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ABSTRACT
Background: Silent laryngeal penetration and silent aspiration

(SLP/SA) are common manifestations in Parkinson’s disease (PD)

patients and are frequently associated with dysphagia. However,

little is known about saliva aspiration in this population. Objective:

We investigated the frequency and characteristics of saliva SLP/

SA in PD patients with daily drooling (Group A) and in individuals

without PD or daily drooling (Group B).

Method: Both groups were evaluated by fiberoptic endoscopic

evaluation of swallowing (FEES) after dyeing the oral cavity with

blue dye. The oropharynx was assessed for the presence of the

stasis of saliva, and sensitivity was tested by direct tactile stimuli.

Results: PD patients (n = 28) and controls (n = 18) were eval-

uated. We observed silent aspiration of saliva in 10.7% and silent

laryngeal penetration of saliva near the vocal folds in 28.6% of

Group A; however, none of these events was observed in Group

B. Sensitivity in the epiglottis and posterior wall of the hypophar-

ynx was decreased in 89.2% of Group A and in 33.3% of Group

B, whereas in the aryepiglottic folds and interarytenoid area, a

decrease in sensitivity was observed in 92.8% and in 44.4% of

Groups A and B, respectively.

Conclusion: Silent aspiration and laryngeal penetration of saliva

are common features in PD patients with daily drooling. The

presence of hypoesthesia of the laryngeal structures and the lack

of protective reflexes in such patients may play a major role in

the mechanisms of SLP/SA.VC 2010Movement Disorder Society
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Parkinson’s disease (PD) was first described in 1817
as a movement disorder characterized by bradykinesia,
resting tremors, and rigidity. However, nonmotor
symptoms such as depression, dementia, and olfactory
deficits have also been described as components of
PD.1 The early onset of autonomic dysfunction pre-
senting as vesical and erectile dysfunction, a decreased
sympathetic skin response (SSR), cardiovascular disor-
ders, and swallowing dysfunction are common fea-
tures in PD patients.2

Sialorrhea, which is the visible manifestation of a
swallowing dysfunction, has been correlated with dys-
phagia and predisposes patients to laryngeal penetra-
tion and aspiration, adding to the risk of respiratory
tract infection and death in PD patients.3,4 In these
patients, laryngeal penetration and aspiration are
more hazardous because the patients have a compro-
mised coughing efficacy.5 Another issue that is cur-
rently not well understood is the role of
oropharyngeal bradykinesia in this group of patients.
Although videofluoroscopy is considered the gold

standard for swallowing analysis, fiberoptic endoscopy
examination of swallowing (FEES) can detect laryn-
geal penetration and aspiration.6 FEES is a patient-
friendly method that produces recorded and repeatable
data without exposing the patient to radiation.6

Given that producing and swallowing saliva are
major components of the swallowing process and are
performed continuously, all swallowing studies have
been conducted with food. Thus, our objective was to
determine the frequency of laryngeal penetration and
aspiration of saliva in PD patients with sialorrhea
using FEES.

Patients and Methods
This study was approved by the Federal University

of Bahia’s Ethics Committee and was conducted
according to the Helsinki Declaration (1964). Consec-
utive patients with PD who exhibited daily drooling
(Group A) and age-matched controls without PD or
daily drooling (Group B) participated in the study. All
participants signed an informed consent form to par-
ticipate in the study before any procedures and were
submitted to the drooling score scale and FEES
procedure.
The PD diagnosis was made by a certified neurolo-

gist and fulfilled the United Kingdom brain bank crite-
ria (UKPDBB).7 The disease stage was determined by
the Hoehn and Yahr (H&Y) scale.8 PD patients with
daily drooling were assessed during the ‘‘on’’ stage.
The drooling score scale (2: no sialorrhea; 9: worst
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drooling) sums the score for severity (1: dry, no sialor-
rhea; 5: profuse, moist hands, and clothes) and fre-
quency (1: no sialorrhea; 4: constant drooling).9 After
proper coloration of the oral cavity with a nontoxic
and edible blue dye, participants were submitted to
the FEES procedure.10 The participants were placed in
an upright position and were asked to continue swal-
lowing saliva normally. Direct tactile stimuli with the
laryngoscope were applied to the epiglottis, vallecula,
piriform sinus, and aryepiglottic folds to trigger and
assess the sensorimotor response. The procedure was
performed by an otorhinolaryngologist and was
recorded on individual digital video disks (DVDs). La-
ryngeal penetration was defined as the presence of sa-
liva up to the vocal folds, whereas aspiration was the
presence of saliva beyond the folds. Exclusion criteria
were the use of anticholinergic or antipsychotic drugs,
previous treatment of sialorrhea with botulinum toxin,
head and neck surgery, severe depression, stroke, and
other neurodegenerative disorders.

Statistical Analysis

The data were analyzed using the statistical package
SPSS 13.0, and descriptive results are presented as fre-

quencies, means 6 standard deviations and percen-
tages. The Mann-Whitney test was performed to
compare means between groups.

Results
In Group A, 28 PD patients (19 men, 9 women)

were consecutively evaluated. The mean age was
66.67 6 10.35 years with a mean disease duration of
7.75 6 5.37 years, and the Hoehn and Yahr stages
ranged from 1 to 5 (2.51 6 1.06). Table 1 presents
the characteristics of these patients and their drooling
scores. In Group B, 18 individuals were evaluated (4
men, 14 women). The mean age was 65.44 6 4.7
years.
Table 2 shows the findings from the FEES in both

groups. In Group A, we observed silent aspiration of
saliva in three patients (10.7%), laryngeal penetration
of saliva in the superior and middle portion of the epi-
glottis in 12 patients (42.8%), and laryngeal penetra-
tion of saliva near the vocal folds without inducing a
cough reflex in eight patients (28.6%) (Fig. 1). Some
of these patients had multiple laryngeal penetration
sites that accounted for one SLP event. There were no
differences between the groups with and without silent

Table 1. Characteristics of PD patients with daily drooling and the presence of saliva stasis, decreased sensitivity,
and SLP/SA

PT Age DD HY DS SEN STA SLP SLP* SA

1 70 9 2 6 H H H H
2 79 6 1 5 H H
3 83 8 2 8 H
4 62 3 2 6 H H H
5 74 13 3 9 H H H H H
6 51 8 3 9 H H H H
7 55 4 2 5 H H H H
8 59 4 2 8 H
9 49 4 2 5 H H
10 74 6 2 7 H H
11 75 11 2.5 7 H H
12 57 9 2 6
13 60 18 2.5 6 H
14 49 8 2.5 5 H
15 79 5 4 7 H
16 80 13 5 7 H H H H H
17 64 5 1.5 6 H
18 67 10 4 5 H H
19 60 2 1 6 H H
20 77 3 1 5 H H H H H
21 77 5 4 8 H
22 71 28 2.5 5 H H H H
23 71 7 2.5 8 H H
24 77 6 5 4 H H
25 51 7 1.5 6 H
26 59 4 2.5 8 H H H
27 71 8 2.5 5 H H H H
28 66 3 3 9 H

Mean 66.67 6 10.35 7.75 6 5.37 2.51 6 1.06 6.46 6 1.45

DD, disease duration; DS, drooling score scale; HY, Hoehn and Yahr scale; SA, silent aspiration; SEN, sensitivity deficit; SLP, silent laryngeal penetration;
SLP*, silent laryngeal penetration near the vocal cords; STA, stasis. H = Event present in the assessment.
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laryngeal penetration and silent aspiration (SLP/SA)
regarding disease duration (P ¼ 0.11), H&Y scale (P ¼
0.58), drooling score (P ¼ 0.65), or age (P ¼ 0.57). In
Group B, no silent aspiration events or silent laryngeal
penetration of saliva near the vocal folds were observed.
Conversely, the presence of laryngeal penetration of sa-
liva in the superior and middle portions of the epiglottis
was detected in seven participants (38.9%).
In Group A, the sensitivity of the epiglottis and pos-

terior wall of the hypopharynx was decreased in 25
patients (89.28%), whereas sensitivity in the aryepi-
glottic folds and interarytenoid area was decreased in
26 patients (92.85%). In Group B, the sensitivity of
the epiglottis and posterior wall of the hypopharynx
was decreased in 6 participants (33.3%), and sensitiv-
ity in the aryepiglottic folds and interarytenoid area
was decreased in 8 patients (44.4%).

Discussion
The findings of this study support the hypothesis that

PD patients with daily sialorrhea have saliva aspiration
or laryngeal penetration compared with the control
group. Saliva is the major component in swallowing
and the medium for the carriage of oral bacterial to the
lower respiratory tract.11 However, the frequency of sa-
liva SLP/SA and its consequences and correlation with
food aspiration in this population remain unclear.
In a previous study, we found episodes of silent aspira-

tion or laryngeal penetration of food in 21% of PD
patients who had daily drooling.12 The 1-year follow-up
of those patients showed a 9.7-fold higher risk of respira-
tory infection compared with controls without SLP/SA.4

A recent study showed SLP/SA of food in healthy
older individuals.13,14 Episodes of laryngeal

Table 2. Characteristics of the findings in groups A and B

Age DS

SEN (%) STA (%) SLP (%) SLP* (%) SA (%) NMean Mean

Group A 66.67 6 10.35 6.46 6 1.45 93 60.7 42.8 28.6 10.7 28
Group B 65.44 6 4.7 2.0 6 0.0 44.4 22.2 38.9 0 0 18

Group A, PD patients; Group B, controls; DS, drooling score scale; SA, silent aspiration; SEN, sensitivity deficit; SLP, silent laryngeal penetration in the
superior and middle portions of the epiglottis; SLP*, silent laryngeal penetration near the vocal folds; STA, stasis.

FIG. 1. Sequence of images showing silent penetration and aspiration of blue-dyed saliva in a PD patient with daily sialorrhea.
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penetration above the vocal cords (high penetration)
were described as common events in this population,
with food being ejected from the airway before swal-
lowing was complete.13 In our study, we found the
same findings with saliva, and the depth of the laryn-
geal penetration was shallow, being cleared before or
after swallowing. Although food aspiration events
have been described in healthy older individuals,14 we
did not find saliva aspiration in our control subjects.
This difference may be due to methodological differen-
ces, because other authors have used topical nasal
anesthetics in their subjects, whereas in our control
and patient groups the the FEES procedure was per-
formed without the use of anesthetics.
In this study, decreased sensitivity in the oropharynx

was observed in most of the PD patients, a proportion of
whom had oropharyngeal stasis of saliva and some of
whom had SLP/SA. This chain of events may be a contin-
uum associated with the compromise of airway protection
mechanisms and oropharynx muscle coordination. As
stated previously, PD patients have impaired motor and
sensory components of coughing,5 which is likely due to
degeneration of the bulbar structures such as the ambigu-
ous and solitary nuclei, emphasizing that PD is much
more than a purely dopaminergic dysfunction.
Hospitalized elderly individuals with accumulated

secretions in the laryngeal vestibule have a higher risk of
food aspiration. This accumulation of secretions is associ-
ated with a decreased number of swallows.15 In PD
patients with sialorrhea, there is stasis of food in the lar-
ynx,3,12 which, together with, our findings for saliva sta-
sis, can be assumed to be an additional risk factor for
aspiration. Moreover, PD patients swallow during inspira-
tion,16 and the combination of these situations acts to
favor laryngeal penetration and aspiration. Indeed, the
silent laryngeal penetration of saliva near the vocal folds
seems to be more related to the aspiration events observed
in the PD group, because laryngeal penetration in the
superior and middle portions of the epiglottis is an
expected event in a portion of healthy individuals.13

As described in food aspiration,17 the severity of PD
was not correlated with saliva aspiration, reflecting
that autonomic phenomena in PD dysphagia are likely
unrelated to motor progression. Given that the sever-
ity of drooling is correlated with dysphagia, it seems
apparent that SLP/SA of saliva should be more preva-
lent in patients with daily drooling; however, further
studies are required to clarify this issue.
This is an initial observation regarding SLP/SA in indi-

viduals with PD. An important point to be clarified is
the relationship between saliva and food SLP/SA because
they may share pathophysiological mechanisms or may
even be a spectrum of swallowing disorders observed in
PD patients. Therefore, further investigations regarding

the true significance of saliva aspiration as a risk factor
for respiratory infection need to be performed.
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ABSTRACT
In our previous functional magnetic resonance imaging study,

Parkinson’s disease (PD) patients with visual hallucinations

(VH) showed reduced activations in ventral/lateral visual asso-

ciation cortices preceding image recognition, compared with

both PD patients without VH and healthy controls. The primary

aim of the current study was to investigate whether functional

deficits are associated with grey matter volume changes. In

addition, possible grey matter differences between all PD

patients and healthy controls were assessed. By using 3-Tesla

magnetic resonance imaging (MRI) and voxel-based mor-

phometry (VBM), we found no differences between PD

patients with (n 5 11) and without VH (n 5 13). However, grey

matter decreases of the bilateral prefrontal and parietal cortex,

left anterior superior temporal, and left middle occipital gyrus

were found in the total group of PD patients, compared with

controls (n 5 14). This indicates that previously demonstrated

functional deficits in PD patients with VH are not associated

with grey matter loss. The strong left parietal reduction in both

nondemented patient groups was hemisphere specific and in-

dependent of the side of PD symptoms. VC 2010 Movement

Disorder Society

Key Words: MRI; VBM; Parkinson’s disease; visual
hallucinations
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Parkinson’s disease (PD) primarily affects the sub-
stantia nigra, including its striatum projections.1 Clas-
sically, cortical pathology has received little attention
in PD.2 More recently, structural abnormalities have
been described, although inconsistent and mainly
focussed on cognitive impairment.3,4 However, func-
tional imaging in nondemented PD patients has
revealed more consistent cortical impairment, both in
motor and visual domains.4,5 Using functional mag-
netic resonance imaging (fMRI), we recently specified
a relation between visual cortex function and visual
hallucinations (VH) in nondemented PD patients by
demonstrating reduced extrastriate visual activations
preceding image recognition.6

Now, we aimed to gain further insight in possible
occipitotemporal pathology associated with such VH
using 3-Tesla MRI and voxel-based morphometry
(VBM). VBM allows determination of cortex density
and/or volume changes without a regional bias. It has
been used before by one other group to address this
topic,7,8 but using 1.5-Tesla MRI. We also compared
all PD patients with healthy controls to see whether
regional cortex atrophy would match previously
described reduced regional metabolism in PD.

Methods

Subjects

The 38 included subjects were previously studied
with fMRI6 and divided in three groups: PD patients
with VH, experienced at least weekly during the last
month (n ¼ 11), patients without VH (n ¼ 13),
and healthy controls (n ¼ 14). Patients met the cri-
teria of the UK PD Society Brain Bank. Cognition
was assessed with the Mini-Mental State Examina-
tion (MMSE)9 and the SCOPA-cog (Scales of Out-
comes in Parkinson’s disease—cognition).10 Severity
of motor symptoms was rated with the Unified Par-
kinson’s Disease Rating Scale (UPDRS), Part III. Se-
verity of VH and executive functioning were
assessed with the Neuropsychiatric Inventory (B:
‘‘Hallucinations’’) and the Frontal Assessment Bat-
tery (FAB),11 respectively. Exclusion criteria were de-
mentia (MMSE < 24), neurological disorders other
than PD, psychiatric disorders, visual acuity below
50%, and visual field defects. The local Medical
Ethical Committee approved the study. Participants
signed an informed consent.

Voxel-Based Morphometry

MRI was performed with a 3-Tesla scanner (Philips,
Best, NL) using a standard 6-channel SENSE head
coil. T1-weighted 3D anatomical images were defined
by isotropic voxels 1 � 1 � 1 mm, matrix 256 � 256,
and axial orientation.
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Image processing and statistical analysis were con-
ducted with Statistical Parametric Mapping [SPM,12

version 5 (Wellcome Dept.Cogn.Neurol. London, UK;
www.fil.ion.ucl.ac.uk/spm)].
Images were spatially normalized [T1 template

Montreal Neurological Institute (MNI)] and seg-
mented into grey matter, white matter, and cerebro-
spinal fluid. Grey matter images were modulated
and smoothed (10 FWHM). We used modulated
grey matter images, because modulation takes into
account the deformation field generated during spa-
tial normalization. In this way, the total amount of
grey matter remains the same as it would be in the
original images and grey matter volume changes
rather than concentration differences can be
assessed.

Statistical Analyses

MMSE, FAB and UPDRS-III scores for PD patients
were not normally distributed and, therefore, com-
pared using the Mann-Whitney test. Education levels,
total SCOPA-cog, and SCOPA-cog subscores were
compared with the Kruskal-Wallis test. Normally dis-
tributed age differences were tested with ANOVA.
Grey matter volume changes were assessed with
ANOVA (flexible factorial, main effect factor

‘‘group’’). Total grey matter was calculated per subject
and used as covariate to remove variance due to dif-
ferences in head size. We compared PD with and with-
out VH with each other and with healthy controls,
and all PD versus healthy controls. Initial threshold
was p < 0.001, voxel-level, uncorrected. Clusters were
considered statistically significant at brain-volume cor-
rected cluster-level p < 0.05. In addition, Regions Of
Interest (ROI’s) were defined with Marsbar in SPM5,
based on previously reported activation decreases in
PD with VH in the left fusiform gyrus.

