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ABSTRACT

BACKGROUND AND PURPOSE: The effect of comorbidities on disease severity in MS has not been extensively characterized. We
determined the association of comorbidities with MR imaging disease severity outcomes in MS.

MATERIALS AND METHODS: Demographic and clinical history of 9 autoimmune comorbidities confirmed by retrospective chart review
and quantitative MR imaging data were obtained in 815 patients with MS. The patients were categorized on the basis of the presence/
absence of total and specific comorbidities. We analyzed the MR imaging findings, adjusting for key covariates and correcting for multiple
comparisons.

RESULTS: Two hundred forty-one (29.6%) study subjects presented with comorbidities. Thyroid disease had the highest frequency (n �

97, 11.9%), followed by asthma (n � 41, 5%), type 2 diabetes mellitus (n � 40, 4.9%), psoriasis (n � 33, 4%), and rheumatoid arthritis (n � 22,
2.7%). Patients with MS with comorbidities showed decreased whole-brain and cortical volumes (P � .001), gray matter volume and
magnetization transfer ratio of normal-appearing brain tissue (P � .01), and magnetization transfer ratio of gray matter (P � .05). Psoriasis,
thyroid disease, and type 2 diabetes mellitus comorbidities were associated with decreased whole-brain, cortical, and gray matter volumes
(P � .05). Psoriasis was associated with a decreased magnetization transfer ratio of normal-appearing brain tissue (P � .05), while type 2
diabetes mellitus was associated with increased mean diffusivity (P � .01).

CONCLUSIONS: The presence of comorbidities in patients with MS is associated with brain injury on MR imaging. Psoriasis, thyroid
disease, and type 2 diabetes mellitus comorbidities were associated with more severe nonconventional MR imaging outcomes.

ABBREVIATIONS: EDSS � Expanded Disability Status Scale; LV � lesion volume; MTR � magnetization transfer ratio; MD � mean diffusivity; NABT � normal-
appearing brain tissue; PD � proton density

MS is a chronic immune-mediated disorder that affects the

CNS and is characterized by specific clinical and MR imag-

ing findings.1 Studies have suggested genetic, environmental, and

infectious agents as interacting factors influencing the risk for

development of MS.2,3

Epidemiologic evidence from the North American Research

Committee on Multiple Sclerosis, the large registry containing

patient self-reported data, suggests an increased risk for disability

progression in individuals with MS who have additional comor-

bidities.4 An increased prevalence of autoimmune- and nonim-

mune-mediated comorbidities was reported in patients with MS

compared with the general population.5-14 Examples of the most

frequent comorbidities or secondary disorders that co-occur with

MS include thyroid disease, rheumatoid arthritis, psoriasis, car-

diovascular disorders, depression and anxiety, diabetes mellitus,

chronic lung disease, and irritable bowel syndrome, among oth-

ers.4-6,8-10,14,15 The pathogenesis of these associations with MS is

unclear at this time but may be linked to a genetic predisposi-
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tion,5,16,17 the presence of a chronic inflammatory condition,10

environmental factors,18 and the use of disease-modifying

therapy.19

It has been postulated that CD4� T-cells of the Th1 pheno-

type, CD8� T-cells, and B-cells play a key role in focal and diffuse

destruction of the CNS in patients with MS.20 The immune devi-

ation of CD 4� T-cells into Th1 and Th2 phenotypes has been the

subject of many immunologic and epidemiologic studies in

MS.21,22 In particular, it has been reported that Th1 responses

associated with autoimmunity may be attenuated by a Th2 shift.13

Several studies reported a positive association of comorbidities in

patients with MS when explored from the Th1/Th2 point of

view.13,22,23 However, some other studies suggested that these as-

sociations were related more to a demographic selection bias than

a true sharing of immunologic and pathologic processes.14

Conventional MR imaging examines visible focal inflamma-

tory changes within the CNS. However, it does not capture the

true extent of diffuse GM and WM pathology that is mostly un-

detected in patients with MS and responsible for long-term devel-

opment of disability progression.24 On the other hand, noncon-

ventional MR imaging techniques are more sensitive biomarkers

for measuring these nonfocal pathologic processes associated

with tissue damage in the GM and WM and that are better asso-

ciated with disease severity.24 Some of these techniques include

measures of brain atrophy, magnetization transfer imaging, DWI

and DTI, MR spectroscopy, and functional MR imaging.

