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Abstract: The objective of this study is to assess the associa-
tion between tic severity, attention deficit disorder, obsessive-
compulsive behavior, and quality of life (QOL) in children
with Gilles de la Tourette syndrome (GTS). GTS is a multidi-
mensional disorder with disturbances in motor function and
behavior. However, little is known about what variables are
associated with QOL in these patients. We evaluated 56 out-
patients with a diagnosis of GTS. The mean age was 10
(range 5-17 years). Tics were assessed with the Yale Global
Tic Severity Scale (YGTSS). Behavioral scales included the
Leyton Obsessional Inventory—Child Version, Children’s
Yale-Brown Obsessive Compulsive Scale (CY-BOCS), and
Attention-Deficit/Hyperactivity Disorder (ADHD) rating
scale. The patient’s parent also completed the TNO-AZL
Children’s Quality of Life scale (TACQOL). YGTSS scores
ranged from 4 to 30, indicating mild to moderate tic severity.
Motor and phonic tic ratings were not correlated with QOL.
However, both ADHD and OCD were significantly related to
QOL. Subanalysis of ADHD subtypes demonstrated that
inattentiveness but not hyperactivity predicted lower QOL.
When ADHD, Leyton OCD, and tic severity were considered
simultaneously, tic severity remained non-significant, while
both ADHD and OCD remained significant contributors to
QOL. In summary, in patients with mild to moderate GTS,
QOL relates primarily to co-morbidities of ADHD and obses-
sive-compulsive behavior. ADHD with predominantly inat-
tentive symptoms, rather than hyperactivity symptoms, was
associated with lower QOL. To improve QOL, clinicians
must consider treatments of co-morbidities among tic
patients. © 2009 Movement Disorder Society
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INTRODUCTION

Gilles de la Tourette syndrome (GTS) is a chronic
childhood neurobehavioral condition with an estimated
prevalence of 10 cases per 10,000 children in the
United States.! GTS can provoke a gamut of neuro-
logic, behavioral, academic, and social problems for
patients and families. In addition to motor and phonic
tics, over half of these children have clinically signifi-
cant problems with attention, hyperactivity, or obses-
sive-compulsive behaviors that can further compromise
academic and social functioning.” Little is known
about the variables most associated with quality of life
(QOL) in these patients. One study addressing this
issue in adults with GTS suggested an association
between severe tics and significant obsessive-compul-
sive behavior with worse QOL, although attention-
deficit/hyperactivity disorder (ADHD) was not specifically
addressed.” The current study assessed the relationship
between tic severity, ADHD, and obsessive-compulsive
disorder (OCD) with QOL in a consecutive outpatient
group of children with GTS.

METHODS

Sequential subjects from a university neurological
practice who met DSM-IV* criteria for GTS were
invited to participate in the study. Subjects received a
neurological evaluation to assess tic severity using the
Yale Global Tic Severity Scale (YGTSS),5 and chil-
dren and parents were interviewed with a number of
behavioral scales: Leyton Obsessional Inventory—
Child Version,® Children’s Yale-Brown Obsessive
Compulsive Scale (CY—BOCS),7 and ADHD Rating
Scale.® The parents also completed the TNO-AZL
Children’s Quality of Life scale (TACQOL).” The
TACQOL subscales include Physical Complaints,
Motor Functioning, Autonomy, Cognitive Functioning,
Social Functioning, Positive Emotions, and Negative
Emotions. This scale was selected because it is not dis-
ease specific, as are many of the child QOL scales.
Forms were available for two age groups: age 1 to 5
and age 6 to 15. The senior author trained one of the
coauthors to be an interviewer. We assessed the corre-
lation between tic ratings, obsessive-compulsive behav-
ior, ADHD, and parental perception of child QOL
using Spearman’s rho correlation.

