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Abstract
Background: The	study	aims	to	examine	the	age	and	disability	levels	at	diagnosis	in	people	
with	multiple	sclerosis	(PwMS),	with	and	without	autoimmune	comorbidities	(AC),	and	the	
effect	of	AC	on	NEDA-	3	status	and	to	characterize	AC	associated	with	MS,	comparing	
also	therapeutic	approaches	between	MS	patients	with	and	without	other	AC.
Methods: This	 population-	based,	 multicentric	 study	 enrolled	 patients	 with	 relapsing–
remitting	MS	(RRMS)	with	AC	(AC	group)	or	without	AC	(reference	group)	from	14	MS	
centers.	Demographical,	clinical	features,	treatment	information,	MRI	activity,	EDSS,	and	
no	evidence	of	disease	activity	(NEDA-	3)	status	were	assessed	at	T36	(enrollment	time)	
and	T0	(36 months	prior).
Results: Eight	 hundred	 seventy-	three	 RRMS	 patients	 were	 included;	 215	 (24.7%)	
presented	with	at	 least	one	AC.	The	AC	group	was	characterized	by	higher	proportion	
of	 female	 patients	 than	 reference	 group	 (p = 0.008).	 Patients	 with	 AC,	 compared	 to	
reference	group,	exhibited	older	age	at	MS	onset	and	MS	diagnosis,	and	higher	EDSS	score	
at	diagnosis,	at	T0	(all	p < 0.001),	and	T36	(p = 0.03).	The	proportion	of	patients	reaching	
EDSS	4	was	higher	in	reference	group	than	AC	group	(p = 0.03).	People	in	AC	group	were	
more	often	treated	with	glatiramer	acetate,	natalizumab,	and	rituximab,	whereas	PwMS	
from	 reference	 group	with	 interferon-	beta	 and	 fingolimod	 at	 T0	 and	T36.	 The	 risk	 of	
losing	NEDA-	3	was	lower	in	AC	group	(OR = 0.61,	95%	CI	0.43–0.86,	p = 0.005).
Conclusions: AC	are	common	in	PwMS	and	can	be	related	to	a	delay	in	onset,	diagnosis	
and	higher	disability	at	MS	presentation.	However,	the	coexistence	of	AC	is	not	associated	
with a worse prognosis.
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INTRODUC TION

Multiple	sclerosis	(MS)	is	a	chronic,	inflammatory,	and	degenerative	
demyelinating	disease	of	the	central	nervous	system	(CNS)	of	multi-
factorial	etiology,	characterized	by	broad	inter-		and	intra-	individual	
heterogeneity [1].	The	treatment	scenario	of	MS	has	changed	signifi-
cantly	in	the	past	decades	due	to	the	growing	number	of	approved	
disease-	modifying	 therapies	 (DMTs)	 [2].	 Early	 diagnosis	 and	 inter-
vention	are	crucial,	and	a	rapid	switch	to	other	DTMs	is	necessary	
if	clinical	and	magnetic	resonance	imaging	(MRI)	measures	detect	a	
lack	of	or	suboptimal	response	[3].

Although	the	etiology	and	pathogenesis	of	MS	remain	uncertain,	
it	is	believed	to	be	an	immune-	mediated	disease	characterized	by	an	
aberrant	 immune	 activation	 [4]. This hypothesis is also supported 
by	the	frequent	association	of	MS	with	other	autoimmune	diseases	
[5].	In	fact,	MS	might	share	genetic	susceptibility	and	pathogenetic	
mechanisms	with	other	autoimmune	conditions.	Nonetheless,	mul-
tisystem	comorbidities	are	also	frequent	in	people	with	MS	(PwMS),	
including	 other	 neurological	 disturbances,	 psychiatric	 comorbidi-
ties,	 cardiovascular	 diseases,	 chronic	 lung	diseases,	 and	metabolic	
disorders [5–8].	 The	 coexistence	 of	 comorbidities	 has	 recently	
engendered	 significant	 research	 interest	 in	 the	MS	 field.	Many	 of	
these	 comorbidities	 are	 present	 before	 or	 at	MS	 symptom	 onset,	
but	the	prevalence	seems	to	increase	over	time	[9].	Given	that	the	
MS	population	has	been	aging	in	parallel	with	increasing	general	life	
expectancy,	advances	 in	DMTs,	and	 improved	health,	and	that	ep-
idemiological	 studies	 have	 shown	 a	 growing	 incidence	 rate	 of	MS	
over	the	past	decades,	it	is	expected	that	the	presence	of	comorbid-
ities	will	increase	the	complexity	of	PwMS	management	[1].	Several	
studies	have	shown	that	the	presence	of	comorbidities	is	associated	
with	greater	diagnostic	delays	and	increased	disability	at	diagnosis	
and	can	affect	treatment	choices,	quality	of	life	(QoL),	disability,	and	
mortality	[10, 11].

