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Abstract
Background—Formal olfactory testing may be useful as a bedside tool to help differentiate
between conditions such as atypical parkinsonism, dementia, and psychiatric conditions. However,
the neural basis of olfactory dysfunction, the effect of concurrent cognitive deficits on olfactory
testing results, and the exact prevalence of olfactory deficits in populations with corticobasal
syndrome (CBS) and the frontal variant of frontotemporal dementia (FTD-FV) are to date unclear.

Objective—To assess the prevalence and the neural basis of olfactory recognition deficits in patients
with a clinical diagnosis of CBS or FTD-FV.

Design—Retrospective study of clinical, neuropsychological, and imaging data.

Setting—National Institute of Neurological Disorders and Stroke, National Institutes of Health,
Bethesda, Maryland.

Participants—Twenty-five patients with CBS, 22 with FTD-FV, and 12 age-matched control
subjects.

Main Outcome Measures—Results of neuropsychological evaluation, formal olfactory
recognition testing (University of Pennsylvania Smell Identification Test [UPSIT]), and voxel-based
morphometry analysis of structural magnetic resonance images of the brain.

Results—Mean UPSIT percentile scores were 31.6% for the CBS group and 9.5% for the FTD-FV
group. The voxel-based morphometry correlations between local gray matter and UPSIT scores
showed a significant volume effect in the right midfrontal gyrus for the FTD-FV patients and in the
right insula, right midfrontal gyrus, and bilateral inferior frontal gyrus for the patients with CBS. A
linear regression analysis of the UPSIT scores revealed as significant predictors the general memory
score of the Wechsler Memory Scale and the Boston Naming Test total score for the patients with
FTD-FV and the Mattis Dementia Rating Scale total score for the patients with CBS.
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Conclusions—Our data showed a more severe olfactory impairment for CBS patients than
previously reported. We also showed a significant relationship between formal olfactory recognition
testing scores and specific cognitive domains. These findings could be useful to clinically
differentiate FTD-FV and CBS from other dementing illnesses and movement disorders.

Olfactory dysfunction is a frequent finding in healthy aging1 and in neurodegenerative diseases.
2 Smell testing is often absent from the neurological examination. However, in recent years,
some researchers have advocated for a more complete clinical screening of olfactory
capabilities.3 This interest in olfaction was motivated by studies showing early olfactory
impairments in patients with Parkinson disease,4 sometimes preceding the development of the
motor or cognitive features. In this study, we combined formal olfactory recognition testing
and voxel-wise analysis of magnetic resonance images (MRIs) to assess the prevalence and
neural basis of olfactory recognition deficits in patients with a clinical diagnosis of corticobasal
syndrome (CBS) or the frontal variant of frontotemporal dementia (FTD-FV). It has been
proposed that olfactory recognition testing could be useful to distinguish CBS from idiopathic
Parkinson disease and the early stages of FTD-FV from primary psychiatric disorders.5
However, few studies, based on a limited number of patients, analyzed the prevalence of
olfactory recognition impairments and pathophysiological features in these clinical
populations.5–7 In these studies, olfactory recognition deficits were found to be in the mild to
moderate range for patients with FTD-FV and to be unusual for patients with CBS.

METHODS
PATIENT SELECTION

We studied 25 patients with a diagnosis of CBS (13 women) and 22 patients with a diagnosis
of FTD-FV (10 women). Patients’ diagnoses were reached through a consensus decision
between a neurologist with movement disorder expertise and a neuropsychologist (J.G.) based
on the clinical history and presentation and on the results of paraclinical studies. The patients
were recruited and diagnosed and gave consent as detailed in previous studies from our group.
8,9 In 13 patients with CBS, the first motor symptoms were localized to the right side, whereas
in 12 patients the motor impairments first presented in the left side. Initial motor impairments
in all of the patients with CBS consisted of a rigid/akinetic syndrome resistant to therapeutic
doses of levodopa. Patients’ data are summarized in Table 1. All aspects of the study were
approved by the institutional review board of the National Institute of Neurological Disorders
and Stroke. We also recruited 14 healthy volunteers who were matched by age and education
to the patients.

