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ABSTRACT

Introduction. Many neurodegenerative disorders are associated with olfactory dysfunction (OD), but little is known about OD
in Wilson’s Disease (WD). We evaluated olfactory function in patients with WD.

Material and methods. OD was examined in 68 patients with WD and 70 sex- and age-matched healthy controls using subje-
ctive testing with ‘Sniffin Sticks Threshold discrimination identification (TDI) score and its three components (odour detection
threshold, discrimination, and identification) were assessed.

Results. Compared to controls, patients with WD had a significantly weaker sense of smell in terms of TDI (p < 0.01), odour
discrimination (p < 0.01), and identification (p < 0.01), but not in terms of odour detection threshold (p = 0.27). Patients with
predominantly neurological symptoms were characterised by greater OD by TDI (p < 0.01), odour detection threshold (p =0.01),
and discrimination (p = 0.03). The presence of pathological lesions (p = 0.04) in brain magnetic resonance imaging and genera-
lised brain atrophy (p = 0.02) predisposed to worse TDI.

In the WD group, weak inverse correlations between age and TDI score (r = -0.27), odour detection threshold (r = -0.3), and
discrimination (r = -0.3) were found. Male gender was a risk factor for abnormal TDI in both WD and controls (both p = 0.02).

Conclusions. Patients with WD, particularly older individuals, more frequently had OD than healthy volunteers. Predominantly
neurological symptoms, and the presence of typical brain MRI changes, predisposed patients with WD to smell disorders.
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Introduction

Olfactory dysfunction (OD) is a frequently observed senso-
ry symptom associated with various neurodegenerative disor-
ders, including Alzheimer’s Disease (AD), Parkinson’s Disease
(PD), Huntington’s Disease and hereditary ataxia [1-4].
Recently, a link between OD and SARS-CoV-2 infection has
been described [5]. Olfaction is transmitted by olfactory nerve
fibres which pass the cribriform plate to enter the olfactory
bulb, then proceed to the olfactory tract and olfactory striae
to reach the olfactory cortex (piriform cortex, amygdala and

entorhinal cortex). The olfactory cortex has numerous con-
nections with the orbitofrontal cortex, insula, amygdala, and
cerebellum, which are organised as an olfactory network [6].

Wilson’s Disease (WD) is an autosomal recessive disorder
of copper metabolism, caused by mutations in the copper
transporting ATPase (ATP7B) that is responsible for excess
copper excretion by hepatocytes. WD results in copper
accumulation and subsequent clinical symptoms in various
organs, but particularly in the liver and brain. Symptoms
usually appear between the ages of five and 35. Most frequent
is hepatic presentation (50-60% of cases) ranging from elevated
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liver enzymes to liver cirrhosis and, rarely, acute liver failure.
Neurological symptoms (up to 40% of patients) include move-
ment disorders such as dystonia, tremor, bradykinesia, chorea
associated with dysphagia, dysarthria, drooling, and gait and
posture disturbances [7-9].

OD is of interest in many diseases, but there is little data
regarding OD in WD. As early as the 1990s, patients with WD
pointed out a possible olfactory deficit in a patients’ newsletter
[10]. Some patients, but not others, were unable to perceive
certain bad odours. To date, only three studies have evaluat-
ed smell impairment [11, 12] or identification [13] in WD.
Currently, smell dysfunction evaluation is based on functional
assessment of global odour identification.

Identifying specific smells that are less perceived by
patients with WD would allow for the development of more
specific diagnostic olfactory tests for WD.

The aim of this study was to evaluate the sense of smell in
patients with WD and in a comparable control group, includ-
ing the odour detection threshold and the ability to identify
and discriminate odours, and to define which smells are poorly
identified by patients with WD.

Material and methods

Participants

Patients with WD plus sex- and age-matched healthy
controls were prospectively enrolled in this study before the
COVID-19 pandemic. All WD patients were treated at
the Second Department of Neurology, Institute of Psychiatry
and Neurology in Warsaw, Poland. Key eligibility criteria were:
a confirmed diagnosis of WD (Leipzig score of 4 or more
points) [14], signed informed consent, and the ability to par-
ticipate in smell testing. WD patients were classified according
to the predominant clinical symptoms (neurological or hepatic
form) or the absence of clinical symptoms (asymptomatic or
symptomatic) as described previously [15]. Data was also
collected on patient demographics, the presence of Kayser-
Fleischer rings, treatment type (i.e. d-penicillamine or zinc
sulfate) and duration, smoking, and alcohol consumption. All
participants were interviewed and physically examined to rule
out any conditions that can cause OD, such as nasal polyposis,
allergic rhinitis, acute or chronic rhinosinusitis, previous nasal
or paranasal surgery, or recent upper airway tract infections.
The control group comprised healthy volunteers with no
history of neurological or hepatic diseases or smell problems.

