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Abstract Additional autoimmune diseases in people with
multiple sclerosis (MS) and their relatives have been
studied many times. Studies have employed different
designs, and yielded conflicting results. We performed a
systematic review, and calculated overall risk of additional
autoimmune diseases in people with MS and their first-
degree relatives. PubMed and Web of Science were
searched. Thyroid disease, diabetes, inflammatory bowel
disease, psoriasis, theumatoid arthritis (RA) and systemic
lupus erythematosus (SLE) were studied. A generic inverse
variance model was used, and subgroup analysis was used
to explore heterogeneity. The OR of thyroid disease was
increased in both people with MS (OR 1.66; p < 0.00001)
and their relatives (OR 2.38; p < 0.00001). A similar
association was seen between MS and inflammatory bowel
disease (OR 1.56; p < 0.0001) and psoriasis (OR 1.31;
p < 0.0001), although not in relatives. There was no
increase in the rate of either SLE or RA. Studies examining
diabetes showed significant heterogeneity and evidence of
publication bias. There is an increase in the rate of certain
autoimmune diseases in people with MS and their first-
degree relatives. However, this does not extend to all
conditions studied. Given the nonspecific clinical presen-
tation of thyroid disease, it should be considered in all
people with MS presenting with nonspecific symptoms.
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Introduction

Multiple sclerosis (MS) has been described as the arche-
typal autoimmune disease of the central nervous system.
In common with many other autoimmune diseases, MS risk
appears to be influenced by both genetics and environment
[1, 2]. Whilst the gene most strongly associated with MS is
the HLA-DRB1*1501 MHC class II haplotype, a number
of other genes, many associated with immune function,
have been associated with MS in large-scale genome-wide
association studies [3]. In addition, MS has been associated
with vitamin D deficiency [1], which is in turn associated
with a number of other autoimmune diseases [4].

It is well known that the risk of MS is increased in
relatives of probands with MS, emphasizing the genetic
contribution to disease [5]. The study of the risk of addi-
tional autoimmune diseases in both people with MS, and
their first-degree relatives has been pursued over many
years, with studies employing a variety of designs and
yielding conflicting results [6].

The most recent large-scale study to attempt to address
this question [7] used the Swedish National MS register
together with the Swedish National Patient Register.
Roshanisefat et al. [7] found no consistent evidence for an
increased risk of autoimmune disease in the parents of
people with MS; additionally they found that the risk of a
second autoimmune disease appeared to be increased only
after the diagnosis of MS [7]. This finding, which suggests
that the increased risk seen in MS may be a result of the
increased contact that people with MS have with health-
care professionals, implies that there may be either
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surveillance or reporting bias underlying previous reports
of an increased risk of additional diagnoses. However, the
study by Roshanisefat et al. [7] is not the only one using a
national database to attempt to answer the question
regarding MS and autoimmune disease. National databases
from Denmark [8, 9], the UK [10], California [11] and
Taiwan [12] have also been employed to address this
question.

There is therefore a large amount of information avail-
able examining the frequency of autoimmune disease in
both people with MS and their first-degree relatives. We
performed a systematic review of the frequency of selected
autoimmune diseases, including (autoimmune thyroid dis-
ease, type 1 diabetes mellitus, inflammatory bowel disease,
psoriasis, systemic lupus erythematosus (SLE) and rheu-
matoid arthritis (RA), in both people with MS and their
first-degree relatives. Heterogeneity between studies was
assessed, and, where possible, overall estimates of the
frequency of these diseases in both people with MS and
their first-degree relatives were calculated.

Methods
Inclusion criteria

Inclusion criteria were prespecified. Papers selected for
inclusion were those published after 1980 which gave
figures for the prevalence of specified autoimmune diseases
in both MS and healthy control populations. The control
population had to be matched to the MS population in

terms of age and sex, or alternatively a precise local pop-
ulation prevalence of autoimmune disease had to be given
(approximations of overall population rates were not felt to
be sufficiently precise). The control population for the
“relatives of MS” population could be either directly
matched, or alternatively the probands matched and their
families compared.