Results
No differences existed between the three groups

regarding age (F ¼ 0.62, p ¼ 0.54), gender (v2 ¼
2.55, p ¼ 0.28), and education level (v2 ¼ 0.35, p ¼
0.84). Mean (SD) PD disease duration was 8.0 (4.7)
years in PD with VH and 7.9 (2.4) years in PD with-
out VH. PD groups were similar regarding MMSE
scores (z ¼ �1.45, p ¼ 0.15).
Total SCOPA-cog scores differed between groups

(v2 ¼ 9.0, p ¼ 0.01), with verbal memory being the
only significant subscore (v2 ¼ 8.37, p ¼ 0.02; atten-
tion: v2 ¼ 0.81, p ¼ 0.67; executive functioning: v2 ¼
2.63, p ¼ 0.27; visuospatial: v2 ¼ 0.18, p ¼ 0.18).
Mann-Whitney test revealed significant differences on

FIG. 1. Regional cortical grey matter changes in PD patients. Grey matter reductions in PDtotal, compared with healthy controls (A), PD without VH,
compared with healthy controls (B), and PD with VH, compared with healthy controls (C) at a threshold of p < 0.001 (uncorrected), k 5 20. Regional
grey matter reductions are rendered on a standard MNI brain. R, right; P, posterior.
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verbal memory between PD with VH versus controls
(z ¼ �2.66, p ¼ 0.008). Differences were not signifi-
cant between PD without VH versus either PD with
VH (z ¼ �1.66, p ¼ 0.10) or controls (z ¼ �1.67, p

¼ 0.09). FAB-scores were lower in PD patients with
VH, compared with patients without VH (z ¼ �2.29,
p ¼ 0.02). UPDRS-III scores did not differ (z ¼
�0.70, p ¼ 0.48).

Table 1. Location and MNI coordinates of significant clusters of grey matter loss of all PD patients compared with
healthy controls (PDtotal-HC), PD patients without VH compared with healthy controls (PDnonVH-HC,) and PD

patients with VH compared with healthy controls (PDwithVH-HC)

Pcorrected (cluster level) Cluster (k)

MNI coordinates

T (voxel level) Locationx y z

PDtotal-HC
0.000 6480 �18 �60 64 6.19 Parietal superior L

�48 �62 30 5.55 Angular gyrus L
�4 �54 50 4.86 Precuneus L
�40 �56 46 4.59 Parietal inferior L
�30 �74 40 6.36 Occipital middle L

0.000 2764 �46 18 �14 5.72 Temporal superior pole L
�50 16 4 4.81 Frontal inferior L

0.000 1472 26 �62 48 5.27 Angular gyrus R
18 �50 68 5.06 Parietal superior R
16 �70 50 4.80 Precuneus R

0.000 2338 20 32 �18 5.11 Frontal orbicularis sup R
36 36 �18 4.68 Frontal orbicularis inf R

0.001 556 12 6 64 4.58 (Pre-) SMA
0.034 284 �40 �36 �24 4.70 Fusiform gyrus L

�46 �46 �22 4.23 Temporal inferior L
0.032 288 52 28 26 4.59 Frontal inferior R

PDnonVH-HC
0.000 2672 �30 �74 42 5.99 Occipital middle L

�20 �60 64 5.17 Parietal superior L
�48 �62 30 5.01 Angular gyrus L
�8 �66 58 4.00 Precuneus L
�40 �56 48 3.76 Parietal inferior L

0.000 1968 �40 16 �24 5.35 Temporal superior pole L
�54 4 �34 5.30 Temporal inferior L
�48 30 12 4.70 Front orbicularis inf L
�38 �16 �42 3.69 Temporal inferior L

0.000 1727 20 32 �18 5.14 Frontal orbicularis sup R
20 42 �16 4.78 Frontal orbicularis mid R

0.04 275 28 �60 46 5.12 Angular gyrus R
24 �60 58 4.00 Parietal superior R

PDwithVH-HC
0.000 5231 �8 �66 58 6.19 Precuneus L

�46 �68 14 6.06 Temporal/occipital mid L
�18 �60 64 5.69 Parietal superior L
�48 �64 30 4.74 Angular gyrus L
�40 �56 46 4.33 Parietal inferior L

0.000 1368 18 �50 68 5.87 Parietal superior R
16 �72 50 4.82 Precuneus R
28 �72 42 4.69 Occipital superior R

0.000 1014 �48 18 �14 5.04 Temporal superior pole L
�60 �22 2 5.02 Temporal middle L
�50 16 4 4.76 Frontal inferior L

0.003 493 18 56 28 5.08 Frontal superior R
32 56 20 4.35 Frontal middle R

0.000 752 26 4 68 4.80 Frontal superior R
8 4 62 4.33 (Pre-)SMA R
8 30 54 4.07 Frontal sup med R

0.02 331 52 28 26 4.47 Frontal inferior R

Initial threshold in SPM5 was 0.001 (voxel level, uncorrected). Significant clusters (p < 0.05, brain-volume corrected) are reported (expected false discovery
rate p < 0.02).
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Voxel-based comparison between grey matter
images of PD patients with VH and without VH did
not show any differences between the two groups,
ROI analysis of the left fusiform gyrus showed no dif-
ferences either (data not shown). In comparison with
healthy controls, however, each of the two PD patient
groups, i.e., with or without VH, showed grey matter
decreases in prefrontal, parietal, and temporal cortices
(Fig.1B,C).
The combined PD group (¼PDtotal) showed grey

matter reductions in prefrontal and parietal cortices
(bilaterally), the left temporal lobe, left middle occipi-
tal gyrus and right (pre-) supplementary motor area
(SMA; Fig. 1A). Table1 reports significant regions of
grey matter decrease (p < 0.05, cluster-level, brain-
volume corrected).
Parietal grey matter reductions were most apparent

in the left hemisphere (Fig. 1, Table 1). To explore
a possible relation with contralateral symptom domi-
nance, a PD symptom lateralization index was calcu-
lated defined by negative values for left-sided
dominance, positive values for right dominance, and
zero for absent lateralization. Adding this index as a
covariate in the analysis had no effect on the
results, indicating that the observed lateralization
was hemisphere-specific, independent from the side
of symptom dominance. Because PD patients with
and without VH differed on the FAB-scores, these
were also added as a covariate, without effect on
SPM results either.

Discussion

Equal Grey Matter in PD with and without VH

Reduced cortical grey matter volume was a gen-
eral PD characteristic, without differences between
patients with or without VH. This indicates that the
functional differences we previously found between
these two patient groups, i.e., reduced activation of
ventral/lateral extrastriate visual cortices in PD with
VH,6 were not associated with local cortical atro-
phy. This seeming discrepancy with Ramirez-Ruiz
et al.,7 who associated VH in PD with grey matter
reductions in the lingual gyrus and superior parietal
lobe, is likely explained by the advanced disease
stage in their study. Although they included Hoehn
and Yahr stage as a covariate in their analysis, this
corrects only for differences between their two PD
groups and not between their patients and ours.
VH-related functional impairment without anatomy
changes in our patients suggests specific neurochemi-
cal deficits preceding structural changes. Cholinergic
deficit might be considered in this respect possibly
causing impaired selection of subcortical information
streams, subsequently predisposing to hallucina-

tions.13 Higher density of Lewy bodies in the tem-
poral lobe might also play a role.14

In nondemented PD patients, VH have been asso-
ciated with cognitive impairment15–19 and may pre-
dict dementia.20,21 In pathologically proven PD, VH
were an initial milestone of advanced disease22 inde-
pendent from disease duration. The association
between VH and cognitive decline in PD is consist-
ent with enhanced brain atrophy in PD patients
with VH,8 particularly when dementia follows.8 In
this respect, our PD patients with VH might show
cognitive impairment and atrophy in follow-up
assessments.

Grey Matter Reductions in PD

Although we saw no grey matter differences
between the two nondemented PD patient groups,
PDtotal showed grey matter reductions in specific parie-
tal, temporal, occipital, and frontal regions, compared
with healthy controls. These reductions were more
extensive than previously described, possibly explained
by higher sensitivity of 3-Tesla imaging. Frontal and
temporal cortex atrophy in nondemented PD patients
has been described before with 1.5-Tesla MRI,7,23–27

but not consistently28,29 and depending on cognitive
impairment28 or depression.29 Medial frontal atrophy
in our study particularly concerned the rostral (or
pre-) SMA, which is consistent with functional cortical
impairment in PD due to loss of basal ganglia–thala-
mus output.30,31 Associated frontal and parietal grey
matter reductions may further reflect impaired neuro-
nal circuitry implicated in both motor and cognitive
functions.5,32,33

To explain cortical volume reduction, a first con-
sideration is disease-inflicted cell loss. This might be,
e.g., a consequence of a-synuclein pathology,34

although subsequent cortical Lewy body deposition
in nondemented PD remains an issue of debate.35–39

However, tissue pathology, does not explain the left-
sided predominance of parietal atrophy we found,
because it was not contralateral to the side of domi-
nant symptoms. Volume reduction might alterna-
tively be a dynamic consequence of reduced
neuronal activity, leading to reduced dendritic spine
volume or astroglial volume reduction.40 The oppo-
site effect, i.e., action-induced volume increase, has
been demonstrated.40

Bilateral parietal atrophy in PD has been described
before, also with left-sided dominance.24 To provide
a functional explanation for left-sided parietal atro-
phy, possible associations between parietal motor
functions41 and PD symptoms need to be consid-
ered. Left parietal processing of body scheme- or
self-referenced (motor) information subserves prehen-
sion41,42 and contributes to the initiation of new
motor programs,42,43 while deficit may result in
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ideomotor apraxia.44 Although apraxia is not a key
symptom of PD, reduced internally-driven perform-
ance would fit the hypothesis of ‘‘de-learning’’
skilled movements in PD. Thus, atrophy would be
secondary to reduced purposeful action, in which a
general intentional drive is impaired due to basal
ganglia disease. Such dynamic volume change has
been demonstrated by the opposite effect: grey mat-
ter of visual motion area MT/V5 and the left parie-
tal cortex thickens after learning a new skill such as
juggling45; left frontoparietal cortex volume enlarges
in skilled golfers.46 Finally, although PD patients,
especially those with VH, scored lower at the verbal
memory subtask of the SCOPA-cog, we regard it
unlikely that the left lateralized parietal atrophy
reflects impairment of language-related function.

Conclusions
Compared with healthy controls, gray matter was

equally reduced in PD patients with and without VH,
indicating that previously found VH-related functional
deficits in these patients were not associated with de-
tectable anatomical changes. Hemisphere-specific left
parietal atrophy in PDtotal might reflect a secondary
effect of basal ganglia disease, leading to impaired
recruitment of internally guided motor programs.
Acknowledgments: We would like to thank professor K.L. Leenders for
critically reading previous versions of this manuscript.
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Tardive Dyskinesia and Other
Movement Disorders Secondary to

Aripiprazole
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ABSTRACT
The objective of this report is to draw attention to tardive dyskine-

sia (TD) caused by aripiprazole, a third generation antipsychotic.

TD has been traditionally attributed to typical (first-generation)

antipsychotics, but other dopamine receptor blocking drugs and

atypical (second- and third-generation) neuroleptics are emerging

as an important cause of TD. We reviewed the medical records of

patients with TD seen at the Baylor College of Medicine Move-

ment Disorders Clinic between 2002 and 2010 to identify patients

with TD associated with aripiprazole. Among 236 patients with TD

seen over the specified period, 8 (3.4%) were found to have aripi-

prazole-associated TD. In 5 patients, TD occurred after exclusive

exposure to aripiprazole. The mean age at onset was 55.8 6 14.8

years with a female predominance. The average duration of treat-

ment with aripiprazole was 18.4 6 26.4 months. Oro-bucco-lin-

gual stereotypy was seen in all patients. In most patients, TD did

not spontaneously improve after stopping aripiprazole. Of the 5

patients treated with tetrabenazine, 4 improved during follow-up.

Although aripiprazole, a third generation antipsychotic, has been

promoted to have a low risk of TD, the drug accounts for about

3.5% of patients with TD evaluated in a movement disorders

clinic. This largest reported series draws attention to the growing

incidence of TD and other drug-induced movement disorders

associated with ‘‘atypical antipsychotics.’’VC 2010Movement Disor-

der Society
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Tardive dyskinesia (TD), first described in 1957,1 is
a relatively common iatrogenic and potentially irre-
versible movement disorder that has been traditionally
attributed to D2 receptor antagonist activity of ‘‘typi-
cal’’ or first-generation antipsychotics (FGA), such as
haloperidol, chlorpromazine, fluphenazine, thioridi-
zine, and pimozide. Second-generation antipsychotics
(SGA) have largely replaced these older medications,
partly because of presumably improved pharmacologic
profile, but also because of more aggressive marketing.
The lower risk of TD secondary to the SGAs was
believed to be due to their 5HT2A receptor antagonist
activity with less D2 receptor antagonism.2

Aripiprazole (Abilify) is a third-generation antipsy-
chotic (TGA), which acts as an agonist, partial ago-
nist, and an antagonist at both dopamine and
serotonin receptors.3 It is currently approved by the
US Food and Drug Administration (FDA) for the
treatment of schizophrenia and bipolar I disorder.4 It
is also approved as adjunctive treatment for major
depressive disorder.5 The risk of TD associated with
aripiprazole is not known, and there is evidence that it
may be higher than initially suspected.2 We report a
series of patients with TD and other movement disor-
ders associated with aripiprazole treatment referred to
our movement disorders clinic since the drug was
approved by the FDA.

Methods
We reviewed the database of all cases of TD eval-

uated at the Baylor College of Medicine Movement
Disorders Clinic seen between January 2002 and Janu-
ary 2010. All patients underwent a detailed neurologi-
cal examination and were evaluated by a movement
disorders specialist. TD was defined as an involuntary
movement, usually stereotypic or choreic, resulting
from exposure to at least one dopamine receptor
blocking agent (DRBA) and persisting for at least 1
month after stopping the offending drug.6,7 Suspected
cases of TD secondary to aripiprazole were identified
and their medical records were reviewed in detail.
We categorized our patients according to a level of

certainty whether the movement disorder was caused
by aripiprazole into two groups: definite and probable.
Patients were classified as definite aripiprazole-associ-
ated TD if aripiprazole was the only neuroleptic used
prior to the onset of the movement disorder and prob-
able if the patient was exposed to multiple neurolep-
tics, but aripiprazole was the last one before the
movement disorder emerged. Demographic data, clini-
cal characteristics, treatment indication, and medica-
tion history were entered into a database and
analyzed. We also searched Pub Med using the key-
words: ‘‘tardive,’’ ‘‘dyskinesia,’’ and ‘‘aripiprazole’’ to
systematically review previously published cases.

Results
Of the 236 patients with TD seen at the Movement

Disorders Clinic at Baylor College of Medicine
between January 2002 and January 2010, 8 (3.4%)
patients, 5 women, were identified with TD associated
with aripiprazole. Five patients were classified definite
aripiprazole-associated TD as the movement disorder
occurred after exclusive exposure to aripiprazole, and
3 patients were classified probable (Table 1). Six addi-
tional patients with possible aripiprazole-associated
TD were not included in our analysis, as the temporal
correlation was not known or aripiprazole was not
the last neuroleptic added.
The duration of treatment with aripiprazole and the

mean age at onset of dyskinesias was known in 7/8
patients and averaged 18.4 6 26.4 months and 55.8
6 14.8 years, respectively. All patients had oro-bucco-
lingual stereotypies. Of these patients, oro-buccal-lin-
gual stereotypy alone was observed in 4 patients and
4 other patients had a mixed phenomenology. Stereo-
typy was defined as an involuntary, patterned, repeti-
tive, continuous, coordinated, purposeless, or
ritualistic movement, posture, or utterance.7 Akathisia
was reported in one patient 2 weeks after discontinua-
tion of aripiprazole and tardive dystonia was identified
in another patient. Only one patient had parkinsonism
in addition to TD. Three patients were on additional
medications, most frequently risperidone and quetia-
pine, which had the potential to cause TD. Aripipra-
zole was used to treat bipolar disorder in most
patients and none of our patients had schizophrenia.
The majority of patients failed to show meaningful
spontaneous improvement in their symptoms after
stopping aripiprazole over an average period of 18.4
6 22.4 months (range: 4 to 72 months) of follow-up.
One patient reported worsening of symptoms after
stopping aripiprazole. Five patients were treated with
tetrabenazine (TBZ) and of the 4 patients with follow-
up data available, all had a moderate improvement in
their dyskinesias.

