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Abstract

Background. Olfaction has recently found clinical value in prediction, discrimination and
prognosis of some neurodegenerative disorders. However, data originating from standard
tests on olfactory dysfunction in Huntington’s disease are limited to odour identification,
which is only one domain of olfactory perceptual space.

Method. Twenty-five patients and 25 age- and gender-matched controls were evaluated by the
Sniffin’ Sticks test in three domains of odour threshold, odour discrimination, odour identi-
fication and the sum score of them. Patients’ motor function was assessed based on the
Unified Huntington’s Disease Rating Scale.

Results. Compared with controls, patients’ scores of all olfactory domains and their sum were
significantly lower. Besides, our patients’ odour threshold and odour discrimination impair-
ments were more frequently impaired than odour identification impairment (86 per cent
and 81 per cent vs 34 per cent, respectively).

Conclusion. Olfactory impairment is a common finding in patients with Huntington’s dis-
ease; it is not limited to odour identification but is more pronounced in odour discrimination
and odour threshold.

Introduction

Huntington’s disease is an autosomal dominant neurodegenerative disorder with progres-
sive cognition and psychomotor function deterioration as the main presentations." The
reported prevalence of Huntington’s disease is 6-14 per 100,000 people, and the expanded
cytosine-adenine-guanine triplet repeats on the short arm of chromosome 4 and is known
as the genetic basis."> The disease onset is clinically defined as the development of a
motor sign that is strongly related to Huntington’s disease, which usually appears at 30
to 50 years old.” The more cytosine-adenine-guanine repeats, the earlier the disease
onset.” A subsequent progressive course with no available curative or disease-modifying
treatments leads to enormous morbidity and dependency for the patient.’

Olfactory impairment has been recently suggested as a potential early diagnostic, dis-
criminative and prognostic biomarker in some neurodegenerative diseases.*”” It has been
hypothesised that the propagation pattern of the aggregated protein in peripheral and
central olfactory structures might lead to the development of the disease.” Closer exam-
ination of olfactory function in neurodegenerative diseases may be worthwhile in patient
categorisation to determine the best intervention time with the future advent of disease-
modifying treatments.” The prevalence of olfactory impairment has been reported to be
45 per cent to 90 per cent in Parkinson’s disease and 100 per cent in Alzheimer’s disease,
while the exact prevalence has remained unknown in Huntington’s disease.”™"!

Olfactory impairment in Huntington’s disease has been reported in some studies with
limited olfactory assessment tools."**' In a clinical and research setting, the assessment
tool should ideally include tests of odour threshold, odour discrimination and odour
identification (or at least threshold and one of the supra-threshold tests).”> Moreover,
the thorough combination of odour threshold and supra-threshold olfactory tests
increases the diagnostic value and the accuracy of the assessment in Huntington’s disease
patients.”>** There is evidence suggesting that the pattern of olfactory dysfunction can
help to find the possible aetiologies; peripheral pathologies are more represented by the
odour threshold test, and central or cognitive underlying pathologies are better shown
in the supra-threshold tests of odour discrimination and odour identification.**>

The frequently applied psychophysiological tests for evaluating olfaction in
Huntington’s disease patients are the University of Pennsylvania Smell Identification
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Test and its national variants, the Brief-Smell Identification
Test.'>'*!71%20 These two olfactory tests only evaluate impair-
ment in odour identification.””® The scant available data on
odour discrimination and odour threshold in Huntington’s dis-
ease are not based on appropriate standard tests. A well-
validated and highly reliable test for quantitative assessment
of olfactory function is the Sniffin’ Sticks test, which is widely
used to measure odour threshold, odour discrimination and
odour identification.”® Because olfactory function weakens
along with ageing and is also affected by gender, the cut-off
scores for discriminating normosmia, hyposmia and anosmia
are considered within predefined age groups, separately for
men and women.””*° This study aims to describe olfactory
function in Huntington’s disease patients in the three domains
of odour identification, odour discrimination and odour thresh-
old and to examine correlations with genetics, disease duration
and severity of Huntington’s disease motor dysfunction.