Magnetic resonance imaging (MRI)

An MRI examination was performed in sagittal, frontal
and transverse sections in spin echo (SE) and fast spin echo
(FSE) sequences, with resulting T1-, T2-weighted and Flair
images. The obtained MRI results were evaluated for the pres-
ence of hypointense or hyperintense focal lesions in T1- and
T2-weighted sequences in typical WD structures including:
globi pallidi, putamen, caudate nuclei, thalamus, cerebellum,

and pons. The presence of atrophy dilation of lateral ventricles,
dilation of cerebral sulci, and subarachnoid space) was assessed
in the T1-weighted sequence.

Evaluation of olfactory function

Olfactory function assessment was performed using
a ‘Sniffin Sticks’ subjective test (Heinrich Burghart GmbH,
Germany) [16, 17], comprising an assessment of odour de-
tection threshold, and the discrimination and identification
of odours. The individually evaluated fragrances or odourless
substances were placed in spongy buds in tightly closed plas-
tic frames (the so-called ‘sticks’). A 3-5-minute interval was
maintained between the subsequent parts of the test. Fifteen
minutes before the start of the test, the subjects refrained
from consuming liquid or solid food, smoking cigarettes, or
chewing gum.

Tests were performed as described previously [16]. In brief,
the olfactory detection threshold test consisted of the deter-
mination of the fragrance threshold for phenylethyl alcohol
(PEA) or butanol. Sixteen butanol solutions were used for this
test. In each sample, three sticks (‘triplets’) were presented, one
containing n-butanol, and the other two containing solvent.
The triplets were presented at intervals of approximately
30 seconds. The results ranged from 1 to 16, where the higher
the score, the lower (i.e. better) the olfactory threshold. The
discrimination test consisted of distinguishing one stick with
a different scent from two sticks with the same scent. Sixteen
triplets were used for the test. The result of the test was the
sum of all correctly differentiated smells, ranging from 0 to
16. The odour identification test involved identifying 16 com-
mon odours. After presenting the stick, the patient selected
a fragrance from a list of four different fragrances. The sticks
were presented at 30-second intervals. The test result was the
sum of correctly identified smells and ranged from 0 to 16.

The threshold discrimination identification (TDI) score
was the sum of the results of the odour detection threshold,
plus the discrimination and identification tests. A TDI total
score of 15 or below indicated anosmia, a score of 16-30 in-
dicated hyposmia, and a score above 30 indicated normosmia
[17]. The room in which the test was carried out was air-con-
ditioned and quiet; the person tested had their eyes closed
or covered for the duration of the test. During the test, the
investigator used odourless disposable gloves.

This study was approved by the Bioethical Committee of
the Institute of Psychiatry and Neurology, Warsaw, Poland.

Statistical analysis

Calculations were carried out using Statistica v.10 (Stat
Soft Inc., Tulsa, OK, USA). Data was presented as numbers
with percentages or means with standard deviations (SD).

The preliminary correlation analysis was carried out by
examining the significance of differences in mean or median
values for individual parameters in the WD group and the
healthy volunteer group. For factors measured on continuous
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scales and to assess the differences in the impact of the factors,
the Wilcoxon rank sum test was applied. For factors measured
on nominal scales, the relationship between the variables was
tested in the system of contingency tables, using the chi-square
test, or Fisher’s exact test. Analysis of the correlations between
TDI, odour detection threshold and odour discrimination
parameters and clinical parameters were performed using the
Spearman’s rank correlation coefficient. For multiple compar-
isons, hypothesis testing was performed using the Bonferroni
correction (the p-value divided by the total number of pairwise
comparisons) to correct for the possibility that in multiple
comparisons the null hypothesis would be rejected by chance.
P < 0.05 was considered to be statistically significant.

Results

In total, 68 patients with WD were enrolled, including
35 women and 33 men. The control group consisted of 70 age-
and gender-matched healthy volunteers. The demographics of
the evaluated groups are set out in Table 1.

The average age of the WD patients at the time of study re-
cruitment was 29.1 + 9.4 years, and the age at diagnosis of WD was
27.0 + 8.9 years. The presence of Kayser-Fleischer rings was con-
firmed in 46 (68%) patients. None of the patients reported smell
problems. However, this was not verified by objective methods.

