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Background: Olfactory disorder is one of the commonly appearing symptoms in diseases

like Parkinson’s disease (PD) and Alzheimer’s disease (AD). However, reports of olfactory

changes in multiple sclerosis (MS) are scarce and usually ignored or seldom recognized by

clinicians. The majority of current research is based on subjective answers obtained by

smelling odorants.

Objective: To gain better insights into the central brain regions involved in the olfactory

process. We measured preliminary contrast assessment characteristics of brain activation in

MS patients and healthy controls using functional magnetic resonance imaging (fMRI) under

an odor stimulation task.

Methods: Olfactory event-related fMRI was used to assess the olfactory network neuronal

activity during passively inhaled volatile gases of lavender and rose solutions alternately in

18 MS patients and 20 healthy sex- and age-matched adults. Spearman correlation analysis

was conducted between the lesions in central and olfactory-induced activated brain regions.

Results: We observed significant reductions in the number of activated brain areas compared

with healthy controls in MS patients under a standard activation mode; the right insula, right

amygdala, right inferior frontal gyrus, right frontal middle gyrus, and left supramarginal

gyrus were activated in MS patients (t = 2.04, P < 0.05). Meanwhile, the intensity of the

activated olfactory brain network revealed attenuation. The Spearman correlation analysis

indicated the distribution and number of demyelination lesions, exerting a little impact on

major activation of brain regions during olfactory stimulation (r = –0.524, P = 0.054).

Conclusion: This study establishes that olfaction-related brain regions were altered in

patients with MS confirmed by fMRI. The finding refreshes the awareness that olfactory

disturbance involved just in structural pathology like olfactory bulbs and tracts or olfactory

sulcus, which reportedly is responsible for the deficits.
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Introduction
Multiple sclerosis (MS) is a common central neural system demyelination disease

in young and middle-aged people, which can cause inflammatory demyelination

and neurodegeneration in the brainstem, cortex, cerebellum, spinal cord, and other

neural tissues. Primary manifestation can be performed with visual, sensory, motor,

and paroxysmal symptoms.1 However, some emerging evidence has indicated that

the deficits in smell sense is a feature of MS.2 The current data revealed that the

olfactory disturbance of MS correlates with the lesion load in olfactory brain
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regions in the inferior frontal and temporal lobes,3,4 olfac-

tory brain volume,5 and the extent of disability.5–7

Reportedly, olfactory dysfunction is relevant to relapses

and disease activity8 and could be an early predictor of

disease progression in MS.9 The existing data suggest that

olfactory disorders in MS could be used to monitor and

predict disease progression in relapsing-remitting MS

(RRMS) patients and even to assess the response to

treatment.

To date, studies have reported psychophysical, elec-

trophysiological, radiological, and pathological results

about olfactory dysfunction of MS. The present evidence

revealed that the mean incidence of olfactory function in

MS patients was 11–50% (average: 35.6%) through psy-

chophysical methods.10 Several commonly used olfactory

evaluation methods include the Sniffin’ Sticks test,

University of Pennsylvania Smell Identification Test,

simplified odor Identification test, T/T olfactory meter

test, and Connecticut Chemical sensory Clinical

Research Center olfactory test among the category. Of

note, the results differ in nature and extent with different

methods. Changes in electrophysiology revealed that an

increase in latency and a decrease in amplitude occurred

in patients with olfactory impairment in MS,11 suggesting

that the olfactory loop could be damaged from olfactory

bulbs and tracts to the orbitofrontal and insular cortices,

along with the rostrum–medial regions of the temporal

lobe.12 Furthermore, radiological data supported the

notion that the structure pathology related to olfactory

impairment could occur in peripheral and central olfac-

tory structure.3–5,13

Functional magnetic resonance imaging (fMRI) is a

new technology based on blood oxygen-dependent level

imaging, which can visualize the brain activity when sub-

jects perform a specific task, and has become an up-and-

coming technique to analyze the function of the central

brain.14 In this study, the combination of event-related

design with fMRI provided the advantages that high tem-

poral and spatial consistency, high resolution, non-inva-

sive, repeated scanning, and dynamic monitoring to

investigate the sensory modality, and was independent of

subjects, response bias to a certain extent. Furthermore, we

assessed the characteristics of brain activation in patients

with MS during olfactory stimuli. To the authors’ knowl-

edge, this is the first study to use fMRI associated with the

event-related design to investigate the neuronal activity of

MS on olfactory processing.