It has been shown that patients with MS with �1 cardiovascu-

lar risk factor have increased lesion burden and more advanced

brain atrophy on MR imaging.25,26 However, it is not clear

whether the presence of other comorbidities may also influence

the severity of conventional and nonconventional MR imaging

measures in patients with MS. Therefore, in this large-cohort MS

study, we aimed to investigate the impact of autoimmune comor-

bidities on the severity of conventional and nonconventional MR

imaging outcomes in patients with MS.

MATERIALS AND METHODS
Study Population
The study was approved by the institutional review board, and all

subjects provided written informed consent.

Clinical, demographic, MR imaging, and comorbidity data

were prospectively collected during the New York State Multiple

Sclerosis Consortium annual follow-up visit at the Buffalo site.

The inclusion criteria for this study were the following: MR im-

aging examination performed at the time of the clinical visit (�30

days), 18 –70 years of age, Expanded Disability Status Scale

(EDSS) score of 0 – 8.5, diagnosis of MS according to the McDon-

ald criteria,27 and collection of comorbidity information. Exclu-

sion criteria consisted of relapse and steroid treatment in the 30

days preceding study entry and insufficient quality of the MR

image for quantitative analysis. Clinical data included the pres-

ence, type, and duration of disease-modifying treatment; MS clin-

ical subtype; and disease duration and disability as measured by

the EDSS score. Information on autoimmune comorbidities was

collected from a questionnaire,28 which was completed at the time

of the clinical visit. We included information on the following

autoimmune comorbidities: asthma, Crohn disease, type 1 and 2

diabetes mellitus, myasthenia gravis, psoriasis, rheumatoid ar-

thritis, systemic lupus erythematosus, and thyroid disease. The

self-report comorbidity information obtained from the question-

naire was cross-examined against the medical record chart review

to determine the accuracy of the reported data. Only self-reported

comorbidities confirmed by the retrospective chart review were

used in the present analyses.

MR Imaging Acquisition
Patients underwent brain MR imaging by using a 1.5T Signa 4x/Lx

scanner (GE Healthcare, Milwaukee, Wisconsin) with an 8-chan-

nel head and neck coil. Dual-echo proton density (PD)/T2WI,

DWI, 3D spoiled gradient-recalled T1WI, spin-echo T1WI with

and without gadolinium contrast, FLAIR, PD, and PD with mag-

netization transfer pulse images were obtained. All images were

acquired axially. The PD/T2 sequence was acquired with the fol-

lowing parameters: TE, 30/90 ms; TR, 3000 ms; NEX, 1; echo-

train length, 14; FOV, 24 � 18 cm2; matrix, 192 � 256; 5-mm

section thickness with a total of 28 sections; no gap. The 3D T1WI

sequence was acquired with the following parameters: FOV, 24 �

18 cm2; matrix, 192 � 256; 2.5-mm section thickness; 70 sections;

no gap; TE, 7 ms; TR, 24 ms; NEX, 1; flip angle, 30°. Axial FLAIR

was acquired with the following parameters: FOV, 24 � 24 cm2;

matrix, 192 � 256; 28 sections; 5-mm section thickness; no gap;

TE, 128 ms; TI, 2000 ms; TR, 8002 ms; echo-train length, 22; NEX,

1. PD was acquired with the following parameters: FOV, 24 � 24

cm2; matrix, 192 � 256; 28 sections; 5-mm section thickness; no

gap; TE, 12 ms; TR, 1400 ms; NEX 1. A similar PD with magneti-

zation transfer contrast had a 1200-Hz off-resonance pulse. Spin-

echo T1WI was acquired with the following parameters: FOV,

24 � 18 cm2; matrix, 192 � 256; 28 sections; 5-mm section thick-

ness; no gap; TE, 9 ms; TR, 600 ms; NEX, 2, while the gadolinium-

enhanced spin-echo T1WI sequence was obtained after injection

of a single-dose intravenous bolus (0.1 mmol/Kg of Gd-DTPA) 5

minutes after administration of the contrast agent. Echo-planar

imaging was used to obtain T2WI (b�0 s/mm2) and DWI

(b�1000 s/mm2) with the following parameters: FOV, 36 � 27

cm2; matrix, 128 � 128; 46 sections; 3-mm section thickness; no

gap.

MR Imaging Analysis
The image analysis was blinded to patient clinical and sex charac-

teristics. The patients were assessed for a number of conventional

and nonconventional MR imaging measures.

