
Table: Summary of Studies of Olfactory Dysfunction in MS and NMO 

Summary of publications evaluating olfactory (and gustatory) dysfunction in MS or NMO 
systematically reviewed in this review [19, 22-24, 27-52]. Abbreviations not in text: EDSS = 
Expanded Disability Status Scale, dw-MRI = diffusion weighted Magnetic Resonance 
Imaging, AON = Acute Optic Neuritis 

 

Study  
Olfactory 

Test  

Demographics 
and Clinical 
Parameters 

Frequency of 
olfactory 

dysfunction 
Additional information 

Patient 
group 

Controls 

Zhang et 
al., 2015 

T&T 
olfactometer  

Patients 
(NMOSD): n=49 
(43F:6M),  37 
NMO, 11 
Transverse 
Myelitis, 1 
recurrent optic 
neuritis; 42 AQP-
4 +ve 

26/49 
(53%) 

0/21   
(0%) 

Clinical: No correlation 

between smell loss and any 
of disease duration, relapse 
rate, EDSS, cognitive 
dysfunction or 
depression.Impaired 
detection threshold 
correlated with AQP-4 
positivity. 

Controls: n=21 

(18F: 3M) 

Radiological (MRI): 
Olfactory dysfunction was 
associated with reduced 
Olfactory bulb volume and 
grey matter volume 
reduction within the piriform 
gyri 

Caminiti 
et al., 
2014 

OEP 

Patients (MS): 
n=30 (19F:11M) 

7/30 
(23.6%) 

0/30   
(0%) 

Electrophysiological: 
OEP abnormality 
associated with disease 
duration and EDSS.   Controls: n=30 

(18F:12M) 

Schmidt 
et al., 
2014 

Smell 
Discrimination 

Test 

Patients (MS): 
n=20, 16 RRMS, 
4  Progressive 
MS 

N/A 

Clinical:  Olfactory and 
gustatory function 
measured longitudinally 
over 4 year period; (1) 
discrimination impairment 
correlates with relapse 
frequency, (2) taste 
impairment correlates with 
EDSS.   

Holinski 
et al., 
2014 

Sniffin' Sticks 

Patients (MS): 

n=20 (13F:7M), 
17 RRMS, 2 
PPMS, 1 SPMS 

5/20 
(25%) 

N/A 

Radiological (MRI): Smell 

dysfunction correlates with 
reduction in olfactory bulb 
size and olfactory cortical 
disease.  

Electrophysiological: 
Radiological evidence of 
olfactory bulb and cortical 
disease correspond to 
increased latency on 
specific components of 
OEP.  



Erb-
Eigner et 
al., 2014 

Sniffin' Sticks 

Patients (MS): 

n=30 

TDI significantly 
reduced in MS 

group 

Clinical: Identification was 
most affected in MS 
patients and reduced 
olfactory function correlated 
with EDSS. 

Controls: n= 30 

and control 
reference group 

Radiological (dw-MRI): 
Correlation between smell 
dysfunction and 
abnormalities in the normal 
appreaing white matter of 
the olfactory cortex. 

Revis et 
al., 2014 

Sniffin' Sticks  
(Identification 

only) 

Patients (NMO): 
n=19 (all AQP-4 
positive)  

10/19 
(52.6%)  

0/10   
(0%) 

Clinical: Hyposmia 
significantly more frequent 
in NMO than MS and more 
severe even when adjusted 
for age, sex and duration of 
disease. 

Patients (MS): 
n=27 

6/27 
(22.2%) 

Schmidt 
et al., 
2013 

Sniffin' Sticks  

Patient (NMO): 

n=10 (8F:2M), 
AQP-4 positive: 
6/10  5/10 

(50%) 
0/10    
(0%) 

Clinical: Patients with 
NMO showed significantly 
lower overall TDI scores 
than than healthy controls 
(p= 0.04) with 
discrimination and 
identification significantly 
effected (p= 0.02, 0.01).  

Controls: n=10 
(8F:2M) 

Rolet et 
al., 2013 

Sniffin' Sticks  

Patients (MS): 
n=50 (36F:14M), 
38 RRMS, 2 
SPMS 

20/50 
(40%) 

N/A 

Clinical: Degree of  
olfactory dysfunction (1) 
correlates positively with 
EDSS, stage of disease 
progression and  disease 
activity, (2) exhibited no 
correlation with depression 
status, disease duration or 
smoking habit. (3) threshold 
impaired in early disease 
whereas identifiaction 
worsens as disease 
progresses.  

Radiological (MRI): No 

correlation between 
olfactory dysfunction and 
plaque load in the olfactory 
brain. 