Methods
Subjects
The diagnosis of MS in 18 patients was defined according

to the McDonald Criteria, 2010 version,15 and 20 sex- and

age-matched controls participated in the study. None of the

significant differences in demographic variables of the two

groups was confirmed using a nonparametric χ2-test, of
which 4 RRMS patients with active disease were included

in the MS group and the other 14 patients with clinically

stable RRMS.

The exclusion criteria were as follows: (a) recent his-

tory of acute upper respiratory tract infection, toxic expo-

sure, nasal diseases (eg, paranasal sinus and history of

nasal surgery/trauma), or abnormal findings during nasal

examination; (b) history of head trauma and the physical

lesions have been revealed by brain MRI; (c) presence or

history of other neuronal disorders that could affect olfac-

tory function, such as Parkinson’s disease, Alzheimer’s

disease, anxiety and depression, cognitive impairment, or

schizophrenia; (d) history of alcohol addiction, drug

dependence, allergy, long-term smoking, and/or high

dose of glucocorticoid treatment.

This case–control study was conducted in accor-

dance with the Declaration of Helsinki on ethical prin-

ciple and approved by the Ethics Committee of the

Affiliated Hospital of North Sichuan Medical College

[approval No. 2018ER (A) 005]. All participants pro-

vided written informed consent to be included in the

study.

Test Process and Design Parameters
Psychophysical Test of Olfactory Function

Argentine Hyposmia Rating Scale (AHRS)16 was used to

evaluate olfactory function in all subjects before perform-

ing fMRI, all subjects were required to answer six self-

administered questions related to daily experienced odors

(eg, smell of fresh flowers, gasoline, decaying matter,

perfume, airtight smell, and smell of soot). The total

score is 25; scores ≤22 implies hyposmia and >23 denotes

healthy olfactory.

Odorant and Olfactory Stimulator

The Emerging Tech Trans (ETT) olfactory stimulator

(Hershey Company, USA) was operated on subjects

when they accepted the fMRI scanning. It comprised a

control system and odor source box. The connection

between the two was attained by a polytetrafluoroethy-

lene tube, which was then transported to the subject’s
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nasal terminal mask through an odor transmission tube;

the operating system could sensitively control the stimu-

lation event. Compared with traditional manual olfactory

stimulation, the ETT olfactory stimulator could effi-

ciently convert between different odors and accurately

control the airflow and concentration. Moreover, the

lavender and rose scents were adopted in this study;

both are pleasant odors that could avoid additional sti-

mulation to the trigeminal nerve. No significant differ-

ence in brain function activation area induced by the

two odors stimuli.17 We used superthreshold concentra-

tion (0.8 %) of volatile gases with lavender and rose

smells as alternating stimuli during fMRI scanning. The

paradigm could minimize the impact of olfactory adap-

tation and desensitization because of stimulation with a

single odor. All subjects remained awake with their eyes

closed and maintained consistent breathing; no

announcement was made ahead of olfactory stimulation

to avoid autonomic imaging activity about odorant.

During scanning, the smell and airflow rate were con-

stant, and the environment was kept at a consistent

temperature. The stimulation mode was as follows: 42

s of no stimulation period alternately followed by a 6-s

(3 L/min) odor stimulation with either lavender or rose

smell; the procedure was repeated 12 times (details in

Figure 1).

Imaging Parameters

Image acquisition was performed on a 3.0-T superconduc-

tive magnetic resonance scanner (GE Company, USA) and

32-channel head coil received fMRI data collected by the

gradient echo plane imaging sequence. The scanning para-

meters were as follows: repetition time, 2000 ms; echo

time, 30 ms; reverse angle, 90°; scanning layers, 35; layer

thickness, 4 mm; matrix, 64 × 64; visual field, 24 cm ×

24 cm; time points, 125.

Data Processing and Analysis
The functional images were preprocessed using statisti-

cal parametric mapping (SPM8) and MATLAB 2013a

software, including the removal of the first five time-

points, slice timing correction, head motion correction,

normalization, and spatial smoothing. For ontoanalysis,

a general linear model (GLM) matching the task block’s

time vector using hemodynamic response was executed

for each run. The motion correction parameters for

translations and rotations in each direction were added

to improve the model. Individual contrast maps were

generated by the techniques mentioned above. One-sam-

ple t-tests were used to investigate both within-group

activations in these contrasts, and two-sample t-tests

were used to investigate the statistical inference of

group effects and differences between the MS and con-

trol groups. In this study, the significance was set at P <

0.05 without correction and the cluster correction with a

minimum cluster size of 10 voxels. The distribution and

quantity of lesions in each brain region were counted on

T2-weighted images in the MS group. Correlations

between demyelination lesions and activated brain

regions were analyzed by SPSS 17.0 software. The

statistical threshold was set at P < 0.05.