Search strategy

PubMed and Web of Science were searched using the
terms “multiple sclerosis” AND “thyroid”, “multiple
sclerosis” AND “diabetes”, “multiple sclerosis” AND
“Crohn’s”, “multiple sclerosis” AND “ulcerative colitis”,
“multiple sclerosis” AND “inflammatory bowel disease”,
“multiple sclerosis” AND “psoriasis”, “multiple sclero-
sis” AND “lupus”, “multiple sclerosis” AND “SLE”,
“multiple sclerosis” AND “rheumatoid” and “multiple
sclerosis” AND “arthritis”. The resulting abstracts were
hand-searched for publications meeting the inclusion cri-
teria. The results from each search were cross-referenced,
as many of the included papers examined more than one
autoimmune disease.

Statistical analysis

A generic inverse variance fixed or random effects model
was used for the statistical analysis as appropriate. A ran-
dom effects model was applied unless I* was <25 %, in
which case a fixed effects model was used [13]. Between-
study heterogeneity was assessed for each calculation using
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Table 1 continued

Comorbidity, n (%)

Control population Number of subjects

Autoimmune disease(s)

Data collection ~ Study type

method

References

Control

Relatives

Controls

Relatives/ Cases

control

Cases/

relatives

controls

relatives

29 (2.5)

0(0) 42 (3.9)

1,088/1,146 33)

100/100

Neurology and

DM

Questionnaire Case-control

[44]

rheumatology
inpatients

HC

17 (0.9)

30 (1.5)

6 (6)
0 (0)

8 (8)
0 (0)

1,996/1,851

100/100
52/15

DM

Questionnaire Case-control

[45]

Case control  Clinical thyroid OND and HC

Direct

[20]

dysfunction

measurement

16 (17.4)

15 (10.1)

149/92

Case-control Thyroid autoantibodies HC

Direct

[39]

(TPO)
T1DM

measurement

0 (0)

3(1.0)

334/334

HC

Population-

Database

[42]

based

cohort

2 (1.0)
6 (3.1)

3(1.6)
9 4.7)

HC 191/191

AIT

Population-

Database

[33]

T1DM

based

cohort

OND other non-inflammatory neurological diseases, HC healthy controls without evidence of MS, AIT all autoimmune thyroid disease, SLE systemic lupus erythematosus, 7/DM type 1 diabetes mellitus, DM diabetes mellitus, UC ulcerative
colitis, /BD inflammatory bowel disease, RA rheumatoid arthritis, TMA thyroid microsomal antibodies, TPO thyroid peroxidase antibodies, Tg anti-thyroglobulin antibodies, TSH-r TSH-receptor antibodies, dsDNA anti-double stranded DNA

antibodies, ANA antinuclear antibodies

Cochran’s Q Chi-squared test and P [14]. Where present,
heterogeneity was explored using subgroup analysis. Risks
are reported as pooled odds ratios (OR) and 95 % confi-
dence intervals (CI). Bias was assessed using visual
inspection of funnel plots, and where more than ten studies
were included, quantified using an Egger p value [15].
A p value of <0.05 was considered statistically significant.
Analyses were conducted using RevMan 5.1 (Cochrane
Information Management Systems).

Results
Included papers

Following the initial searches 254 papers and four con-
ference abstracts were assessed in order to ascertain whe-
ther the inclusion criteria were met. All four conference
abstracts were rejected, as the same cohorts were used in
later published articles. 41 unique papers were initially
selected for inclusion (Fig. 1). Two studies were later
excluded from the analysis as the number of relatives was
not given, only the number of index MS cases [16, 17]. The
remaining 39 papers, details of which are given in Table 1,
were used in the analysis.

Autoimmune disease

Overall results are given in Table 2, and discussed in more
detail below.

Thyroid autoimmunity

Clinical thyroid dysfunction Hypothyroidism in iodine-
replete areas is generally autoimmune in nature [18], but
the same cannot be said of hyperthyroidism. Some studies
have therefore used hypothyroidism as a surrogate diag-
nosis for autoimmune thyroid dysfunction. There were 19
studies examining thyroid function in MS [9-12, 19-33].
In five of these studies [9, 19-21, 26] there were no cases
of thyroid dysfunction in either MS patients or controls,
and so these could not be included in the analysis. The
remaining 14 studies gave an overall increased risk of
thyroid dysfunction in people with MS (OR 1.66, 95 % CI
1.35-2.05, p < 0.00001), without between-study hetero-
geneity (Cochran’s Q p = 0.16, I =27 %; Fig. 2a).
A funnel plot demonstrated no significant publication bias
(Fig. 3a), with an Egger p value of 0.76. When those
studies using hypothyroidism as a marker of autoimmune
thyroid disease were selected [10, 12, 22, 28, 32], there was
an increased risk in people with MS (OR 1.72, 95 % CI
1.00-2.97, p = 0.05) with no heterogeneity. A similar
effect was seen when only those studies specifying