The total score on the quality of life scale
(TACQOL.) was regressed univariately on tic severity
(total of combined motor and phonic scores), obses-
sive-compulsive behavior (Leyton), total score on the
attention deficit disorder scale (ADHD), as well as the
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TABLE 1. Mean age, disease duration, tic severity,
obsessive-compulsive behavior, attention deficit disorder, and
quality of life for patients with GTS

TABLE 2. Spearman correlation of age, disease duration,
ADHD, OCD, and tic severity with quality of life
Jfor patients with GTS

Variable Mean SD Range Median Correlation coefficient P
Age 10.46 2.90 5-17 10.0 Age 0.01 0.964
Disease duration {years) 4,79 3.25 0-13 4.5 Disease duration (years) -=0.02 0.904
Tics-motor 9.45 4.47 4-20 8.0 ADHD-inattentive —0.57 <0.001
Tics-phonic 5.75 3.55 0-14 6.0 ADHD-hyperactivity —0.47 <0.001
Leyton 6.61 5.17 0-22 6.0 ADHD (total) —0.57 <0.001
CY-BOCS 8.61 10.17 0-41 4.5 Leyton —0.37 0.006
ADHD-inattention 11.36 7.71 0-27 10.0 CY-BOCS —0.46 0.001
ADHD-hyperactivity 8.5 7.00 0-26 7.5 Tics-motor -0.19 0.171
TACQOL 156.80 14.81 107-179 158.5 Tics-phonic —0.19 0.175

inattentive and hyperactivity subscales. Multiple
regression of ADHD, Leyton and tic severity was
employed to test whether these variables were inde-
pendently predictive of TACQOL. Exploratory regres-
sions in which the two ADHD subscales were consid-
ered were also performed. Statistical significance was
set at oo = 0.05.

RESULTS

Study Sample

There were 52 boys and four girls who participated
in the study. The mean age was 10 £ 3 (range 5-
17 years), and all subjects were attending school. All
lived full time with the parent who completed the
QOL scales. The mean YGTSS motor rating was 9.45
(*=4.5) and the mean phonic rating was 5.75 (*+3.6)
(see Table 1). An additional 42 patients were
approached to participate in the study and declined.
Because of privacy restrictions on research, we could
not access their demographic information to compare
potential variables that may have been different from
the study sample.

Twenty-two subjects (39%) were receiving medica-
tion for tics at the time of the study. Tics were gener-
ally assessed to be under good control (87.5% were
judged to have good control of motor tics, and 89.3%
were judged to have good control of phonic tics). Fur-
ther, the majority were considered to be stable in terms
of tic intensity (64.3% were judged by the neurologist
to have stable motor tics, and 60.7% were judged to
have stable phonic tics).

Of the subjects in the study, 36 met criteria for
ADHD, and five subjects met criteria for OCD. None-
theless, for the entire sample, mean obsessive symp-
toms reported on the Leyton Obsessional Inventory—

Child Version were in the normal range (6.6 = 5.2)
for the age group assessed.® The mean obsessive and
compulsive ratings reported on the CY-BOCS Total
Scale was 8.6 (£10.2). The ADHD rating scale mean
score was 19.6 * 13.4. The mean TACQOL total score
of 156.8 *= 14.8 was within the range of scores
reported for a sample in which the majority of children
were in good health or had temporary illness.'"

Features Affecting QOL

Spearman correlation coefficients were calculated
between ADHD, OCD, tic severity, and QOL (see
Table 2). ADHD (total score, as well as the inattention
and hyperactivity subscales), and the Leyton and
Children’s Yale-Brown Obsessive Compulsive scales
were significantly related to QOL. However, neither
the motor nor phonic tic severity scales were related to
QOL. Likewise, neither age nor disease duration were
related to QOL.

When entered separately in a multiple regression
model, the TACQOL was significantly related to the
ADHD total score (F = 19.83, df = 1,52, P < 0.001)
and to the Leyton OCD scale (F = 8.03, df = 1,52, P
= (.007), but not to tic severity (total of motor and
phonic scales; F = 1.86, df = 1,51, P = 0.178) or to
age (F = 0.09, df = 1,52, P = 0.767). The TACQOL
was also related to each ADHD subscale; inattention:
F = 18.87, df = 1,52, P < 0.001; hyperactivity: F =
11.60, df = 1,52, P = 0.001). When ADHD total
score, Leyton OCD scale, and tic severity were consid-
ered simultaneously, the tic severity score remained
nonsignificant (¢ = 0.039, df = 3,49, P = 0.969) and
both the Leyton (+ = —3.259, df = 3,49, P = 0.002)
and ADHD total score (t = —4.491, df = 3,49, P <
0.001) were statistically significant, indicating that both
OCD and ADHD were significant contributors to TAC-
QOL. In all models, the regression coefficients of

Movement Disorders. Vol. 24, No. 7, 2009

— 170 —



1072 B.A. BERNARD ET AL.

ADHD and OCD were negative, such that increased
ADHD and OCD symptoms were associated with
lower QOL.