Lesion Measures. The T1-, T2-, and gadolinium-lesion volumes

(LVs) were calculated by using a highly reproducible, semi-

automated local contour-thresholding technique for lesion

segmentation.29

Brain Volume Measures. For brain extraction and tissue segmen-

tation, we used the SIENAX 2.6 cross-sectional brain atrophy

analysis tool (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/SIENA).30

Global and tissue-specific normalized volumes were quantified

for the whole brain, GM (normalized gray matter volume), WM

(normalized white matter volume), cortex (normalized cortical

volume), and lateral ventricle volume (normalized lateral ventri-

cle volume).31 Images were preprocessed by using an in-house-
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developed lesion in-painting technique to minimize the effects of

T1 hypointensities on tissue segmentation.

Magnetization Transfer Measures. FLAIR, 3D spoiled gradient-

echo T1WI, and PD � magnetization transfer images were coreg-

istered to the PD image. The FLAIR and T1WI lesion masks were

used to nullify overt lesions, and the remaining PD was algebra-

ically combined with the coregistered PD � magnetization trans-

fer (MT) images with the following equation: Percentage Magne-

tization Transfer Ratio (MTR) � [PD � (PD � MT)]/PD � 100

to generate whole-brain (in case the lesions were not nullified),

normal-appearing brain tissue (NABT), normal-appearing gray

matter, normal-appearing white matter, or T2-LV maps. The

mean MTR of the final image was calculated for each tissue class.

Diffusivity Measures. The whole-brain mean diffusivity (MD)

was computed from the T2 and DWIs, which were combined to

create an MD map by performing the following calculation on

each voxel:

D� � ��b ⁄3	ln�DW ⁄T2	

where DW represents the average diffusion signal intensity and T2

represents the T2-weighted signal intensity without the diffusion

weighting.

Statistical Analysis
Statistical analysis was performed by using the Statistical Package

for the Social Sciences, Version 21.0 (IBM, Armonk, New York).

The comorbidity status of patients with MS was classified on

the basis of the presence/absence of comorbidities. The comor-

bidity status variable (presence or absence) was created for total

and specific comorbidities. Demographic and clinical character-

istic differences between subjects with and without the presence of

comorbidities were tested by using the �2, Student t, or Mann-

Whitney rank sum test.

To decrease the number of MR imaging variables and sta-

tistical tests used in the study, we predetermined primary and

secondary MR imaging outcomes for both conventional and non-

conventional MR imaging measures. T2-LV, T1-LV, and gadolin-

ium-LV were chosen as primary conventional MR imaging mea-

sures because their increase represents accumulation of lesion

burden in patients with MS, and normalized brain volume and

MTR-NABT were selected as nonconventional MR imaging mea-

sures because a normalized brain volume decrease represents an

overall loss of brain tissue and an MTR-NABT decrease is a more

specific indicator of severity of demyelination.24 Secondary MR

imaging outcomes were used for further characterization of tissue

damage and included the following: 1) tissue-specific brain atro-

phy measures: normalized gray matter volume, normalized white

matter volume, normalized cortical volume, and normalized lat-

eral ventricle volume; 2) MTR measures: normal-appearing gray

matter, normal-appearing white matter, and T2-LV; and 3) dif-

fusivity measures: whole-brain MD. MR imaging analyses be-

tween patients with MS with and without comorbidities and be-

tween patients with MS with specific comorbidities and those

without any comorbidities were performed by using ANCOVA,

adjusted for age, sex, MS subtype, disability status, and the use and

duration of disease-modifying treatment. Given the colinearity

between age and disease duration, the latter was not used as a

covariate.

The Benjamini-Hochberg correction was used to control the

false discovery rate for the primary and secondary MR imaging

outcome comparisons between patients with MS with and with-

out comorbidities and between patients with MS with specific

comorbidities and those without any comorbidities. Differences

in secondary MR imaging outcomes were explored only if signif-

icant differences were shown among the primary MR imaging

outcomes. False discovery rate– corrected P values � .05 were

considered significant.32

RESULTS
Demographic and Clinical Characteristics
The demographic and clinical characteristics of the total cohort of

subjects with MS (N � 815) and those with (n � 241) and without

(n � 574) comorbidities are summarized in Table 1. Of the 815

subjects in the study, 598 (73.4%) were on disease-modifying

treatment for a mean of 48.9 months: 88 on glatiramer acetate,

445 on interferon-�, 31 on methotrexate, 25 on intravenous im-

munoglobulin, 5 on cyclophosphamide, and 4 on azathioprine.