Neurological examination and MRI
At the time of the olfactory examination, 36 (51.5%)
patients had no significant deviations from the normal state

Table 1. Demographic and clinical characteristics of patient and control groups

Gender, female, n (%)

Age at study recruitment, mean * SD (years)

Latency between disease onset and smell test, mean + SD (years)
Latency between WD diagnosis and smell test, mean + SD (years)
Treatment

Treatment duration, median (95% Cl), years

D-penicillamine, n (%)

Zinc sulfate, n (%)

Use of tobacco and alcohol

Smoking, n (%)

Alcohol consumption, n (%)

Clinical symptoms of WD at study recruitment
Hepatic symptoms, n (%)

Neurological symptoms, n (%)

Asymptomatic, n (%)

Kayser-Fleischer ring, n (%)
Cl — confidence interval; SD — standard deviation; WD — Wilson'’s Disease

in the neurological examination; 32 (47%) had neurological
symptoms; and one (1.5%) was asymptomatic. Among neuro-
logical forms, rigidity was diagnosed in four (13%) patients,
tremor in 15 (48%), rigidity-tremor in seven (22.5%), and
dystonic form in five (16%) patients.

MRI was performed on 63 patients. In 27 (42.9%) patients,
no focal pathological lesions were found. In 9 (14.3%) patients,
lesions were found in only one structure, while 27 (42.9%) pa-
tients had pathological lesions in at least two brain structures.

Evaluation of smell in WD patients and healthy
volunteers

Statistically significant differences were found between the
tested groups, with reduced TDI, discrimination, and identi-
fication in WD patients compared to controls (all p < 0.01),
but there was no significant difference in odour detection
threshold (Table 2).

A comparison of correct answers (%) in the identification
test between the study groups is set out in Table 3. Significant
differences were noted between the groups for the target
fragrances of banana, lemon, turpentine, cloves, pineapple,
rose, and aniseed, with reduced identification in the WD vs.
controls in each case. The least frequently identified fragrance
in both groups was the smell of apples.

Patients with predominantly neurological symptoms were
identified by greater smell disorders in terms of TDI (p < 0.01),
odour detection threshold (p=0.01),and discrimination (p=0.03)
compared to patients with predominantly liver-related symp-
toms (data not shown).

Wilson'’s Disease Healthy volunteers P-value*
(n=68) (n=70)
35(51.47%) 45 (64.29%) 0.71
35.1+£12.0 34.7+10.6 0.95
81+98 -
6.1+£9.8 -
6.06 (8.38-11.79) -
36 (53%) -
32 (47%) =
17 (25%) 11 (15.71%) 0.17
7(10.61%) 20 (29.85%) 0.01

35 (51.47%) =
32 (47.05%) =
1(1.47%) =
46 (68%) =

*P-value was calculated using chi-square test for comparisons of number of correct answers between Wilson's Disease patients and healthy volunteers
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Table 2. Values of total result of olfactory test (threshold detection identification) and its individual components in study groups (scores)

Parameter (mean + SD)

Threshold detection identification
Odour detection threshold
Odour discrimination

Odour identification

NS — not significant; SD — standard deviation
After Bonferroni correction, all except odour detection threshold were statistically significant

Wilson'’s Disease Healthy volunteers P-value*
(n=68) (n=70)
28.41+4.42 3291+£2.80 0.00
5.80+1.59 6.04+1.61 0.27 (NS)
11.23 £2.60 13.60 + 1.34 0.00
11.37£2.13 13.27 £1.31 0.00

*P-value was calculated using chi-square test for comparisons of number of correct answers between Wilson’s Disease patients and healthy volunteers

Table 3. Comparison of correct answers (%) in identification test in study groups

Target Other fragrances “to choose”  Wilson’s Disease, Healthy P-value* P-value* after
fragrance n (%) volunteers, Bonferroni
n (%) correction
Orange Blackberry, strawberry, pineapple 57 (83.8) 62 (88.6) 0.42 NS
Skin Smoke, glue, grass 39(57.4) 49 (70.0) 0.12 NS
Cinnamon Honey, vanilla, chocolate 39(57.4) 54(77.1) 0.13 NS
Mint Chives, fir, onion 65 (95.6) 68 (97.1) 0.62 NS
Banana Coconut, walnut, cherry 51(75.0) 67 (95.7) 0.00 0.008
Lemon Peach, apple, grapefruit 27 (39.7) 40 (57.1) 0.04 NS
Liquorice Cherry, green mint, cake 53(77.9) 55(78.6) 0.15 NS
Turpentine Mustard, rubber, menthol 27 (39.7) 44 (62.9) 0.01 NS
Garlic Onions, sauerkraut, carrots 62(91.2) 69 (98.6) 0.05 NS
Coffee Paper, wine, smoke 67 (98.5) 68 (97.1) 0.58 NS
Apple Melon, peach, orange 20(29.4) 29 (41.4) 0.14 NS
Cloves Pepper, cinnamon, mustard 54 (79.4) 65 (92.9) 0.02 NS
Pineapple Pear, plum, peach 40 (58.8) 57 (81.4) 0.04 NS
Rose Camonmile, raspberry, cherry 52(76.5) 66 (94.3) 0.003 0.048
Aniseed Rum, honey, fir 46 (67.6) 66 (94.3) 0.00 0.002
Fish Bread, cheese, ham 67 (98.5) 70(100) 0.31 NS