Discussion
We identified 8 patients manifesting various move-

ment disorders associated with the use of aripiprazole.
This represents 3.4% of all our cases (N ¼ 236) of
TD that had presented to the Baylor College of Medi-
cine Movement Disorder Clinic during the 8 years
since the FDA approved aripiprazole. Oro-bucco-lin-
gual stereotypies were the most common type of dys-
kinesia observed followed by a mixed phenomenology.
Our data is consistent with previously published cases
of aripirazole-associated TD2,8–19 including risk fac-
tors of advanced age, female gender, presence of
mood disorder, diabetes, and prolonged exposure to
neuroleptics15,20–22 (Table 2). The relatively high
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frequency of aripiprazole-related TD highlights the im-
portance of obtaining detailed medication history in
patients presenting with a movement disorder, specifi-
cally focusing on DRBAs, including the TGAs, previ-
ously thought to have a low risk of TD.23–26

The pathophysiology of TD is not well understood,
but many studies support the involvement of dopami-
nergic system as suggested by increased dopamine re-
ceptor sensitivity (possibly associated with D2
receptor upregulation) following chronic blockade of
the receptors, particularly in the frontal-subcortical
motor circuit.27–32 With the introduction of the SGAs,
which include olanzapine, risperidone, quetiapine, and
ziprasidone, it was initially thought that the incidence
of TD would decline due to improved tolerability and
pharmacologic properties and, indeed, these drugs
have almost completely replaced the FGAs in the
treatment of schizophrenia.33 The SGAs differ from
the older antipsychotics in that they block 5HT2A
receptors and by relatively weak binding to and rap-
idly dissociating from dopamine receptors.34,35 Despite
the modifications in the pharmacologic profile, the
SGAs still have many adverse effects, including hyper-
prolactinemia, weight gain, diabetes mellitus, meta-
bolic syndrome, and prolongation of the QT
interval.36 Early studies indicated that the risk of TD
with SGAs was lower compared with FGAs,22,37 but
long-term studies are lacking.38,39 The incidence of
TD associated with FGAs has been reported to
be �5% per year in adults and 25–30% in the
elderly,40–42 while the reported incidence of TD due to
SGAs has been reported to range from 0% in children
and 6.8% per year in the combined adult and elderly
population.40,41,43 One study suggested the following
rank regarding the potential of atypical neuroleptics
to cause TD: clozapine<quetiapine<aripiprazole
<olanzapine¼ziprasidone <risperidone.44

Although TD is usually attributed to the traditional
antipsychotic drugs, our study draws attention to the
increasing incidence of TD caused by SGAs and
TGAs. Our findings are supported by a recent study
demonstrating that the incidence of TD associated
with atypical antipsychotics is similar to conventional
antipsychotics.45 Other medications causing tardive
movement disorders include metoclopramide, the cal-
cium channel blockers flunnarizine and cinnarizine,
and certain antidepressants.46,47 Indeed, metoclopra-
mide has replaced haloperidol as the most common
cause of TD in our clinic.41

Because of lack of convincing epidemiological stud-
ies, the true prevalence and incidence of TD and other
drug-induced movement disorders associated with
TGAs, such as aripiprazole, are not known. Aripipra-
zole has been demonstrated to be a 5-HT2A antago-
nist with partial 5-HT1A agonist activity.25 In
addition, it has unique D2, D3, D4 partial agonist ac-
tivity (mainly at the presynaptic dopamine
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autoreceptors and postsynaptic D2 receptors) thus
considered a ‘‘dopaminergic stabilizer’’ acting as a do-
pamine agonist in hypodopaminergic states and as a
dopamine antagonist in hyperdopaminergic
states.24,26,48

One limitation of our study, other than its retro-
spective design, is that patients categorized as prob-
ably were also taking other antipsychotic medications
prior to the addition to aripiprazole. Also in most
cases, the dosage of aripiprazole was not known.
Although we classified as ‘‘definite’’ only those
patients taking aripiprazole alone before the develop-
ment of TD, we cannot exclude the possibility that
they were also taking other neuroleptics as medication
history was obtained only from the patient interview.
Most patients did not experience a spontaneous
improvement after stopping aripiprazole, supporting
the notion that TD may be an irreversible condition,
but long-term follow-up is required to establish the
natural history of movement disorders associated with
aripiprazole. TBZ treatment was associated with
improvement in TD in our patients and this monoa-
mine-depleting drug, although currently approved only
for the treatment of chorea associated with Hunting-
ton disease, is now considered by many as the treat-
ment of choice for patients with troublesome
TD.7,49,50 In contrast to other neuroleptics, TBZ has
not been documented to cause TD.51

Although there are case reports (but no long-term
prospective studies) of improvement of TD after treat-
ment with aripiprazole,9,24,26,52–59 this may not be a
prudent treatment strategy. Spontaneous, coincidental
remission of TD rather than a true therapeutic effect
of aripiprazole could explain this apparent therapeutic
effect.14 Clinicians should be cautioned against the ab-
rupt withdrawal of neuroleptics which can result in
persistent akathisia or other tardive syndromes in
adults.6 Withdrawal emergent syndrome has been
described in children with DRDAs including haloperi-
dol, fluphenazine, thiothixene, thiodazine, and trifluo-
perazine.51 An early withdrawal effect may occur even
when tapering off an antipsychotic medication and
can transiently worsen TD.60

In conclusion, our series comprises the largest num-
ber of patients reported with aripiprazole associated
TD and draws attention to the emerging link of TD
and other drug-induced movement disorders associ-
ated with ‘‘atypical antipsychotics.’’ Prospective long-
term studies are needed to better understand the
underlying pathophysiology, risk factors, and natural
history of aripiprazole-induced movement disorders.

Legends to the Video
Table 1, Patient #1.
Segment 1. The video shows a 60-year-old woman

with aripiprazole-induced TD manifested by orofacial-

lingual stereotypy, rhythmic dystonic pronation of left
arm, postural tremor of right arm, akathisia with re-
petitive, restless touching of her head, and exaggerated
arm swing when walking.
Segment 2. Marked improvement of TD while on

TBZ, 75 mg/day. The patient is now able to perform
repetitive movements in both hands and write without
any difficulty.
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1Inserm, Imagerie cérébrale et handicaps neurologiques, Toulouse,
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ABSTRACT
Patients with Parkinson’s disease (PD) frequently experience

pain that could be in part due to central modification of noci-

ception. In this randomized controlled double blind study, we

compared the effect of apomorphine versus placebo on pain

thresholds and pain-induced cerebral activity in 25 patients

with PD. Subjective pain threshold (using thermal stimulation,

thermotest), objective pain threshold (nociceptive flexion

reflex), and cerebral activity (H15
2 O PET) during noxious and in-

nocuous stimulations were performed. Neither subjective nor

objective pain thresholds nor pain activation profile were

modified by apomorphine compared with placebo in 25 PD

patients. Apomorphine has no effect on pain processing in

PD. We suggest that other monoamine systems than dopami-

nergic system could be involved. VC 2010 Movement Disorder

Society
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Introduction
Several recent epidemiological studies have shown

pain’s prevalence in Parkinson’s disease (PD) was
higher than in general population.1,2 In PD, pain can
be classified in two physiopathological types: nocicep-
tive pain directly relating to motor symptoms and neu-
ropathic pain resulting from an abnormal nociceptive
information process. Previous clinical and neuroimag-
ing studies3–5 have reported lowered pain thresholds
and abnormal activations of nociceptive areas in PD
patients. In addition, levodopa (L-dopa) administration
reduced pain sensitivity by raising subjective and
objective pain thresholds and decreasing nociceptive
brain areas hyperactivations.3,4,6

However, in the central nervous system, L-dopa is not
only converted into dopamine but also in other mono-
amines like norepinephrine.7 As monoamine systems
were shown to play a major role in nociception,8 we
wondered whether L-dopa antinociceptive effect observed
in previous studies could directly result from a dopami-
nergic effect or from another monoaminergic effect.
Therefore, we assessed the effect of a dopamine ago-

nist, versus placebo, on subjective and objective pain
thresholds and on cerebral activity (PET H15

2 O) during
experimental nociceptive stimulations in PD patients.

Methods
Twenty five patients with clinical diagnosis of PD

according to UKPDSBB criteria were included. Thir-
teen were pain free, and 12 experienced neuropathic
pain defined as a score � 4 using DN4 questionnaire
(Table 1).9 All were treated by dopaminergic drugs (L-
dopa and/or dopamine agonists). Ethic committee ap-
proval and written informed consent were obtained.
This randomized, double-blind, apomorphine versus

placebo controlled, cross over trial consisted in two
periods of 2 days. In each PD patient, apomorphine
dosage was chosen as those inducing a motor
improvement (at least 30%) on UPDRS motor scale.
During the 1st day, after 12 hours of dopamine treat-
ment withdrawal, 2 subcutaneous injections (apomor-
phine or placebo) were performed 30 minutes before
subjective pain threshold determination and PET
scans. During the 2nd day, after 12 hours of dopa-
mine treatment withdrawal, 1 subcutaneous injection
(apomorphine or placebo) was performed 30 minutes
before objective pain threshold determination. Two
days after, the second period was realized. The pri-
mary efficacy parameter was subjective pain threshold
assessed using a Peltier-based contact temperature
stimulation with a 12 mm � 25 mm contact thermode
(MSA Thermotest, Somedic AB, Sweden).10 Heat pain
threshold was measured on the thenar of the most
affected hemibody using the methods of levels11 which
did not take into account reaction time (often
increased in PD patients in OFF condition). Initial
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temperature of the thermode of 30�C was increased
by steps of 3�C. At the end of the 30 seconds stimula-
tion, patients were asked whether they felt pain or
not. Secondary criteria were objective pain threshold
and cerebral activity (PET scans). We recorded noci-
ceptive reflex with an OXFORD SYNERGY data ac-
quisition electromyography device.12 The sural nerve
stimulation in the retro-malleolar patch and the re-
cording of electromyographic responses in ipsilateral
Biceps Femoris were realized by a pair of surface elec-
trodes in patients into complete muscular relaxation.
The electrical stimulation consisted of a train of 5 rec-
tangular pulses delivered over 21 ms from a constant
current stimulator (stimulation rate: 0.2 Hz). EMG
responses were amplified, digitized, full-wave rectified.
Twenty two random intensities were applied. Objec-
tive pain threshold (RIII threshold) was defined, as the
mean of minimal intensity inducing a RIII reflex
response.
The scanner used in this study was an EXACT HR

þ (CTI/Siemens, Knoxville, TN). After reconstruction,
axial and in-plane resolution was 4.1 to 4.5 mm.13

For each PET scan, patients received six injections of
300 MBq of oxygen-15 radiolabeled water (H15

2 O) to
measure regional cerebral blood flow (rCBF) during
two alternated conditions of heat stimulations: painful
(P) experimental stimulations (subjective pain thresh-
old plus 1�C) and nonpainful (NP) experimental stim-

ulations (subjective pain threshold less 5�C). The
order of painful and nonpainful stimulations was
randomized. Each thermal stimulation lasted 80 sec-
onds (20 seconds before and 60 seconds throughout
data acquisition).

Data Analysis

Based on a previous study,6 we needed at least 16
patients to show a 3�C difference between apomor-
phine and placebo with a standard deviation of 3.1,
80% power and 5% level of significance. A possible
order effect and treatment interaction was tested by
the model of grizzle (multivaried analysis). Subjective
and objective pain thresholds of the 25 patients in
apomorphine and placebo conditions were compared
using a paired test (Student t test). We compared pain
thresholds between painful and nonpainful patients
(unpaired test). Statistical analyses were done using
SAS 9.1. Results were considered to be significant at P
< 0.05. Clinical values were expressed as means 6
standard deviation.
Data analysis of PET scanning was performed using

Statistical Parametric Mapping (SPM2), developed by
the Functional Imaging Laboratory (Wellcome Trust
Centre for Neuroimaging, London, UK). Comparisons
between conditions (placebo—NP stimulation;

Table 1. Clinical characteristics of neuropathic pain experienced by the painful PD patients group (n¼12)

Pain related to PD

Patients Location of pain

Occurs at the

beginning of PD

or is dependent

on motor fluctuations

Is located in the

most affected

hemibody

Is influenced

by dopaminergic

drugs

Without other

etiology

evidence

Is perceived by

patient as

related to PD

Clinical

characterictics

of pain

1 Bilateral lower
limbs, trunk

yes yes no yes yes Burning

2 Left upper
limb, trunk

yes yes yes yes yes Pins and needles

3 Left upper
limb, trunk

yes yes no yes yes Tingling, pressure,
squeezing

4 Lower limbs yes yes no yes yes Burning
5 Lower limbs yes yes no yes yes Pins and needles
6 Upper and lower limbs yes yes no yes yes Tingling
7 Upper and lower

limbs, trunk
yes yes yes yes yes Squeezing, pins and

needles, tingling
8 Left lower

limb, trunk
yes yes yes yes yes Burning

9 Upper and lower
limbs, trunk

yes yes yes yes yes Burning

10 Left lower
limb, trunk

yes yes yes yes yes Squeezing, electric
shocks, itching

11 Left upper limb yes yes no yes yes Burning, numbness
12 Right upper and

lower limb, trunk
yes yes no yes yes Burning, pins

and needles

This table defines the location, the relation between pain and PD and clinical characteristics of neuropathic pain experienced by painful PD patients group.
The relation between pain and PD was established using a clinical questionnaire developed in the department of neurology of Toulouse Hospital. A relation
was considered between pain and PD if at least 3 of these 5 items were positive. Pain (1) occurs at the beginning of PD or is dependent on motor
fluctuations; (2) is located in the most affected hemibody; (3) is influenced by dopaminergic medication; (4) is without other etiology evidence; (5) is perceived
by patient as related to PD.
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placebo—P stimulation; apomorphine—NP stimula-
tion and apomorphine—P stimulation) were made
using t statistics with appropriate linear contrasts and
then converted to Z-scores. Only clusters exceeding 50
voxels and a threshold of Puncorrected � 0.01 (Z-score
� 3.0) were considered as statistically significant.

Results
There was no order effect and treatment interaction.
Apomorphine significantly improved motor scale

(UPDRS III) by 58% (P < 0.0001), whereas placebo
did not (P ¼ 0.1).

Pain Thresholds

Apomorphine did not significantly modify subjective
(45.5 6 2.7�C) and objective pain thresholds (10.7 6
3.6 mA) compared with placebo (45.6 6 2.8�C, P ¼

0.2 and 9.4 6 3.7 mA, respectively, P ¼ 0.8) in the
25 PD patients. Moreover, in each patients group,
subjective and objective pain thresholds were not sig-
nificantly different after apomorphine and placebo.
Whatever the treatment (placebo or apomorphine),
subjective pain threshold were lower, but did not
reach the significant level, in painful patients com-
pared with nonpainful patients (Table 2).

PET Scanning

During the placebo condition, pain induced activa-
tion of the left insula, the medial supplementary motor
area (SMA), the left prefrontal cortex (superior and in-
ferior frontal gyri; BA 10 and 47, respectively), the
right cerebellum, and the left thalamus in the 25
patients (Table 3).

Table 2. Baseline characteristics and pain thresholds after apomorphine and placebo in PD patients

All PD patients

n ¼ 25 (18 males

and 7 females)

Nonpainful patients

n ¼ 13 (11 males

and 2 females)

Painful patients

n ¼ 12 (7 males

and 5 females)

Mean age (years) 63.0 6 6.2 62.2 6 6.1 63.9 6 6.5
Mean duration of PD (years) 8.4 6 2.7 8.2 6 0.7 8.7 6 0.9
Mean duration of chronic pain (years) / / 5.1 6 0.6
Mean dose of apomorphine (mg) 4.1 6 0.8 4.2 6 0.8 4 6 0.8
Dopaminergic treatment (mg/d)
(Levodopa Equivalent Dosage)

907.8 6 355.4 876.6 6 338.2 944.6 6 387.8

DN4 (mean score) / / 4.75
Subjective pain threshold (� C) Apomorphine 45.5 6 2.7 46.4 6 2.4 44.5 6 2.8

Placebo 45.6 6 2.8 46.5 6 2.70 44.6 6 2.9
Objective pain threshold (mA) Apomorphine 10.7 6 3.6 10.6 6 3.0 10.8 6 4.2

Placebo 9.4 6 3.7 9.6 6 3.3 9.1 6 4.2

There were no significant differences for all the parameters between the two groups of PD patients (p>0.05).
No significant differences were found in subjective and objective pain thresholds with placebo or apomorphine neither in all PD patients nor in each PD
patients group.

Table 3. Sites of pain-induced activations during placebo and apomorphine conditions in the 25 PD patients

Cerebral areas localization Brodmann areas Laterality

Placebo condition Apomorphine condition

x, y, z z-score k x, y, z z-score k

SII 40 R - - - 48; �66; 48 3.94 159
Insula 13 L �42; 8; 0 3.39 272 �38; 22; 4 3.89 617
SMA 6 Medial 0; 8; 62 3.70 476 4; 20; 50 3.47 1491
Prefrontal cortex 9 L - - - �28; 26; 42 3.56 760
Prefrontal cortex 10 R - - - 34; 56; 20 3.51 256
Prefrontal cortex 10 L �24; 52; 22 3.07 202 - - -
Prefrontal cortex 11 L - - - �28; 50; �14 3.47 372
Prefrontal cortex 11 R - - - 26; 64; �16 3.34 105
Prefrontal cortex 47 L �32; 22; �4 3.08 335 - - -
Cerebellum - R 44; �66; �34 3.2 282 52; �68; �32 3.28 436
Cerebellum - Medial - - - 0; �62; �10 3.37 186
Thalamus - L �18; �12; 2 3.12 118 - - -
Thalamus - R - - - 6; �18; 10 3.34 1072

x, y, z correspond to mediolateral, rostrocaudal and dorsoventral MNI coordinates; k: cluster size (number of voxels).
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During the apomorphine condition, pain induced
activation of the right secondary somatosensory cortex
and thalamus, the left insula, the medial SMA, the
bilateral prefrontal cortex (BA 9, 10, 11, and 47), the
right and medial cerebellum in those patients.
In all PD patients and in each group, neither the com-

parison placebo versus apomorphine condition nor the
opposite comparison (apomorphine versus placebo condi-
tion) revealed any differences in pain activation profiles.
Intergroup comparisons did not reveal any differ-

ence in pain-induced activations between painful and
nonpainful patients.