Several	 studies	 describe	 the	 association	 between	 immune-	
mediated	conditions	and	MS,	but	the	results	are	still	inconsistent.	
Some	 studies	have	 suggested	 that	 the	 incidence	of	 autoimmune	
diseases	in	individuals	with	MS	may	be	similar	to	that	of	the	gen-
eral	population.	Conversely,	others	propose	that	the	prevalence	of	
autoimmune	diseases	is	higher	among	those	with	MS	when	com-
pared	 to	 age-		 and	 sex-	matched	 control	 populations	 [12].	 A	 sys-
tematic	 review	 of	 the	 incidence	 and	 prevalence	 of	 autoimmune	
disease	 in	 PwMS	 found	 that	 thyroid	 disease	 and	 psoriasis	 were	
the	most	 prevalent	 autoimmune	 comorbidities	 (AC).	Other	 find-
ings	also	support	an	association	of	MS	with	 inflammatory	bowel	
disease	(IBD),	uveitis,	pemphigoid	[12],	and	a	considerably	higher	
risk	 of	 co-	occurrence	 of	 MS	 and	 type	 1	 diabetes	 mellitus	 [13]. 
Nonetheless,	a	recent	multicentric	population-	based	study	found	
no	significant	 increased	risk	of	autoimmunity	among	PwMS	[14]. 
Limited	information	exists	regarding	the	impact	of	co-	existing	au-
toimmune	diseases	on	MS	course	as	well	as	therapeutic	strategies	
applied to this particular population.

The	study	aims	to	examine	the	age	and	disability	levels	at	diag-
nosis	in	PwMS	with	and	without	AC	and	the	effect	of	AC	on	NEDA-	3	

status [3].	Additionally,	the	study	aims	to	characterize	AC	associated	
with	MS	comparing	 also	 therapeutic	 approaches	between	MS	pa-
tients	with	and	without	other	autoimmune	diseases.

METHODS

Design and study population

We	 conducted	 a	 retrospective	 longitudinal	 population-	based	
multicentric	 study	 involving	 14	 tertiary	 MS	 Centers	 (Fondazione	
Policlinico	Universitario	“Agostino	Gemelli,”	 IRCCS,	Rome;	Istituto	
Neurologico	Carlo	Besta,	Milan;	University	of	Palermo;	University	
of	 Campania	 “Luigi	 Vanvitelli”;	 “A.	 Cardarelli”	 Hospital,	 Naples;	
University	 of	 Perugia;	 Sapienza	 University	 of	 Rome;	 University	
of	 Cagliari;	 Multiple	 Sclerosis	 Rehabilitation,	 IRCCS,	 Bologna;	
University	of	Verona;	University	Hospital,	Turin;	IRCCS	Neuromed,	
Pozzilli;	 SS.	 Annunziata	 University	 Hospital,	 Chieti;	 Azienda	
Ospedaliero-	Universitaria	 di	Modena).	We	 consecutively	 enrolled	
patients	diagnosed	with	relapsing–remitting	MS	(RRMS)	according	
to	McDonald	2017	criteria	[15],	with	a	disease	duration	≤10 years	
from	the	onset	of	MS	symptoms,	with	or	without	concomitant	AC,	
aged >18 years	 old.	 Patients	were	 enrolled	 from	 July	 1,	 2019,	 to	
January 31, 2020.

Inclusion	criteria	for	PwMS	with	concomitant	AC	(AC	group)	were	
as	 follows:	 patients	diagnosed	with	one	or	more	 autoimmune	dis-
eases	(diagnosed	before	or	simultaneously	with	MS	diagnosis)	who	
were	not	undergoing	treatment	with	immunosuppressive	or	mono-
clonal	drugs	for	the	autoimmune	disease	because	not	 indicated	or	
not	necessary	(e.g.,	type	I	diabetes,	thyroiditis,	coeliac	disease,	and	
psoriasis)	and	an	available	36-	month	follow-	up	(retrospective	from	
the	time	of	the	visit).

Exclusion	criteria	were	as	follows:	PwMS	with	one	or	more	au-
toimmune	diseases	diagnosed	after	MS	diagnosis	and	the	initiation	
of	 treatment	 in	 order	 to	 exclude	 diseases	 caused	 by	 DMTs	 (e.g.,	
interferon-	beta	 and	 alemtuzumab),	 the	 presence	 of	 other	 comor-
bidities	including	other	neurological	conditions	(i.e.,	cerebrovascular	
and	neurodegenerative	diseases),	unavailability,	or	incomplete	brain	
MRI	data.