When ADHD was separated into inattention and
hyperactivity, the ADHD inattention score was a sig-
nificant predictor of TACQOL independently of the
Leyton score and ADHD hyperactivity (¢ = —3.11, df
= 3,50, P = 0.003), but the ADHD hyperactivity score
did not make a significant contribution to the predic-
tion of TACQOL independent of the Leyton and
ADHD inattention (¢ = —0.288, df = 3,50, P =
0.775).

DISCUSSION

In this sample of patients with GTS with mild to
moderate tics, QOL related more to co-morbidities
than to tic severity. Tic severity did not predict QOL,
while both ADHD and OCD were strong predictors.
These findings are similar to a study assessing psycho-
social stress in patients with Tourette’s syndrome and
OCD, which found ratings of tic severity and OCD
correlated with a self-report measure of stress, but not
with clinician ratings of stress.'' Based on the data
from the current study, to improve QOL, neurological
management of GTS must incorporate and prioritize
treatment strategies to abate co-morbidities. Whether
treatment of these co-morbidities actually improves
QOL is a current research question that we are
assessing.

A limitation of the study was that the measure of
QOL we used relied on the parent’s perception of the
subject’s QOL, rather than self-report from the child.
We chose our measure in order to have a single tool
applicable across all child ages. Prior studies have vali-
dated our selected measure and methods for young
children as well as adolescents.” We are currently
addressing the issue of whether the patterns we
observed in children also occur among adults with
GTS. In this context, a potential useful measure for
outcome studies in GTS has recently been proposed,
the Gilles de la Tourette Syndrome—Quality of Life
Scale (GTS-QOL), a self-report scale for adults which
takes into account some of the co-morbidities of
GTS.'? This new rating measure, however, has not
been tested in children.

The study sample was a consecutive one from a ter-
tiary care university center. The severity of tics was
overall mild to moderate, and tics were generally sta-
ble and under good control. As such, we consider these
cases quite typical, making our observations directly
pertinent to most neurologists. It is possible that our
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subjects had more frequent co-morbidities, specifically
ADHD, than the general tic population because we are
a referral center that traditionally attracts cases with
complex disorders. Although OCD and ADHD symp-
toms were frequent, severities were overall mild. We
acknowledge that a small population of tic patients has
severe tics and we do not presume that our findings
extend to this small group of more unusual disability.
The fact that typical tics have little impact on QOL
and yet are the neurological manifestation most likely
to be the focus of a neurologist’s care underscores the
need for treating physicians to broaden their treatment
attention. Whether treated by the neurologist or a refer-
ral consultant, obsessive-compulsive symptoms and
attentional/hyperactivity problems deserve focused ex-
pertise because these impairments clearly influence
children’s QOL.
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Abstract: Individuals with Parkinson’s disease (PD) often
require nursing home care, where access to neurologists is
limited. Telemedicine uses information and communica-
tion technologies to provide health care to individuals
who are geographically separate from providers. We pres-
ent a video report of a nursing home resident with PD
who received telemedicine visits over 8 months from a
movement disorders specialist. The visits resulted in
improvements in motor and cognitive symptoms and sug-
gest that telemedicine may be useful for delivering care to
this population. © 2009 Movement Disorder Society

Key words: Parkinson’s disease; telemedicine; nursing
home

Up to 40%'™ of individuals with Parkinson’s dis-
ease (PD) require nursing home care, and 5.1 to 6.8%
of all individuals in nursing homes have PD.*® These
individuals, whose care and management is Complex,2‘7
frequently have limited access to neurologists. When
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evaluated by neurologists, less than half are receiving
optimal treatment.*

Telemedicine is the use of information and commu-
nication technology to provide health care to people
who are located some distance from the provider.® Tel-
emedicine can take many forms, including vital sign
monitoring, store-and-forward static images, and live
videoconferencing, but neurologic telemedicine has
typically used live videoconferencing. Telemedicine
has improved access and outcomes in neurologic con-
ditions, such as stroke’ and epilepsy,'® but the pub-
lished use of telemedicine for PD is limited.'""?