Figure 1 The sequence of olfactory stimulation during fMRI scanning.

Note: Preparation Lavender stimuli Air Rose stimuli.
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Results
General Characteristics and Olfactory

Assessment
In the MS group, 1 patient was excluded because of

head movement. A total of 17 patients, including 4 men

and 13 women (age: 45.14 ± 14.84 [range, 25 to 69]

years), were included in this study. The disease course

was 1 month to 20 years. In the control group, a total of

20 cases, 7 men and 13 women (average age: 42.63 ±

12.70 years) were enrolled. Overall, MS patients

revealed significantly lower AHRS score (18.86 ± 3.7;

P = 0.023) and a higher incidence of impaired identifi-

cation of common odors compared with the HC group

(detailed in Table 1).

Distribution of Activation Throughout

the Brain
In the control group, the task-activated brain regions

responding to the olfactory process were observed. The

activated regions of the brain were as follows: bilateral

middle frontalis, bilateral insular lobe, bilateral superior

marginal gyrus, bilateral orbital frontalis, right thalamus,

right anterior central gyrus, bilateral cingulate gyrus, bilat-

eral hippocampus, bilateral almond nucleus, and bilateral

superior frontalis gyrus (Figure 2A, Table 2; t = 2.11,

P < 0.05). The task-activated brain regions in the MS

group were as follows: right cerebellum, left insular lobe,

left superior temporal gyrus, right inferior frontalis gyrus

(Figure 2B, Table 3; t = 2.19, P < 0.05). Compared with

the control group, the activation of the right insular lobe,

right almond nucleus, right inferior forehead gyrus, right

middle forehead gyrus, and left superior marginal gyrus

were reduced in the MS group (Figure 2C, Table 4;

t = 2.04, P < 0.05).

Correlation Between the Distribution of

Demyelination Lesions and Task-

Activated Brain Regions
In the MS group, the distribution and number of demyeli-

nation lesions were counted on T2-weighted images, and

the frequency of lesions in each brain region was analyzed.

There were 12 lateral periventricular lesions (24% fre-

quency), 10 proximal cortical lesions (20% frequency),

10 frontotemporal lobe lesions (18% frequency), 8 brain-

stem lesions (16% frequency), 6 hippocampal lesions

(12% frequency), and 4 lesions in other brain regions

(10% frequency). The correlation analysis between the

above data and olfaction-related main activated brain

regions showed no significant correlation between the dis-

tribution of lesions in each brain region and the frontal

lobe activated by olfactory activation in the MS group;

however, there was a trend indicating that an increased

number of lesions was associated with weakened olfactory

activation among brain regions (Figure 3; r ≥ 0.524,

P ≤ 0.054).

Discussion
Olfactory disorder has become an important biomarker in

neurodegenerative diseases of the early stage. In 2015, the

International Association of Parkinson’s Disease and

Dyskinesia included olfactory disorders in the diagnostic

criteria for Parkinson’s disease.18 Emerging evidence broa-

dened this scope of olfactory involvement, suggesting that

olfactory impairment is a feature of central brain demye-

linating diseases as MS. The first research reported olfac-

tory disorder in MS in 1971.19 The available evidence

Table 1 Demographic and Clinical Data of Multiple Sclerosis

(MS) and Healthy Control (HC) Groups

Items MS Group HC Group P

Number of cases 17 20

Sex (males/females) 4/13 7/13 0.447

Age, in years (mean±SD) 45.14±14.80 42.63±12.70 0.623

Education, in years (mean±SD) 8.30±2.60 9.00±3.50 0.570

Disease duration, in years

(mean±SD)

5.98±5.60

AHRS (mean±SD) 18.86±3.7 23.86±0.38 0.023

Figure 2 (A) Distribution of brain activation regions in healthy controls. (B)
Distribution of brain activation regions in multiple sclerosis patients. (C) Brain

regions with attenuated activation in multiple sclerosis patients and healthy con-

trols. Red indicates enhanced activation, while blue indicates weakened activation.
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Table 2 Montreal Neurological Institute Coordinates, Activator Voxels, and Intensities (T Values) of