Patients with MS with comorbidities showed a trend toward

older age (P � .082). Comorbidities were present in 241 (29.6%)

study subjects, and 199 of those (82.6%) had 1, whereas 42

(17.4%) had �2 comorbidities.

The demographic and clinical characteristics of patients with

MS with specific comorbidities are shown in Table 2. Among

specific comorbidities, thyroid disease showed the highest fre-

quency (n � 97, 11.9%), followed by asthma (n � 41, 5%), type 2

Table 1: Demographic and clinical characteristics of patients with MS with and without comorbiditiesa

Total Patients with
MS (N = 815)

Patients with MS with
Comorbidities (n = 241)

Patients with MS without
Comorbidities (n = 574) P Valueb

Females (No.) (%) 626 (76.8) 201 (83.4) 425 (74.0) .300
Age (yr) (mean) (SD) 45.7 (10.3) 46.3 (10.4) 45 (10.2) .082
Disease duration (yr) (mean) (SD) 13.1 (9.4) 13.3 (10) 12.8 (8.8) .452
EDSS (median) (IQR) 2.5 (1.5–6.0) 2.5 (1.5–5.5) 2.5 (2.0–6.0) .732
MS subtype (No.) (%)

RR 554 (67.9) 157 (65.1) 397 (69.2) .120
SP 227 (27.9) 77 (32.0) 150 (26.1)
PP 34 (4.2) 7 (2.9) 27 (4.7)

DMT use (No.) (%) 598 (73.4) 175 (72.6) 423 (73.7) .900
DMT months (mean) (SD) 48.9 (35.2) 48.8 (35.2) 49 (39.2) .942

Note:—RR indicates relapsing-remitting; SP, secondary-progressive; PP, primary-progressive; DMT, disease-modifying therapy; IQR, interquartile range.
a Demographic and clinical characteristics were tested using the �2, Student t, and Mann-Whitney rank sum tests.
b P values refer to analyses between patients with MS with and without comorbidities.
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diabetes mellitus (n � 40, 4.9%), psoriasis (n � 33, 4%), and

rheumatoid arthritis (n � 22, 2.7%).

Comorbidities and MR Imaging Outcomes
Because there were only a few subjects with systemic lupus ery-

thematosus (n � 3), type 1 diabetes mellitus (n � 3), Crohn

disease (n � 1), and myasthenia gravis (n � 1), they were ex-

cluded from MR imaging analyses.

Table 3 shows primary and secondary MR imaging outcome

differences in patients with MS with and without the presence of

comorbidities. Patients with MS with comorbidities showed sig-

nificantly decreased normalized brain volume and normalized

cortical volume (both, P � .001), normalized gray matter volume

and MTR-NABT (P � .01), and MTR–normal-appearing gray

matter (P � .05).

Table 4 shows primary and secondary MR imaging outcome

differences in patients with MS with specific comorbidities, com-

pared with those without any at all. Patients with MS having pso-

riasis had significantly decreased normalized brain volume (P �

.001), normalized gray matter volume and normalized cortical

volume (both, P � .01), and normalized white matter volume and

MTR-NABT (both, P � .05). Patients
with MS with type 2 diabetes mellitus
had significantly decreased normalized
cortical volume (P � .01) and normal-
ized brain volume and normalized gray
matter volume (both, P � .05). Patients
with MS with thyroid disease had signif-
icantly decreased normalized brain vol-
ume, normalized gray matter volume,
and normalized cortical volume (all,
P � 05). Patients with MS presenting
with rheumatoid arthritis and asthma
showed no significant differences on
primary MR imaging outcomes; there-
fore, analysis of secondary MR imaging
outcomes was not conducted.

DISCUSSION
This study investigated the association
of autoimmune comorbidities and con-
ventional and nonconventional MR im-
aging outcomes in patients with MS.
Our main finding was that the presence

of comorbidities in patients with MS

was associated with more severe MR imaging outcomes of neuro-

degeneration and demyelination. The tissue injury of patients

with MS with comorbidities was localized to the GM and partic-

ularly to the cortex. Psoriasis, thyroid disease, and type 2 diabetes

mellitus comorbidities were associated with more severe MR

imaging outcomes.