OLFACTORY AND NEUROPSYCHOLOGICAL EVALUATION
Patients’ olfactory recognition capabilities were tested with the University of Pennsylvania
Smell Identification Test (UPSIT).10 This test presents suprathreshold concentrations of 40
micro-encapsulated odors in paper strips. For each odorant there are 4 response choices, and
the subject is asked to select the response that most accurately describes the perceived odor.
All patients also underwent an extensive neuropsychological evaluation; the tests used in this
study and the patients’ scores are presented in Table 2. We decided to include in our
neuropsychological battery an executive functions test (ie, the Delis-Kaplan Executive
Function System sorting test) and some memory measures (ie, the general and associative
memory sub-tests of the Wechsler Memory Scale–Third Edition) because both of these
cognitive domains have been linked with UPSIT performance in previous studies in clinical
populations and in healthy subjects. We also included a naming test (the Boston Naming Test
2) to control for different naming skills, a measure of global cognitive functioning (the Mattis
Dementia Rating Scale 2), and a mood disorders self-report questionnaire (the Beck Depression
Inventory II). Lezak11 provides a description of the psychometric properties of these tests. The

Pardini et al. Page 2

Arch Neurol. Author manuscript; available in PMC 2010 November 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



neuropsychological battery was administered in different sessions to take into account possible
attentional deficits and to avoid fatigue. Research assistants (including A.L.C.) with extensive
experience with patients with FTD and with CBS administered all tests.

MRI ACQUISITION AND STATISTICAL ANALYSIS
Three-dimensional spoiled gradient recalled MRI was performed on a 1.5-T scanner (GE
Healthcare, Milwaukee, Wisconsin) (at least 120 contiguous sections; section thickness, 1.5
mm; in-plane resolution, 0.9375×0.9375 mm; flip angle, 20°). Images were preprocessed and
analyzed according to the voxel-based morphometry (VBM) protocol12 implemented in
Statistical Parametric Mapping 5 (http://www.fil.ion.ucl.ac.uk/spm/) upgraded with the VBM5
toolbox. In each analysis we used modulated, normalized gray matter images smoothed with
a 12-mm full-width half-maximum kernel. Differences in local gray matter volumes between
the age-matched control group and the 2 patient groups were assessed with 2-group t tests.
Significance levels for t statistics were set at P<.0001 uncorrected at the voxel level, and only
clusters composed of at least 50 voxels were considered significant.13 All of the subsequent
analyses were limited to these areas of significant gray matter volume reduction in patient
groups compared with controls. We used a liberal uncorrected threshold in the patient vs control
contrasts because we had a priori hypotheses about the UPSIT-based analyses that were the
main imaging outcome measures of our study.13

Based on previous research on odor physiology,14,15 we used the following a priori regions of
interest for our correlations between UPSIT normalized raw scores and local gray matter: the
piriform, entorhinal, and prefrontal cortices; the amygdala; the hippocampus; the insula; the
caudate; and the thalamus. Each cluster with a volume effect peak that fell inside these regions
of interest was considered significant if it survived a whole brain threshold of P<.005
uncorrected and of P<.001 after the application of a small volume correction over a mask
composed by all of the a priori regions of interest. Clusters for which the volume effect peak
was not included in these regions of interest were considered significant if they survived a
threshold of P<.05 corrected for a false discovery rate (FDR). All of these significance
thresholds were at the voxel level. The significant clusters’ gray matter density was extracted
with the SPM5 toolbox MarsBaR (http://marsbar.sourceforge.net/) and was then used as a
predictor in a linear regression analysis of the UPSIT. The piriform and entorhinal cortices
gray matter intensities were also added to the linear regression model because they receive
primary olfactory afferents and their involvement has been hypothesized in the reduction of
olfactory acuity seen in normal aging.16 We also included in the linear regression the following
neuropsychological scores: the Mattis Dementia Rating Scale 2 total score, the Boston Naming
Test total correct score, the Beck Depression Inventory II total score, the Delis-Kaplan
Executive Function System sorting test score, and the general and associative memory scores
of the Wechsler Memory Scale.