Discussion
Our study showed that, compared to placebo, apo-

morphine had no specific effect on pain threshold and
on pain-induced cerebral activity in PD patients.
We could address two comments about values of

these present pain thresholds. First, both subjective and
objective pain thresholds values are higher than those
reported in our previous studies.6,14 This might be
related to placebo analgesic effect because pain thresh-
olds were not determined under baseline condition (i.e.,
before any injection) but always following subcutane-
ous injections (saline or apomorphine) which probably
induced a placebo effect. Studies of placebo analgesia
have shown that pain relief expectation or desire was to
reduce significantly pain ratings.15 Second, no signifi-
cant differences in subjective pain thresholds in painful
and pain-free PD patients was found, whereas Djaldetti
et al. study14 reported that painful PD patients had a
lower pain threshold than pain-free ones. From our
study, it may be considered that because of the small
patients sample size, subjective pain thresholds only
tended to be lowered in painful PD patients with no sig-
nificant level.
Our imaging results revealed cerebral activations of

areas classically involved in the nociceptive network
such as the thalamic nuclei, insula, somatosensory,
and prefrontal cortices16,17 and showed that apomor-
phine did not influence pain cerebral activation pat-
tern confirming our clinical findings.
Considering our clinical and neuroimaging results

reporting a lack of apomorphine effect, we can
hypothesize the role of other monoamine systems in
the antinociceptive effect of L-dopa. L-dopa is not only
converted into dopamine but also in norepinephrine7

and could act as a ‘‘false transmitter’’ in serotoniner-
gic terminals too.18 Therefore, L-dopa effectiveness in
pain threshold rising might result from noradrenergic
and/or serotoninergic interaction. To argue our hy-
pothesis, these two monoamines systems are involved
in nociceptive process8 and undergo some alteration in
Parkinson’s disease.19–21 Actually, severe neuronal loss
was found in locus coeruleus (80%) and in raphe
magnus (56%). There are also evidence of abnormal

low levels of Norepinephrine levels in the striatum
and of 5-HT1A (reflective of serotonin) in the cere-
brospinal fluid of PD patients. Lesions of the locus
coeruleus and raphe nuclei would even occur during
presymptomatic stage of PD and earlier than degener-
ation of the substancia nigra pars compacta.22 Taken
into consideration that pain may precede motor
symptoms, locus coeruleus and raphe magnus lesions
could be more closely related to pain than those of
the substancia nigra. Recently, a clinical trial sup-
ported the noradrenergic and/or serotoninergic hy-
pothesis in pain perception in PD demonstrating a
decrease in clinical pain scores after duloxetine treat-
ment, a selective serotonine and norepinephrine reup-
take inhibitor.23

In conclusion, our clinical and neuroimaging results
suggest that the dopaminergic system would probably
not be directly involved in pain in PD patients and
that L-dopa could exert its antinociceptive effect acting
on the noradrenergic and/or the serotoninergic sys-
tems.
Acknowledgments: We address special thanks to the PET team, G Vial-
lard and H Gros-Dagnac, and to the staff of the Clinical Investigation
Center for expert help in patient’s management.
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ABSTRACT
Autosomal recessive guanosine triphosphate cyclohydrolase

(GTPCH) type I deficiency is characterized by complex neuro-

logical dysfunction. Patients are usually diagnosed with hyper-

phenylalaninemia in newborn screening. We describe two

unrelated patients without hyperphenylalaninemia who pre-

sented during early infancy with severe motor retardation, hypo-

kinesia, and truncal hypotonia. CSF homovanillic acid and 5-

hydroxyindoleacetic acid as well as tetrahydrobiopterin and

neopterin were decreased. Diagnosis of recessive GTPCH defi-

ciency was confirmed biochemically, and a novel homozygous

mutation was identified in one patient and a compound-hetero-

zygous mutation of GCH1 in the other. Treatment with Levo-

dopa/Carbidopa resulted in striking clinical improvement, with

age-appropriate development at follow-up at 6 years. Autoso-

mal recessive GTPCH deficiency should be considered in

infants with severe truncal hypotonia even if hyperphenylalani-

nemia or classical extrapyramidal symptoms are missing. Neu-

rotransmitter analysis followed by enzyme or mutation analysis

can confirm the diagnosis, and Levodopa treatment should be

started at high-doses.VC 2010Movement Disorder Society
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Guanosine-triphophate cyclohydrolase Type I
(GTPCH, EC 3.5.4.16), encoded by the GCH1 gene,
is the rate-limiting enzyme in the synthesis of tetrahy-
drobiopterin (BH4), the cofactor of phenylalanine, ty-
rosine, and tryptophan hydroxylases.1 Homozygous or
compound-heterozygous recessive GTPCH deficiency
(OMIM #233910) results in insufficient biosynthesis
of dopamine and serotonin. Usually plasma hyperphe-
nylalaninemia is detected in newborn screening.2 Here
we describe the clinical and biochemical spectrum of 2
patients with an early onset GTPCH deficiency with-
out hyperphenylalaninemia and suggest a stepwise
diagnostic approach.

Patients and Methods

Patient I
Patient 1 was born in the 41st week of pregnancy

by secondary caesarean section because of malposition
(BW 3840 g, BL 60 cm, HC 38 cm). Apgar scores
were normal. Both parents are first-degree cousins of
Pakistani origin. The mother is healthy; the father
describes a slightly delayed motor development during
infancy that completely resolved. There are no limita-
tions of daily life, but a standardized neuropsychologi-
cal or motor assessment of both parents was not
performed. The index patient is their first son. His
younger sister is healthy.
Newborn screening was normal. His early psycho-

motor development was already retarded: First social
contact was observed at the age of 3 months, reaching
for objects at the age of 4 months. Further develop-
mental milestones were not reached. At this time, fur-
ther diagnostic investigations including MRI and basal
metabolic investigations were normal.
Because of suspected myopathy, the patient was

referred at the age of 17 months. At presentation, the
boy showed severe hypotonia. Head control was pos-
sible only shortly whereas arms and legs appeared
rigid; passive flexion was barely possible. Hands were
fisted. Spontaneous movements were scarce. At the
same time, the patient appeared surprisingly alert. It
was easy to establish eye contact, and he followed
objects with clear interest (see Supporting Information
Video Segment 1). Apart from miosis, the remaining
neurological examination was normal.

Investigations

Laboratory tests including lactic acid and creatine
kinase as well as plasma amino acids including phe-
nylalanine were normal (Table 1). Further investiga-
tions including electromyography and cerebral MRI
were normal.

Neurotransmitter Analysis

Analysis of biogenic amines and pterins in CSF
exhibited a clearly reduced concentration of homova-
nilic acid (HVA). 5-hydroxyindoleacetic acid (5-
HIAA) was initially only marginally low. More pro-
nounced abnormalities were found during follow-up.
Neopterin was at the lower normal range, whilst tetra-
hydrobiopterin was significantly reduced. DHPR activ-
ity was normal. The data for biogenic amines are
summarized in Table 1.

Phenylalanine Loading

A phenylalanine loading test with 100 mg/kg phe-
nylalanine was performed. Phenylalanine/tyrosine ratio
was elevated during the first 4 hour of the test, with a
striking reduction of plasma biopterin.

GTPCH Enzyme Activity

GTPCH activity analyzed in fibroblasts as previously
published,3 revealed an activity reduced down to
35%, when compared with healthy controls.

GCH1 Analysis

Molecular genetic analysis of the GCH1 gene revealed
a novel homozygous missense mutation in exon 1 (c.
218C > A; p. A73D), which was present in heterozygous
state in both parents and in the younger sister.

Treatment and Follow-Up

At the age of 18 months, a treatment trial with Lev-
odopa (L-dopa) with 25% carbidopa (decarboxylase
inhibitor) was started with an initial dose of 2 mg/kg
BW/d. Within 3 weeks, a significant improvement was
observed (Supporting Information Video Segment 2).
The L-dopa dosage was slowly increased, without sig-
nificant side effects. The patient showed still a slight
truncal hypotonia, which made sitting impossible, 3
months after start of therapy (Supporting Information
Video Segment 3) with 8 mg/kg BW/d L-Dopa/carbi-
dopa. He started to move forward from a supine posi-
tion. He also became able to reach for things and
started imitating syllables. After 1 year of treatment,
he was able to sit without support. Shortly there after,
he started walking. Although he showed still some
instability mainly during fast movements, he was able
to climb stairs alternately at the age of 28 months
(Supporting Information Video Segment 4). Similar to
the motor development also mental development was
very satisfactory: Hannover-Wechsler intelligence test
III (HAWIVA III) performed at the age of 6 years
showed average age-related results in all subtests (Sup-
porting Information Video Segment 5).
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Patient II
Patient 2 is the first child of healthy, nonconsangui-

neous German parents. Family history is unremark-
able. She was born after uneventful pregnancy at term
(BW 3850 g, BL 52 cm, HC 39 cm). Apart from a
fracture of the left clavicula, perinatal adaptation and
neonatal period were without complications. Psycho-
motor development stagnated at the third month of
life. From the sixth months of life, progressive hypoto-
nia, mainly in the shoulder girdle was observed. In
traction test, no head control was achieved. At the
same time, arms and legs were hypertonic. Symptoms
worsened during the day and after longer periods
awake, while resting led to improvement.

Investigations

Newborn screening and basic laboratory tests were
normal. Plasma amino acids including phenylalanine
were normal (Table 1). Cerebral MRI and further
diagnostic investigations were normal.

Neurotransmitter Analysis

The concentrations of HVA and 5-HIAA, as well as
of tetrahydrobiopterin and neopterin were all reduced
(see Table 1).

Mutation Analysis

A compound-heterozygous mutation in the GCH1
gene (exon 5 (c. 640G > A; V204I) and exon 6
(c.656_663delAGAAAATG) were found. The mother
was heterozygous for the mutation in exon 5, the fa-
ther for the eight base pair deletion in exon 6.

GTPCH Enzyme Activity

Measurement of GTPCH activity in fibroblasts was
not performed in this child, since her parents declined
skin biopsy.

Treatment and Follow-Up

L-dopa with 25% Carbidopa supplementation was
started at the age of twelve months at 5.3 mg/kg/d,
which improved muscle tone within days. At 13
months of life, the girl reached a developmental age of
nine months. She was then able to turn from the dor-
sal to the ventral position and started to crawl. Trun-
cal hypotonia was still detectable, but the hypertonic
posture of her arms and legs as well as diurnal fluctua-
tions disappeared. Due to truncal hypotonia, L-dopa
was increased in the following two months stepwise to
8.5 mg/kg/d. From the age of 18 months she was able
to sit. CSF analysis at this time revealed an increased
but not yet normalized concentration of HVA (Table
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1). From the age of 22 months, she became able to
crawl and started walking. Unfortunately video docu-
mentation of this patient is not available (Table 2).

Discussion
The phenotypic spectrum of GTPCH type I defi-

ciency can be regarded as a continuum between the
milder dominant and the severe recessive forms.4 The
clinical spectrum reaches from the classical dopa-re-
sponsive dystonia, type Segawa, at the mildest, to neo-
natal onset of progressive spasticity, rigidity, tremor
and dystonia in autosomal recessive DRD at the other
end of the continuum.4–7 Intermediate phenotypes
with different clinical symptoms have been described.
The presence or absence of hyperphenylalaninemia
seems to be one of the key features to distinguish
between the different forms. In this report, we
describe two patients with a recessive form of GTPCH
deficiency without hyperphenylalaninemia, character-
ized by early infantile onset and severe motor
symptoms.
Striking in our patients was the onset of clinical

symptoms before the age of 6 months whilst phenylal-
anine levels were repeatedly normal. The dominating
clinical feature in both patients was their severe axial
hypotonia in combination with extrapyramidal limb
hypertonia. Both children appeared alert leading to
the hypothesis of a neuromuscular disease. As creatine
kinase and neurophysiological tests were normal, anal-
ysis of biogenic amines and pterins in CSF was per-
formed. The abnormal neurotransmitter and pterine
constellation in CSF was the first hint pointing to a
defect in BH4 synthesis, specifically GTPCH
deficiency.
As the clinical picture of GTPH deficiency is het-

erogeneous, reliable diagnostic work-up is necessary.
As the concentration of 5-HIAA in CSF was only

slightly reduced compared to HVA, tyrosine hydrox-
ylase deficiency was initially suspected, but could be
excluded by mutation analysis. For further differen-
tiation an oral phenylalanine-loading test was per-
formed. Here mainly the missing increase of
biopterin in plasma pointed towards a defect in
pterin metabolism. Diagnosis in patient 1 was con-
firmed by determination of GTPCH activity in fibro-
blasts. Surprisingly, the residual GTPCH activity was
relatively high. It is still controversial whether
GTPCH enzyme activity correlates with the clinical
picture.8

In both children, treatment with L-dopa and carbi-
dopa had a dramatic immediate effect and allowed a
more or less normal long term development. The dos-
age of L-dopa used corresponds to those published in
other forms of recessive GTPCH deficiency and differs
from the low doses (2–3 mg/kg/d) sufficient in the
dominant form of L-dopa responsive dystonia. This
stresses the importance of adequate elucidation of the
underlying biochemical defect before using a treatment
trial with L-dopa as a diagnostic criterion.

Conclusion
Early infantile onset autosomal recessive GTP cyclo-

hydrolase I deficiency without hyperphenylalaninemia
is a treatable disorder, which requires high doses of L-
dopa. Therefore, in patients presenting in infancy or
early childhood with delayed motor development,
severe hyptonia and hypokinesia, determination of
biogenic amines, and pterins in CSF should be per-
formed. In case of ambiguous results, an oral phenyl-
alanine loading test8 can be helpful. Confirmation of
the diagnosis can be achieved by enzyme analysis in
cultured skin fibroblasts8 or by mutation analysis of
GCH1. Treatment with L-dopa leads to a very

Table 2. Clinical symptoms and follow-up under L-Dopa treatment in patients 1 and 2

Age

Patient 1 Patient 2

17 mo 18 mo 20 mo 28 mo 5 yr 6 mo 12 mo 18 mo 22 mo

Musulcar hypotonia þþþ þþ þ þ þ þþþ þ � �
Hypertonic arms and legs þþþ þþ � � � þþ � � �
Fisted hands þ � � � � þ þ � �
Eye contact þ þ þ þ þ þ þ þ þ
Oculogyric crises � � � � � þ � � �
Reaching for objects � Unsighted Targeted Targeted Targeted � þ þ þ
Turning ventral to dorsal position � � þ þþ n.d. � � þ þ
Sitting � � � þ þþþ � � þ þ
Crawling þ þ þþþ � � � þ
Walking � � � þ þþþ � � � þ
L-Dopa dose � 2 mg/kg BW/d 8 mg/kg BW/d 8 mg/kg/BW 6.8 mg/kg/d � 5.3 mg/kg/BW 8.5 mg/kg/BW 8.5 mg/kg/BW
Video 1 2 3 4 5 n.a.

n.a.: not available; n.d.: not done.
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favorable long-term outcome regarding motor as well
as mental development.

Legends to the Video
Video segment 1. Patient 1 at the age of 16 months

without L-dopa treatment.
Video segment 2. Patient 1 at the age of 17 months.

4 weeks under L-dopa treatment (2 mg/kg/d).
Video segment 3. Patient 1 at the age of 19 months.

3 months under L-dopa treatment (8 mg/kg/d).
Video segment 4. Patient 1 follow-up at the age of

28 months; 11 months under L-dopa treatment (8 mg/
kg/d).
Video segment 5. Patient 1 follow-up at the age of 5

years; L-dopa treatment (6.8 mg/kg/d).
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How Well Do Caregivers Detect
Mild Cognitive Change in
Parkinson’s Disease?
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ABSTRACT
Using the Cambridge Behavior Inventory-Revised, this study

evaluated the relationship between caregiver ratings of cogni-

tive change and neuropsychological performance. In sixty-one

nondemented patients with Parkinson’s Disease (PD; mean

age 5 64.5 years, MMSE 5 28.7), 62% met criteria for mild

cognitive impairment. This group were rated as having more

overall change as well as memory and behavior change. Care-

giver ratings were related to poorer psychomotor speed,

learning/memory, language, and executive functioning. The

capacity for caregivers to rate mild cognitive change in PD

may be useful to assist in early screening and intervention

approaches. VC 2010 Movement Disorder Society

Key Words: Parkinson’s Disease; cognition; caregiver;
CBI-R; mild cognitive impairment

In comparison with the normal population, there is
a six-fold increase in the prevalence of dementia asso-
ciated with Parkinson’s Disease (PD).1 At disease
onset, around 25 to 30% of patients will have some
degree of cognitive impairment whilst frank dementia
(PDD) can eventually affect up to 80% of patients
with advanced disease.2,3 Of significance, the cognitive
decline and dementia in PDD are associated with be-
havioral disturbance, reduced quality of life, caregiver
burden, high health care utilization, and the need for
institutional care.3,4

The ability to identify patients ‘‘at risk’’ of PDD
may in the future lead to increased opportunities for
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early intervention. In this regard, the term ‘‘mild cog-
nitive impairment’’ has been used in neurodegenerative
diseases including PD (PD-MCI) to identify individuals
who exhibit objective evidence of cognitive impair-
ment but do not meet criteria for dementia. Incidence
studies suggest that in drug naı̈ve patients, nearly 20%
meet criteria for PD-MCI, mostly in nonmemory
domains, double the rate observed within healthy con-
trols. In patients with disease durations of several
years, recent data suggests that around half meet crite-
ria for PD-MCI5 and longitudinal studies support the
notion that this decline indeed represents a risk factor
for PDD.6

Efforts directed toward improved detection of PD-
MCI are therefore warranted but current tools designed
to assess for PDD or cognition at a gross level are
unsuitable for detecting this early change. Neuropsy-
chological assessment may be available for this purpose
in some clinical settings but may be inaccessible and/or
costly. Because there is considerable heterogeneity in
the nature and progression of cognitive impairment in
PD,7 neuropsychological assessment may also be
unnecessary for all PD patients. An alternative
approach that may assist early detection would be to
utilize caregiver reports of cognitive change. In this
study, we aimed to examine the relationship between
caregiver ratings of cognitive and behavioral change
against objective neuropsychological test performance
and evaluated whether caregiver ratings differed
between those patients with and without PD-MCI.

Methods

Participants

Sixty-one nondemented patients (38 men) were
recruited from the Brain & Mind Research Institute
PD Research Clinic, University of Sydney. All patients
who satisfied UKPDS Brain Bank criteria8 were
required to have a Mini-Mental State Examination
(MMSE) score9 of � 24 and were assessed on their
regular medication. Demographic details are presented
in Table 1. Permission for the study was obtained
from the local research ethics committee, and all
patients gave written informed consent.