In general, patients with comorbidities compared with those

without had more severe brain damage as evidenced by a number

of nonconventional MR imaging measures, including brain atro-

phy, magnetization transfer imaging, and diffusivity. The findings

were significant for psoriasis, type 2 diabetes mellitus, and thyroid

disease, though a low occurrence of Crohn disease, type 1 diabetes

mellitus, myasthenia gravis, and systemic lupus erythematosus

prevented us from exploring the impact of these comorbidities on

the MR imaging outcomes. The more severe MR imaging findings

in patients with MS having psoriasis is of particular interest, con-

sidering that medications beneficial for the treatment of this dis-

ease are also effective for treatment of patients with MS.33

In addition, we found that patients with MS with type 2 dia-

betes mellitus showed more severe nonconventional MR imaging

Table 2: Demographic and clinical characteristics of patients with MS with comorbidities, according to their specific comorbidity type

Disease
Females
(No.) (%)

Age (yr)
(Mean) (SD)

DD (yr)
(Mean) (SD)

EDSS
(Median) (IQR)

MS Subtype (No.) (%) DMT Use
(No.) (%)

DMT Months
(Mean) (SD)RR SP PP

Asthma (n � 41) 38 (92.7) 45.2 (8.8) 12.4 (10.0) 2.5 (1.5–5.0) 32 (78) 7 (17.1) 2 (4.9) 32 (78.0) 51.7 (40.7)
Crohn disease (n � 1) 1 (100) 53 16 3.0 0 (0) 1 (100) 0 (0) 1 (100) 60
Diabetes mellitus type 1 (n � 3) 2 (66.6) 36.3 (4.7) 6.7 (4.2) 2.3 (1.5–2.5) 2 (66.7) 1 (33.3) 0 (0) 0 (0.0) 0 (0)
Diabetes mellitus type 2 (n � 40) 28 (70.0) 49.3 (8.7) 14.5 (9.9) 5.5 (2.0–5.0) 23 (57.5) 16 (40) 1 (2.5) 29 (72.5) 50.9 (40.7)
Myasthenia gravis (n � 1) 1 (100) 47 12 6.5 0 (0) 1 (100) 0 (0) 1 (100) 24
Psoriasis (n � 33) 23 (69.7) 50.4 (9.1) 15.9 (10) 3.0 (2.0–5.5) 21 (63.6) 11 (33.3) 1 (3.1) 24 (72.7) 63.7 (34.2)
Rheumatoid arthritis (n � 22) 17 (77.3) 51.8 (9.1) 16.4 (11.8) 3.0 (1.5–5.5) 13 (59.1) 8 (36.4) 1 (4.5) 17 (77.2) 58.4 (31.4)
SLE (n � 3) 2 (66.6) 50 (3) 15.7 (1.5) 4.0 (4.0–5.0) 0 (0) 3 (100) 0 (0) 3 (100) 50.3 (24.6)
Thyroid disease (n � 97) 89 (91.8) 46.6 (10.6) 14.6 (11.1) 2.5 (1.5–5.5) 66 (68.0) 29 (29.9) 2 (2.1) 68 (70.1) 46.5 (35.2)

Note:—SLE indicates systemic lupus erythematosus; DD, disease duration; RR indicates relapsing-remitting; SP, secondary-progressive; PP, primary-progressive; DMT, disease-modifying
therapy; IQR, interquartile range.

Table 3: Primary and secondary MRI outcomes in patients with MS with and without
comorbiditiesa

Patients with MS with
Comorbidities (n = 241)

Patients with MS without
Comorbidities (n = 574) P Value

Primary MRI outcomes
T2-LV 15.7 (15.5) 15.3 (18.2) .943
T1-LV 2.8 (4.7) 2.6 (4.7) .955
Gd-LV 0.08 (0.3) 0.1 (0.4) .992
NBV 1451.1 (97.3) 1481 (86.4) �.001b