Materials and methods

This study was performed between November 2019 and March
2023 in a clinic for movement disorders at a tertiary hospital.
Twenty-five genetically confirmed Huntington’s disease patients
and 25 healthy sex- and age-matched volunteers were evaluated.
The control participants were recruited from the hospital per-
sonnel and were enrolled only if they had no olfactory com-
plaints. Participants with chronic rhinosinusitis, history of
nasal or paranasal sinus surgery, recent respiratory tract infec-
tion and olfactory disorders following coronavirus disease
2019, or previous head trauma were excluded. Patients with cog-
nitive decline (Mini-Mental State Examination score below 24)
were excluded.”® Patients’ age, disease duration and gene expan-
sion repeats were extracted from their electronic medical
records. Cytosine-adenine-guanine age-product score was cal-
culated as defined by Ross et al. (i.e. 100 x age x (genetic —30
+627)).”! The study protocol was explained to the participants,
and written informed consent was obtained. All the procedures
contributing to this work were in accordance with the ethical
standards of the relevant national and institutional review
board guidelines on human experimentation at the Iran
University of Medical Sciences (IRIUMS.FMD.REC.1399.350)
and were compliant with the Helsinki Declaration of 1975, as
revised in 2008.

The cognitive evaluation was performed using adapted
Mini-Mental State Examination by a single expert neurolo-
gist,”® and the total score was calculated. The highest possible
score is 30, and a score less than 24 is considered a cognitive
impairment.”® The motor score of the Unified Huntington’s
Disease Rating Scale was assessed by an expert neurologist in
movement disorders for each patient. A higher score correlates
with more severe motor dysfunction. The sum of the scores
was finally calculated. The olfactory function of the
Huntington’s disease patients and healthy individuals was
evaluated using the Sniffin’ Sticks test, which includes three
domains to measure odour threshold, odour discrimination
and odour identification.”

The N-butanol odour threshold was assessed by a single-
staircase, three-alternative forced-choice procedure. Three
pens were presented to the patient in a randomised order;
two contained an odourless solvent (propylene glycol), and
the other an odorant in specific dilutions. The participants
were asked to identify the pen with the odorant. The odour
threshold score is the average of the last four turning points
and it ranges from 1 to 16.
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For odour discrimination, participants were offered 16
triplets of pens, each including two identical odours and one
different odour. Then, patients were instructed to choose the
distinct odour. The odour discrimination was the sum of
correct responses ranging from 0 to 16.

To evaluate odour identification, 16 pens that included
common odours were offered. The participants had to identify
each odorant from a list of four descriptors. The odour iden-
tification score was the sum of correct responses ranging from
0 to 16. The sum of the scores of all three domains resulted in
the threshold, discrimination and identification score, which
had a maximum of 48 points.

A threshold, discrimination and identification score below
30.75 was considered hyposmia.”” Their threshold, discrimin-
ation, identification and olfactory scores in each domain were
compared with their related age and gender subgroups based
on the most recent available normative data.””

For data analysis, SPSS® (version 22.0) statistical analysis
software was used to analyse the statistical variables. The
Kolmogorov-Smirnov test assessed the normal distribution,
and non-parametric tests were performed accordingly. Data
were presented as mean and standard deviation for quantita-
tive variables and as percentage for qualitative variables. The
Spearman correlation test assessed the correlation between
the variables. The Mann-Whitney U test was applied to com-
pare quantitative variables. The receiver operating characteris-
tics curve was used to detect the olfactory subtests with the
largest area under the curve that could discriminate patients
from healthy controls. P-values less than 0.05 were set as a
statistically significant level.

Results

Twenty-one eligible patients with Huntington’s disease
were enrolled in the final analysis. Based on Mini-Mental
State Examination scores, four patients were not included
because of their cognitive impairment. The mean age of
Huntington’s disease patients was 50.8+12.2 years (range
from 32 to 72) and 48 per cent (10 patients) were women.
These were not significantly different from the control group,
with a mean age of 44.3 + 12.3 years and 52 per cent (11 parti-
cipants) being women. On average, disease duration was 5.1 +
5.0 years (ranging from 1 to 15 years). The mean age at disease
onset was 45.0 + 12.3 years (ranging from 21 to 64 years). The
mean gene expansion repeat was 44 + 5.9 (median, 41).

Patients had a mean total Mini-Mental State Examination
score of 26.23+1.89 (ranging from 24 to 30). The mean
Unified Huntington’s Disease Rating Scale score was 25.19 =
15.68 (ranging from 6 to 52). The detailed scores of the
Unified Huntington’s Disease Rating Scale-motor part are
shown in Table 1 in the supplementary material, available
on The Journal of Laryngology & Otology website. The average
cytosine-adenine-guanine age-product score was 109.3 +44.3
(ranging from 52.6 to 186).