Schmidt 
et al., 
2012  

Sniffin' Sticks  

Patients: n=54 

(31F:23M), 25 
RRMS, 10 PPMS, 
12 AON, 7 NMO   

28/49 
(57%) 

1/30   
(3%) 

Clinical: (1) Frequency if 
olfactory dysfunction by 
condition: 9/25 (36%) 
RRMS , 9/10 (90%) PPMS , 
7/12 (58%) AON, 3/7 (43%) 
NMO. (2) AON patients 
most likely to be aware of 
olfactory disturbance 

Controls: n=30  

Erb et al., 
2012 

Sniffin' Sticks  

Patients (MS): 
n=30 (24F:6M), 
23 RRMS, 4 
SPMS, 3 PPMS  TDI significantly 

reduced in MS 
group 

Clinical: (1) Correlation 
between EDSS and 
olfactory dysfunction. (2) 
Odor Identification and 
Discrimination were 
predominantly affected in 
MS. 

Controls: n=30 

Radiological (dw-MRI): 
Correlation between reduced 
odor identification and neuronal 
damage in plaques within 
olfactory brain. 



Silva et 
al., 2012  

B-SIT 

Patients (MS): 
n=153 
(107F:46M),121 
RRMS, 16 SPMS, 
16 PPMS  

17/153 
(11%) 

5/165 
(3%) 

Clinical: Strong correlation 
between olfactory 
impairment and SPMS; 
4/121 (3.3%) RRMS,11/16 
(68.8%) SPMS, 2/16 
(12.5%) PPMS. This 
association was 
independent of all other 
variables tested. 

Controls: n=165 
(128F:37M) 

Dahslett 
et al., 
2012  

Sniffin' Sticks   

Patients (MS): 
n=30 (20 F:10M) 

12/30 
(40%) 

2/30 
(6.7%) 

Clinical: (1) Gustatory 
dysfunction was observed 
in 5/23 (21.7%) MS patients 
and in 0/30 (0%) 
controls.(2) OERPs were 
abnormal in 5/21 (23.8%) 
MS patients. (3) Olfactory 
dysfunction correlated 
significantly with EDSS and 
gustatory dysfunction but 
not with cognitive function  
or depression status.   

Controls: n=30 

(20F:10M) 

Goetkas 
et al., 
2011 

Sniffin' Sticks  

Patients (MS): 
n=36 (25F:11M), 
25 RRMS, 4 
SPMS, 5 PPMS, 
2 Undetermined 

16/36 
(44.4%) 

3/36 
(8.3%) 

Clinical: Correlation 
between degree of olfactory 
dysfunction and both EDSS 
and disease duration.  

Controls: n=30 
(20F:10M) 

Radiological (MRI): (1) 

9/36 MS patients showed 
reduced olfactory bulb 
volume (2) positive 
correlation between bulb 
volume reduction and 
olfactory impairment. 

Schmidt 
et al., 
2011 

Sniffin' Sticks  

Patients (MS): 
n=34 (24F:10M), 
25 RRMS, 4 
SPMS, 5 PPMS 

10/30 
(33.3%) 

2/30   
(7%) 

Radiological (MRI): 

Estimated volumes of  
olfactory bulb were (1) 
significantly reduced in MS 
patients (mean total volume 
= 128 mm3 vs. 134mm3  in 
age-matched 
population(ref)), (2) more 
greatly reduced in SP and 
PPMS vs. RRMS, and (3) 
negatively correlated with 
olfactory function and, both 
lesion load and total volume 
reduction in the olfactory 
brain. 

Controls: n=30, 
matched for sex, 
age and smoking 
habits 

Luterotti 
et al., 
2011  

Sniffin' Sticks  

Patients: n=50 
(35F:15M), 37 
RRMS, 6 SPMS, 
2 PPMS, 5 CIS  

13/50 
(26%) 

0/30    
(0%) 

Clinical: (1) Olfactory 
dysfunction present early 
on; 4/5  (80%) with CIS  
hyposmic. (2) Relapse 
within 12 months 
associated with threshold 
dysfunction, (3) Disease 
duration <2 years 
associated with threshold 
dysfunction (4) 
Identification scores 
negatively correlated with 
disease duration. 

Controls: n=30 
(20F:10M)  



Parma et 
al., 2010 

Sniffin' Sticks  

Patients (MS): 

n=50 (50F), 50 
RRMS    

17/50 
(34%) 

4/50   
(8%) 

Clinical: Identification and 

discrimination significantly 
effected in MS patients but 
not threshold.  

Controls: n=74 

(64F:10M) 

Radiological: No 
correlation between plaque 
burden in the inferofrontal 
or medial-temporal cortices 
and olfactory loss in MS.  

Fleiner et 
al., 2010 

Sniffin' Sticks  

Patients (MS): 
n=16 (11F:5M), 8 
RRMS, 4 SPMS, 
4 PPMS  

8/16 
(50%) 

2/11 
(12.5%) 

Clinical: 3/11 (18.8%) MS 

patients exhibited gustatory 
dysfunction compared to 
0/11 controls. 