All	PwRRMS	with	the	same	follow-	up	and	without	AC	were	en-
rolled	as	a	reference	group.

The	 period	 of	 observation	 for	 each	 patient	 was	 considered	
from	T36	 (time	of	 observation	 and,	 therefore,	 of	 enrollment)	 (last	
follow-	up	 available)	 and	 T0	 (retrospective	 data	 corresponding	 to	
36 months	prior)	to	the	last	registered	appointment.

Patients' demographic and clinical information

The	 following	 demographic	 and	 clinical	 information	was	 collected	
at	baseline	 (T36)	by	a	consultant	neurologist	who	was	qualified	to	
perform	 the	Expanded	Disability	 Status	Scale	 (EDSS)	 assessments	
according	 to	 the	 standardized	 scoring	 system	 of	 the	 Neurostatus	
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(http://	www.	neuro	status.	net/	scori	ng/	index.	php):	 age,	 gender,	 age	
at	onset,	age	at	diagnosis,	the	occurrence	of	clinical	relapses,	meas-
ures	 of	MRI	 activity,	 EDSS	 scores	 at	 the	 time	of	 diagnosis,	 at	 the	
time	of	enrollment	(T36)	and	T0,	type	of	DMT	(classified	as	first	and	
second	line	DMTs	[17])	at	T36	and	T0	and	the	reason	for	discontinu-
ation	in	case	of	DMT	interruption.

The	requirement	for	inclusion	of	patients'	brain	MRI	was	mag-
net	 strengths	 of	 at	 least	 1.5	 Tesla	 (1.5 T),	 and	 as	 per	 guidelines,	
the	following	sequences	were	considered	mandatory:	axial	proton	
density	 or	 T2-	weighted/T2-	weighted	 fluid-	attenuated	 inversion	
recovery	 (FLAIR)	 spin	 echo	 or	 turbo	 spin	 echo,	 sagittal	 two-	
dimensional	(2D)	or	three-	dimensional	(3D)	T2-	FLAIR	and	axial	2D	
or	3D	post-	contrast	T1-	weighted	spin	echo	or	turbo	spin	echo	[16]. 
The	brain	MRI	 scans	 at	T36	were	acquired	 for	 each	patient	 in	 a	
situation	of	clinical	stability	(i.e.,	a	minimum	of	3 months	after	the	
last	clinical	relapse/steroid	treatment	and	a	minimum	of	6 months	
from	 the	 initiation	 of	 a	 DMT).	 Disability	worsening	was	 consid-
ered	when	the	EDSS	score	was	increased	by	1	point	if	the	baseline	
EDSS	score	was	<5.0,	or	0.5	points	if	the	baseline	EDSS	score	was	
≥5.5,	confirmed	over	6 months.	The	NEDA-	3	status	was	defined	as	
no	evidence	of	(1)	relapses,	(2)	disability	progression,	or	(3)	MRI	ac-
tivity,	that	is,	new	or	enlarging	T2	and/or	T1	gadolinium-	enhancing	
lesions [18].

The	information	on	the	concomitant	AC	was	obtained	by	consult-
ing	the	patients'	medical	records.	The	ACs	were	classified	according	
to	 the	 International	 Classification	 of	 Diseases	 (ICD),	 11th	 edition.	
Autoimmune	diseases	were	further	classified	according	to	the	loca-
tion	of	the	autoimmune	involvement	into	organ-	specific	or	systemic	
depending	on	whether	the	autoimmune	response	is	directed	against	a	
particular	tissue	or	against	widespread	antigens	as	in	chronic	inflam-
matory	 autoimmune	diseases	 [19].	 The	 study	was	 approved	by	 the	
Ethical	Committee	“Università	Cattolica	Sacro	Cuore”	in	Rome,	Italy.