The Huntington’s disease group’s mean threshold, discrim-
ination and identification score was significantly lower than
the control group. Furthermore, compared with the control
group, patients had significantly lower odour threshold, odour
discrimination and odour identification scores (Table 1).

All the Huntington’s disease patients showed olfactory
dysfunction according to the cut-off value of 30.75 for the
threshold, discrimination and identification score, whereas
all the participants in the control group had normal threshold,
discrimination and identification scores.
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Table 1. The average of olfactory assessment scores and the hyposmia and
normosmia number and frequency of the participants

Olfactory subtests Patients*® Controls' P-value
Odour identification

- Score (mean (SD)) 11.90 (2.52) 14.16 (2.03) <0.001
- Hyposmic (n (%)) 7 (33.3) 1(4) 0.009
- Normosmic (n (%)) 14 (66.7) 24 (96)

Odour discrimination

- Score (mean (SD)) 6.66 (2.49) 12.76 (1.39) <0.001
- Hyposmic (n (%)) 17 (81) 1 (4) <0.001
- Normosmic (n (%)) 4 (19) 24 (96)

Odour threshold

- Score (mean (SD)) 2.17 (2.58) 7.23 (3.49) <0.001
- Hyposmic (n (%)) 18 (85.7) 4 (16) <0.001
- Normosmic (n (%)) 3 (14.3) 21 (84)

Total (TDI)

- Score (mean (SD)) 20.75 (4.75) 34.15 (3.15) <0.001
- Hyposmic (n (%)) 18 (85.7) 0 <0.001
- Normosmic (n (%)) 3 (14.3) 25 (100)

*n=21; "n=25. SD = standard deviation; TDI =sum of threshold, discrimination and
identification scores

The number and frequency of hyposmic and normosmic
participants based on the normative data of the specific age
and gender subgroups are shown in Table 1. The frequency of
hyposmic patients was significantly higher in all three Sniffin’
Sticks domains and threshold, discrimination and identification
scores compared with the control group (Table 1).

Receiver operating characteristic analysis showed that the
area under the curve was 0.93 for odour threshold, 0.99 for
odour discrimination, 0.78 for odour identification and 0.97
for threshold, discrimination and identification. Figure 1
shows that the Sniffin’ Sticks test domains and threshold,
discrimination and identification could significantly discrim-
inate Huntington’s disease patients from healthy individuals
(p<0.001 for all).

There was no significant relationship between the olfactory
test results, Mini-Mental State Examination, Unified
Huntington’s Disease Rating Scale, disease duration, age and
gene expansion repeats. Gene expansion repeat was negatively
correlated with age (r=—-0.44, p=0.04) and age at disease
onset (r=-0.55, p=0.01).

Unified Huntington’s Disease Rating Scale total motor score
was inversely correlated with threshold, discrimination and
identification (r=—0.43, p =0.04) but not with any of its com-
ponents separately. Cytosine-adenine-guanine age-product
score was positively correlated with gene expansion repeats (r
=-0.80, p<0.001). Cytosine-adenine-guanine age-product
score was not correlated with either the Sniffin’ Sticks domains
or the threshold, discrimination and identification score.

Discussion

This study evaluated the comprehensive olfactory function
(odour discrimination, odour threshold and odour identifica-
tion) in manifest Huntington’s disease patients using a stand-
ard olfactory test (Sniffin’ Sticks) that showed a highly
significant decrease in all subtests in Huntington’s disease
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patients compared with the control group. The most promin-
ent finding of this study was that odour discrimination and
odour threshold were significantly impaired compared with
the control group. This study is the first study evaluating
odour threshold and odour discrimination by a reliable, vali-
dated and highly standardised olfactory test. The total of
the threshold, discrimination and identification score has a
cut-off value of 30.75 points, which is used to define the nor-
mosmic group and was calculated in a reference group of
young adults.”” According to this cut-off, all of our patients
showed olfactory impairment. However, based on the most
recently available normative data by Oleszkiewicz et al.*’ for
specific sex and age subgroups for this test, olfactory impair-
ment was detected in 86 per cent of the patients when consid-
ering the threshold, discrimination and identification score (86
per cent, 81 per cent and 34 per cent of the patients in the
odour threshold, odour discrimination and odour identifica-
tion domains, respectively). Receiver operating characteristics
analysis indicated that among Sniffin’ Sticks domains, odour
identification had the lowest capacity to discriminate our
Huntington’s disease patients from healthy individuals (area
under the curve=0.78). In contrast, odour discrimination
(area under the curve=0.99) and odour threshold (area
under the curve =0.93) appeared to have higher capacities in
this study. Besides, our patients’ odour threshold and odour
discrimination were more frequently impaired than odour
identification.