We report our initial experience in conducting tele-
medicine visits for an individual with PD who lives in
a nursing home, {30 miles from our institution.

CLINICAL CASE

The patient is a 77-year-old retired male surveyor
who has lived in a nursing home since June 2006. His
symptoms began in the mid-1980s when he noted diffi-
culty with skiing, followed by posturing and cramping
of the right hand. He was diagnosed with PD in 1986
and was otherwise healthy except for anxiety. Initially,
he had an excellent response to levodopa therapy. Sev-
eral years later, he developed dyskinesias, freezing,
and worsened rigidity. After his wife’s death in 2006,
he elected to enter a nursing home due to increasing
difficulty with performing household tasks. At his final
neurology outpatient visit in June 2006, he had moder-
ate dyskinesias, freezing, and moderate rigidity. Rapid
alternating movements were severely impaired, and he
fell backwards on pull testing. His score on the Mini-
Mental State Examination was 21 of 30.

Between June 2006 and October 2007, the nursing
home staff noted increasingly impulsive behaviors, includ-
ing climbing out of a window and trying to scale the fence
to leave the facility. They also noted worsening short-term
memory and anxiety. In October 2007, he elected to par-
ticipate in telemedicine visits to manage his PD.

Telemedicine visits using live videoconferencing
technology were first conducted with Collabworx Secure
Real-Time Platform freeware run on Dell Notebook
Computers. We subsequently switched to VSee Video-
conferencing freeware in January 2008. For all visits, we
used an encrypted high-speed internet connection and a
Logitech Digicam (camera and microphone combined).
A nursing home staff member and technical support staff
were available at each visit to provide assistance.

Six visits took place between October 2007 and June
2008. Visits occurred monthly for 4 months; the fifth
and sixth visits occurred three months apart. At one visit,

Movement Disorders, Vol. 24, No. 7, 2009

technical difficulties limited visualization of the physical
exam. For the other five visits, video quality was suffi-
cient. Audio quality was sufficient for all visits. Recom-
mendations were communicated to both the patient and
staff at each visit., The initial visit lasted 60 minutes;
subsequent visits were 30 to 45 minutes.

The patient was satisfied with the care he received.
Initially, his exam was notable for moderate hypophonia
and dysarthria, poor attention, marked generalized dys-
kinesias, and mild symmetric bradykinesia. He was able
to rise from a chair using his hands. His initial medica-
tion regimen included total daily doses of 1,000 mg
of levodopa and 250 mg of carbidopa, 600 mg of enta-
capone, 3 mg of trihexyphenidyl, 3 mg of alprazolam,
0.5 mg of pramipexole, 10 mg of donepezil, and
150 mg of fluvoxamine. Subsequently, trihexyphenidyl
and donepezil were discontinued and the dosing and
timing of the remaining medications were adjusted.
After 8 months of telemedicine care, the patient
reported fewer dyskinesias, which increased on time
from 20 to 40% of the waking day. His Mini-Mental
State Examination improved from 21 of 30 to 30 of 30
at the fourth visit. The illusions and behavioral concerns
resolved, and he was better able to feed himself. There
was mild hypophonia and dysarthria. Moderate dyskine-
sias were present during the first 15 minutes of the inter-
view. Finger and heel taps were mildly slowed and
reduced in amplitude. He continued to note frequent
motor fluctuations and difficulty performing activities of
daily living.

DISCUSSION

We used telemedicine to provide subspecialty care to
an individual with PD residing in a remote nursing
home. This effort builds on earlier telemedicine work in
PD,'"'? in which telemedicine was considered accepta-
ble to patients and resulted in reduced travel costs.'?

Telemedicine has the potential to improve access to
and quality of care. Cheng et al. demonstrated that
care by movement disorders specialists is associated
with improved adherence to quality of care indica-
tors.'* Tmproved management can simplify medication
regimens,'* decreasing the use of potentially harmful
or expensive medications.'>'® This is especially rele-
vant for PD, as individuals frequently have hallucina-
tions and dementia that can be treated with non-phar-
macological measures'’ or by reducing exacerbating
medications. In our case, the elimination of trihexyphe-
nidyl ($11.50 per month'®) resulted in resolution of
cognitive impairment and eliminated the need for
donepezil ($170 per month'®). Telemedicine can also
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reduce the need for laborious and expensive transporta-
tion for nursing home residents. Finally, live videocon-
ferencing provides direct communication between the
consulting physician and nursing home providers and
staff, which can improve the quality of information
available about the patient, and minimize confusion or
delays in implementing recommendations.