Statistical Analysis

Statistical	data	were	analyzed	using	SPSS	version	21.0	and	Microsoft	
Office	 Excel	 (Microsoft,	 Redmond,	 Washington,	 USA).	 Summary	
statistics	 were	 reported	 as	 mean	 (±	 standard	 deviation,	 SD)	 or	
median	for	continuous	variables	and	as	frequencies	and	percentages	
for	categorical	variables.	Clinical	data	were	compared	using	the	two-	
tailed	 Fisher's	 exact	 test	 for	 categorical	 variables.	 Data	 normality	
was	 assessed	 using	 the	 Shapiro–Wilk	 test.	 In	 the	 case	 of	 normal	
distribution,	a	two-	tailed	Student	t-	test	was	performed	to	compare	
the	 two	 groups.	 In	 the	 case	 of	 non-	normal	 data	 distribution,	 the	
Mann–Whitney	 test	 was	 employed.	 Heterogeneity	 across	 the	
Rising	 Italian	Researchers	 in	Multiple	Sclerosis	 (RIREMS)	sites	was	
assessed	 after	 grouping	 sites	 that	 enrolled	 a	 number	 of	 patients	
<5%	of	 the	 total.	We	evaluated	 the	effect	of	AC	on	NEDA	status	
(outcome	of	interest),	and	its	subcomponents	(relapse,	MRI	activity,	
and	disability	worsening),	 in	univariable	analyses	and	multivariable	
logistic	regression	models,	including	as	covariates	of	no	interest:	sex,	

age,	disease	duration,	EDSS	score,	DMT	class,	and	site.	Two-	sided	p 
values <0.05	were	considered	significant.

RESULTS

Patients characteristics

A	total	of	873	RRMS	patients	were	included.	Among	these	patients,	
215	 (24.7%)	 presented	 with	 at	 least	 one	 concomitant	 immune-	
mediated	disease,	while	658	PwRRMS,	 free	from	 immune-	mediated	
diseases,	constituted	the	reference	group.	The	AC	group	was	charac-
terized	by	a	higher	proportion	of	female	patients,	with	77.7%	females	
in	the	AC	group	compared	to	67.8%	in	the	reference	group	(p = 0.008)	
(Table 1).

Among	 the	 215	 patients	 with	 concomitant	 immune-	mediated	
diseases,	223	autoimmune	comorbidities	were	identified	(190	organ-	
specific	and	33	systemic).	The	most	prevalent	AC	within	this	group	
was	 thyroid	gland-	related	autoimmunity,	 representing	52.9%	of	all	
autoimmune	 comorbidities	 and	 comprising	 Hashimoto	 thyroiditis	
(n = 113)	and	Basedow	disease	(n = 5).	Other	autoimmune	comorbid-
ities	included	diabetes	mellitus	type	1	(8.5%),	coeliac	disease	(3.6%),	
IBD	(6.3%),	and	rheumatoid	arthritis	(6.7%)	(all	the	autoimmune	co-
morbidities	are	summarized	in	Table 2).

Patients	with	concomitant	AC	exhibited	an	older	age	at	MS	onset	
(34.8 ± 10.5)	compared	to	the	reference	group	(31.1 ± 10.3)	(p < 0.001),	
as	well	as	an	older	age	at	the	time	of	MS	diagnosis	(37.1 ± 10.6)	com-
pared	to	the	reference	group	(33.0 ± 10.6)	(p < 0.001)	(Table 1).

Additionally,	the	AC	group	displayed	significantly	higher	scores	
on	the	EDSS	in	comparison	with	the	reference	group	at	the	time	of	
MS	diagnosis	(p < 0.001),	at	T0	(p < 0.001),	and	the	last	available	fol-
low-	up	(T36)	(p = 0.031)	(Table 1).	The	proportion	of	patients	reach-
ing	the	EDSS	4	milestone	was	overall	higher	in	the	reference	group	
than	in	the	AC	group	(p = 0.026).	No	significant	difference	was	ob-
served	for	the	EDSS	6	milestone.

There	 was	 heterogeneity	 across	 centers	 in	 baseline	 patients'	
characteristics	(all	p values <0.05),	including	proportions	of	case	and	
controls,	 age	 at	 onset	 and	 diagnosis,	 time	 elapsed	 between	 onset	
and	diagnosis,	EDSS	score	(Supplementary	Table)	as	well	as	in	the	ex-
plored	outcomes,	with	except	for	treatments	received	and	reasons	
for	switching	treatments.	This	heterogeneity	was	accounted	for	by	
including	in	the	univariable	and	multivariable	analysis	a	term	which	
indicates centers.

Disease- modifying therapies

Disease-	modifying	 therapies	 in	 the	AC	 and	 reference	 groups	 (at	 T0	
and	T36)	are	summarized	in	Table 3.	People	with	MS	and	concomitant	
AC	were	more	often	treated	with	glatiramer	acetate,	natalizumab,	and	
rituximab,	whereas	PwMS	from	the	reference	group	were	more	often	
treated	with	interferon-	beta	and	fingolimod	at	T0	and	T36.
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There	 were	 no	 differences	 in	 terms	 of	 DMT	 prescription	 be-
tween	patients	with	organ-	specific	and	systemic	autoimmunity	 (as	
T0	and	T36),	with	 the	only	exception	of	glatiramer	acetate,	which	
was	more	often	prescribed	in	those	with	organ-	specific	autoimmu-
nity	than	in	those	with	systemic	autoimmunity	(p < 0.05).