Olfactory involvement is a presentation of some neurode-
generative  diseases, including  Parkinson’s  disease,
Alzheimer’s disease and dementia with Lewy bodies.®
Olfactory dysfunction has been evaluated in Huntington’s dis-
ease patients mainly with odour identification. However,
according to the odour identification domain of Sniffin’
Sticks, only one-third of the patients were detected to be olfac-
tory impaired. Therefore, a thorough evaluation of olfaction in
all three domains might be valuable to identify patients with
olfactory impairment in order to inform clinicians, patients
and their caregivers to be aware of the potential related health
risks and to apply protective measures, such as the use of a gas
alarm, specific attention to food expiration dates, keeping
weight and appetite in balance and special attention to the
role of olfactory loss in psychiatric presentations of
Huntington’s disease.”*

Although the exact mechanism of olfactory dysfunction in
this group of diseases has not yet been comprehensively clari-
fied, the reported pathological changes vary from olfactory
receptors to the olfactory cortex and between structures.®
Earlier Huntington’s disease studies have shown inclusions
of the mutated huntingtin protein, and consequent neuro-
pathological changes occur markedly in the midbrain, cortex,
brainstem, amygdala and cerebellum.”>*® A recent study on
13 post-mortem Huntington’s disease cases showed huntingtin
aggregation, especially in the anterior olfactory nucleus in the
olfactory bulb.”” Some evidence regarding odour threshold
preservation in Alzheimer’s disease and Parkinson’s disease
patients suggests that the peripheral sensory organ is
intact.”®*” Although the most peripheral structure of the olfac-
tory system, olfactory neuroepithelium, has not yet been eval-
uated in Huntington’s disease patients, decreased odour
threshold in our patients may represent a peripheral pathology
whereas impaired odour identification and odour discrimin-
ation support involvement of the central olfactory system.
Therefore, a thorough olfactory tract pathohistological study,
including the olfactory epithelium of Huntington’s disease
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Figure 1. Receiver operating characteristics curve ana- 0.2 M
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patients, is required to determine the exact mechanisms of the not able to  detect any association  between

olfactory loss.

Our results demonstrated an association between threshold,
discrimination and identification and motor score in
Huntington’s disease with the evaluation of Unified
Huntington’s Disease Rating Scale-motor part score as a clue
to the severity of the disease. According to the results, the
worse the olfactory impairment, the worse the motor function.
This correlation has not been reported in Huntington’s disease
patients previously. Furthermore, olfactory impairment is corre-
lated with motor impairment in some neurodegenerative dis-
eases, such as Parkinson’s disease.*>*! In a recent longitudinal
study, it was shown that despite the high prevalence of olfactory
impairment among three subgroups of patients with Parkinson’s
disease (i.e. tremor dominant, postural instability and gait diffi-
culty), it was only in the tremor dominant subgroup that the
olfactory dysfunction was correlated with motor impairment.*'
Structural connections and dopaminergic and cholinergic neuro-
transmitter dysregulation are responsible for different central
pathways that have explained these correlations between olfac-
tory impairment and motor deficit.*>**** The connection
between the substantia nigra and olfactory structures may explain
relevant motor symptoms and anosmia in Parkinson’s disease.**
These findings point towards the potential utility of olfactory
dysfunction for tracking the progression of Parkinson’s disease.
Further studies with an appropriate sample size are also required
to confirm this finding in Huntington’s disease.

In this study, we also considered the association between
olfactory impairment and cytosine-adenine-guanine age-
product score, an index of the exposure chronicity to the
pathogenic mechanisms of Huntington’s disease. We were
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cytosine-adenine-guanine age-product and olfactory scores.
However, in a recent study, an association between odour
identification impairment and cytosine-adenine-guanine age-
product score was reported in Huntington’s disease patients."
A possible explanation for this discrepancy may be the limited
sample size of both studies.