Assessments

All patients underwent neurological examination con-
ducted in their ‘‘on’’ state. They were rated on the Uni-
fied Parkinson’s Disease Rating Scale sections I–IV10

and as between Hoehn and Yahr stages I to IV. Disease
duration was calculated from age at disease diagnosis.
The Beck Depression Inventory-II (BDI-II)11 was also
given to determine depressive symptom severity.
A clinical neuropsychologist assessed cognition using

standardized tests. Working memory was assessed
using the Digit Span sub-test of the Wechsler adult

intelligence scale (Digit Span total score).12 Psychomo-
tor speed was assessed using Part A of the trailmaking
test (TMT-A, seconds).13 Verbal learning and memory
was assessed using the Wechsler memory scale-III logi-
cal memory subtest.12 This prose passage task assesses
for both learning (encoding; maximum ¼ 75) and 25
to 35 minute delay. For the delay, percentage reten-
tion was calculated so that performance reflected
memory storage (% retention). Language was assessed
by phonetic fluency (letters F, A, S) and semantic flu-
ency (animal names).14 Executive functioning was
assessed using Part B of the trailmaking test (TMT-B,
seconds).13 This component reflects set-shifting under
timed conditions.15 In addition, to obtain a measure
of predicted intelligence quotient (IQ), the National
Adult Reading Test16 was administered.

Mild Cognitive Impairment Classification

Diagnoses were conducted by consensus between a

Neuropsychologist (SN) and a Neurologist (SJGL)

with expertise in PD. Scores on neuropsychological

tests were converted to z-scores, based on appropriate

age-adjusted normative data.12,17–19 An individual was

classified as being either positive or negative for PD-

MCI (MCIþ, MCI�, respectively) if they demon-

strated impairment (1.5 standard deviation decrement,

relative to predicted IQ) on at least one domain of

neuropsychological testing.20 All z-scores on the

TMT-B were considered in relation to TMT-A (i.e., to

ensure that scores on the set-shifting component of

TMT-B were not simply due to slowed psychomotor

speed).

Table 1. Demographic, neurological, neuropsychiatric
and neuropsychological data (n ¼ 61)

Mean 6 sd Frequency (%)

Age (yr) 64.5 6 7.9 –
UPDRS, total 36.3 6 18.1 –
Hoehn & Yahr, stage 2.2 6 0.6 –
Disease duration (yr) 6.2 6 5.8 –
Treatment, untreated – 11/61 (18)
Treatment, L-dopa – 48/61 (79)
Treatment, L-dopa, plus othera – 36/61 (59)
Treatment, DA agonist monotherapy – 2/61 (3)
Beck Depression Inventory-II 10.4 6 7.4 –
NART predicted IQ 112.0 6 10.4 –
Mini Mental State Examination 28.7 6 1.5 –
Digit Span, total score 17.4 6 3.7 –
Logical Memory, encoding 34.0 6 11.3 –
Logical Memory, % retention 72.5 6 20.6 –
Verbal fluency, animals 18.9 6 5.3 –
Verbal fluency, letters F,A,S 41.3 6 12.7 –
Trailmaking Test Part A (s) 41.2 6 18.5 –
Trailmaking Test Part B (s) 113.4 6 78.7 –

Other includes dopamine agonists, COMT inhibitors, MAO inhibitors.
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Caregiver Ratings

The Cambridge Behavioral Inventory-Revised (CBI-
R)21 was used to obtain caregiver ratings of cognitive
and behavior change. The CBI-R is a 45-item ques-
tionnaire that is divided into sections measuring mem-
ory/orientation, everyday skills, self-care, abnormal
behavior, mood, beliefs, eating habits, sleep, stereo-
typic behaviors, and motivation. Individual items are
rated on a frequency scale from 0 (‘‘never’’) to 4
(‘‘constant’’) problems.

Statistical Analysis

Data analysis was performed using SPSS version 16.
Between groups comparisons used analysis of variance
or Mann-Whitney U tests depending on homogeneity
of variance. Continuous data used Pearson correlation
coefficients. All analyses were two-tailed with an
alpha level of 0.05.

Results
Table 1 displays demographic data for the sample.

Sixty-two percent (n ¼ 38) of the sample demon-
strated PD-MCI on at least one domain of function-
ing. This comprised 23 individuals (37.7%) showing
single-domain MCI and 15 patients who had at least
two areas of impairment (24.6%).
As shown in Table 2, there was no difference in age,

sex, predicted IQ, disease duration, Hoehn and Yahr
Stage or depressive symptoms between those patients
who did and did not meet criteria for MCI. However,
those with PD-MCI did have higher total UPDRS
scores (reflecting nonmotor, motor, and activities of
daily living features).

Caregiver Ratings

Table 2 shows that for those patients with PD-MCI,
caregivers reported significantly more change in CBI-R
total scores, as well as memory and behavior. For
those domains in which caregivers rated impairments
for PD-MCI patients, higher ratings on CBI-R total
and memory scores were associated with poorer per-
formance on the MMSE (total, r ¼ �0.31, P < 0.05;
memory, r ¼ �0.30, P < 0.05, respectively), TMT-A
(total, r ¼ �0.26, P<0.05; memory, r ¼ 0.28, P <
0.05, respectively), Logical Memory encoding (total, r
¼ �0.31, P < 0.05; memory, r ¼ �0.35, P < 0.01,
respectively), phonetic fluency (total, r ¼ �0.31, P <
0.05; memory, r ¼ �0.27, P < 0.05, respectively),
and TMT-B (total, r ¼ 0.32, P < 0.05; memory, r ¼
0.37, P < 0.05, respectively). Caregiver ratings of
behavior change were not related to neuropsychologi-
cal test performance. Caregiver rated mood disturb-
ance was also correlated with BDI-II scores (r ¼ 0.52,
P < 0.001).

Discussion
This study aimed to determine the extent to which

caregivers rate cognitive change in patients with PD-
MCI. Consistent with studies examining patients with
longer disease durations5 around 60% of this sample
demonstrated at least single-domain MCI, and of
these, 24% showed evidence of impairment on at least
two neuropsychological domains. Most importantly,
the results presented here suggest that caregivers are
sensitive to subtle cognitive decline that would not or-
dinarily be detected on routine clinical assessment.
That is, these effects were evident despite the sample
having average MMSE scores of 28, suggesting the
lack of sensitivity of this screening instrument for
detecting cognitive impairment in PD.
The findings demonstrate that caregivers report

greater changes in memory and behavior in those with
PD-MCI. CBI-R rated changes in memory include
poor day-to-day memory, losing or misplacing items,
forgetting names, poor concentration, and orientation.
Changes in behavior include temper outbursts, unco-
operative behavior, inappropriate humour/social
behavior or impulsive or tactless behavior. Clearly,
these behaviors have major impacts on caregivers and
are thus likely to be noticed. While caregiver ratings
of behavior change were not related to neuropsycho-
logical test performance (possibly reflecting the nature

Table 2. Demographic, clinical, and CBI-R scores for
patients with (MCIþ) and without (MCI�) mild cognitive

impairment (mean 6 sd)

MCIþ (N ¼ 38) MCI� (N ¼ 23) F

% male 60.5 65.2 0.1a

Age (yr) 65.4 6 6.5 63.0 6 9.8 1.3
Predicted IQ 111.3 6 10.4 113.1 6 10.4 0.4
BDI-II, total 10.9 6 8.4 9.9 6 8.5 0.2
Hoehn & Yahr, stage 2.3 6 0.7 2.1 6 0.4 0.6
UPDRS, total 40.6 6 18.7 29.2 6 15.0 6.1*
Disease duration (yr) 6.6 6 6.7 5.6 6 3.9 429.5b

Mini Mental State
Examinationc

28.5 6 1.6 29.0 6 1.1 1.8

CBI-R scores
Total score 27.9 6 24.2 16.2 6 14.9 590.5b,*

Memory 6.6 6 6.3 2.5 6 2.9 633.0b,**
Everyday skills 3.1 6 3.7 1.2 6 1.5 555.5b

Self-care 2.5 6 3.2 1.3 6 2.0 513.0b

Behavior 2.2 6 3.2 0.9 6 1.9 580.0b,*

Mood 3.2 6 2.7 1.9 6 2.5 3.4
Beliefs 0.5 6 1.1 0.0 6 0.2 512.0b

Eating 1.7 6 2.9 1.1 6 1.8 0.8
Sleep 3.2 6 2.2 3.3 6 2.2 0.0
Stereotypies 2.3 6 2.8 1.3 6 2.2 1.8
Motivation 2.9 6 3.6 2.6 6 3.7 0.1

aChi-square analysis.
bMann-Whitney U test due to unequal variances.
cMedian MMSE for both groups ¼ 29.0.
*P < 0.05.
**P < 0.01.
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of the tests which did not specifically probe for social
or inappropriate behavior, impulsivity or humour),
memory ratings were associated with poorer perform-
ance across the domains of psychomotor speed, learn-
ing/memory, language, and executive functioning.
Interestingly, these correlations were significant, de-
spite the fact that patients were tested in a quiet struc-
tured environment using novel tests that potentially
lack ecological validity. In the ‘‘real-world’’ environ-
ment, patients may also use compensatory mechanisms
(e.g., external memory aids such as diaries), or may
tend to predominantly perform tasks that are routine
in nature. In addition, it is worth noting that caregiv-
ers’ detected cognitive change despite the difference in
time-scales (i.e., CBI-R ratings over the last month
compared with an average disease duration of 6
years). Thus, although cognitive change in PD may
emerge over the course of disease, caregiver ratings
assessing recent change seem to be sufficient.
Improved detection of cognitive change early in PD

may be useful to guide the use of cholinesterase inhibi-
tors and future neuroprotective strategies. In addition,
cognitive training techniques are showing promise at
both primary and secondary levels of prevention across
many neuropsychiatric and neurodegenerative dis-
eases.22–24 Prevention of cognitive decline may also be
addressed by targeting other neuropsychiatric features
that are linked to dementia.25 In this regard, caregiver
ratings of mood change were related to patient reported
depressive symptoms. Future studies examining the cog-
nitive benefits of depression treatments in those with PD
and PD-MCI would thus be worthwhile. In addition, ex-
amination of PD-MCI with respect to disease heteroge-
neity7 may reveal phenotypes that could be preferentially
screened and targeted for early intervention.
Acknowledgments: We thank the patients who participated in this
research.
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ABSTRACT
The aim of this study was to determine if muscle energy me-

tabolism, as measured by 31P-magnetic resonance spectros-

copy (MRS), is a metabolic marker for the efficacy of

treatment of Machado-Joseph disease (MJD). We obtained
31P-MRS in the calf muscle of 8 male patients with MJD and

11 healthy men before, during, and after a 4 minute plantar

flexion exercise in a supine position. The data showed that

there was a significant difference between the groups in terms

of the PCr/(Pi 1 PCr) ratio at rest (P 5 0.03) and the maxi-

mum rate of mitochondrial ATP production (Vmax) (P < 0.01). In

addition, Vmax was inversely correlated with the scale for the

assessment and rating of ataxia score (r 5 20.34, P 5 0.04).

The MJD group also showed a reduction in Vmax over the

course of 2 years (P < 0.05). These data suggest that this

noninvasive measurement of muscle energy metabolism may

represent a surrogate marker for MJD. VC 2010 Movement Dis-

order Society
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Abnormal in vivo skeletal muscle energy metabolism
has been observed in polyglutamine disorders such as
Huntington’s disease and dentatorubropallidoluysian
atrophy (DRPLA).1 In patients with similar disorders,
such as Friedreich’s ataxia, antioxidant therapy has
been shown to improve muscle energy metabolism,
specifically the production of adenosine triphosphate
(ATP) in skeletal muscle mitochondria.2 These data
suggest that muscle energy metabolism might be a
suitable surrogate marker in some neurodegenerative
disorders.

Machado-Joseph disease (MJD) is a common spino-
cerebellar ataxia3–5 that is also characterized by poly-
glutamine dysfunction. Although there is no cure at
present, various therapies have been developed to
treat other polyglutamine disorders.6,7 However, sur-
rogate markers are necessary to evaluate the effec-
tiveness of these new treatments because of the
slowly progressive clinical course of the disease.8 In
this study, we sought to measure muscle energy me-
tabolism by 31P-magnetic resonance spectroscopy
(31P-MRS) and to evaluate this measurement as a
metabolic marker for the efficacy of treatment of
MJD.

Subjects and Methods

Subjects

This study was approved by the Hokkaido Uni-
versity ethics committee. Written informed consent
was obtained from MJD patients and healthy con-
trols. Subjects were 8 male patients with MJD and
11 healthy men. The mean age of the MJD group
was 49.9 6 10.8 (6SD) years (range: 30–65 years)
and that of the healthy group was 40.9 6 12.0
years (range: 30–72 years). There was no significant
difference in the ages of the two groups (P ¼
0.13).

The mean disease duration of the MJD group was
12.4 6 6.9 (6SD) years (range: 5–22 years). The di-
agnosis of MJD was based on genetic analysis.3 The
mean number of expanded CAG repeats was 70.8 6
2.8 (6SD) (range: 67–75 repeats). To assess ataxia
severity, the scale for the assessment and rating of
ataxia (SARA) was evaluated before patients under-
went 31P-MRS.9 Five patients and 5 healthy controls
underwent the same sessions both after 1 year and
2 years. In the 5 patients with MJD, simultaneous
SARA evaluations and 31P-MRS analyses were done
a total of 15 times. In addition, 2 of the other 3
MJD patients underwent simultaneous sessions after
1 year; the remaining patient underwent only one si-
multaneous session. Therefore, the total number of
times that SARA evaluations and 31P-MRS measure-
ments were done simultaneously was 20 times in
the 8 MJD patients.
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31P-MRS

As described in previous reports,1,10 31P-MRS was
carried out in the calf muscle to measure high-energy
phosphates using a 1.5T MR imager (Magnetom
Vision, Siemens Medical Solutions, Erlangen, Ger-
many) before, during, and after a 4 minute plantar
flexion exercise in a supine position. Sixty-four MRS
scans were obtained at rest. The plantar flexion exer-
cise was performed with a constant load of one-tenth
of the body weight, as described previously.1 Sixteen
scans were recorded while the subject performed a
plantar flexion exercise for 4 minutes, and another 8
scans were recorded immediately after the exercise.
After the exercise, four sets of eight scans, four sets of
16 scans, three sets of 32 scans, and two sets of 64
scans were obtained at rest. The ratio of phosphocre-
atine to phosphocreatine plus inorganic phosphate
{PCr/(Pi þ PCr)}, the ratio Pi/PCr, and the maximum
rate (Vmax) of mitochondrial ATP production were
calculated. Intramuscular pH was calculated by the
chemical shift of Pi and PCr.10 The time constant (1/
k) was calculated using IGOR Pro software (Wave
Metrics Inc, Lake Oswego, OR) using previously
reported equation {PCr(t) ¼ PCr0 þ DPCr (1 � e�kt)}.
The Vmax of mitochondrial ATP production was then
calculated using this k and the equation {Vmax ¼
PCrend * k}.10

Statistical Analysis

We compared the MJD group and the healthy
control group using the Student’s t-test. Correlations
between SARA scores and 31P-MRS measurements
were analyzed using the Spearman’s rank-correlation
coefficient. Change in intramuscular pH was ana-
lyzed using the Wilcoxon-Mann-Whitny test.
Changes in Vmax and PCr/(Pi þ PCr) ratios at rest
over time were analyzed using a repeated ANOVA.
All results are expressed as means 6 standard devia-
tion (SD).

Results
In Figure 1, example 31P-MRS spectra are shown.

Figure 2 demonstrates that there were significant dif-
ferences in resting PCr/(Pi þ PCr) ratios (MJD: 0.864
6 0.019, control: 0.889 6 0.027, P ¼ 0.03; Fig. 2a)
and Vmax of mitochondrial ATP production (MJD:
13.84 6 6.38, control: 24.98 6 5.82, P < 0.01; Fig.
2b) between the two groups.
However, there was no significant difference in

the time constant (MJD: 28.29 6 8.13, control:
29.68 6 4.86, P ¼ 0.64), in the resting Pi/PCr
(MJD: 0.15 6 0.03, control: 0.12 6 0.03, P ¼
0.07), or in the end exercise PCr/(Pi þ PCr) ratios
(MJD: 0.609 6 0.197, control: 0.708 6 0.063, P ¼
0.14). Intramuscular pH change during exercise was

mild: in the MJD group, the pH at rest was 7.03 6
0.02 and the pH at the end of exercise was 7.00 6
0.02 (P ¼ 0.396). In the control group, the pH at
rest was 7.03 6 0.02 and at the end of exercise
was 6.97 6 0.11 (P ¼ 0.149).
Although the resting PCr/(Pi þ PCr) ratios did not

correlate with SARA scores (P ¼ 0.28), Vmax was sig-
nificantly inversely correlated with the SARA total
score (P ¼ 0.04; Fig. 2c). There were no correlations
between either Vmax (P ¼ 0.80) or resting PCr/(Pi þ
PCr) (P ¼ 0.16) and the number of CAG repeats. In
addition, there were no correlations between either
Vmax (P ¼ 0.85) or resting PCr/ (Pi þ PCr) (P ¼ 0.13)
and the disease duration. Although resting PCr/(Pi þ
PCr) ratios did not change over time (P ¼ 0.18), Vmax

was significantly reduced in MJD patients, but not in
controls, after 2 years (P < 0.05; Fig. 2d).