At	the	T0	evaluation,	treatment	discontinuation	due	to	poor	tolera-
bility	occurred	more	often	in	AC	than	in	the	reference	group	(p < 0.05).	
Among	the	AC	group,	three	patients	discontinued	glatiramer	acetate,	
and	two	discontinued	teriflunomide.	In	the	reference	group,	all	three	
patients	who	discontinued	DMT	were	on	teriflunomide.

At	T36	evaluation,	treatment	discontinuation	due	to	lack	of	ef-
ficacy	occurred	more	often	 in	 the	AC	group	than	 in	 the	 reference	

group	(p < 0.05)	(Table 4).	Within	cases,	there	was	no	difference	in	
reasons	 for	 discontinuation	 between	 organ-	specific	 and	 systemic	
autoimmune	diseases.

Impact of autoimmune comorbidities on disease 
activity (NEDA- 3)

The	 risk	 of	 losing	NEDA-	3	was	 lower	 in	AC	 than	 in	 the	 reference	
group:	 unadjusted	 odds	 ratio	 (OR) = 0.71,	 95%	 confidence	 interval	
(CI)	0.52	to	0.97	(p = 0.03);	adjusted	OR = 0.57,	95%	CI	0.40	to	0.80	
(p = 0.001).	 This	 feature	 was	 mainly	 driven	 by	 disability	 accrual	

TA B L E  1 Characteristics	of	the	cohort	of	people	with	multiple	sclerosis.

AC group (n = 215) Reference group (n = 658) p- value

Sex,	n	(%)

Men 48	(22.3) 212	(32.2) 0.008

Women 167	(77.7) 446	(67.8)

Age	at	onset,	years

Mean	(SD) 34.8	(10.5) 31.1	(10.3) <0.001

Median	[interval] 35.3	[7.6–58.6] 30.0	[9.3–71.4]

Age	at	diagnosis,	years

Mean	(SD) 37.1	(10.6) 33.0	(10.6) <0.001

Median	[interval] 37.1	[7.9–62.4] 31.8	[9.8–72.2]

Time	elapsed	between	onset	and	diagnosis,	years

Mean	(SD) 2.3	(4.4) 1.9	(3.5) 0.402

Median	[interval] 0.5 [<0.1–33.0] 0.6	[<0.1–30.8]

Disease	duration,	years

Mean	(SD) 9.4	(6.9) 7.2	(4.6) <0.001

Median	[interval] 7.4	[0.7–40.6] 6.1	[1.3–26.8]

EDSS	at	diagnosis

Mean	(SD) 1.7	(1.1) 1.0	(0.9) <0.001

Median	[interval] 1.5	[0–6.0] 1.0	[0–6.0]

EDSS	at	T0

Mean	(SD) 2.0	(1.2) 1.5	(1.2) <0.001

Median	[interval] 2.0	[0–6.5] 1.0	[0–6.5]

EDSS	at	T36

Mean	(SD) 2.3	(1.5) 2.1	(1.4) 0.03

Median	[interval] 2.0	[0–7.0] 2.0	[0–7.0]

Patients	with	EDSS	score	≥4.0	at	T0,	n	(%) 22	(10.2) 46	(7.0) 0.164

Patients	with	EDSS	score	≥4.0	at	T36,	n	(%) 37	(17.2) 73	(11.1) 0.026

Patients	with	EDSS	score	≥6.0	at	T0,	n	(%) 4	(1.9) 8	(1.2) 0.713

Patients	with	EDSS	score	≥6.0	at	T36,	n	(%) 8	(3.7) 26	(4.0) 0.879

Relapses	during	follow-	up	(T0-	T36),	n	(%) 44	(20.5) 107	(16.3) 0.19

Disability	progression	during	follow-	up	(T0-	T36),	n	(%) 37	(17.2) 211	(32.1) <0.001

MRI	activity	during	follow-	up	(T0-	T36),	n	(%) 48	(22.3) 130	(19.8) 0.475

Any	disease	activity	during	follow-	up	(T0-	T36),	n	(%) 87	(40.5) 322	(48.9) 0.034