This study has some limitations besides the limited sample
size. We did not evaluate other parts of the Unified
Huntington’s Disease Rating Scale. These assessments, espe-
cially behavioural function and total functional capacity, may
also be associated with olfactory function. However, we evalu-
ated the cognitive status of the patients with a separate test
(Mini-Mental State Examination) and included only the
patients with normal cognition. Moreover, using the cut-offs
based on the European population normative data may have
affected our results because of using a culturally adapted
Sniffin’ Sticks identification subtest. In order to overcome
this shortcoming, we also compared the results with a sex-
and age-matched control group.

There are studies trying to find a biomarker capable of
determining the progression of Huntington’s disease.'”***
Although extensive longitudinal Huntington’s disease studies
have been combined and analysed to track Huntington’s dis-
ease progression with the best possible model among imaging
markers and various models of clinical presentation (e.g.
motor and cognition) as potential biomarkers, olfactory dys-
function could not be taken into account.*® In this study, we
showed that olfactory impairment is quite prevalent in
Huntington’s disease, especially in patients without clinically
detectable cognitive presentations and has a significant
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relationship with motor function in these patients. Olfactory
dysfunction may be necessary for tracking disease severity
and chronicity. Therefore, a longitudinal study is needed,
including a thorough Unified Huntington’s Disease Rating
Scale examination for a complete evaluation of the disease
severity along with a comprehensive olfactory assessment) to
evaluate the capability of olfactory status as a prognostic bio-
marker in Huntington’s disease.

Available data on Huntington’s disease originating from standard tests on
olfactory dysfunction are limited to odour identification, which is only one
domain of olfactory perceptual space

All three domains of olfaction are impaired in patients with Huntington’s
disease

Odour threshold and odour discrimination were more frequently impaired
than odour identification in patients with Huntington’s disease

A total of 86 per cent of patients with Huntington’s disease were hyposmic
based on the normative data specific for the age and gender subgroups
Odour identification had the lowest capacity to discriminate Huntington’s
disease patients from healthy individuals

Unified Huntington’s Disease Rating Scale score was inversely correlated
with the Sniffin’ Sticks score

Conclusion

Olfactory impairment is a common finding in Huntington’s
disease patients, even in those with normal cognitive function,
which is not limited to odour identification but is more pro-
nounced in odour discrimination and odour threshold.
Longitudinal studies with proportionate sample size and a
thorough olfaction assessment are needed to determine the
pattern of olfactory involvement from pre-symptomatic
Huntington’s disease to the end stage of the disease.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/5002221512300124X.

Acknowledgements. The authors appreciate all the participants and hos-
pital personnel for their worthy co-operation in this study.

Competing interests. None declared

References

—

Illarioshkin S, Klyushnikov S, Vigont V, Seliverstov YA, Kaznacheyeva E.
Molecular pathogenesis in Huntington’s disease. Biochemistry (Moscow)
2018;83:1030-9

Baig SS, Strong M, Quarrell OW. The global prevalence of Huntington’s
disease: a systematic review and discussion. Neurodegener Dis Manag
2016;6:331-43

Ghosh R, Tabrizi SJ. Clinical features of Huntington’s disease. Adv Exp
Med Biol 2018;1049:1-28

4 Fullard ME, Morley JF, Duda JE. Olfactory dysfunction as an early bio-
marker in Parkinson’s disease. Neurosci Bull 2017;33:515-25

Alonso CC, Silva FG, Costa LO, Freitas SM. Smell tests can discriminate
Parkinson’s disease patients from healthy individuals: a meta-analysis.
Clin Neurol Neurosurg 2021;211:107024

Marin C, Vilas D, Langdon C, Alobid I, Lépez-Chacén M, Haehner A et al.
Olfactory dysfunction in neurodegenerative diseases. Curr Allergy Asthma
Rep 2018;18:42

Murphy C. Olfactory and other sensory impairments in Alzheimer disease.
Nat Rev Neurol 2019;15:11-24

Rey NL, Wesson DW, Brundin P. The olfactory bulb as the entry site for
prion-like propagation in neurodegenerative diseases. Neurobiol Dis
2018;109:226-48

Patino J, Karagas NE, Chandra S, Thakur N, Stimming EF. Olfactory dys-
function in Huntington’s disease. ] Huntingtons Dis 2021:1-10

10 Haehner A, Boesveldt S, Berendse H, Mackay-Sim A, Fleischmann J,
Silburn PA et al. Prevalence of smell loss in Parkinson’s disease-a multi-
center study. Parkinsonism Relat Disord 2009;15:490-4

[3S]

w

w

(o)