To realize telemedicine’s potential, certain obstacles
must be addressed. First, the centers delivering and
receiving telemedicine visits need to create effective and
sustainable partnerships. Second, telemedicine requires
initial investments in equipment and infrastructure; for-
tunately, costs are declining rapidly. In the early 1990’s,
telemedicine startup costs totaled more than f}SlOO,OOO;H
today, videoconferencing kits can cost between $5,000
and 10,000. Our initial equipment included an existing
laptop computer, a free internet-based software program,
and a combined camera and microphone (less than
$100). More expensive equipment can further improve
image quality and allow for additional opportunities
such as recording video files and controlling camera
movements remotely, but is not necessary. Third, patient
concerns about confidentiality and embarrassment dur-
ing the visit must be addressed'® through patient and
provider education.

Finally, reimbursement systems must be modified to
permit continued growth of telemedicine services. Cur-
rently, to qualify for Medicare reimbursement, sites
receiving telemedicine services must be located outside
of a metropolitan area. Unfortunately, only about one-
third of all US nursing homes currently meet this crite-
rion.”® An additional criterion is that these sites must
be located within certain facilities: the office of a phy-
sician or practitioner, a hospital, a rural health clinic,
or a federally qualified health center.”! This currently
excludes nursing homes, but recently passed legislation
will permit Medicare reimbursement in this setting.??

Further research is required to establish the feasibility
and potential benefits of telemedicine for nursing home
residents with PD. One key consideration is whether
dementia and psychosis associated with PD can be
adequately managed via telemedicine, as suggested by
work in telepsychiatry.”? Also, data on the ability to
accurately perform key PD assessments (such as the
UPDRS) are currently mixed.'™'* Finally, the ability to
remotely manage patients with advanced PD may
increase the pool of clinical research participants for tri-
als, addressing the complications of advanced pD.*

The rise in the number of people affected by Parkin-
son’s disease® and the rapid growth in assisted living
facilities®® suggest that the demand for improved care
for this population will only increase. Further work to

improve telemedicine and remove unnecessary hurdles
could lead to significant benefits for patients, physi-
cians, nursing homes, and payors.

VIDEO LEGEND

The video demonstrates selected motor segments of
the neurologic examination for this patient over time.
Segment 1 occurred January 2008, Segment 2 in April
2008, and Segment 3 in June 2008. In Segments 1 and
2, our patient reported being “off”. In Segment 3, he
reported being “on” with dyskinesias.
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Abstract: Camptocormia becomes increasingly recognized
as a disabling symptom associated with Parkinson’s dis-
ease (PD). We here report six patients with advanced PD
in whom continuous bilateral stimulation of the subthala-
mic nucleus produced substantial (mean 78% * 9.1% of
the thoracolumbar angle) improvement of camptocormia
along with other motor symptoms. © 2009 Movement Dis-
order Society

Key words: camptocormia; Parkinson’s disease; subthala-
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Camptocormia, also known as “bent spine syn-
drome,” is characterized by an abnormal posture of the
trunk with marked forward flexion of the thoracolum-
bar spine, which increases during standing and walking
and abates in the recumbent position.' Among a broad
spectrum of neurologic etiologies involved in the gene-
sis of camptocormia, Parkinson’s disease (PD) is the
most frequent."* Although camptocormia is increas-
ingly recognized as a progressively disabling symptom
in the course of PD, the optimal therapy for PD-associ-
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TABLE 1. Clinical characteristics of patients with PD-associated camptocornia who
underwent STN-DBS

Patient
1 2 3 4 5 6

Age at onset (yr)/sex 60/F S4/M 47/F 48/F 54/M 44/F
Duration of disease (yr) 1l 10 8 5 11 9
Follow-up after surgery (months) 46 15 18 5 8 9
UPDRS III off medication

Preoperatively 47 56 67 33 25 62

Postoperatively 20 15 32 5 7 11

Percent improvement (%) 57 73 52 85 72 84
UPDRS III on medication

Preoperatively 38 56 32 33 25 62

Postoperatively 20 15 32 5 7 11

Percent improvement (%) 47 73 0 85 72 84
Thoraco-tumbar angle (°)

Preoperatively 90 90 90 50 60 60

Postoperatively 30 30 10 10 10 10

Percent improvement (%) 67 67 89 80 83 83

The evaluation scores for motor symptoms were assessed using Unified Parkinson’s Disease Rating Scale
(UPDRS). For each patient, the preoperative baseline values and the scores at the last follow up after the

inception of continuous stimulation are shown.