Abbreviations:	AC,	autoimmune	comorbidities;	EDSS,	Expanded	Disability	Status	Scale;	MRI:	magnetic	resonance	imaging;	SD,	standard	deviation.	
Bold	values	indicate	statistical	significance.
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events,	which	occurred	more	often	in	PwMS	in	the	reference	group	
than	 in	 the	AC	group	 (unadjusted	OR = 0.51,	95%	CI	0.34	 to	0.75,	
p < 0.001;	 adjusted	 OR = 0.49,	 95%	 CI	 0.29	 to	 0.70,	 p < 0.001).	
There	were	no	between-	group	differences	on	relapses	(unadjusted	
OR = 1.32,	95%	CI	0.90	to	1.96,	p = 0.190;	adjusted	OR = 1.28,	95%	
CI	0.82	to	2.01,	p = 0.273)	and	MRI	activity	(unadjusted	OR = 0.86,	
95%	CI	0.59	to	1.24,	p = 0.475;	adjusted	OR = 0.99,	95%	CI	0.65	to	
1.50, p = 0.955)	(Figure 1).

Among	AC	PwMS,	 the	 risk	of	 losing	NEDA-	3	was	 lower	 in	pa-
tients	 with	 organ-	specific	 than	 in	 those	 with	 systemic	 AC	 (unad-
justed	OR = 0.57,	95%	CI	0.30	to	1.06,	p = 0.07;	adjusted	OR = 0.43,	
95%	CI	0.20	to	0.92,	p = 0.03).	This	feature	was	mainly	driven	by	re-
lapse	events,	which	occurred	more	often	in	patients	with	systemic	
AC	than	in	those	with	organ-	specific	AC	other	than	thyroid	autoim-
munity	(annualized	relapse	rate	at	follow-	up	1.14	vs.	0.06,	p = 0.004).	
In	more	detail,	the	risk	of	losing	NEDA-	3	was	even	lower	in	patients	
with	 autoimmune	 thyroid	 disorders	 (unadjusted	 OR = 0.72,	 95%	
CI	0.51	to	1.03,	p = 0.07;	adjusted	OR = 0.52,	95%	CI	0.27	to	1.01,	
p = 0.06).

DISCUSSION

The	 association	 between	 MS	 and	 comorbidities	 has	 garnered	
increasing	 interest	 as	 a	 potential	 factor	 that	 may	 contribute	 to	
disease	 variability	 and	 outcome.	 Thus	 far,	 comorbid	 conditions	
have	been	shown	to	influence	the	timing	of	diagnosis,	the	disease	
course	and	disability	progression,	QoL,	 treatment	decisions,	 and	
mortality	 [20–22].	The	presence	of	 shared	pathways	and	 the	 in-
volvement	of	similar	immune	cell	types	in	the	pathogenesis	of	AC	
may	underlie	the	risk	of	both	MS	and	other	autoimmune	patholo-
gies [23].

In	 this	 multicenter	 observational	 study,	 215	 (24.7%)	 people	
with	 RRMS	 presented	 with	 at	 least	 one	 concomitant	 immune-	
mediated	 disease,	 with	 thyroid	 autoimmunity	 being	 the	 most	
common	 condition.	 The	 prevalence	 of	 comorbid	 autoimmune	
conditions	 among	 PwMS	was	 marginally	 higher	 than	 the	 range	
reported	in	the	existing	literature,	which	spans	from	3%	to	26.1%	
[12],	 but	 this	 could	 be	 due	 to	 the	 study	 design	 and	 enrollment	
criteria.	As	expected,	PwMS	with	AC	were	more	skewed	toward	
female	gender	than	MS.	Furthermore,	PwMS	with	AC	tended	to	
be	older	both	at	MS	onset	and	at	MS	diagnosis	compared	to	those	
in	 the	 reference	 group	 and	 exhibited	 higher	 disability	 scores	 at	
the	time	of	diagnosis	compared	to	the	reference	group.	Our	data	
are	in	line	with	those	reported	by	Marrie	et	al.	in	the	study	using	
the	North	American	 Research	Committee	 on	Multiple	 Sclerosis	
Registry,	showing	an	association	between	comorbidities	and	se-
verity	of	disability	at	MS	diagnosis	[10].	On	the	contrary,	we	did	
not	find	a	diagnostic	delay	from	the	onset	of	MS	symptoms	but	
an	 older	 age	 at	 the	MS	 onset	 in	 the	 AC	 group.	 An	 explanation	
of	 these	 data	 could	 be	 the	 erroneous	 interpretation	 of	 the	MS	
prodromal	 symptoms,	 mistakenly	 attributed	 by	 patients	 to	 the	
preexisting	AC	condition,	 thus	delaying	the	 identification	of	MS	
onset	and	consequently	the	MS	diagnosis,	also	favoring	a	higher	
disability	degree	at	diagnosis.