~

o]

o

https://doi.org/10.1017/5002221512300124X Published online by Cambridge University Press

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

319

Zou Y-m, Da Lu L-pL, Zhang H-h, Zhou Y-y. Olfactory dysfunction in
Alzheimer’s disease. Neuropsychiatr Dis Treat 2016;12:869

Moberg PJ, Pearlson GD, Speedie LJ, Lipsey JR, Strauss ME, Folstein SE.
Olfactory recognition: differential impairments in early and late
Huntington’s and Alzheimer’s diseases. J Clin Exp Neuropsychol
1987;9:650-64

Nordin S, Paulsen JS, Murphy C. Sensory-and memory-mediated olfactory
dysfunction in Huntington’s disease. J Int Neuropsychol Soc 1995;1:281-90
Bylsma FW, Moberg PJ, Doty RL, Brandt J. Odor identification in
Huntington’s disease patients and asymptomatic gene carriers. ]
Neuropsychiatry Clin Neurosci 1997;9:598-600

Bacon Moore A, Paulsen JS, Murphy C. A test of odor fluency in patients
with Alzheimer’s and Huntington’s disease. J Clin Exp Neuropsychol
1999;21:341-51

Larsson M, Lundin A, Robins Wahlin T-B. Olfactory functions in asymp-
tomatic carriers of the Huntington disease mutation. J Clin Exp
Neuropsychol 2006;28:1373-80

Paulsen JS, Langbehn DR, Stout JC, Aylward E, Ross CA, Nance M et al.
Detection of Huntington’s disease decades before diagnosis: the
Predict-HD study. ] Neurol Neurosurg Psychiatry 2008;79:874-80
Pirogovsky E, Gilbert PE, Jacobson M, Peavy G, Wetter S, Goldstein ] et al.
Impairments in source memory for olfactory and visual stimuli in preclin-
ical and clinical stages of Huntington’s disease. J Clin Exp Neuropsychol
2007;29:395-404

Tabrizi SJ, Langbehn DR, Leavitt BR, Roos RA, Durr A, Craufurd D et al.
Biological and clinical manifestations of Huntington’s disease in the longi-
tudinal TRACK-HD study: cross-sectional analysis of baseline data. Lancet
Neurol 2009;8:791-801

Tabrizi SJ, Scahill RL, Durr A, Roos RA, Leavitt BR, Jones R et al. Biological
and clinical changes in premanifest and early stage Huntington’s disease in
the TRACK-HD study: the 12-month longitudinal analysis. Lancet Neurol
2011;10:31-42

Heim B, Valent D, Carbone F, Spielberger S, Krismer F, Djamshidian-
Tehrani A et al. Extending the spectrum of nonmotor symptoms with
olfaction in premotor Huntington’s disease: a pilot study. Neurodegener
Dis 2020;20:207-11

Hummel T, Whitcroft KL, Andrews P, Altundag A, Cinghi C, Costanzo RM
et al. Position paper on olfactory dysfunction. Rhinol Suppl 2017;56:1-30
Ltsch J, Reichmann H, Hummel T. Different odor tests contribute differ-
ently to the diagnostics of olfactory loss. Chem Senses 2008;33:1721
Hedner M, Larsson M, Arnold N, Zucco GM, Hummel T. Cognitive fac-
tors in odor detection, odor discrimination, and odor identification
tasks. J Clin Exp Neuropsychol 2010;32:1062-7

Whitcroft KL, Cuevas M, Haehner A, Hummel T. Patterns of olfactory
impairment reflect underlying disease etiology. Laryngoscope 2017;127:291-5
Hummel T, Podlesek D. Clinical assessment of olfactory function. Chem
Senses 2021;46:bjab053

Oleszkiewicz A, Schriever V, Croy I, Hihner A, Hummel T. Updated
Sniffin’Sticks normative data based on an extended sample of 9139 sub-
jects. Eur Arch Otorhinolaryngol 2019;276:719-28

Hummel T, Kobal G, Gudziol H, Mackay-Sim A. Normative data for the
“Sniffin’Sticks” including tests of odor identification, odor discrimination,
and olfactory thresholds: an upgrade based on a group of more than 3,000
subjects. Eur Arch Otorhinolaryngol 2007;264:237-43