@ Springer



J Neurol (2013) 260:1272-1285

1278

S00>d
VIN 87 600 S ¥S6 L80 0C'1-08°0 860 8T0 78 %100000> O 11729 6¥'0 ELT-LL'O  ST'T SLIY)IE projewnayy
VIN 4! €€°0 €  6£¢ 71'0 69'C-L80 €SI VI/N 88 x100000> ¥ 90°¢e cro ST0I-9L°0 08T snsojewoylfio sndny orwoisks
VIN S¢ L1°0 S 89L 91°0 'I-+v60 LI'L V/N 143 91°0 L €901 %1000°0>  LST-60'T I€'1 SISeLIOSq
VIN 89 %8000 S ILSI 710 78'1-C6'0 6C'1 V/N (44 LT0 S 8¢9 «100000>  06'1-8CT1T 9¢'1 [[e12A0
VIN 0 10 T 9Ll SIo or'1-S60 SI'I V/N L %£00°0 S  66'LI %6000 YIv—€C'1 9T STI[OD SANRIND[N)
V/IN 0 810 [ A 1€°0 I¥'1-060 ¢I'l V/IN 0 1S°0 € 60C +£00°0 LETTCIT  LET 9SEISIp 5. UyoIn
9SBASIp [omo0q Alojewrweuy
V/N 76 %10000'0> 01 80791 %2000 7O'S—€v'l 69T SISA[eUR OALIBAIOSUOD)
€000 ¥L %10000> Ol CI'8¢ %C00°0 76'1-SI'l 67’1 91°0 16 «100000> ST 68¥LI %9000 (0748 S B4V 4 SQIpIs [V
smIf[ow sajoqerp [ odA T,
V/N 9¢'0 ¥L  %1000°0 8 PO'IE 7000 0Ty—Ce'lT 9¢C sarpoquueoine proiky g,
VIN 9 LEO v 9TY  «100000> 16C-S6'1 8¢€T 9L0 LT 91°0 €1 88LI +[00000>  SOT-SET 99T uonounysAp proikyy [eorur)
Aunuwrone proJAyJ,
(seq) anrea d x (se1q) onrea d
onpea d (%) 1 I Jp z onpea d (%) 1 [ Jp z
10339 Kyouadordroy anead D% S6e JO - 19339 Aouadordrey onfea d D%S6 MO

SOATIB[AT 93130P-ISIL]

syjuaned SN

aseasI(qJ

SOATIR[QI 92139p-1s1y J1oy) pue sjuoned SIA Y1oq Ul ASeISIp QUNWIWIOINE Yoed 10J YO PAR[NORD T dqel

pringer

A's



J Neurol (2013) 260:1272-1285

1279

Fig. 2 Forest plots a
demonstrating the OR of
Study or Subgroup

Odds Ratio
IV, Random, 95% C1

clinical thyroid disease in
De Keyser 1988

(a) people with MS and
(b) relatives of people with MS Edwards 2004
Henderson 2000

Kang 2010
Karmnl 1999
Langer-Gould 2010
Laroni 2006
Midgard 1996
MNiederwieser 2003
Ramagopalan 2007
Seyfert 1990

Sloka 2005
Somers 2009
wynn 1990

Total (95% CI)

1.66 [1.35, 2.05) k-

0.01

Study or Subgroup

a | . .
01 1 10 100

Odds Ratio
IV, Random, 95% CI

Broadley 2000
Deretzi 2010
Henderson 2000
Laroni 2006
Midgard 1996

Total (95% CI) 2.38 [1.95, 2.91)

-
+

0.1 0.2

“autoimmune thyroid disease” were selected [23-25, 27,
31,33] (OR 1.72, 95 % CI 1.46-2.04, p < 0.00001). When
cases of Hashimoto’s thyroiditis were analysed separately
[11, 25, 31], there was no increased risk in people with MS
(OR 1.42, 95 % CI 0.72-2.79, p = 0.31).