Even	if	the	AC	group	displayed	significantly	higher	scores	on	the	
EDSS	in	comparison	with	the	reference	group	at	T0	and	T36,	the	
proportion	of	patients	reaching	the	EDSS	4	milestone	was	overall	
higher	in	the	reference	group	than	in	cases.	Moreover,	the	risk	of	
losing	NEDA-	3	was	lower	in	the	AC	group	than	in	PwMS	from	the	
reference	group.	This	difference	was	primarily	driven	by	disability	
accrual	events	in	the	reference	group	compared	to	the	AC	group.	
The	higher	frequency	of	high-	efficacy	DMTs	in	the	AC	group,	com-
pared	to	the	reference	population,	may	provide	an	explanation	for	
the	greater	number	of	patients	in	the	reference	group	experienc-
ing	disability	progression,	 resulting	 in	 the	 loss	of	NEDA-	3	status.	
We	also	have	to	consider	the	impact	of	an	autoimmune	comorbid	
disease	on	the	MS	course,	which	has	not	been	fully	clarified.	The	
coexistence	 of	 another	 immune-	mediated	 condition	 may	 reduce	
the	possibility	of	disability	progression	due	to	unknown	changes	in	
immunological	pathways	 that	may	 increase	 the	 tolerance	against	
autoantigens.	This	notion	finds	support	in	a	study	involving	a	small	
cohort	of	PwMS	with	concurrent	AC,	in	which	these	patients	had	
less	 disability	 compared	 to	 those	 with	 isolated	 MS	 [24].	 Similar	

TA B L E  2 Prevalence	and	type	of	autoimmune	comorbidities	in	
people	with	multiple	sclerosis.

n %

Organ- specific autoimmunity 190 85.2

Thyroid gland 118 52.9

Hashimoto	thyroiditis 113

Basedow	disease 5

Digestive tract and accessory organs 39 17.5

Diabetes	mellitus	type	1 19

Coeliac disease 8

Ulcerative	colitis 6

Crohn disease 4

Hepatitis 2

Skin and appendages 24 10.8

Psoriasisa 16

Vitiligo 4

Lichen planus 1

Others 9 4

Uveitis 4

Thrombocytopenia 3

Myasthenia 1

Pernicious	anemia 1

Systemic autoimmunity 33 14.8

Rheumatoid	arthritis 15

Connectivitis 7

Antiphospholipid	syndrome 3

Raynaud	syndrome 3

Sjogren	syndrome 3

Systemic	sclerosis 2

aThree patients with psoriasis also had psoriatic arthritis.
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findings	were	reported	in	a	study	on	PwMS	with	concomitant	IBD	
that	showed	that	they	exhibited	a	milder	course	of	the	disease	than	
patients	with	MS	alone	and	in	a	study	on	nine	patients	with	both	
systemic	lupus	erythematosus	and	MS	[25,	26].	Lastly,	in	a	study	by	
Sovetkina	et	al.	PwMS	patients	who	develop	autoimmune	thyroid	
disease	had	a	better	 response	 to	alemtuzumab,	as	demonstrated	
by	a	reduced	disability	and	a	lower	relapse	rate	[27].

However,	 several	 other	 evidence	 showed	 that	 AC	 in	 patients	
with	MS	are	associated	with	more	severe	MR	imaging	outcomes	re-
lated	to	demyelination	and	neurodegeneration	[28,	29].

In	our	study,	there	were	no	substantial	differences	in	terms	of	
DMTs	 taken	 between	 patients	 with	 organ-	specific	 and	 systemic	
autoimmunity,	but	among	the	patients	with	AC,	the	risk	of	 losing	
NEDA-	3	was	 lower	 in	 patients	with	 organ-	specific	 than	 in	 those	

with	systemic	autoimmune	conditions,	mainly	due	to	relapse	events	
occurring	more	often	in	patients	with	systemic	AC.	These	findings	
are	 also	 in	 line	with	 previous	 studies	 on	MS	 and	 rheumatoid	 ar-
thritis	 (a	 systemic	AC),	 in	which	 rheumatoid	 arthritis	was	 associ-
ated	with	a	more	than	threefold	increased	risk	of	relapses	[30].	We	
might	speculate	 that	 in	systemic	AC,	 there	 is	a	more	widespread	
increase	in	the	levels	of	various	cytokines,	which	might	also	influ-
ence	the	permeability	of	the	blood–brain	barrier	[31, 32].	However,	
these	findings	must	be	interpreted	with	caution	due	to	the	limited	
number	of	participants	in	our	study	who	reported	having	systemic	
autoimmune	conditions.	The	strength	of	the	study	lies	in	its	well-	
defined	 cohort,	 comprised	 exclusively	 of	 individuals	with	RRMS,	
and	the	3-	year	 longitudinal	design.	However,	 it	 is	essential	to	ac-
knowledge	 certain	 limitations.	 Firstly,	 data	 were	 retrospectively	