Doty RL, Shaman P, Applebaum SL, Giberson R, Siksorski L, Rosenberg L.
Smell identification ability: changes with age. Science 1984;226:1441-3
Ansari NN, Naghdi S, Hasson S, Valizadeh L, Jalaie S. Validation of a
Mini-Mental State Examination (MMSE) for the Persian population: a
pilot study. Appl Neuropsychol 2010;17:190-5

Ross CA, Aylward EH, Wild EJ, Langbehn DR, Long JD, Warner JH et al.
Huntington disease: natural history, biomarkers and prospects for thera-
peutics. Nat Rev Neurol 2014;10:204-16

Kamrava SK, Hosseini SF, Farhadi M, Jalessi M, Talebi A, Amini E et al.
Cultural adaptation of the Iranian version of the “Sniffin’Sticks” olfactory
test. Med ] Islam Repub Iran 2021;35:1141-8

Schifer L, Schriever VA, Croy I. Human olfactory dysfunction: causes and
consequences. Cell Tissue Res 2021;383:569-79

Kamrava SK, Tavakol Z, Talebi A, Farhadi M, Jalessi M, Hosseini SF et al.
A study of depression, partnership and sexual satisfaction in patients with
post-traumatic olfactory disorders. Sci Rep 2021;11:1-8

Vonsattel J-P, Myers RH, Stevens TJ, Ferrante RJ, Bird ED, Richardson EP.
Neuropathological classification of Huntington’s disease. ] Neuropathol
Exp Neurol 1985;44:559-77


https://doi.org/10.1017/S002221512300124X
https://doi.org/10.1017/S002221512300124X
https://doi.org/10.1017/S002221512300124X

320

36 Gleeson P, Lung D, Grosu R, Hasani R, Larson SD. c302: a multiscale
framework for modelling the nervous system of Caenorhabditis elegans.
Philos Trans R Soc Lond B Biol Sci 2018;373:20170379

37 Highet B, Dieriks BV, Murray HC, Faull RL, Curtis MA. Huntingtin aggre-
gates in the olfactory bulb in Huntington’s disease. Front Aging Neurosci
2020;12:261

38 Cecchini MP, Federico A, Zanini A, Mantovani E, Masala C, Tinazzi M
et al. Olfaction and taste in Parkinson’s disease: the association with
mild cognitive impairment and the single cognitive domain dysfunction.
J Neural Transm (Vienna) 2019;126:585-95

39 Serby M, Larson P, Kalkstein DS. The nature and course of olfactory def-
icits in Alzheimer’s disease. Am ] Psychiatry 1991;148:357-60

40 Fang T-C, Chang M-H, Yang C-P, Chen Y-H, Lin C-H. The association of
olfactory dysfunction with depression, cognition, and disease severity in
parkinson’s disease. Front Neurol 2021;12:779712

41 Nabizadeh F, Pirahesh K, Khalili E. Olfactory dysfunction is associated with
motor function only in tremor-dominant Parkinson’s disease. Neurol Sci
2022;43:4193-201

https://doi.org/10.1017/5002221512300124X Published online by Cambridge University Press

42

43

44

45

46

E Amini, M Rohani, S A H Habibi et al.

Pelosin E, Ogliastro C, Lagravinese G, Bonassi G, Mirelman A, Hausdorff
JM et al. Attentional control of gait and falls: is cholinergic dysfunction a
common substrate in the elderly and Parkinson’s disease? Front Aging
Neurosci 2016;8:104

Berendse HW, Roos DS, Raijmakers P, Doty RL. Motor and non-motor
correlates of olfactory dysfunction in Parkinson’s disease. J Neurol Sci
2011;310:21-4

Ubeda-Banon I, Saiz-Sanchez D, de la Rosa-Prieto C, Martinez-Marcos A.
o-Synuclein in the olfactory system in Parkinson’s disease: role of
neural connections on spreading pathology. Brain Struct Funct 2014;219:
1513-26

Dominguez JF, Stout JC, Poudel G, Churchyard A, Chua P, Egan GF
et al. Multimodal imaging biomarkers in premanifest and early
Huntington’s disease: 30-month IMAGE-HD data. Br ] Psychiatry
2016;208:571-8

Abeyasinghe PM, Long JD, Razi A, Pustina D, Paulsen JS, Tabrizi SJ et al.
Tracking Huntington’s disease progression using motor, functional, cogni-
tive, and imaging markers. Mov Disord 2021;36:2282-92


https://doi.org/10.1017/S002221512300124X

	Underestimated olfactory domains in Huntington's disease: odour discrimination and threshold
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