Activated Brain Regions in Healthy Controls

Activated Brain Region MNI Coordinates Activated Voxel T value

X Y Z

Frontal_Mid_R 32 39 15 398 4.902

Frontal_Mid_L −27 45 −10 25 3.412

Insula_R 32 16 15 251 2.972

Insula_L −32 20 15 129 2.421

SupraMarginal_R 58 −26 28 105 2.845

SupraMarginal_L −68 −30 33 51 3.396

Frontal_Inf_R 37 43 4 105 4.665

Frontal_Inf_L −46 38 17 11 2.6

Thalamus_R 16 −24 15 62 3.307

Precentral_R 41 1 54 58 3.012

Cingulum_R 4 25 38 50 2.815

Cingulum_L −3 −25 32 12 2.493

Hippocampus_R 22 −33 3 51 3.386

Hippocampus_L −24 1 −17 13 3.488

Amygdala_R 19 −1 −16 41 4.622

Amygdala_L −36 4 −16 42 3.795

Frontal_Sup_R 1 25 43 26 3.425

Frontal_Sup_L −6 21 43 23 2.2

Note: T value: activation intensity.

Abbreviation: MNI, Montreal Neurological Institute.

Table 3 Montreal Neurological Institute Coordinates, Activator Voxels, and Intensities (T Values) of

Activated Brain Regions in Multiple Sclerosis Patients

Activated Brain Region MNI Coordinates Activated Voxel T value

X Y Z

Cerebellum_R 29 −70 −37 65 2.83

Insula_L −41 −1 −10 11 3.09

Temporal_Sup_L −44 −2 −11 16 2.661

Right inferior frontal gyrus 53 17 13 26 2.891

Note: T value: activation intensity.

Abbreviation: MNI, Montreal Neurological Institute.

Table 4 Montreal Neurological Institute Coordinates, Activator Voxels, and Intensities (T Values) of

Brain Regions with Attenuated Activation in Multiple Sclerosis Patients Compared with Healthy

Controls

Activated Brain Region MNI Coordinates Activated Voxel T value

X Y Z

Insula_R 29 8 12 22 −2.384

Amygdala_R 18 2 −14 13 −2.353

Frontal_Inf_R 31 43 12 34 −2.779

Frontal Mid_R 35 45 16 204 −3.022

SupraMarginal_L −68 −30 36 16 −2.505

Note: T value: activation intensity.

Abbreviation: MNI, Montreal Neurological Institute.
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support that olfactory disturbance is frequent in MS,

although some studies opposed this claim.2,20 The struc-

ture pathology study revealed that the olfactory bulb and

olfactory sulcus significantly atrophied in patients with

MS.5,21 The pathological data provided evidence that the

number of lesions in the subfrontal and temporal lobes

correlate with the degree of olfactory impairment in MS

patients.4 Another study on the method of rest state fMRI

reported that the decrease in fractional anisotropy (FA) and

mean diffusivity (MD) increase in MS central brain

regions, which correlate with the olfactory formation.22

Usually, electrophysiological examination implies olfac-

tory event-related potential (OERP), which revealed that

the OERP waveform was not elicited in some patients in

the MS group; meanwhile, the amplitude of OERPs

declined and the incubation period prolonged.23

However, the investigation by approaches that could

visualize brain activation during odor perception and

olfactory information process is lacking.

In this study, AHRS scales were adopted to assess the

olfactory function in MS patients. The MS group revealed

significantly worse performance compared with the control

group in the six commonly recognizable odors, which

corroborated previous studies.8,24 Of note, cortical regions

responsible for odor perception comprise primary olfac-

tory structures, of which piriform cortex is the first cortical

projection target of olfactory information; additional aux-

iliary regions include the olfactory tubercle, anterior olfac-

tory nucleus, periamygdaloid cortex. Higher-ordering

connected to the widely secondary olfactory cortex,

namely the additional amygdala subnuclei, orbitofrontal

cortex (OFC), hippocampus, parahippocampal gyrus, cin-

gulate cortex, insula, striatum hypothalamus, and the med-

iodorsal thalamus.25,26 Moreover, right orbitofrontal gyrus

and right piriform cortex are responsible for olfactory

memory and odor recognition; the emotional correlate to

odor is reportedly located in the left orbitofrontal gyrus,

left insular lobe, left piriform cortex, left almond nucleus,

and left suprafrontal gyrus.27 In this study, regions of

activation in healthy controls were predominately loca-

lized in the secondary olfactory structures, including bilat-

eral middle frontal lobe, bilateral insular lobe, bilateral

superior marginal gyrus, bilateral orbital frontalis, right

thalamus, right anterior central gyrus, bilateral cingulate

gyrus, bilateral hippocampus, bilateral suprafrontal gyrus.

