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when controlled for age, the authors did not adjust the results
for MMSE scores. Connely er al'! studied a group of 35 non-
demented patients with assorted degenerative ataxias (including
SCA 8, 7, 2 and FA), showing a deficit in olfaction when
compared with age- and gender-matched control subjects.
Fernandez-Ruiz et al'® reported olfactory impairments in 29
patients with autosomal dominant, recessive and sporadic ataxia
in comparison with 29 age- and gender-matched controls,
however, they did not correlate the UPSIT with the MMSE
scores. Velazquez-Perez et al® found that UPSIT scores were
lower in a group of 53 SCA 2 patients when compared with
53 controls, but when demented subjects were excluded, there
was no significant difference in UPSIT scores between groups.
Recently, Braga-Neto et al'* demonstrated olfactory dysfunction
in 41 subjects with SCA 3 even when matched for age, gender
and MMSE scores. They excluded all patients whose MMSE
score was below 24, or individuals with less than 5 years of
education.

The role of the cerebellum in olfaction has been proposed but
never fully clarified, and the anatomical pathways that lead to
this connection have not yet been demonstrated, however, in
1997, Yousen et al*® reported FMRI findings in five adult men
with normal sense of smell, showing that olfactory nerve-
mediated-stimulation activated the orbitofrontal and cerebellar
areas, suggesting that the cerebellum is involved in sensory
discrimination and attention to tasks. Sobel et al,>’ using fMRI,
demonstrated that the cerebellum shows olfactory-related acti-
vation which was dependent on the odorant concentration,
reinforcing the idea of a role for the cerebellum in olfaction.
Nevertheless, the same study showed cerebellar activation
during the sniffing of non-odourised air, which was hypoth-
esised as part of a cerebellar role in the maintenance of a feed-
back mechanism regulating the sniffing magnitude. In another
functional study, Qureshy e a/*® mapped the human brain
during olfactory processing and reported a cerebellar activation
during olfactory naming, suggesting the cerebellum may have a
role in cognitive olfactory processing. Savic reported” 52 in four
different papers using fMRI or PET scan that the cerebellum is
activated during odour discrimination, odour recognition memory
and during passive smelling. Finally, Ferdon and Murphy®® dem-
onstrated in an fMRI study with 10 young and 10 elderly adults,
that olfactory tasks caused activation of the cerebellar lobes,
especially in superior semilunar lobule, inferior semilunar lobule
and posterior quadrangular lobule.

Besides the motor control and olfaction, the cerebellum has been
well recognised to be involved in cognitive processing® > These
findings were consistent with a_number of studies evidencing
a cerebellar role during attention,*® memory,* * language®® and
verbal fluency.”!

Stoodley and Schmahmann® showed similar findings in an
EMRI study with healthy subjects, showing cerebellar activation
during cognitive functioning in the posterior lobe areas, these
findings were supported in different studies®® *> % and the
posterior lobes were recognised as cognition regions.

Burk® studied cognition in SCA and FA patients reporting
mild cognitive deficits in SCA1,SCA2 and SCA3 present on
verbal memory tasks, supported by the hypothesis that these
deficits are due to a disruption of cerebrocerebellar circuitries and
not from the cerebellar degeneration per se.

The relationship between cognitive and smell test scores has
previously been reported in control subjects,” subjects with
mild cognitive impairment and patients with AD, and other
neurodegenerative diseases such as PD** and progressive supra-
nuclear palsy.® Ours is the first study to show an association

between olfaction and cognitive function in ataxias, but we
suggest that in future studies, cognitive performance—measured
by the crude score on the MMSE or more sophisticated neuro-
psychometric testing—should be taken into consideration when
studying olfaction in neurodegenerative diseases, and ataxia in
particular.

Quantitative correlation of clinical findings with MRI data
was not possible in this study; future studies including voxel-
based morphometry, diffusion tensor imaging, and fMRI might
help clarify this subject further. In studies with homogeneous
groups of genetic ataxia patients, correlation with repeat length
might also provide additional insights.

Our data, derived from the largest series of patients with
a heterogeneous group of ataxia tested for smell deficit so far,
confirm the presence of hyposmia in cerebellar ataxia, and
further demonstrates that cognitive deficits in the ataxia group
might be a confounding factor, and should be taken into
consideration in future studies. Although the two deficits might
be independent, it is also possible that cognitive difficulties
partly explain the smell deficit found in the ataxia group when
compared with controls.
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