Controls: n=16 
(11F: 5M) 

Kostic et 
al., 2009  

Pocket Smell 
Test 

Patients (MS): 
n=61, 48 RRMS, 
13 SPMS 26/61 

(43%) 
5/45 

(11%) 

Clinical: Correlation 
between degree of olfactory 
dysfunction and degree of 
cognitive deficit in MS 
patients. 

Controls: n=54 

Zorzon et 
al., 2000  

CCSI  (shared 
data) 

Patients (MS): 
n=40 (25F:15M), 
32 RRMS, 6 
SPMS, 2 PPMS 

9/40 
(22.5%) 

0/40   
(0%) 

Clinical: (1) Significant 
correlation between 
olfacotory dysfunction and, 
EDSS., anxiety and 
depression status in MS. 
(2) Only 2/40  (5%) MS 
patients reported subjective 
olfactory disturbance, 
suggesting that it is an 
under-reported symptom. 

Zivadinov 
et al, 1999  

Controls: n=40 

(25F:15M) 

Radiological (MRI): 
Olfactory dysfunction 
correlated with lesion load 
in olfactory cortex 
(inferofronal and medial 
temportal cortex) but not in 
non-olfactory brain. 

Doty et 
al., 1999  

UPSIT 
Patients (MS): 

n=5 (3F: 2M) 
Only patients with 

anosmia (n=5) 

Radiological (MRI): 
Olfactory dysfunction (1) 
waxes and wanes in 
response to plaque 
exacerbation and 
remission, and (2) 
correlates with plaque load 
in inferofrontal and 
temporal lobes. 

Doty et 
al., 1998  

UPSIT 
(shared data) 

Patients (MS): 
n=26 (17F:9M) 

10/26 
(38.5%) 

N/A 

Radiological (MRI): 

Olfactory dysfunction 
correlates with plaque load 
in inferofrontal and medial 
temporal lobes.  

Doty et al. 
1997  

Controls: 

Normative data 
based on 4,000 
controls 



Samkoff 
et al., 
1996 

UPSIT 

Patients (MS): 

n=16 (11F: 5M) 
6/16 

(37.5%) 
4/14 

(28.6%) 

Clinical: (1) No significant 

difference in olfactory 
function between patients 
and controls. (2) Low 
frequency of subjective 
oflactory loss (1/16) 
amongst MS patients 

Controls: n=14 
(10F:4M) 

Hawkes et 
al. 1998   

UPSIT 

Patients (MS): 
n=72 (43F:29M) 

11/72 
(15%) 

N/A 

Clinical: 11/72 (15%) 
Frequency of olfactory 
dysfunction in other 
conditions: Parkinson's = 
126/155 (81%), Motor 
Neuron Disease = 9/58 
(16%) Alzheimer's = 8/8 
(100%) 

Controls: n=156 

(99F:57M)(used 
as a normative 
data group) 

Hawkes et 
al., 1997  

UPSIT 

Patients (MS): 

n=72 (43F:29M) 

11/72 
(15%) 

N/A 

Electrophysiological: (1) 
OEP abnormlaties frequent 
and associated with smell 
dysfunction (2) Abnormal 
Visually Evoked Potentials 
better predictor of MS 
diagnosis than abnormal 
UPSIT or OEP. 

Controls: n=96 
(57F:39M)(used 
as normative data 
group) 

Kesslak 
et al., 
1988 

Smell 
Identifaction 

Test 

Patients (MS): 
n=14   No significant 

difference in 
patients vs.controls  

Clinical: Olfactory 
dysfunction associated with 
Alzheimer's and 
Parkinson's Disease but not 
with MS. 

Controls: n=18, 
not age or sex 
matched 

Pinching, 
1977  

Odour 
discrimination 

task  

Patients (MS): 
n=22, 11 with 
long standing 
disease and 11 
with recent onset  

10/22 
(45.4%) 

N/A 

Clincal: An additional 5 MS 
patients who demonstrated 
no objective abnormality 
still described subjective 
olfactory impairment. 

Controls: n=24 
healthy controls & 
n=61 neurological 
patients 
(normative data 
group) 

Ansari, 
1976  

Serial binary 
dilutions 

Patients (MS): 
n=40 (40F), 
McAlpine Criteria 
for MS diagnosis: 
32 certain, 1 
probable, 7 
possible  

No significant 
difference in 

patients vs.controls  

Clinical: Olfactory 
dysfunction (1) did not 
correlate with disability, (2) 
did not correlate with optic 
involvement in MS. This 
study was critised by 
Pinching (above) since the 
amyl-acetate and 
nitrobenzene used to make 
up the serial dilutions are 
both also trigeminal 
stimulants. 

Controls: n=24 

age and sex 
matched 
individuals 
hospitalised in 
neurology 
services for 
seizure (2), back 
pain (10), 
headache (6), 
cervical 
spondylosis (6) 



Wender 
and 
Szmeja, 
1971 

 - 
18/52 
(35%) 

N/A   

 