MTR-NABT 34.1 (5.1) 35.3 (5) .01b

Secondary MRI outcomes
NGMV 722.8 (86.9) 747.9 (81.5) .01b

NWMV 728.3 (86.7) 732.6 (64) .311
NCV 537.1 (67.3) 557.6 (62.8) �.001b

NLVV 47.5 (20.6) 45.3 (20.5) .528
MTR-NAGM 31.1 (5.5) 32.3 (5.1) .045b

MTR-NAWM 37.1 (5.3) 38.1 (4.9) .105
MTR-T2-LV 32.3 (4.8) 32.8 (5.1) .650
MD � 103 1.26 (0.29) 1.22 (0.22) .136

Note:—Gd indicates gadolinium; NWMV, normalized white matter volume; NLVV, normalized lateral ventricle volume;
NAGM, normal-appearing gray matter; NBV, normalized brain volume; NGMV, normalized gray matter volume; NCV,
normalized cortical volume; NAWM, normal appearing-white matter.
a The data are expressed as mean and SD. Volumes are expressed in milliliters. MTR values are expressed as percentage
units. MD is expressed as mm2/s. Analysis of covariance, adjusted for age, sex, MS subtype, disability status, and use and
duration of disease-modifying treatment, was used to explore the difference between patients with MS with and
without comorbidities. The Benjamini-Hochberg correction was used to minimize the false discovery rate.
b Corrected P value � .05 was significant.
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outcomes compared with those without. In particular, patients

with MS with type 2 diabetes mellitus showed more advanced

whole-brain and cortical atrophy. While we observed that pa-

tients with MS having asthma had less severe damage on noncon-

ventional MR imaging outcomes compared with those without,

these differences did not reach significance after correction for

multiple comparisons. Previous clinical studies suggested that

having asthma may provide a potential benefit to MS.13,22,23

MS is thought to be associated with Th1-mediated autoimmu-

nity, along with diseases such as type 1 diabetes mellitus, rheuma-

toid arthritis, and psoriasis,22,23 though it is evident that MS is not

an exclusively Th1 disease, given that humoral immunity is an

important contributor to its pathogenesis.1 Th2-mediated immu-

nity is involved in the pathogenesis of atopic diseases, such as

asthma, eczema, and some allergies.22,34 Whether autoimmunity

and atopy reflect cytokine polarization and thus are mutually pro-

tective in patients with MS is unknown at this time.21-23 For ex-

ample, previous studies showed that ulcerative colitis is positively

associated with MS,23 while asthma may have positive22,23,34 or

negative13 associations, which could be also related to medica-

tions.35 Presence of Th1-immune-mediated comorbidities in pa-

tients with MS (psoriasis, thyroid disease, and rheumatoid arthri-

tis) may reflect a common underlying pathobiology resulting in

increased disease severity, while Th2-immune-mediated comor-

bidity in patients with MS (asthma) may contribute to shifting of

a Th-1- to Th2-immune-mediated response.

The presence of autoimmune comorbidities among patients

with MS is in agreement with previously published literature and

supports the concept of a link between these disorders and MS.5

Marrie et al5 recently reported, in a meta-analysis study, summary

rates of 6.4% for thyroid disease, 7.7% for psoriasis, and ranges of

0.3%–3.64% for rheumatoid arthritis among patients with MS. In

the present study, 11.9% of patients with MS had thyroid disease,

4% had psoriasis, and 2.7% had rheumatoid arthritis. The in-

creased rate of autoimmune thyroid disease in patients with MS

with respect to a control population could be influenced by the

higher frequencies of major histocompatibility antigens, such as

HLA-DRB1*15 and HLA-DRB1*17,36 or by MS treatment.19

While the presence of comorbidities was associated with more

severe MR imaging outcomes in the present study, there were no

clinical differences between patients with MS with and without

comorbidities. Therefore, a better understanding of the genetic

and/or epigenetic influences causing these differences can help in

identifying patients with MS at risk of more aggressive disease. A

temporal disassociation between the detection of more severe

damage on MR imaging and its immediate translation to clinical

disease severity has been reported previously.24,37-40 Different

levels of functional reserve and plasticity mechanisms that may

compensate for the damage are the most plausible explanations

for this phenomenon.39,40 When these compensatory mecha-

nisms are exhausted, patients with MS enter a progressive clinical

stage more rapidly.24,37 Future longitudinal studies should deter-

mine whether the presence of autoimmune comorbidities is a

contributing factor to an increased risk for clinical and radiologic

progression in MS.