RESULTS
SMELL TESTING

The UPSIT mean score for both patient groups is presented in Table 1. In the CBS group, 4
patients were classified as anosmic. Four presented with severe hyposmia; 4 with moderate
hyposmia; and 5 with mild hyposmia. The remaining 8 were normosmic. In the FTD-FV group,
10 patients were anosmic. Four patients presented with severe hyposmia, 4 with moderate
hyposmia, and 3 with mild hyposmia; only 1 was normosmic.

VBM ANALYSIS
Results of VBM analysis are presented in the Figure and in Table 3. The local maxima of
volume loss for the patient vs control contrasts were localized in the right superior and
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midfrontal gyri and bilaterally in the caudate for the patients with FTD-FV and in the left middle
and superior frontal gyri, left postcentral gyrus, and right caudate and thalamus for the patients
with CBS.

The VBM correlation of local gray matter with normalized UPSIT score revealed for the FTD-
FV group a single volume effect in the right midfrontal gyrus, whereas, for the CBS patients,
local maxima of volume loss were localized in the right insula, right midfrontal gyrus, and
bilateral inferior frontal gyrus.

LINEAR REGRESSION ANALYSIS
The linear regression analysis of the UPSIT raw scores with the predictor variables described
in the “Methods” section was significant for the CBS (adjusted R2=0.73; F = 7.123 [P = .02])
and FTD-FV (adjusted R2= 0.74; F=6.143 [P=.01]) groups. The standardized β coefficients
for each predictor variable are summarized in Table 2. For the FTD-FV group, the significant
predictors of UPSIT scores were the Wechsler Memory Scale general memory score, the
Boston Naming Test total correct score, and the gray matter density of the areas found
significant at the voxelwise correlation of UPSIT scores and local gray matter values. For the
CBS group, the only factors found to be significant predictors of UPSIT scores were the Mattis
Dementia Rating Scale 2 total score and the gray matter density of the areas found significant
at the voxelwise correlations of UPSIT scores and local gray matter values.

COMMENT
In this study we evaluated the prevalence and the pathophysiological features of olfactory
recognition deficits in patients with FTD-FV and patients with CBS. In contrast to other
published studies,5–7 we found that half of our patients with CBS presented with olfactory
deficits that ranged from moderate hyposmia to complete anosmia. In a published study,6 a
raw score of 25 points on the UPSIT has been proposed as an acceptable cutoff choice to help
in the differential diagnosis between Parkinson disease and atypical parkinsonism. Moreover,
in the same study, the patients with CBS were classified as having normal olfactory recognition
capabilities. However, in our study, 6 of 25 patients with CBS presented with an UPSIT raw
score below that value. This observed difference could be owing to a larger sample of patients
recruited in our study compared with other published studies of CBS.5,6 However, because
patients with CBS constitute a pathologically heterogeneous population, another possible
source of difference could be the underlying pathological diagnosis. So far, 2 of the patients
with CBS in this study received a pathological postmortem diagnosis of cortico-basal
degeneration, the most common pathological presentation of CBS. Both were anosmic on the
UPSIT. We think that this higher-than-expected olfactory impairment in patients with CBS
indicates caution in the use of smell recognition testing for the differential diagnosis of
parkinsonism.

Our voxel-wise analysis for the CBS group showed significant correlations between gray
matter loss and UPSIT scores in the right insula, right midfrontal gyrus, and bilateral inferior
frontal gyrus; these areas have been linked with olfactory processing in different functional
MRI studies in healthy controls15 and in subjects with Parkinson disease.17

Our linear regression analysis also showed the Mattis Dementia Rating Scale 2 total score to
be a significant predictor of UPSIT scores in patients with CBS; a correlation between global
cognitive measures and olfactory function has been described in older individuals with the
olfactory deficits associated with a quicker rate of cognitive decline and the development of
cognitive dysfunction.18 In line with our VBM results, olfactory deficits have also been linked
with the emergence of frontal lobe impairments in healthy aging adults.18 More studies are
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needed to verify whether olfactory deficits could represent a useful marker to predict the rate
of cognitive decline in patients with CBS.