The distinct stimuli paradigm revealed elegant activations

of the central olfactory regions. However, the piriform

cortex revealed no notable activation in healthy controls

in this study, which could be attributed to the piriform

cortex proximity to the insular and a relatively small

structure in the cerebral region, which could hardly iden-

tify the activation in this region.28 Moreover, the number

of activated regions and activation voxels in the right

hemisphere, as well as the activation intensities, were

greater than those in the left hemisphere, suggesting a

possible right-sided bias in olfactory processing.

The assessment of MS patients revealed that the right

cerebellum, left insular lobe, left superior temporal gyrus,

and right inferior frontal gyrus were activated. The inferior

frontal region has been proved to be pronounced activated

during the familiarity, emotion, and intensity judgments

during the odor reception.29 Previous studies revealed that

insular lobe responds to the processing of the emotional

aspects of smells. Accordingly, the activation of these

regions indicated that the function in semantic encode

and emotional perception about odors in MS patients was

preserved. However, significantly fewer activated brain

regions were present, and the activated voxel and activa-

tion intensities of the activated brain regions were mark-

edly lower than those in the control group, providing

relatively clear evidence for the decrease in the activity

in the entire olfactory central of MS patients. Specific to

the left insular lobe, right amygdala nucleus, right inferior

frontal gyrus, and right middle frontal gyrus exhibited

attenuated odor-related brain responses, which more

belonged to the auxiliary regions in the secondary olfac-

tory structures. A obvious hint was present for the highest-

order olfactory cortex that revealed disturbance, which

Figure 3 The relationship between number of demyelinating lesions and main

activated regions of olfactory function in multiple sclerosis patients (n=14).
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implied a complicated pattern of the olfactory network

maladjustment in MS. From the perspective of fMRI,

this study corroborated the previous landmark study,

which unequivocally validated the direct proportion of

the plaque activity in the olfactory-related central brain

region with olfactory deficits.3,30 However, the study on

olfactory structure revealed that the olfactory tract and

bulb atrophied in early stages of olfactory impairment,21

suggesting the change of highest-order olfactory cortex

might be secondary to the primary neuron deficit. In addi-

tion, the visualized changes were present in the olfaction-

related brain network in MS, and whether differential

activation of distinct brain regions exhibited a hyperacti-

vation or compensatory olfactory process, as in

Parkinson’s Disease,31 warrants further investigation.

Considering the pathological characteristics of multi-

focal in encephalic MS, it remains unclear whether the

number of lesions affect the activation of smell-responsive

brain regions. The correlation between the number of

lesions and the middle frontal gyrus of the main activated

brain region was investigated, but no significant associa-

tion was established, and some exact causes need to be

considered as follows. First, the distribution of these

lesions primarily localized in the white matter in cerebral,

yet the fMRI signals were weakened in white matter

images and the gray matter in which distributed more

blood vessels produce stronger signals during a task.32,33

Second, the study encountered methodological problems

with fewer participants, which insufficiently reflect the

differences in the distributions of lesions in different dis-

ease states. Specifically, a negative tendency between the

number of lesions and the activation in middle frontal

gyrus of MS patients appeared, which could potentially

lead to the assumption that widespread demyelination and

neurodegeneration in the late stages of disease, with the

state of high-intensity lesions, could mediate the severe

damage in olfaction-process regions. The trend implication

is consistent with the findings of previous studies.8

There are some limitations to this study worth

acknowledging. We were unable to group patients in

terms of the pivotal element as the stage of disease, the

disability extent, the severity of olfactory impairment,

consequently from the small sample size. It will be neces-

sary to expand the sample size, and the olfactory content

should be combined with olfactory event-related poten-

tials, structural imaging, and other objective means,

together with biochemical immune markers in further

study, which, perhaps, will provide a better understanding

of the underlying pathophysiological mechanisms and the

role of olfactory deficit in MS.
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