Concerning thyroid function in first-degree relatives of
people with MS, seven studies were identified [9, 17, 28,
30, 31, 34, 35]. One study was excluded [17] as only the
number of MS index cases was given, rather than the
number of relatives, and one included no patients with
thyroid dysfunction [9]. There was an overall increased risk
of thyroid dysfunction in first-degree relatives of people
with MS (OR 2.38, 95 % CI 1.95-2.91, p < 0.00001;
Fig. 2b) with no significant heterogeneity or evidence of
publication bias (Fig. 3b).

Thyroid autoantibodies  Ten studies examined thyroid
autoantibodies in patients with MS [19, 21, 23, 26, 29, 32,
36-39]. One study [19] did not detect any antibodies in
either MS patients or controls, and was excluded from the
analysis. There was an overall increased rate of thyroid

10

0.5

-t

autoantibodies in patients with MS compared to healthy
controls (OR 2.36, 95 % CI 1.32-4.20, p = 0.004) but with
significant heterogeneity (Cochran’s Q p = 0.0001,
I’ = 74 %). There was no evidence of publication bias
(Egger p value = 0.56). Heterogeneity was explored by
examining each thyroid autoantibody individually, but each
attempt at subgroup analysis resulted in a small number of
studies being examined. No studies gave data regarding the
rate of thyroid autoantibodies in relatives of MS patients
compared to healthy controls.

Type 1 diabetes mellitus

There were 17 studies [7, 10-12, 24, 27, 28, 30-33, 40-45]
examining coexisting diabetes in in MS. One study [30]
included no cases of diabetes in either people with MS or
controls. There was an increased risk of diabetes associated
with MS overall (OR 2.02, 95 % CI 1.22-3.40, p = 0.006;
Fig. 4a). However, this was associated with significant
heterogeneity when all studies were considered together
(Cochran’s Q p < 0.00001, P =91 %). There was no

@ Springer



1280

J Neurol (2013) 260:1272-1285

o -SE(ogIOR)

05T

oR

_SE(0a[OR])

017

gt

02T

0371

04T

OR

05 - ; ; 4 ;
01 0.2 0.5 1 2 5 10

Fig. 3 Funnel plots demonstrating the lack of publication bias when
examining the frequency of thyroid disease in (a) people with MS and
(b) relatives of people with MS

evidence of publication bias (Egger p value = 0.16; sup-
plementary Fig. 1a). The potential reasons for the hetero-
geneity seen were explored by only including those studies
that specified type 1 diabetes or insulin-dependent diabetes
(four studies were excluded [33, 43-45]). A study using
patients with stroke as the control group was also excluded
[40], given the association between stroke and diabetes.
This strengthened the relationship between MS and dia-
betes (OR 2.69, 95 % CI 1.43-5.04), but heterogeneity
remained (Cochran’s Q p < 0.00001, > = 94 %). Sepa-
rating studies using large databases from those using
questionnaires did not affect heterogeneity. Funnel plots of
the subgroup analyses did not reveal any evidence of
publication bias, but supported the high degree of hetero-
geneity found.

The risk of diabetes in first-degree relatives of people
with MS was examined in 11 studies [7, 8, 27, 28, 30, 31,
34, 35, 41, 44, 45]. There was an overall increased risk of
diabetes in relatives of people with MS (OR 1.49, 95 % CI
1.15-1.94, p = 0.002; Fig. 4b). This was associated with
significant heterogeneity (Cochran’s Q p < 0.0001,
P =74 %), and there was evidence of publication bias

@ Springer

(Egger p value = 0.003; supplementary Fig. 1b), with the
smaller studies showing a greater effect size. When the two
studies not specifying type 1 diabetes were excluded [44,
45], a similar result was obtained (OR 1.48, 95 % CI
1.10-2.00, p = 0.01). Only two studies [7, 8] used dat-
abases to examine the OR of type 1 diabetes in first-
degree relatives of people with MS. When these studies
were examined separately no increase in diabetes risk was
seen (OR 1.13, 95 % CI 0.82-1.57), with no significant
heterogeneity and no evidence of publication bias (sup-
plementary Fig. 1c). Interestingly, studies using a ques-
tionnaire design [27, 28, 30, 31, 34, 35, 41] appeared to
show an increase in the risk of type 1 diabetes in first-
degree relatives of people with MS (OR 1.65, 95 %CI
1.17-2.35, p = 0.005) with no significant heterogeneity
between studies. However, a funnel plot revealed evi-
dence of publication bias amongst these studies (supple-
mentary Fig. 1d), severely limiting the applicability of the
results.