The patients with FTD-FV showed significant olfactory recognition deficits, with more than
half of them presenting with severe hyposmia or anosmia. Early diagnosis of FTD is often
difficult, and some patients are initially diagnosed as having a mood disorder. It has been shown
that smell testing could be useful to distinguish adult-onset depression from neurodegenerative
conditions such as Alzheimer disease because of the statistically significant better olfactory
function in subjects with adult-onset major depressive disorder.19 Future studies are needed to
compare the olfactory impairment between FTD and major depressive disorder and to evaluate
the usefulness of olfactory recognition testing in early recognition of FTD-FV.

The only significant correlation between gray matter and UPSIT scores in our FTD-FV group
was in the right midfrontal gyrus. The midfrontal gyrus has been linked with olfactory
recognition memory in a recent functional MRI study in healthy volunteers16; this observation
is consistent with results of our regression analysis, which pointed to a role for memory in
UPSIT performance for the FTD-FV cohort. Memory deficits seem to be more severe in
patients with FTD-FV than previously thought, with at least 8% of patients with pathologically
confirmed FTD-FV presenting with memory deficits in the initial phase of the disease.20

Moreover, memory impairments have been linked with poor olfactory recognition performance
both in healthy subjects17,21 and in brain-damaged patients.22 These findings suggest that
memory deficits should be formally evaluated when patients with FTD undergo testing for
olfactory deficits. We also found a relationship between the Boston Naming Test 2 and UPSIT
scores in the FTD-FV group; a correlation between object-naming deficits and olfactory
recognition impairments has been shown in healthy aging adults23 and in patients with semantic
dementia.5 A recent study5 failed to show a relationship between semantic deficits and olfaction
in patients with FTD-FV; compared with that study, however, our patients with FTD-FV
presented with a longer disease history and more severe object-naming deficits. Further studies
are needed to clarify the role of semantic deficits in olfactory processing in patients with FTD.

None of the local maxima of volume loss reported in our VBM analysis were located in primary
olfactory areas such as the entorhinal and piriform cortices, but they were instead included in
areas involved in higher-order processing of olfactory information.13,14 These findings indicate
that at least some of the olfactory recognition impairments identified in our patient groups are
secondary to other cognitive deficits, and thus a thorough neuropsychological evaluation
should always accompany olfactory assessment in these patients.
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Figure.
Local volume maxima of volume loss for the voxel-based morphometry analysis contrasts.
Areas of local volume reduction in patients with the frontal variant of frontotemporal dementia
(FTD-FV) (A) and corticobasal syndrome (CBS) (B) compared with control subjects. Local
areas of correlation between local gray matter volume and University of Pennsylvania Smell
Identification Test scores in patients with FTD-FV (C) and CBS (D). The statistical thresholds
of the individual analysis are described in the “MRI Acquisition and Statistical Analysis”
subsection of the “Methods” section.
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Table 1

Demographic Data

Mean (SD)

CBS Patients (n=25) FTD-FV Patients (n=22)

Age, y 62.0 (9.0) 60.3 (8.3)

Education, y 14.4 (3.0) 15.9 (3.0)

Disease duration since symptoms onset, y 4.0 (1.8) 4.7 (3.2)

UPSIT percentile score, % 31.6 (22.4) 9.5 (13.0)

Abbreviations: CBS, corticobasal syndrome; FTD-FV, frontal variant of frontotemporal dementia; UPSIT, University of Pennsylvania Smell
Identification Test.
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Table 2