Discussion
Our data show that Vmax of mitochondrial ATP

production provides an index of skeletal muscle
energy metabolism that can be used to assess the

FIG. 1. An example of 31P-MRS spectra. During exercise, inorganic
phosphate (Pi) was elevated and phosphocreatine (PCr) was reduced.
Both recovered after exercise.
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efficacy of treatment in MJD. In addition, significant
differences between patients and the control group
were detected in both resting PCr/(Pi þ PCr) ratios
and Vmax. However, in our study, the resting PCr/(Pi
þ PCr) ratio showed no significant correlation with
SARA scores and no significant change over 2 years.
In addition, the time constant was not significantly
different between the two groups. Thus, any interpre-
tation of Vmax needs to consider that the PCr time
constants were not different. This means the true dif-
ference in metabolism might be in the resting metabo-
lism, which somehow lowers PCr values.
These data may be due to the small variance of the

PCr/(Pi þ PCr) ratios and time constants, or the small
number of subjects. In addition, while resting PCr/(Pi
þ PCr) values may be sensitive to muscle damage, PCr
recovery may not be very sensitive to injury but very
sensitive to metabolic changes. Indeed, Pi has been
shown to be increased by ischemia and PCr recovery
is associated with mitochondrial function.1,11 For the
results from patients at rest, the ratio of PCr/(Pi þ

PCr) will reflect changes in PCr. Rising Pi might indi-
cate muscle damage, whereas low PCr might indicate
mitochondria activity.1,11 Our data showed that the
change in the PCr/(Pi þ PCr) ratio was more sensitive
than the Pi/PCr ratio when comparing the MJD
patient group and the healthy controls. In addition,
intramuscular pH change during exercise was not sig-
nificant in this study. These facts suggest that mito-
chondrial dysfunction may influence the pathological
mechanism. A muscle pathological study of MJD will
be needed to resolve these issues.
Because the resting PCr/(Pi þ PCr) ratio can be

detected easier than Vmax, it may also be a surrogate
marker; however, additional studies with more sub-
jects will be needed to verify this. In our study, the
decline of the Vmax was significant between the MJD
group and normal controls; however, the Vmax of the
latter group was also reduced over 2 years (Fig. 2d).
This phenomenon might be caused by a general
decline of muscle metabolism during the aging pro-
cess. However, we saw no correlation between Vmax

FIG. 2. (a) Comparison of rest PCr/(Pi 1 PCr) between the MJD group and healthy control groups. There were significant differences in resting PCr/
(Pi 1 PCr) ratios (MJD: 0.864 6 0.019, n 5 8, control: 0.889 6 0.027, n 5 11, P 5 0.03). The box indicates the spread of the central 50% of the
data; the median is indicated by a horizontal line through the box. The upper whiskers denote the 90th percentile, and the lower whiskers denote
the lower 10th percentile. The circles are data that are lower than the 10th percentile or higher than the 90th percentile. (b) Comparison of Vmax

between MJD group and healthy control group. There were significant differences in Vmax (MJD: 13.84 6 6.38, control: 24.98 6 5.82, P < 0.01). (c)
Inverse correlation between Vmax and SARA (n 5 20, r 5 20.34, P 5 0.04) (d) Reduction in Vmax of the MJD group over a period of 2 years when
compared with controls (5 subjects in each group, P < 0.05).
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and disease duration. Again, this result may be due to
the small number of subjects or the age at onset, as
MJD is a very slow, progressive disorder. Further
study is also needed with a larger number of subjects,
to confirm the progressive deterioration of Vmax over
a longer period of study.
In a previous study by Lodi et al., Vmax in sympto-

matic patients with Huntington’s disease did not cor-
relate with clinical severity.1 However, in our MJD
patients, Vmax was inversely correlated with clinical
severity (SARA score). The reason for this disagree-
ment is not clear. Lodi et al. argued that reduced Vmax

was caused by mitochondrial dysfunction in patients
with Huntington’s disease and DRPLA. It is possible
that the Vmax reduction in MJD is caused by a differ-
ent mechanism. Little is known about the relationship
between MJD and muscle energy metabolism. Mito-
chondrial function and muscle pathology in general
have also not been carefully examined in MJD. Some
patients do show a high rate of motor axon excitabil-
ity, which may exert a secondary influence on muscle
energy metabolism.12,13 Although intramuscular pH
change during exercise was mild in this study, this
may be due to the mild exercise load. However, it
would be difficult to exercise with a bigger load
because the exercise capacity of MJD patients is low.
Further study is needed to elucidate the exact mecha-
nism of reduced Vmax in MJD.
The development of a surrogate marker would be

indispensable for the evaluation of new drugs target-
ing this neurodegenerative disease. Although our
results should be confirmed by another MRI machine
at another institution, the present data suggest that
muscle energy metabolism is a possible marker in
patients with MJD.
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References
1. Lodi R, Schapira AH, Manners D, et al. Abnormal in vivo

skeletal muscle energy metabolism in Huntington’s disease and
dentatorubropallidoluysian atrophy. Ann Neurol 2000;48:
72–76.

2. Lodi R, Hart PE, Rajagopalan B, et al. Antioxidant treatment
improves in vivo cardiac and skeletal muscle bioenergetics in
patients with Friedreich’s ataxia. Ann Neurol 2001;49:
590–596.

3. Basri R, Yabe I, Soma H, Sasaki H. Spectrum and prevalence of
autosomal dominant spinocerebellar ataxia in Hokkaido, the
northern island of Japan: a study of 113 Japanese families. J
Hum Genet 2007;52:848–855.

4. Nozaki H, Ikeuchi T, Kawakami A, et al. Clinical and
genetic characterizations of 16q-linked autosomal dominant
spinocerebellar ataxia (AD-SCA) and frequency analysis of
AD-SCA in the Japanese population. Mov Disord 2007;22:
857–862.

5. Takano H, Cancel G, Ikeuchi T, et al. Close associations between
prevalences of dominantly inherited spinocerebellar ataxias with
CAG-repeat expansions and frequencies of large normal CAG al-
leles in Japanese and Caucasian populations. Am J Hum Genet
1998;63:1060–1066.

6. Katsuno M, Adachi H, Doyu M, et al. Leuprorelin rescues
polyglutamine-dependent phenotypes in a transgenic mouse
model of spinal and bulbar muscular atrophy. Nat Med 2003;
9:768–773.

7. Imarisio S, Carmichael J, Korolchuk V, et al. Huntington’s dis-
ease: from pathology and genetics to potential therapies. Biochem
J 2008;412:191–209.

8. Katsuno M, Banno H, Suzuki K, et al. Molecular genetics and
biomarkers of polyglutamine diseases. Curr Mol Med 2008;8:
221–234.
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ABSTRACT
Differentiating corticobasal syndrome (CBS) from progressive

supranuclear palsy (PSP) and idiopathic Parkinson’s disease

(PD) can be difficult. To investigate the additional value of cer-

ebrospinal fluid (CSF) biomarkers in the diagnostic differentia-

tion of parkinsonism, we analyzed the CSF concentrations of

total protein, lactate and brain specific proteins amyloid-b42
protein, tau protein (t-tau), and tau protein phosphorylated at

Thr181 (p-tau), in CSF samples from patients with PSP (n 5

21), CBS (n 5 12), and PD (n 5 28). CBS patients demon-

strated higher concentrations of t-tau and p-tau compared

with PSP and PD patients. In discriminating CBS and PD, t-

tau offered the best combination of sensitivity (75%) and

specificity (90.9%), followed by p-tau (sensitivity 87.5% and

specificity 75%). The p-tau/t-tau ratio resulted in sensitivity of

84.2% and specificity of 66.7% in discriminating PSP and

CBS. In conclusion, our results suggest that CSF parameters

are of additional value in the diagnostic differentiation of CBS

and PD. VC 2010 Movement Disorder Society

Key Words: Parkinson’s disease; corticobasal syn-
drome; progressive supranuclear palsy; cerebrospinal
fluid; sensitivity and specificity

Corticobasal syndrome (CBS) is an atypical parkin-
sonian disorder characterized by the combination of
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cortical dysfunction and extrapyramidal symptoms
with profound appendicular dystonia and/or a poor
response on levodopa therapy. The cortical dysfunc-
tion can comprise a variety of symptoms including the
‘‘alien-limb phenomenon.’’1 Because Parkinson’s dis-
ease (PD) and other atypical parkinsonian disorders,
like progressive supranuclear palsy (PSP), can closely
resemble CBD, the initial diagnosis can be challenging,
as reflected by the relatively poor diagnostic accuracy
of the clinical diagnosis on neuropathological exami-
nation.1–5

Corticobasal degeneration is the neuropathological
substrate of CBS, and is characterized by the intra-
neuronal aggregation of tau protein like PSP and Alz-
heimer’s disease (AD), commonly referred to as
tauopathies.6 In contrast, PD is characterized by a-
synuclein inclusions in neurons of the substantia nigra
and cortical areas and is therefore classified as an a-
synucleinopathy.7

Currently, the distinction between CBS and other
parkinsonian disorders is based mainly on clinical
grounds, supported to a limited extent by ancillary
investigations.8 It would be helpful to identify new
biomarkers that would facilitate the differential diag-
nosis of parkinsonism. Due to its proximity to the
brain parenchyma, the composition of the cerebrospi-
nal fluid (CSF) may reflect pathologic changes.
Herein, we analyzed the CSF concentrations of

Amyloid-b42 (Ab42), lactate, total protein, tau protein
(t-tau), and tau protein phosphorylated at Thr181 (p-
tau), in patients with CBS, PSP, and PD, to investigate
the diagnostic ability in differentiating between these
parkinsonian syndromes.

Patients and Methods
In 2009, a single rater (MBA) retrospectively reas-

sessed the clinical charts of 48 patients, suspected of
either PSP or CBS, referred to the Department of Neu-
rology (Radboud University Nijmegen Medical Centre)
between 1998 and 2007, who underwent a lumbar
puncture during their diagnostic work-up. Reassess-
ment of the clinical diagnosis was performed after a
minimum 5-years-follow-up period according to inter-
national consensus criteria (UK Parkinson’s Disease
Society Brain Bank clinical diagnostic criteria for PD,9

Litvan criteria for PSP,10 Boeve criteria for CBS1).
Diagnostic evaluation included detailed medical his-
tory, systematic neurological examination, routine lab-
oratory testing, and a brain magnetic resonance
imaging-scan. In addition, many patients underwent
neuropsychological assessment, nuclear imaging of cer-
ebral metabolism and/or dopaminergic pathways, elec-
tro-oculography, and electromyography of the anal
sphincter. Only patients diagnosed with either PSP (n
¼ 21) or CBS (n ¼ 12) and available CSF results were
included in this study.
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In addition, CSF data of 28 consecutive PD patients,
aged older than 50 years and 49 age-matched patients
referred to our Neurology Department in that period
were analyzed for comparison (reasons for referral:
headache (n ¼ 15), memory complaints (n ¼ 6), func-
tional complaints (n ¼ 10), sensory deficits (n ¼ 9),
dizziness (n ¼ 4), and fatigue (n ¼ 5)). All controls
were diagnosed as not having a neurodegenerative dis-
order after extensive work-up and had normal routine
CSF parameters (normal leukocyte and erythrocyte
count, normal protein, glucose and lactate levels, and
neither oligoclonal IgG bands nor blood pigments).
The protocols of CSF analysis of Ab42 t-tau, lactate,

and total protein were described previously.11,12 P-tau
concentrations in CSF were analyzed using the Innot-
est Phospho-Tau(181)-assay (Innogenetics, Ghent, Bel-
gium; linearity up to 500 ng/L). The interassay
variation coefficients over a period of 6 years were
8.8% for t-tau, 6.0% for Ab42, 4.5% for p-tau, and
<3% for lactate.
Statistical analysis was performed using GraphPad

Prism version 4 (San Diego, CA, USA) and SPSS soft-
ware version 16.0 (Chicago, IL, USA). Between-
groups-analysis was performed using a one-way analy-
sis of variance test or Kruskal-Wallis test for non-nor-

mally distributed data. Correction for multiple
comparisons was applied. Receiver operator character-
istic analysis was used to evaluate the value of individ-
ual biochemical variables and their optimal cut-off
values discriminating PSP, CBS, and PD. Multivariate
logistic regression with backward selection procedures
was used to identify variables that contributed inde-
pendently to discriminate PSP from CBS and CBS
from PD.

Results
Twenty-one patients fulfilled the diagnostic criteria

of PSP (18 probable PSP, 3 possible PSP; according to
the NINDS/SPSP criteria10), 12 fulfilled the CBS crite-
ria. Thirteen PSP patients and 5 CBS were deceased at
the time of the chart review; mean survival was 6.3
years after onset of symptoms in PSP patients and 4.4
years in CBS patients. Neuropathological confirmation
of the diagnosis was not available.
Disease severity (H&Y score) at the time of lumbar

puncture was significantly higher in PSP patients,
when compared with both CBS and PD subgroups.
Age, disease duration, and gender distribution were
comparable in all 3 groups. Demographic characteris-
tics and CSF parameters are shown in Table 1.

Table 1. Demographic characteristics and results of CSF analysis of the diagnostic groups

Characteristic PSP CBS PD Controls P-value overall

Number of patients 21 12 28 49
Demographic characteristics
Age (yr)a 65.5 (61.0–71.5) 69.0 (62.5–73.0) 62.5 (55.0–69.6) 55.0 (52.0–61.9) <0.0001b

Number of men (%) 10 (48%) 6 (50%) 21 (75%) 26 (53.1%) NS
Disease duration (yr)a 3.0 (1.0–4.0) 2.0 (1.5–4.0) 2.2 (1.7–4.4) NA NS
Disease severity, H&Y scorea 3.0 (3.0–4.0) 2.5 (1.8–3.5) 2.0 (1.5–2.5) NA <0.0001c

Cognitive function, MMSE scorea 26.2 (2.5) 21.3 (6.8) NA NA NS
Duration of follow up (yr) 6.1 (3.2) 5.3 (3.1) 7.8 (4.9) NA NA

CSF parameters
T-tau (ng/L) 234 (138) 402 (199) 151 (67.0) 161 (60,7) <0.0001d

P-tau (ng/L) 46.0 (34.5–51.5) 48.0 (38.0–59.0) 46.0 (34.5–51.5) 44.0 (35.5–53.5) <0.01e

Ab42 (ng/L) 704 (181) 730 (316) 744 (201) 838 (253) NS
Lactate (lmol/L) 1927 (1645–2079) 1666 (1437–1808) 1734 (1478–1941) 1673 (1509–1828) <0.05f

Total protein (mg/L) 584 (157) 488 (126) 511 (129) 475 (135) <0.05g

Ab42/t-tau 3.69 (2.68–4.30) 2.28 (0.64–3.69) 5.79 (3.62–7.68) 5.14 (4.10–6.76) <0.0001h

Ab42/p-tau
a 15.5 (5.4) 12.9 (7.1) 17.8 (9.7) 18.8 (5.1) <0.05i

P-tau/t-tau 0.21 (0.19–0.27) 0.18 (0.13–0.20) 0.24 (0.22–0.33) 0.26 (0.24–0.32) <0.05j

Data represent median and interquartile range (non-Gaussian distributed data), mean and standard deviation (Gaussian distributed data) or number and
percentage.
P value for differences using 1-way ANOVA. Bonferroni post-hoc test for multiple comparisons was used to identify between-group differences. In cases of
non-Gaussian distribution the Kruskal-Wallis test was applied, using Dunn’s post-hoc test for multiple comparisons. Gender distribution was analyzed using v2

test.
aAt the time of lumbar puncture.
bControls vs. PSP (P < 0.001), vs. CBS (P < 0.01) and vs. PD (P < 0.05).
cPSP vs. PD (P < 0.001).
dCBS vs. controls, PSP and PD (P < 0.001). PSP vs. PD and controls (P < 0.05).
eCBS vs. controls (P < 0.01), and vs. PD (P < 0.05).
fPSP vs. CBS (P < 0.05).
gPSP vs. controls (P < 0.05).
hCBS vs. PD and controls (P < 0.001). PSP vs. controls (P < 0.05).
iBetween group difference not significant after correction for multiple comparisons.
jCBS vs. controls (P < 0.05).
PSP, progressive supranuclear palsy; CBS, corticobasal syndrome; PD, Parkinson’s disease; H&Y score, Hoehn and Yahr score; MMSE, mini mental state
examination; NS, not significant; NA, not assessed.
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Concentrations of t-tau were significantly higher in
CBS patients than in PSP patients, PD patients, and
controls (P < 0.001). P-tau concentrations were signif-
icantly higher in the CBS patients, when compared
with PSP (P < 0.05) and PD (P < 0.01). Lactate con-
centrations were significantly higher in PSP than in
CBS patients (P < 0.05). Ab42 and total protein con-
centrations did not differ between PSP and CBS
patients. In addition, several ratios were calculated. As
expected, the Ab42/t-tau ratio differed significantly
between PSP and CBS (Table 1).
We neither established correlations between CSF pa-

rameters and age, disease duration, nor severity. How-
ever, mini-mental state examination (MMSE) scores
correlated with Ab42 (r ¼ 0.481, P < 0.05), t-tau (r ¼
�0.622, P ¼ 0.002), and p-tau (r ¼ �0.642, P ¼
0.001) in the CBS subgroup. Similar results were
obtained in the combined CBS and PSP subgroups.
Univariate logistic regression analysis was carried

out to discriminate CBS from PSP revealing that nei-
ther sensitivity nor specificity exceeded 80% for
individual parameters (Table 2). Therefore, multivar-
iate logistic regression analysis was carried out to
improve diagnostic accuracy in discriminating
between CBS and PSP. T-tau, p-tau, lactate, and
total protein concentrations were added to the selec-
tion procedure. The prediction model thus con-
structed reached a sensitivity of 93.8% and a
specificity of 70.0%. A prediction model based on

only p-tau and lactate reached a sensitivity of
68.8% and a specificity of 90.0%.
Univariate analysis demonstrated that t-tau protein

offered the best combination of sensitivity (75%) and
specificity (90.9%) to differentiate between CBS and
PD. The concentration of p-tau showed a sensitivity of
87.5% and a specificity of 75%. Multivariate logistic
regression analysis was performed, selecting only t-tau
protein as independent marker to separate CBS and
PD.