*P-value was calculated using chi-square test for comparisons of number of correct answers between Wilson's Disease patients and healthy volunteers

Relation between demographic and clinical data
and occurrence of olfactory disorders

In the group of WD patients, there was a weak inversely
proportional correlation between the age of the patient and
the TDI result (r = -0.27), their odour detection thresh-
old (r = -0.3), and their odour discrimination (r = -0.3)
(all p < 0.05). This relationship was not observed in the group
of healthy volunteers.

Worse results were obtained in men vs. women in both
groups. Among men vs. women with WD, there were statisti-
cally significantly worse TDI results (p = 0.02), odour detection
threshold results (p = 0.03), and a trend towards worse odour
identification (p = 0.087). Similarly, in the group of healthy
volunteers, men obtained a statistically significantly lower
TDI result (p = 0.02), and were less able to identify smells
than women (p = 0.003).

There was no statistically significant correlation between the
presence of Kayser-Fleischer rings and the occurrence of OD in
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TDI (p=0.5) and its components [olfactory threshold (p = 0.98),
discrimination (p = 0.31), and identification (p = 0.86)].

Abnormal brain MRI with the presence of pathological
lesions (p = 0.04) characteristic for WD, including the globus
pallidus (p = 0.02) and/or the putamen (p = 0.048), and gen-
eralised brain atrophy (p = 0.02) predisposed to a worse TDL.

There was no effect of the type of treatment (d-penicillamine
vs. zinc sulfate) on the TDI score (p = 0.4) or on the individual
components of the olfactory test [olfactory threshold (p = 0.16),
discrimination (p = 0.91), and identification (p = 0.45)].

There were no significant differences in the result of the
TDI score (p = 0.39) and its components [olfactory threshold
(p=0.82),discrimination (p=0.27),and identification (p=0.21)]
between smokers and non-smokers.

Only seven (10.61%) patients with WD and 20 (29.85%)
from the control group declared alcohol consumption. Due
to these small numbers, we were unable to reliably assess the
influence of alcohol consumption on olfactory parameters.
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Discussion

In this relatively large cohort of patients with WD and
healthy volunteers, WD was associated with OD, particularly
as related to odour discrimination and identification. The
exact mechanism of OD in WD is unclear, but it is possible
that copper deposits may impair the structural, regulatory,
and catalytic functions of the enzymes, receptors, transporters,
and other proteins [18]. In WD, there is neuronal loss and
atrophy in the thalamus and lenticular nucleus (structures
involved in odour processing), as well as in the other parts of
the basal ganglia [19].

Although patients with a neurological presentation of
WD typically develop extrapyramidal symptoms [8], other
subclinical abnormalities have also been reported in mo-
tor-evoked potentials reflecting pyramidal tracts damage [20],
somatosensory, auditory and visually-evoked potentials [21],
visual pathways [22] and blink reflex [23]. Our study supports
other reports which have suggested that, additionally, olfactory
tracts may be affected in WD patients [11-13].

Our results are consistent with the findings of Mueller et
al., who observed a significant decrease in olfactory function
in 24 WD patients compared to a control group in a study
using Sniffin Sticks [11]. Similarly, a study by Chen et al., using
a simplified Chinese version of the University of Pennsylvania
Smell Identification Test, demonstrated that patients with WD
had lower smell identification skills compared to a control
group [12]. Obtained average values of the odour discrimina-
tion and identification test in the studied control group were
comparable to the standards adopted for many European and
Asian countries [17, 24, 25].

Comparing the ability to identify smells by WD patients
and healthy volunteers in the studied group, the most visible
deficiencies in the WD group concerned the identification
of aniseed, banana, pineapple, rose, turpentine, lemon, and
cloves. These results are partly consistent with those pre-
sented in an abstract by Carvalho et al. [13]. When assessing
the identification of smells using Sniffin Sticks in 64 patients
with WD and 60 people from a control group, they found the
most significant differences between the groups concerned
the identification of mint, banana, lemon, aniseed, and fish [13].

