1.17%
before MS diagnosis.?>%7 Of 10 comparative stud-
ies,>22:2730,33,34,43,53,63.67 ejght found no differences or
did not make comparisons, while two reported that
the prevalence of rheumatoid arthritis was higher in
the MS population than in matched controls or
spouses (Supplemental Table 47).30-3

Kang, 2010 —_—
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summary L J
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Figure 5. Forest plot of the prevalence of rheumatoid
arthritis in multiple sclerosis in population-based
studies.

Sjogren’s syndrome. Two studies reported the inci-
dence of Sjogren’s syndrome to range from 0.02—
0.22% (Supplemental Table 49).384% The lower
estimate was drawn from a largely population-based
study that relied on hospital discharge abstracts,
potentially missing cases of Sjogren’s syndrome that
did not require hospitalization or outpatient specialty
visits.*® Thirteen studies, none population-based,
reported the prevalence of Sjogren’s syndrome to
range from 0-16.7% (Supplemental Table 50).10:18.19.2
129.33,37,42.44,49,58,60.62 The highest estimate was in a
study limited to persons with primary progressive
MS.!8 The incidence and prevalence of Sjogren’s syn-
drome did not differ between the MS and comparator
populations (Supplemental Table 51).

Systemic lupus erythematosus. Two studies reported
the incidence of systematic lupus erythematosus to
range from 0.02—0.35% (Supplemental Table 52), but
the methods used differed substantially.334® The study
with the lower estimate used population-based admin-
istrative data,*® while the higher estimate used a vol-
unteer sample reporting diagnoses using a validated
self-report questionnaire.3® The former study reported
that the incidence of systematic lupus erythematosus
did not differ from expectations for the general popu-
lation (Supplemental Table 53).

Nine studies reported the prevalence of systematic
lupus erythematosus to range from 0.14-2.90%
(Supplemental Table 54).3.16:21.23.27.29.3033.37.53  The
highest estimate was drawn from a population-based
study using administrative data in Taiwan,’° while
the other studies were conducted in Caucasian popu-
lations largely from North America and Europe. Two
studies reported the prevalence at or before MS
diagnosis to be 0.43-0.56%.33-67 Of five studies that
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reported comparisons of the prevalence of system-
atic lupus erythematosus in the MS population with
the general population (or with the published litera-
ture),27:30:33.53.67 only one reported the prevalence to
be increased in the MS population (Supplemental
Table 53).30

Systemic  sclerosis. One population-based study
reported the incidence of systemic sclerosis to be
0.34% (Supplemental Table 55).#8 Three studies
reported the prevalence of systemic sclerosis to range
from 0.06-0.85% (Supplemental Table 56);2!:2733
none was truly population-based. The incidence of
systemic sclerosis did not differ from expectations
when compared to the general population (Supple-
mental Table 57).#8 In two studies the prevalence did
not differ in the MS population as compared to the
general population.?7-33

Wegener's granulomatosis. One population-based
study reported the incidence of Wegener’s granulo-
matosis to be 0.01% (Supplemental Table 58), and
this did not differ from expectations for the general
population (Supplemental Table 59).48 Only two stud-
ies reported the prevalence of this condition with
similar findings ranging from 0.02-0.03% (Supple-
mental Table 60).2133 Of these two studies, the Ameri-
can study compared the findings in the MS population
to a matched population and did not identify a differ-
ence (Supplemental Table 59).33

Other

Myasthenia gravis. One population-based study
reported the incidence of myasthenia gravis to be
0.01% (Supplemental Table 61), and this did not dif-
fer from expectations for the general population (Sup-
plemental Table 63).*8 Eight studies reported the
prevalence of myasthenia gravis to range from
0-0.56%.512:151921,33,5361 One of these studies used
population-based data and reported a prevalence of
0.20% (Supplemental Table 62).6!

Five studies reported the prevalence of myasthenia in
the MS and comparator populations.>!2:15:33.53 Three
studies did not report a difference between groups,
while two of these studies used published data and
did not report formal statistical comparisons but the
findings suggested a higher prevalence of myasthe-
nia in the MS population.'2!> However, the only
study with controls that appeared to be selected from
the same underlying source population reported a
nearly statistically significant increase in prevalence
in the MS population (OR 2.5; 0.9-6.6, Supplemental
Table 63).33

Guillain-Barre syndrome. One Danish study reported
the incidence of Guillain-Barre syndrome to be 0%
(Supplemental Table 64), and this did not differ from
expectations for the general population (Supplemen-
tal Table 65).8 Four studies reported the prevalence
to range from 0.11-1.66%.321-2233 The highest esti-
mate was produced by a Danish study that was hospi-
tal-based,?! while the other estimates were drawn
from outpatient, or inpatient and outpatient records.
One American study reported that the prevalence of
Guillain-Barre syndrome before MS diagnosis was
0% (Supplemental Table 66).33

Two studies reported the prevalence of Guillain-Barre
syndrome was higher in the MS population than in
a comparator population;?2-33 however, only one
had findings that were statistically significant
(Supplemental Table 65).33