Discussion
This study is one of the few to compare CSF bio-

markers in patients with CBS, PSP, and PD with
extended clinical follow-up. We demonstrated that the
concentrations of t-tau and p-tau proteins in CSF of
CBS patients were significantly elevated compared
with PSP and PD. However, the diagnostic accuracy
of CSF t-tau and/or p-tau seems only sufficient in the
discrimination of CBS vs. PD not in discriminating
CBS vs. PSP.
As the sensitivity for the initial clinical diagnosis

CBS is poor,5 the CSF profile of CBS (i.e., increased t-
tau and p-tau) may increase awareness for the diagno-
sis CBS. A timely and correct diagnosis may result in
better targeted treatment strategies, adequate patient
counseling and—perhaps most important—early rec-
ognition of disease-specific complications.

Table 2. ROC-analysis of CSF analysis for CBS vs. either PSP or PD

CSF variables Cut-off point Sensitivity Specificity Area under the curve (95% CI) Youden index* Likelihood ratio** P-value***

PSP vs. CBS
Univariate

T-tau (ng/L) >322 80.0% 63.6% 0.77 (0.61–0.95) 0.44 2.20 NS
P-tau (ng/L) >52 63.2% 75.0% 0.76 (0.59–0.93) 0.38 2.53 NS
Ab42 (ng/L) <655 73.7% 50.0% 0.53 (0.30–0.76) 0.24 1.47 <0.001
Lactate (lmol/L) <1769 63.2% 80.0% 0.74 (0.55–0.93) 0.43 3.16 NS
Total protein (mg/L) <539 63.2% 72.7% 0.68 (0.48–0.88) 0.36 2.32 <0.05
Ab42/t-tau <3.22 68.4% 75.0% 0.72 (0.52–0.92) 0.43 2.74 <0.05
Ab42/p-tau <7.76 94.7% 41.7% 0.64 (0.42–0.85) 0.36 1.62 <0.05
P-tau/t-tau <0.18 84.2% 66.7% 0.75 (0.56–0.93) 0.51 2.53 NS

Multivariate
Model 1a <3.95 93.8% 70.0% 0.89 (0.77–1.00) 0.64 3.13
Model 2b <1.91 68.8 % 90.0% 0.88 (0.75–1.00) 0.59 6.88 NS

CBS vs. PD
Univariate

T-tau (ng/L) >197 75.0% 90.9% 0.91 (0.82–1.00) 0.66 8.24
P-tau (ng/L) >52.5 87.5% 75.0% 0.80 (0.64–0.97) 0.63 3.50 <0.05
Ab42 (ng/L) <658 75.0% 50.0% 0.56 (0.34–0.77) 0.25 1.50 <0.001
Ab42/t-tau <3.21 85.7% 75.0% 0.86 (0.74–0.98) 0.61 3.43 NS

*Youden index: sensitivity þ specificity – 1.0.
**Likelihood ratio: sensitivity/(1 � specificity).
***P-value for difference compared with Model 1 (PSP vs. CBS) or t-tau (CBS vs. PD) (Hanley and McNeil).
aModel 1: Y ¼ �1.539 þ (0.002�tau) þ (0.003�lactate) þ (�0.098�p-tau) þ (0.004�protein).
bModel 2: Y ¼ 0.122 þ (0.003�lactate) þ (�0.081�p-tau).
ROC-analysis, receiver operating characteristic analysis; PSP, progressive supranuclear palsy; CBS, corticobasal syndrome; PD, Parkinson’s disease; CSF,
cerebrospinal fluid; t-tau, total tau protein; p-tau, phosphorylated tau protein; Ab42, amyloid-b42 protein; 95 CI, 95% confidence interval.
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In AD Ab42, CSF concentrations are decreased,13

whereas in parkinsonian disorders, the data seem con-
flicting14–16 presumably due to large inter-individual
variability, underpowered studies, and possibly differ-
ent underlying pathology as neuropathological confir-
mation is lacking in most studies.17–22 T-tau and p-tau
concentrations are reported to be increased in tauopa-
thies, predominantly AD,23 but also—in line with our
results—in CBS compared with controls.18,19,22 How-
ever, other studies failed to demonstrate such eleva-
tions in CBS,17,21 a disparity possibly caused by
enrolment of more severely cognitively affected
patients in our study, possibly reflecting more cortical
involvement correlating with higher CSF t-tau levels
(mean MMSE score 21.3 vs. 28.0).21

Although both PSP and CBS are neuropathologically
characterized by axonal degeneration and the accumu-
lation of t-tau protein in the brain, only in CBS this
seems to lead to an increase in CSF t-tau and p-tau
concentrations.17,18,21,22,24 The observed difference
between CBS and PSP may be explained by a higher
rate of atrophy, a larger brain area involved and rela-
tive proximity of the affected brain areas to the CSF
compartment in CBS.25–28 Interestingly, elevated con-
centrations of t-tau protein were observed previously
in MSA, an a-synucleinopathy, stroke, and Creutz-
feldt-Jakob disease.11,12,29 Hence, t-tau concentrations
might be a biomarker for accelerated degeneration
instead of reflecting the pathological substrate.
This study has several drawbacks. First, due to the

retrospective character of the study selection bias can-
not be ruled out, because only patients with diagnostic
uncertainty were included in this study, possibly lead-
ing to the selection of more atypical phenotypes.
However, the studied population therefore closely
resembles daily clinical practice in which ancillary
diagnostic tests are applied in cases of diagnostic
uncertainty. Second, the clinical diagnosis was not
confirmed neuropathologically and therefore suscepti-
ble to misclassification. However, the final diagnosis
was based on thorough clinical and ancillary investiga-
tions (including nuclear imaging and neuropsychologi-
cal assessment), after extensive follow-up and
according to international consensus criteria in a spe-
cialized movement disorder clinic. In addition, charts
of patients with CSF parameters in overlapping ranges
or with Alzheimer-like CSF profiles were re-examined
to assess whether these patients exhibited clinical fea-
tures suggesting potential misdiagnosis with PSP, CBS,
or AD; no misdiagnosed cases were identified.
In conclusion, despite these drawbacks, our results

suggest that CSF analysis could aid the diagnostic dif-
ferentiation of CBS and PD. Abnormal CSF t-tau and
p-tau concentrations may raise awareness for the diag-
nosis CBS. These results warrant validation in a pro-

spective study with neuropathological confirmation of
the diagnosis.
Acknowledgments: We thank the technicians of the Department of Lab-
oratory Medicine (LGEM) for CSF analysis.
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ABSTRACT
Smell tests can be useful in the differential diagnosis of Parkin-

son’s disease (PD) but are affected by cultural factors. Currently

there is no smell test tailored for the Mexican population but the

brief smell identification test (B-SIT) was created as a cross-cul-

tural SIT. We have created a translation of this test into Spanish

adapted to the Mexican population and have applied it to 70 PD

patients and 70 age- and gender-matched controls. The B-SIT

differentiated PD and controls with 71.4% sensitivity and 85.7%

specificity, when subjects were divided into two age groups.

VC 2010Movement Disorder Society

Key Words: smell; olfaction; Parkinson’s disease; B-
SIT

There are no reliable statistics about the prevalence of
Parkinson’s disease (PD) in the Mexican population but
as Mexico undergoes populational aging1 it is likely to
increase significantly in the next 20 years. The diagnosis
of PD is performed clinically and relies heavily on clini-
cal expertise, although dopamine transporter scans,
which have limited availability in Mexico, can be of
help. Smell tests have accuracy of 70-90% in
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differentiating PD from control subjects.2–6 Most stud-
ies in PD have used the 16-item smell identification test
(SIT) from Sniffin’ Sticks (SS-16),7 the 40-item Univer-
sity of Pennsylvania SIT (UPSIT-40)8 or a shorter ver-
sion of the UPSIT containing 12 items claimed to be
better for cross-cultural studies called brief SIT (B-
SIT).9 The B-SIT is less expensive and quicker than the
UPSIT-40, and unlike the SS-16, it can be sent and
returned by post to patients or subjects participating in
surveys.
There are no published accounts of formal olfactory

testing in parkinsonian patients in Mexico. We have
applied the B-SIT to 70 PD Mexican patients and 70
matched controls.

Methods

Subjects

Seventy nondemented PD patients, who fulfilled the
Queen Square Brain Bank Criteria,10 were recruited at
the movement disorder specialist clinic at the National
Institute of Neurology and Neurosurgery, Mexico
City, Mexico. None of the patients had undergone
functional neurosurgery for PD. Seventy controls
matched by gender, age, and place of residence were
recruited among visitors and patients attending other
clinics from the hospital. They had no symptoms or
family history of neurological disorders or head
trauma. No participants had any active upper respira-
tory tract infection, and all provided written informed
consent as determined by the local ethics committee.
Sociodemographic variables collected included gen-

der, age, age of onset, tobacco use, drug intake, and
disease severity, according to Hoehn and Yahr stage
(H&Y).11 Place of residence for the last 10 years was
classified according to the Mexican National Institute
of Statitistics and Geography (INEGI) criteria for rural
and metropolitan area.12 Family income in an average
month was quantified as an ordinal variable with four
different levels. The social work classification code is
a standard composite used in Mexico.13

Patients and controls were paired by age, gender,
and living area. Mean age of subjects was 66.2 years
(SD ¼ 8.8 years); 29 (41.4%) were female in each
group, 47 patients (67.1%) were residents of Mexico’s
Valley metropolitan area, 10 patients (14.3%) lived
on other metropolitan areas, and 13 (18.6%) patients
came from a rural zone in each group.

Smell Testing

We created a standard translation (see Supporting
Information) for the B-SIT. Content equivalence was
evaluated by a multidisciplinary panel and semantic
equivalence was assessed by back translation and a
pilot study. During the final experiment, the B-SIT
was applied with the help of the examiner who
explained the test beforehand, scratched the booklets,
and marked the options indicated by the patient.

Statistical Analysis

To compare the groups, we used t-tests (for continu-
ous variables) and chi-squared or Fisher’s (for nominal
variables). The percentage of controls and PD subjects,
who answered each item correctly, was compared by
McNemar tests. To evaluate the factors that affected
the B-SIT in controls, we used a multiple linear regres-
sion in this group with the B-SIT as outcome variable
and sociodemographic variables as covariates (age, gen-
der, history of ever smoking, region of living as urban
or rural, social work classification code, and monthly
family income). To evaluate if disease duration or sever-
ity affected the B-SIT score in PD, we conducted a mul-
tiple linear regression analyses using those variables and
the covariates, which showed a significant effect over
the B-SIT in the control regression. To evaluate accu-
racy of the B-SIT, a logistic regression analysis was per-
formed using group as outcome measure and B-SIT
score and age as covariates. Assumptions for the regres-
sion analyses were confirmed by analysis of residuals. A
significance level of 0.05 was used throughout, except
where otherwise stated. The statistical package SPSS
v.12 for Windows was used for all the analyses.

Results
In the PD group, mean disease duration was 6.7

years (SD ¼ 5 years) and mean age of onset was 59.7
years (SD ¼ 9 years); 26 (37%) took levodopa (L-
dopa) alone, 22 (31.4%) took L-dopa and pramipex-
ole, and 18 (26%) were on pramipexole alone; the re-
mainder were on a selective type B monoamine
oxidase inhibitor. Forty-three (61.4%) patients had
mild disease (H&Y 1–2), 24 (34.2%) moderate (H&Y
2.5–3), and 3 (4.4%) severe (H&Y 4–5). Only 24
(34.3%) PD patients reported smell problems. The
mean number of B-SIT items correctly identified by
PD patients was 6.2 (SD ¼ 2.5). A multiple linear
regression showed that age (P ¼ 0.4), H&Y (P ¼ 0.3)
and disease duration (P ¼ 0.1) were significant deter-
minants of the B-SIT result in the PD group.
The mean number of B-SIT items correctly identified

by controls was 9.2 (SD ¼ 1.4). The multiple linear
regression in the control group using the B-SIT as the out-
come variable showed that age (P < 0.0001, 95% CI for
b ¼ �0.10 to �0.3) was a significant covariate, but not
gender (P ¼ 0.55), history of ever smoking (P ¼ 0.39),
region of living (P ¼ 0.1), social work classification code
(P ¼ 0.14), or monthly family income (P ¼ 0.16).
There was no significant difference in terms of com-

plete years of schooling between groups (paired t-test
P ¼ 0.8). More subjects from the PD than in the con-
trol group had never smoked (51 of 70 in PD, 36 of
70 in the control group, P ¼ 0.01). The difference
between the number of control and PD subjects, who
correctly identified each item, is displayed in Table 1.
Because age was a significant determinant of B-SIT
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results in controls, subjects were divided into two age
groups (age < 60 or age � 60), and a logistic regres-
sion showed that the B-SIT had 71.4% sensitivity and
85.7% specificity to differentiate PD from control (ac-
curacy of 78.6%) when using a cut-off of seven or less
for those aged �60 and nine or less for those aged
<60. See Figure 1 for the probability curve.

Discussion
SITs can be useful in the differential diagnosis of

parkinsonism,4 and are potential surrogates for dopa-
mine transporter SPECT,14 which has limited avail-
ability in developing countries. Currently, there is no
SIT specifically tailored for the Mexican population.
The interpretation of SITs depends on several varia-

bles including country, culture, smoking status, gender,
and age. The effect of these factors is not applicable to
all SITs. Gender affects the UPSIT2 but was not a deter-
minant of the B-SIT in our sample; this may reflect the
limited power of our study, but it is also possible that
shorter tests are less subjected to sex differences because
a study involving more than 400 subjects found no sex
difference in the SS-16 performance for subjects older
than 55 years.7 We failed to show an effect of smoking
on the B-SIT result. The literature is heterogeneous
about this matter15,16 and it is possible that because of
our small sample size, we were not able to detect a dif-
ference. Socioeconomic markers can influence the result
of smell tests,17 but were not significant covariates in
our study. There was also no influence in the zone of
living showing that the B-SIT seems to adequately dis-
criminate controls from PD independently of place of
residence. Nevertheless, our sample, from a tertiary cen-

ter in a very large city is biased and only 19% of our
subjects came from rural areas.
The UPSIT has sensitivity and specificity between 76

and 91% to differentiate PD subjects from controls
depending on the age group.2 The accuracy of the B-SIT
in the Mexican population is below values reported for
similar tests in developing countries. In Brazil, both
UPSIT and Sniffin Sticks had more than 80% accu-
racy,18 and in Sri Lanka, a subscale of the Sniffin Sticks
had more than 90% accuracy.19 One explanation for
this is that this study had more early PD than the others
and the accuracy of the clinical diagnosis of PD is
higher in more advanced disease. Nevertheless, the data
suggests some of the items in the test are not suited for
the Mexican population because of cultural factors:
lemon, turpentine, and rose, which were poorly identi-
fied by Mexican controls, were also poorly identified by
controls in Brazil (respectively, 45.9, 49.5, and 51.4%
of controls correctly identified the item).18 Patients in
the current Mexican study, as well in the Brazilian
study, were from a limited age range (mean age [range]
SD ¼ 66.0 years [48–85 years], 8.9 years for Mexicans;
63.0 years [33–89 years], 9.8 years for Brazilians), and
also came mostly from areas with high levels of pollu-
tion (Mexico City and Sao Paulo), which can cause
smell impairment,20,21 therefore, future studies involv-
ing a larger and more varied sample of subjects may be
needed in order to evaluate specific items.
Our data demonstrates that one third of the items of

the BSIT are not suited for the Latin American culture.
Given the growing importance of smell testing in the
research and practice of movement disorders, it is of
great interest to identify a truly cross-cultural smell test
and further research into the subject is warranted.

Table 1. Difference between control and PD subjects
who correctly identified each of the 12 items of the B-

SIT

Item

Percentage of subjects who

correctly identified item

McNemar test

P valueControl group PD group

Cinnamon 80.0% 47.1% <0.001*
Turpentine 52.9% 35.1% 0.052
Lemon 64.3% 50.0% 0.123
Smoke 74.3% 68.6% 0.584
Chocolate 88.6% 68.6% 0.014*
Rose 62.9% 25.7% <0.001*
Paint thinner 71.4% 45.7% 0.006*
Banana 77.1% 38.6% <0.001*
Pineapple 78.6% 47.1% <0.001*
Gasoline 85.7% 62.9% 0.003*
Soap 85.7% 42.9% <0.001*
Onion 98.6% 84.3% 0.006*

PD ¼ Parkinson’s disease.
*Significant.
Turpentine, lemon, and rose were identified by less than 70% of controls,
and turpentine, lemon, and smoke failed to differentiate PD from controls.

FIG. 1. Parkinson’s disease (PD) probability curve for the B-SIT in
Mexico. Probability of membership to PD group according to the
logistic regression analysis for the brief smell identification test (B-
SIT). Cut-off for determination of accuracy measures are set at a prob-
ability equal or higher than 50% of membership to the PD group.

U S I N G T H E B - S I T I N M E X I C O

Movement Disorders, Vol. 26, No. 1, 2011 175



References
1. Stanford Center on Longevity. Population ageing is accelerating. Stan-

ford University. Updated 2007. Available at: http://longevity.stanford.
edu/myworld/articles/populationaging. Accessed 31March, 2010.

2. Doty RL, Bromley SM, Stern MB. Olfactory testing as an aid in
the diagnosis of Parkinson’s disease: development of optimal dis-
crimination criteria. Neurodegeneration 1995;4:93–97.