Linear Regression Data for Patients With CBS and Patients With FTD-FV

Mean (SD) Standardized β Coefficients t Test P Value

Patients With CBS

Mattis DRS total score 120.80 (16.90) 0.49 2.24 .046

Boston Naming Test 2 total correct score 45.68 (10.50) −0.01 −0.05 .96

WMS general memory score 44.96 (13.30) 0.26 1.46 .17

WMS associative memory score 5.74 (5.22) −0.21 −1.39 .19

Beck Depression Inventory II total score 12.75 (9.42) 0.02 0.16 .87

D-KEFS sorting test sorting score 7.04 (3.15) 0.05 0.27 .79

Significant VBM clusters gray matter 0.24 (0.04) 0.77 3.21 .01

Entorhinal cortex gray matter density 0.39 (0.05) 0.64 1.11 .29

Piriform cortex gray matter density 0.38 (0.05) −1.19 −1.92 .08

Patients With FTD-FV

Mattis DRS total score 111.3 (19.84) 0.33 0.90 .40

Boston Naming Test 2 total correct score 16.15 (11.27) 0.65 3.36 .01

WMS general memory score 29.75 (12.45) 0.53 3.56 .01

WMS associative memory score 6.75 (3.58) −0.14 −0.76 .47

Beck Depression Inventory II total score 16.15 (11.27) 0.35 1.821 .11

D-KEFS sorting test sorting score 4.76 (2.00) −0.28 −0.83 .43

Significant VBM clusters gray matter 0.12 (0.03) 0.55 2.44 .04

Entorhinal cortex gray matter density 0.35 (0.07) 1.07 0.98 .36

Piriform cortex gray matter density 0.35 (0.06) −1.63 −1.40 .21

Abbreviations: CBS, corticobasal syndrome; D-KEFS, Delis-Kaplan Executive Function System sorting test; DRS, Dementia Rating Scale 2; FTD-
FV, frontal variant of frontotemporal dementia; VBM, voxel-based morphometry; WMS, Wechsler Memory Scale–Third Edition.
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Table 3

Local Volume Maxima of Volume Loss for the VBM Analysis Contrastsa

Cluster Size Voxel t Value Voxel z Score x, y, z Coordinates, mmb Anatomical Localization

CBS Patients vs Healthy Controls

66 233 8.55 6.35 −32, 14, 70 Left midfrontal gyrus, BA 6

7.81 5.99 −12, −44, 76 Left postcentral gyrus, BA 3

2202 7.12 5.64 8, 10, 16 Right caudate body

6.46 5.27 4, −18, 16 Right thalamus

FTD-FV Patients vs Healthy Controls

31 020 6.64 5.2 58, 40, 22 Right midfrontal gyrus, BA 46

6.39 5.07 34, 28, 58 Right midfrontal gyrus, BA 8

6.39 5.06 4, 28, 64 Right midfrontal gyrus, BA 6

1391 6.4 5.07 8, 12, 14 Right caudate body

649 5.39 4.49 −4, 0, 14 Left caudate body

Local Gray Matter Volumes and UPSIT Scores in FTD-FV Patients

124 3.51 3.06 54, 36, 32 Right midfrontal gyrus, BA 46

Local Gray Matter Volumes and UPSIT Scores in CBS Patients

37 3.99 3.44 58, 28, −10 Right inferior frontal gyrus, BA 47

604 3.95 3.42 46, 0, 2 Right insula, BA 13

3.88 3.37 52, −26, 16 Right insula, BA 40

3.83 3.33 40, 16, −16 Right inferior frontal gyrus, BA 47

88 3.6 3.17 −54, 26, −8 Left inferior frontal gyrus, BA 47

3.39 3.02 −58, 30, 10 Left inferior frontal gyrus, BA 46

31 3.34 2.98 52, 48, −4 Right midfrontal gyrus, BA 47

Abbreviations: BA, Brodmann area; CBS, corticobasal syndrome; FTD-FV, frontal variant of frontotemporal dementia; UPSIT, University of
Pennsylvania Smell Identification Test; VBM, voxel-based morphometry.

a
For all group comparisons and anatomical localizations, the uncorrected P values were .001. The statistical thresholds of the individual analysis are

given in the “MRI Acquisition and Statistical Analysis” subsection of the “Methods” section.

b
All the coordinates reported are according to the Montreal Neurological Institute standard space.
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