Inflammatory bowel disease

Crohn’s disease  Four studies [7, 9, 24, 27] examined the
number of people with MS and Crohn’s disease. There was
a significantly increased risk of Crohn’s disease in people
with MS (OR 1.37, 95 % CI 1.12-1.69, p = 0.003). Three
studies [7, 9, 27] examined the risk of Crohn’s disease in
first-degree relatives of people with MS, but showed no
increased risk (OR = 1.13, 95 % CI 0.90-1.41, p = 0.31).
There was no significant heterogeneity, and publication
bias did not appear to be present in either analysis.

Ulcerative colitis  Six studies examined the number of
people with MS and ulcerative colitis [7, 9, 24, 27, 32, 46].
Again, there was an increased risk of ulcerative colitis in
people with MS (OR 2.26, 95 % CI 1.23-4.14, p = 0.009),
but with significant heterogeneity (Cochran’s Q p = 0.003,
F=72 %). Three studies [7, 9, 27] examined the risk of
ulcerative colitis in relatives of people with MS, but
showed no increased risk (OR 1.15, 95 % CI 0.95-1.40,
p = 0.15). There was no publication bias.

All inflammatory bowel disease  Data from six studies
[7,9, 11, 24, 27, 28] were used to calculate the overall OR
associated with MS for inflammatory bowel disease. There
was an increased risk of inflammatory bowel disease with
MS (OR 1.56, 95 % CI 1.28-1.90, p < 0.0001; Fig. 5a).
No increase in risk was seen in relatives of people with MS
(OR 1.29, 95 % CI1 0.92-1.82, p = 0.14) [7, 9, 27, 28, 34,
35]; Fig. 5b). There was no significant publication bias
(supplementary Fig. 2a, b), although heterogeneity was
observed between those studies examining relatives
(Cochran’s Q p = 0.008, I> = 68 %).
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Fig. 4 Forest plots
demonstrating the OR of
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Psoriasis

Eight studies examined the risk of psoriasis in people with
MS [7, 9, 11, 24, 27, 28, 30, 31]. There was a significant
increase in the risk of psoriasis in people with MS (OR
1.31, 95 % CI 1.09-1.57, p < 0.0001). There was no sig-
nificant between-study heterogeneity (Cochran’s Q
p = 0.16, P =34 %; Fig. 6). Six studies examined the
risk of psoriasis in first-degree relatives of people with MS
[7, 9, 28, 30, 34, 35] but showed no increased risk (OR
1.17, 95 % CI 0.94-1.46, p = 0.16), and no heterogeneity
or publication bias was detected (supplementary Fig. 3).

Systemic lupus erythematosus
Studies examining the risk of SLE in MS used either clinical

diagnosis or serology (i.e. the presence of autoantibodies). Five
studies using clinical diagnosis [9, 11, 12, 27, 28] did not

L i
T T

0.1 1 10 100

appear to show an increased risk of SLE in MS (OR 2.80,95 %
CI 0.76-10.25, p = 0.12), although heterogeneity was high
(Cochran’s Q p < 0.00001, PP =88 %). There appeared to be
an increased risk of detectable ANA [21, 32,47-49] (OR 6.36,
95 % CI 1.36-29.69), but with a high 95 % CI and heteroge-
neity. There was no increased risk of detectable dsDNA anti-
bodies [49, 50] (OR 1.26, 95 % CI 0.29-5.47) in MS. No
significant publication bias was seen in either analysis. All
studies examining the risk of SLE in first-degree relatives of
people with MS [9, 28, 34, 35] used a clinical diagnosis, but
showed no increase in risk (OR 1.53, 95 % CI 0.87-2.69).