3. Double KL, Rowe DB, Hayes M, et al. Identifying the pattern of
olfactory deficits in Parkinson disease using the brief smell identi-
fication test. Arch Neurol 2003;60:545–549.

4. Silveira-Moriyama L, Petrie A, Williams DR, et al. The use of a
color coded probability scale to interpret smell tests in suspected
parkinsonism. Mov Disord 2009;24:1144–1153.

5. Boesveldt S, Verbaan D, Knol DL, et al. A comparative study of
odor identification and odor discrimination deficits in Parkinson’s
disease. Mov Disord 2008;23:1984–1990.

6. Boesveldt S, de Muinck Keizer RJ, Knol DL, Wolters EC,
Berendse HW. Extended testing across, not within, tasks raises
diagnostic accuracy of smell testing in Parkinson’s disease. Mov
Disord 2009;24:85–90.

7. Hummel T, Kobal G, Gudziol H, kay-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;264:237–243.

8. Doty RL, Shaman P, DannM. Development of the University of Penn-
sylvania Smell Identification Test: a standardized microencapsulated
test of olfactory function. Physiol Behav 1984;32: 489–502.

9. Doty RL, Marcus A, Lee WW. Development of the 12-item
cross-cultural smell identification test (CC-SIT). Laryngoscope
1996;106:353–356.

10. Gibb WR, Lees AJ. The relevance of the Lewy body to the patho-
genesis of idiopathic Parkinson’s disease. J Neurol Neurosurg Psy-
chiatr 1988;51:745–752.

11. Hoehn MM, Yahr MD. Parkinsonism: onset, progression and
mortality. Neurology 1967;17:427–442.

12. Secretarı́a de Desarrollo Social.Delimitación de las zonas metro-
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ABSTRACT
Reduced (GSHR) but not oxidized glutathione (GSSG) has

been shown to be dramatically altered in the substantia nigra

(SN) of Lewy body disease (LBD) patients post mortem; but

up to now, there is no convincing evidence that these changes

can be monitored in vivo. We investigated GSHR and GSSG in

rapidly processed cerebrospinal fluid (CSF) and plasma sam-

ples of 80 LBD and 35 control subjects and detected reduced

CSF GSHR levels in LBD subjects. The reduction was nega-

tively associated with age but not with disease-associated pa-

rameters. Plasma GSHR, CSF GSSG, and plasma GSSG

levels did not significantly differ between the groups. Our find-

ings confirm the results from neuropathologic studies, which

demonstrated an alteration of the glutathione system in LBD.

We hypothesize that alterations of the glutathione system

occur in a very early stage of the disease or may even repre-

sent a risk marker for LBD. VC 2010 Movement Disorder Society
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One of the key contributors to neurodegeneration in
Lewy body diseases (LBD, encompassing Parkinson dis-
ease, PD, and dementia with Lewy bodies, DLB1,2) has
been suggested to be oxidative stress. Glutathione is a
major antioxidant that functions to maintain the redox
equilibrium of a cell. The enrichment of glutathione
peroxidase—this enzyme removes hydrogen peroxide
by metabolizing reduced (GSHR) to oxidized glutathi-
one (GSSG)—in the vicinity of Lewy bodies is indicative
of an involvement of the glutathione system in LBD.3–5

Using tissues homogenates, a selective reduction of
about 40% of GSHR levels in the substantia nigra (SN)
in patients with PD compared to control subjects has
been demonstrated.6,7 Similar results have been found
using mercury orange fluorescent staining and immuno-
staining.8 Interestingly, the glutathione system seems to
be already compromised at a very early disease stage of
LBD, as a 35% loss of GSHR levels in the SN of pre-
symptomatic LBD subjects has been described.9 In addi-
tion, the depletion of glutathione may be a prerequisite
for other pathophysiological events in the course of
LBD. A reduction of GSHR in dopaminergic neurons
potentiates their susceptibility to 1-methyl-4-phenylpyr-
idinium (MPPþ, a partial inhibitor of mitochondrial
complex I activity and a selective toxin to dopaminergic
neurons) both in vitro10 and in vivo11. Interestingly,
glutathione depletion seems not to be a consequence of
such pathophysiological events: In an in vitro model,
MPPþ failed to alter GSHR levels.12

GSSG levels may not be representative for neurode-
generative processes in LBD, as these levels did not
differ significantly between the SNs of postmortem
brains of both presymptomatic and symptomatic LBD
patients, in comparison to control SNs.6,7,9

Cerebrospinal fluid (CSF) has become one of the most
frequently used biological materials for in vivo studies
on neurological disorders because of its proximity to the
brain. As GSHR alterations are evident already in pre-
symptomatic LBD, it can be hypothesized that GSHR lev-
els may have the potential to serve as a preclinical
marker of the disease. To our knowledge, only one study
investigated CSF GSHR levels in LBD patients,13 which
included 14 untreated PD patients and 15 controls. The
authors did not detect significantly different CSF GSHR

levels, but they found decreased CSF GSSG levels in the
LBD group. However, a major drawback of the study,
besides the low patient number, is the undefined time for
processing of the CSF samples. A fast and effective proc-
essing of naı̈ve CSF may be crucial as glutathione is rap-
idly oxidized and can be regenerated to the original ratio
of GSHR to GSSG within minutes.14

To test the hypothesis that the known changes in
the glutathione redox state in LBD brains may be mir-
rored by changes in CSF and plasma, we here meas-
ured GSHR and GSSG from a large cohort of LBD
patients and controls. To minimize postcollection arti-
facts, we used rapidly processed samples.

Experimental Procedures

Subjects

Eighty LBD patients—43 non-demented PD
(PDND), 16 demented PD (PDD), 21 with DLB—
were recruited by movement disorders specialists at
the outpatient clinic and the ward of the Neurodege-
nerative Department of the University of Tuebingen.
All PD subjects fulfilled the UKPDS Brain Bank crite-
ria,15 demented PD subjects also met the DSM-IV cri-
teria for dementia.16 All DLB patients fulfilled the
McKeith criteria.17

The control group consisted of 35 subjects without
any sign for neurodegenerative diseases (lumbar spinal
stenosis or lumbar herniated disc, 14; nonspecific
symptoms such as headache, concentration deficits,
and mood disturbances, 14; peripheral neuropathies,
7).
In addition to clinical testing, all patients were eval-

uated with the motor part of the Unified Parkinson
Disease Rating Scale (UPDRS III), and all subjects
underwent a Mini-Mental State Examination
(MMSE). The local ethics committee approved the
study, and all participants gave their informed
consent.

CSF and Plasma Collection and Glutathione
Assay

CSF and blood collection and determination of rou-
tine diagnostic parameters of patients and controls
were performed according to standardized protocols
(spinal tap between 8:00 and 10:00 a.m., subjects
were required to fast overnight). The samples for
determination of glutathione levels were taken imme-
diately after acquisition by a technical assistant, trans-
ferred to the lab in a closed box on ice, centrifuged
within 15 to 30 minutes after collection and stored at
�70�C until analysis. Only samples of subjects with
normal routine CSF diagnostics were collected. CSF
and plasma albumin and immunoglobulin levels, and
CSF cell count did not differ significantly between the
cohorts.
GSHR and GSSG concentrations were determined in

1:4 diluted CSF and plasma using a fluorescent detec-
tion kit (Luminos DetectX, Biotrend, Cologne, Ger-
many) with standard curves based on dilutions of
purified GSH. GSHR was read first with a thiol detec-
tion substrate (i.e., a nonfluorescent molecule, that co-
valently binds to the free thiol group on GSH to yield
a highly fluorescent product) followed by the addition
of a reaction mixture that converted all GSSG into
GSHR. This then reacted with the excess thiol detec-
tion substrate to yield the signal related to total GSH.
Tests were run in duplicate, blinded to clinical diagno-
sis. Four CSF GSHR samples (3 LBD, 1 HC) and three
plasma GSHR samples (2 LBD, 1 HC) yielded
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concentrations below the detection limit of the kit
(0.04 lM) and were arbitrarily set at 0.02 lM.
GSSG concentrations were calculated using the for-

mula GSHT�GSHR

2 .13,18

Data Analysis

Data were analyzed with JMP software (version 7.0,
SAS). Nonparametric test procedures (Wilcoxon rank
sum test, Kruskal Wallis test, Spearman’s rho) were
applied due to non-normal distribution of some pa-
rameters such as GSHR levels and the UPDRS and
MMSE scores. Fisher’s exact test was used for analyz-
ing categorical data, and Spearmen partial correlation
for evaluating confounder effects. As LBD patients
were significantly older than controls, we corrected for
age with a multiple regression model (2 effects: LBD
yes/no, and age). The likelihood ratio was calculated
to assess the significance of the model effect. Differen-
ces were assumed to be significant at P < 0.05 (two-
sided).

Results

Subjects

Demographic and clinical information are supplied
in Table 1. The LBD cohort was slightly but signifi-
cantly older.

Glutathione Levels and Demographic
Parameters

GSHR (rho ¼ �0.19, P ¼ 0.053) and GSSG levels
(rho ¼ �0.20, P ¼ 0.048) in the CSF showed a weak
negative correlation with age. Plasma GSHR (rho ¼
�0.12, P ¼ 0.25) and GSSG levels (rho ¼ �0.14, P ¼

0.12) were not correlated with age. None of the eval-
uated glutathione levels showed a relevant association
to gender (P � 0.31).

Glutathione Levels and Disease-Related
Parameters

In the CSF, age-corrected GSHR levels were lower in
LBD subjects compared to controls. In plasma, there
was a trend toward lower GSHR levels in LBD
patients compared to controls; however, this was rele-
vantly influenced by age. Oxidized glutathione levels
did neither differ significantly in the CSF nor in the
plasma between the investigated cohorts. Table 1 and
Figure 1 provide detailed information about glutathi-
one levels in LBD and controls, and about glutathione
levels in the LBD subgroups PDND, PDD, and DLB
(glutathione levels did not differ significantly between
these subgroups, not shown).
CSF GSHR levels of LBD subjects were neither asso-

ciated with age at onset of the disease, disease dura-
tion, UPDRS motor score, levodopa (L-Dopa)
equivalent dose nor with the MMSE score. However,
there was a negative correlation of CSF GSHR to age
which was only marginally influenced by disease-asso-
ciated demographic parameters. CSF GSHR levels of
controls correlated positively with age; however, this
result did not reach significance (Supporting Informa-
tion Table).

Discussion
In this study, we found a significant reduction of

GSHR in the CSF of LBD patients. The glutathione
system has an important antioxidative function in par-
ticular in the brain, and there is evidence that the

Table 1. Demographic, clinical, and biochemical data

DLB PDND PDD LBD Controls P-value

Subjects: f/m 11/10 17/26 12/4 40/40 19/16 0.69
Age (yr) 73 (50–83) 66 (53–81) 72 (63–84) 69 (50–84) 66 (50–81) 0.03
Aao first symptom (yr) 70 (49–78) 60 (30–76) 63 (57–72) 62.5 (30–78)
Disease duration (yr) 3 (1–9) 5 (1–23) 9.5 (1–21) 5 (1–23)
Hoehn&Yahr stage (0–5) 2.5 (2.5–3) 2 (1–4) 3 (1–4) 2.5 (1–4)
L–Dopa equiv. dose (mg) 250 (0-700) 225 (0–900) 550 (300–950) 400 (0–950)
UPDRS motor part (0–100) 24 (10–66) 28 (12–60) 35 (26–57) 28 (10–66)
MMSE (0–30) 20 (11–28) 29 (26–30) 23 (14–28) 27 (11–30) 30 (27–30) <0.0001
CSF GSHR (lM) 0.31 (0.02–1.64) 0.28 (0.05–1.43 0.21 (0.02–0.95) 0.27 (0.02–1.64) 0.52 (0.02–1.89) 0.038*
CSF GSSG (lM) 0.17 (0.07–0.62) 0.17 (0.03–0.76) 0.19 (0.09–0.29) 0.17 (0.02–0.76) 0.20 (0.02–0.71) 0.30
Plasma GSHR (lM) 0.31 (0.02–3.24) 0.32 (0.02–2.76) 0.62 (0.02–1.85) 0.35 (0.02–3.24) 0.58 (0.02–3.68) 0.16*
Plasma GSSG (lM) 0.33 (0.15–1.45) 0.35 (0.14–1.56) 0.29 (0.16–0.97) 0.33 (0.14–1.56) 0.39 (0.12–1.81) 0.70
CSF GSHR/GSSG 1.34 (0.17–20.0) 1.10 (0.30–33.1) 1.86 (0.09–3.66) 1.22 (0.09–33.1) 1.78 (0.27–30.7) 0.24
Plasma GSHR/GSSG 1.29 (0.02–16.2) 0.60 (0.10–15.8) 2.26 (0.05–8.04) 1.04 (0.02–16.2) 1.37 (0.02–17.1) 0.63

P-values (* corrected for age ) were determined for the comparison of the Lewy body disease group (LBD) compared to controls using the Wilcoxon rank sum
test (see also text). In addition, detailed information is provided for the subgroups, i.e., Parkinson’s disease without dementia (PDND), with dementia (PDD)
and dementia with Lewy bodies (DLB). Aao, age at onset; CSF, cerebrospinal fluid; GSHR, reduced glutathione; GSSG, oxidized glutathione (glutathione
disulfide); MMSE, MiniMental State Examination; UPDRS, Unified Parkinson Disease Rating Scale (performed in off state).
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glutathione system is compromised in LBD. In particu-
lar, GSHR levels have been found to be dramatically
reduced, to about 60 to 65% of normal SN levels.6–9

Using samples from LBD and control subjects which
were processed according to highest available stand-
ards to minimize postcollection bias, we detected a
median reduction of CSF GSHR levels in LBD subjects
in a range comparable to postmortem studies. Also
comparable to these studies,6–9 CSF levels of the oxi-

dized form were not relevantly altered. Thus, the CSF
compartment may in fact mirror changes of the gluta-
thione system as they occur in the parenchyma of
LBD patients. Interestingly, glutathione levels did not
differ relevantly between the LBD subgroups, i.e.,
PDND, PDD, and DLB (Table 1). This argues for a
specific, Lewy body-associated phenomenon, and
against a relevant influence of, e.g., co-occurring Alz-
heimer’s pathology19,20 on glutathione levels in LBD.

FIG. 1. Glutathione levels in Lewy body diseases compared to controls. (A) Significantly lower reduced glutathione (GSHR) levels were detectable in
the cerebrospinal fluid (CSF) of Lewy body disease (LBD) patients compared to control subjects (HC). (B) In the plasma, the same trend was observ-
able. (C) Oxidized glutathione (GSSG) levels differed neither in the CSF (C) nor in the plasma (D) significantly between LBD patients and controls. P-
values were performed by the Wilcoxon rank test. DLB, dementia with Lewy bodies; PDD, Parkinson’s disease with dementia; PDND, Parkinson’s
disease non demented. *P-values corrected for age.
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The lack of a significant difference of plasma GSHR

and GSSG levels between LBD and control subjects is
reasonable: LBD is primarily a central disease, and
glutathione does not cross the blood brain barrier.21

Interestingly, the GSHR over GSSG ratios were not
significantly different between the groups, neither in
CSF nor in plasma (Table 1). To our eyes, this does
not argue against a defective glutathione system per se
and may, e.g., be due to the following reasons, (i) the
GSH production and/or release in astrocytes22 is
altered in LBD, (ii) the redox state of the CSF is
altered in LBD (e.g., due to increased levels of reactive
oxidative species23), making an increased turnover of
the (extracellular) detoxification machinery necessary,
and/or (iii) the neuronal uptake of glutathione precur-
sors21 is altered in LBD.
CSF GSHR levels of LBD subjects correlated nega-

tively with age, a finding that was not relevantly influ-
enced by age at onset of the disease and disease
duration and was not (or rather reciprocally, see Sup-
porting Information Table) observable in the control
group. In addition, we did not detect any relevant
association between CSF GSHR levels and clinical pa-
rameters including the UPDRS motor part and the
MMSE, and L-Dopa equivalent dose. It may be that
we missed given associations due to the limited num-
ber of study participants, and the association of CSF
GSHR levels with age in LBD is unspecific. However,
we argue that it is more probable that alterations of
the glutathione system are an early event in the neuro-
degenerative process. This hypothesis is supported by
results from biochemical ex vivo,9 in vitro,10,12 and in
vivo studies11 which basically propose that a depletion
of glutathione is probably not induced by (and there-
fore not a consequence of) pathomechanisms typically
occurring in the course of LBD (e.g., mitochondrial
impairment), but is itself able to induce or accelerate
such mechanisms. The occurrence of a layer of gluta-
thione peroxidase around (nascent) Lewy bodies that
generate hydrogen peroxide3 may underscore the im-
portance of a well-functioning neuronal glutathione
system in the context of LBD. However, it must be
kept in mind that a selective reduction of glutathione
alone appears not to be responsible for the nigrostria-
tal damage in LBD, as shown by chronic infusion of a
glutathione inhibitor into rat brain (which, at least in
part, may explain the low CSF GSHR levels observed
in some of the healthy volunteers, see Fig. 1).24 The
glutathione depletion may rather enhance the suscepti-
bility of affected cells against additional harmful
events, e.g., mitochondrial impairment.25 Vice versa,
as a considerable number of LBD patients had rela-
tively high, ‘‘control-like,’’ CSF GSHR levels it must
be assumed that a compromised glutathione system is
not the only prerequisite for the development of LBD.
Future studies should focus on investigating reasons
for this high range of CSF GSHR levels in LBD and

may, with larger cohorts, also include age-associated
diseases as covariables.
In conclusion, the age-related reduction of CSF

GSHR levels in LBD subjects argues for an alteration
of the glutathione system in a very early stage of the
disease, or even for the hypothesis that an altered glu-
tathione system is a risk marker for LBD.
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