Autoimmune hematologic disorders. One population-
based study reported the incidence of pernicious ane-
mia as 0.03% (Supplemental Table 67), and this did
not differ from expectations for the general popula-
tion (Supplemental Table 68).48 Seven studies reported
the prevalence of pernicious anemia to range from
0-2.44% (Supplemental Table 69),3%11:15.1633,53 while
two studies reported vitamin B12 deficiency without
recording whether this was due to pernicious anemia
or not (6.82— 12.0%).2% 37 None of these studies was
population-based. Of the seven studies, four reported
comparisons of the prevalence of pernicious anemia
in the MS population with another population or pub-
lished data.>-22:33.53 Of these, half found the burden of
pernicious anemia to be higher in the MS popula-
tion?233 while half found no difference (Supplemental
Table 68).5:53

One population-based study reported the incidence of
autoimmune hemolytic anemia as 0% (Supplementary
Table 67), and this did not differ from expectations for
the general population (Supplementary Table 68).48
Only two studies reported the prevalence of this condi-
tion to range from 0.02-1.11% (Supplementary Table
69).1533 Of these, one compared the findings in the MS
population to a matched population and did not identify
a difference (Supplementary Table 68).33

One population-based Danish study reported the inci-
dence of idiopathic thrombocytopenic purpura to be
0.02% (Supplemental Table 70), and this was four-
fold higher than expected for the general population
(Supplemental Table 71).* Three other studies
reported the prevalence of idiopathic thrombocyto-
penic purpura to range from 0.11-0.13%
(Supplemental Table 72);!521.33 none was truly
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population-based, although one covered the entire
hospitalized MS population.2! Of these studies, only
one reported a comparison to the matched population
and did not find a difference (Supplementary Table
71).33 That study focused on the occurrence of pur-
pura prior to MS diagnosis.

Discussion

In this comprehensive systematic review, we evalu-
ated 61 studies reporting the incidence or prevalence
or both, of comorbid autoimmune disease in the MS
population. Several consistent findings emerged
across all conditions studied. While multiple studies
were conducted in Europe and North America, most
world regions have not been adequately studied.
Within the investigations from Europe and North
America, most of the information available is
restricted to a small number of regions within those
continents. Limitations in study quality were com-
mon, with few using population-based designs.
Among the population-based studies overall quality
was better although still variable with scores of 4/8 to
8/8. Incidence was rarely reported (six out of 61 stud-
ies). Even among studies reporting prevalence,
detailed age and sex-specific estimates were lacking.
Although it was out of the scope of this review, we
also noted the relative absence of information indicat-
ing whether the characteristics of autoimmune disease
such as severity or age at symptom onset are different
in the MS population versus the general population.

We identified population-based studies of ankylosing
spondylitis, inflammatory bowel disease, myasthenia
gravis, psoriasis, theumatoid arthritis, systemic lupus
erythematosus, thyroid disease, and type I diabetes.
Based on these studies the most prevalent comorbid
autoimmune diseases were psoriasis and thyroid dis-
ease. Considering all studies, most autoimmune con-
ditions affected fewer than 5% of individuals with MS
with the possible exceptions of celiac disease, type I
diabetes, thyroid disease, uveitis and psoriasis for
which at least one estimate was over 5%.

Among those studies that evaluated the incidence or
prevalence of autoimmune disease in MS and a com-
parator population, few used concurrent controls that
were clearly drawn from the same underlying source
population. Our findings did not support a non-spe-
cific increase in the risk of comorbid autoimmune dis-
ease. However, the findings support an increased risk
of inflammatory bowel disease, likely uveitis, and
possibly pemphigoid. Findings are inconsistent for
other conditions such as thyroid disease, type I

diabetes, psoriasis, systemic lupus erythematosus,
and rheumatoid arthritis, and warrant further investi-
gation. The shared risks of these diseases may reflect
shared genetic susceptibility, shared environmental
exposures such as smoking,?® or both.

Limitations of this systematic review include the
inclusion of only English language articles. However,
we excluded only seven of 1476 abstracts identified
on this basis, suggesting that any potential bias is
likely to be small. We have not reported detailed
demographic or clinical descriptions of the MS popu-
lations studied because of the absence of this informa-
tion in many studies, and lack of any consistent
approach to reporting this information in others. The
absence of information regarding exposure to disease-
modifying therapy in many studies deserves particu-
lar note, as existing and emerging therapies may
influence the risk of autoimmune comorbidities.®®
Differential exposure to such therapies may account
for some of the heterogeneity observed.

Despite studies spanning more than 100 years, we
still lack good estimates of the incidence or preva-
lence of autoimmune comorbidity in MS. The lack
of such estimates hampers the ability to identify
temporal trends in the risk of autoimmune disease
risk, or to determine the magnitude of increased risk
associated with exposure to novel therapies. Ideally
future studies will use common approaches to mini-
mize heterogeneity due to differences in study
design, and allow evaluation of true heterogeneity
across populations.
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