Rheumatoid arthritis
Eleven studies examined the risk of RAin MS [7,9-12, 24,27,
28, 30-32]. There was no association between MS and RA

seen in either MS patients (OR 1.15, 95 % CI 0.77-1.73,
p = 049) or relatives (OR 0.98, 95 % CI 0.80-1.20,
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Fig. 5 Forest plots
demonstrating the OR of
inflammatory bowel disease in
(a) people with MS and

(b) relatives of people with MS
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p = 0.87). There was significant heterogeneity between
studies examining patients with MS, but no publication bias
(Egger p value = 0.28; supplementary Fig. 4). When studies
using a questionnaire design were selected [24, 27, 28, 30, 31],
the lack of association between MS and RA persisted (OR
1.29, 95 % CI 0.98-1.71, p = 0.07), but without heteroge-
neity (Cochran’s Q p = 0.43, F = 0 %).

Conclusions and discussion

This study demonstrates a consistent increase in the rate
of clinical thyroid disorders amongst both people with

@ Springer
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MS and their first-degree relatives. This finding
remained during most of the subgroup analyses,
although not when those studies specifying Hashimoto’s
thyroiditis were selected, possibly due to the small
number of patients. A similar association was seen
between MS and inflammatory bowel disease and MS
and psoriasis, although this did not appear to extend to
relatives of people with MS. Neither SLE nor RA
demonstrated a significantly increased rate in either
people with MS or their relatives, but significant het-
erogeneity was demonstrated, limiting the interpretation
of these results.
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Aside from clinical thyroid disease, the only autoim-
mune disease showing a significantly increased risk in
relatives of people with MS was type 1 diabetes. However,
there was a high degree of heterogeneity between studies
examining this relationship. Whilst it was possible to
reduce this heterogeneity by separately analysing studies
that used a questionnaire design and those that used large
databases, these two subgroup analyses yielded opposing
results, complicating interpretation. Additionally, publica-
tion bias clearly affected the results, with the two studies
using large databases showing neither publication bias nor
heterogeneity; this is in contrast to the smaller-scale studies
in which there was evidence of persisting bias. It is possible
that poor differentiation between type 1 and type 2 diabetes
may have led to an additional significant error in those
studies examining diabetes prevalence, and efforts to
overcome this were not made in all studies. Detection and
reporting bias may also have contributed to this result.

Thyroid disease is relatively common in the general
population. The symptoms of thyroid disease tend to be
nonspecific and progress insidiously. The finding of a
consistent increase in the rate of thyroid disease in both
patients with MS and their relatives should prompt the
consideration of baseline testing of thyroid function in
people with MS, and alert clinicians to consider thyroid
dysfunction in those patients reporting nonspecific symp-
toms who have not had thyroid function checked recently.
The increase in the rate of thyroid autoantibodies, although
of interest, should not prompt screening for these in MS
patients. Thyroid autoantibodies may be present in healthy
people with normal thyroid function, with the prevalence of
thyroid peroxidase antibodies reported to be as high as
12 % in some series of healthy individuals [51].

Ultimately, the findings of a meta-analysis such as this
are limited by the quality of the studies included. Despite
the best efforts of the authors of the studies included here,
it is highly likely that diseases were misclassified in the
studies included here. Comparing self-reports to diagnoses
verified by general practitioners, Broadley et al. [34] found
that the positive predictive value of a patient-reported
condition varied from 32 % for RA to 85 % for thyroid
disease [34]. This is a major limitation of questionnaire-
based studies. Similarly, reporting bias may have led to
over-estimation of autoimmune disease prevalence
amongst people with MS and their relatives. This is par-
ticularly apparent in those studies examining the frequency
of diabetes in relatives of people with MS, where there was
clear evidence of publication bias. However, the majority
of the more recent studies used large-scale databases,
potentially minimizing these sources of bias. Interestingly,
in the case of diabetes in relatives, the effect of MS dis-
appeared when studies using databases were analysed
separately, highlighting the benefits of such studies.

This study does not address the potential cause(s) of the
increased rate of autoimmune diseases demonstrated. This
is likely to be multifactorial, as the diseases studied have
differing underlying aetiologies and pathogenesis. Com-
mon factors in the development of MS and these diseases
include both genetic and environmental factors, including
smoking and vitamin D deficiency. However, the condi-
tions studied do not have a single underlying pathogenesis,
and as such it is difficult to use this study to shed light on
the mechanisms underlying MS development. However, it
demonstrates the importance of study design when
addressing epidemiological questions such as these, and
highlights the need to be vigilant for a second diagnoses in
people who have an existing diagnosis of MS.
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