T0 T36

AC group 
(n = 215)

Reference group 
(n = 658)

AC group 
(n = 215)

Reference group 
(n = 658)

Mean (SD) Mean (SD)

Glatiramer	acetate 72	(33.5) 92	(14.0)a 55	(25.5) 73	(11.1)a

Dimethyl	fumarate 57	(26.5) 203	(30.9) 60	(27.9) 191	(29.0)

Interferon-	beta 22	(10.2) 175	(26.6)a 19	(8.8) 169	(25.7)a

Natalizumab 19	(8.8) 0	(0)a 22	(10.2) 14	(2.1)a

Teriflunomide 15	(7.0) 28	(4.3)a 15	(7.0) 31	(4.7)a

Rituximab 11	(5.1) 0	(0)a 11	(5.1) 0	(0)a

Fingolimod 10	(4.7) 122	(18.5)a 15	(7.0) 108	(16.4)a

Alemtuzumab 5	(2.3) 28	(4.3)a 5	(2.3) 28	(4.3)

Cladribine 0	(0) 0	(0) 3	(1.4) 5	(0.8)

Ocrelizumab 0	(0) 0	(0) 6	(2.8) 36	(5.5)

No	therapy 4	(1.9) 10	(1.5) 4	(1.9) 3	(0.5)

Abbreviations:	AC,	autoimmune	comorbidities;	SD,	standard	deviation.
aRefers	to	statistically	significant	results	at	a	two-	sided	p-	value	<0.05.

TA B L E  3 Types	of	disease-	modifying	
therapies	(DMTs)	in	the	two	cohorts	of	
people	with	multiple	sclerosis	at	T36	
(enrollment	time)	and	T0	(36 months	prior).

T0 T36

AC group 
(n = 215)

Reference group 
(n = 658)

AC group 
(n = 215)

Reference group 
(n = 658)

n (%) n (%)

No	interruption 197	(91.6) 602	(91.6) 179	(83.3) 579	(88.0)

Lack	of	efficacy 13	(6.0) 16	(2.5)a 25	(11.6) 55	(8.4)

Poor	tolerability 1	(0.5) 5	(0.8)a 5	(2.3) 3	(0.5)a

Loss	of	adherence 0	(0) 24	(3.7)a 2	(0.5) 2	(0.3)

Pregnancy 0	(0) 2	(0.3) 1	(0.5) 5	(0.8)

Others	(unspecified) 0	(0) 2	(0.3) 0	(0) 4	(1.9)

No	treatment 4	(1.9) 0	(0) 4	(1.9) 10	(1.5)

Abbreviation:	AC,	autoimmune	comorbidities.
aRefers	to	statistically	significant	results.

TA B L E  4 Reason	for	discontinuation	
of	disease-	modifying	therapies	(DMTs)	in	
the	two	cohorts	of	people	with	multiple	
sclerosis	at	T36	(enrollment	time)	and	T0	
(36 months	prior).
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collected	 from	 electronic	 records	 and	we	 did	 not	 thoroughly	 in-
vestigate	the	time	window	between	the	onset/diagnosis	of	MS	and	
the	onset	of	concurrent	AC.	Additionally,	although	the	multicentric	
study	provides	a	more	representative	and	larger	sample,	the	het-
erogeneity	 across	 centers	 in	 baseline	 patient	 characteristics	 and	
outcomes	may	affect	the	generalizability	of	the	findings.

Lastly,	the	exclusion	of	PwMS	who	were	not	undergoing	treat-
ment	with	 immunosuppressive	 or	monoclonal	 antibodies	 for	 their	
autoimmune	disease	due	to	the	absence	of	indications	or	necessity	
may	have	introduced	a	bias	by	excluding	patients	with	more	severe	
forms	of	AC.	In	conclusion,	our	study	underscores	the	relevance	of	
autoimmune	comorbidities	associated	with	RRMS	and	their	potential	
impact	on	diagnostic	delay,	 disability,	 disease	activities,	 and	 treat-
ment	strategies.	An	important	aspect	to	consider	in	future	research	
is	 the	 identification	of	 the	pathogenetic	 connections	between	MS	
and	other	AC,	with	potential	relevant	consequences	on	management	
and	treatment	strategies.
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