However, in our study, the smells of fish, coffee and mint
were equally well identified by both groups. In our work,
the least frequently identified fragrance in both the group of
patients and the healthy control group was apples, which is
consistent with reports from Turkish [26], German [1], and
Belgian populations [27].

In our study, patients with dominant neurological symp-
toms scored much worse in TDI, odour detection threshold
and odour discrimination compared to patients with dominant
hepatic symptoms. Similar results were published by Mueller
et al., where 13 WD patients with neurological symptoms
obtained much worse olfactory results compared to 11 patients
with WD-induced liver damage only [11]. Similarly to our

results, the greatest differences concerned the odour detection
threshold and odour discrimination, with no differences found
in the ability to identify odours.

In our cohort, the presence of brain MRI changes typical
for WD (in globi pallidi, putamen and generalised brain at-
rophy) resulted in poorer olfactory function in WD patients.
This is not consistent with Mueller et al., who did not find
significant correlations between OD and the presence of lesions
by MRI (n = 24) or abnormalities of glucose metabolism by
positron emission tomography (n = 21) [11]. In men with the
neurological form, cerebellar atrophy and a trend indicating
cerebral atrophy have been found to be more common [28].
However, to date, these differences have not been linked to OD.

Analysing the influence of age on the sense of smell in WD
patients, we found a slight inverse proportional correlation
with TDI, olfactory threshold score, and discrimination. No
such relationship was found in the control group. Structural
changes within the olfactory tract must be mentioned when
discussing the reasons for age-related olfactory impairment,
beginning with changes in the olfactory epithelium along with
a decrease in the number of olfactory receptors [29], through
the olfactory bulb, and ending with weaker age-dependent
olfactory cortex activation [30].

According to most authors, the odour detection threshold
increases with age [16, 31], although other authors [32] have
recorded comparable odour detection thresholds between
young people and healthy elderly people without cognitive
impairment. Similarly, it has been found that the ability to
discriminate odours is weaker in older people, and particularly
so in males [33].

Women may have a better ability overall to identify odours.
A meta-analysis by Sorokowski et al. [34] demonstrated that in
every analysed aspect of olfactory function, i.e. odour detection
threshold, discrimination and identification, women performed
better than men. Similarly, in our study, women were less likely
to present with OD than men. Additionally, there were more
women in the control group, which may explain why smell
appeared to be better in the control group. According to the
literature review by Doty and Cameron, sex hormones are not
the only factors determining the differences in smell sensation
between women and men [35]. Other factors affecting smell
may include those concerning the impact of the monthly cycle
and pregnancy on the sense of smell, and whether the neuroen-
docrine changes are specific and concern only selected types
of smells. Another meta-analysis of 13 studies found that the
odour detection threshold is significantly lower in the fertile
phase compared to the non-fertile phase of the monthly cycle
[36]. However, we did not investigate the effects of the men-
strual cycle or the use of contraceptives on the sense of smell.

We did not find a relationship between the tested olfactory
parameters and cigarette smoking, either in WD patients or
healthy volunteers. Results of studies assessing the impact
of cigarette smoking on smell sensation are inconsistent.
A meta-analysis of 11 studies showed a higher risk of OD in
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current but not former smokers [37]. Cengel Kurnaz et al. [38]
demonstrated that olfactory functions were affected by both
active and passive smoking. Smoking had the greatest impact
on the odour detection threshold, followed by identification
and discrimination [38].

Finally, our study was conducted before the COVID-19 pan-
demic. The prevalence of olfactory deficits worldwide in
COVID-19 patients has been estimated to be 22.2% [39].
A similar study to ours, being conducted currently, may have
been biased by the effects of COVID-19 on WD patients, or pa-
tients who suffered from COVID-19 would have to have been
disqualified from participating. This also limits the usefulness
of performing routine smell testing in WD patients. Moreover,
this would not change the methods of routine diagnosis and
treatment in this group of patients.

Limitations of study

The main limitation of our study is that not all patients,
and none of the healthy volunteers, had a brain MRI. Hence,
we cannot exclude any potential subclinical/preclinical lesions.
Moreover, olfactory tracts in the central nervous system
involve multiple anatomical structures and functional con-
nectivity, and these complex interrelations and connections
make it difficult to define the observed OD to any specific
brain structures.

Conclusions

Patients with WD, particularly males and older indi-
viduals, often experience OD even if they are unaware of it.
Predominant neurological symptoms and the presence of
typical brain MRI changes may predispose WD patients to
smell disorders.

Conflicts of interest: None.
Funding: None.
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