Limitations of our study include self-reporting of comorbidi-

ties, which was limited to the data-collection instrument. Al-

though the retrospective chart review confirmed the presence of

Table 4: Primary and secondary MRI outcomes in patients with MS with specific comorbiditiesa

Patients with
MS without

Comorbidities
(n = 574)

Patients with
MS with
Asthma
(n = 41)

Patients with
MS with Diabetes

Mellitus Type 2
(n = 40)

Patients with
MS with
Psoriasis
(n = 33)

Patients with
MS with

Rheumatoid
Arthritis
(n = 22)

Patients with
MS with

Thyroid Disease
(n = 97)

Primary MRI outcomes
T2-LV 15.3 (18.2) 12.9 (14.2) 19.3 (17) 17.2 (18.1) 17.1 (19.1) 12.9 (14.2)
T1-LV 2.6 (4.7) 2.2 (2.7) 2.9 (3.5) 3.5 (5.2) 3.4 (5.9) 2.2 (4)
Gd-LV 0.1 (0.4) 0.08 (0.1) 0.1 (0.05) 0.04 (0.1) 0.1 (0.2) 0.08 (0.2)
NBV 1481 (86.4) 1490.6 (90.5) 1434.4 (89)b 1394.3 (105)c 1461.2 (91.9) 1454.3 (87.3)b

MTR-NABT 35.3 (5) 36.4 (3.7) 35.1 (4.5) 33.1 (4.7)b 33 (4.6) 33.8 (5.7)
Secondary MRI outcomes

NGMV 747.9 (81.5) NA 708.2 (58.9)b 694.4 (89)d NA 722.9 (68.5)b

NWMV 732.6 (64) NA 726.3 (58.9) 699.8 (84)b NA 731.3 (52.9)
NCV 557.6 (62.8) NA 522.8 ((53.7)d 516.2 (91)d NA 537.9 (52.7)b

NLVV 45.3 (20.5) NA 52.5 (21.5) 50.7 (20.8) NA 45.5 (21.3)
MTR-NAGM 32.3 (5.1) NA 32 (4.3) 30.1 (4.7) NA 30.8 (6.2)
MTR-NAWM 38.1 (4.9) NA 38.2 (4.3) 36.2 (5.6) NA 36.7 (5.9)
MTR-T2-LV 32.8 (5.1) NA 32.9 (4.6) 32.1 (4.4) NA 32.7 (5.2)
MD � 103 1.22 (0.22) NA 1.32 (0.37)d 1.25 (0.13) NA 1.23 (0.31)

Note:—NA indicates not available; NBV, normalized brain volume; Gd, gadolinium; NGMV, normalized gray matter volume; NWMV, normalized white matter volume; NCV,
normalized cortical volume; NLVV, normalized lateral ventricle volume.
a The data are expressed as mean and SD. Volumes are expressed in milliliters. MTR values are expressed as percentage units. MD is expressed as mm2/s. Because there were only
a few subjects with systemic lupus erythematosus (n � 3), type 1 diabetes mellitus (n � 3), Crohn disease (n � 1), and myasthenia gravis (n � 1), they were excluded from MRI
analyses. Because no significant MRI primary outcome differences in patients with MS with asthma and rheumatoid arthritis, compared with patients with MS without any
comorbidities, were found, no comparison of secondary MRI outcomes was performed for these comorbidities (NA). Analysis of covariance, adjusted for age, sex, MS subtype,
disability status, and use and duration of disease-modifying treatment, was used to explore the difference between patients with MS with specific comorbidities compared with
patients with MS without any comorbidities. The Benjamini-Hochberg correction was used to minimize the false discovery rate, and corrected P values � .05 were considered
significant.
b P � .05 shows significant differences of specific comorbidities compared with patients with MS without any comorbidities.
c P � .001.
d P � .01.

AJNR Am J Neuroradiol ●:● ● 2016 www.ajnr.org 5



self-reported comorbidities and potentially increased the accu-

racy of the collected data, it was unable to determine the onset

time of these autoimmune comorbidities in most of the examined

cases. Therefore, we did not include the relative disease duration

of these comorbidities as a covariate in our analyses, which lim-

ited our analyses to explore only the effect of comorbidity pres-

ence/absence on the MR imaging outcomes. Furthermore, we did

not define thyroid disease subtypes by laboratory data. There was

no case-control group included in the study, which limits inter-

pretation of the comorbidity frequency data; however, our aim

was to explore the associations of comorbidities with MR imaging

disease severity. The study design was cross-sectional; therefore,

the relationship of the comorbidities to MR imaging outcomes

should be interpreted with caution.

CONCLUSIONS
The presence of comorbidities in MS is associated with more se-

vere brain injury on MR imaging. This effect may not be visual-

ized by using lesion burden MR imaging measures.
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