PD, Parkinson’s disease; STN-DBS, subthalamic nucleus deep brain stimulation; F, female; M, male.

ated camptocormia remains to be established.”™ Indi-
vidual case reports have shown that deep brain stimu-
lation (DBS) of the subthalamic nucleus (STN)®7 and
globus pallidus internus (GPi)® is effective in treating
camptocormia, however, the overall efficacy of DBS in
relieving PD-associated camptocormia has not been
determined.”® We here report the largest series to date
of six patients with PD whose disabling camptocormia
was substantially alleviated by bilateral STN-DBS.

PATIENTS AND METHODS

The clinical characteristics of the six patients with
PD-associated camptocormia who underwent bilateral
STN-DBS are summarized in Table 1. All the patients
had been satisfactorily controlled by dopaminergic
medication during the earlier stage of disease progres-
sion. Preoperative MRI study revealed no apparent
brain lesion in all patients. At surgery, their mean age
was 60 years (range 53-71 years); the mean disease
duration was nine years (range, 5-11 years). All six
showed marked flexion (over 45°) of their thoracolum-
bar spine that worsened during walking or prolonged
standing and disappeared in the recumbent position.'
Their mean duration of having camptocormia was 25
months (range, 12-60 months). Using video image
analysis, we measured the thoracolumbar angles of the
bent spine preoperatively (baseline) and at the latest
follow-up. The patients were also assessed using the
Unified Parkinson’s Disease Rating Scale (UPDRS).

Levodopa equivalent daily dose (LEDD) was calcu-
lated before surgery and at the latest follow-up on the
basis of the following formula®; 1 mg of pergolide

1 mg of lisuride = 4 mg of cabergoline = | mg of
pramipexole = 5 mg of ropinirole = 10 mg of bro-
mocriptine = 20 mg of dihydroergocriptine = 100 mg

of levodopa. Statistical analysis was carried out using
a Student two-tailed ¢ test. A P of <0.05 was consid-
ered as significant.

Stereotactic implantation of quadripolar DBS electro-
des (Model 3389, Medtronic, Minneapolis, MN) into
the STN were carried out as described elsewhere.'
Briefly, the tentative target site determined by setting
the coordinates was 2 mm posterior to the midpoint of a
line drawn between the anterior- and posterior commis-
sures (AC-PC line) and 12 mm lateral, and 4 mm ven-
tral to the AC-PC line. Semi-microelectrode recordings
were obtained at all 1.0-mm points along the trajectory
toward the STN target site to determine the relative
physiologic position of the probe. The trajectory that
included more than four positive recording sites was
chosen for placement of the DBS lead. The program-
mable pulse generators (Soletra, Model 7426, Med-
tronic) were placed in the subclavicular regions. All the
patients were routinely evaluated and programmed for
pulse every 2 to 3 months as follow-up after surgery.

RESULTS

The optimal stimulating parameters were determined
to be a frequency of 130 Hz, a pulse width of 60 micro-

Movement Disorders, Vol. 24, No. 7, 2009
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FIG. 1. Surgical results (A and B). Photograph of a patient with PD-associated camptocormia who underwent bilateral subthalamic stimulation.
Preoperatively (A) she manifested a severe forward flexion of the thoraco-lumbar spine. At the latest follow-up after electrode implantation with
continuous subthalamic stimulation (B), the camptocormia was markedly alleviated. (C) Mean levodopa equivalent daily dose (LEDD) before and

after surgery.

seconds, and mean amplitude of 2.6 volts (range, 2.0—
3.5 volts). Monopolar stimulation with single or double
cathode contacts was used in all patients. As shown in
Table 1, the mean UPDRS III (motor) score in the
“off” phase decreased from 48 * 16.6 (baseline) to 15
+ 9.9 (postoperative) (P = 0.002); in the “on” phase it
decreased from 41 £ 147 to 15 = 9.9 (P = 0.005). In
all six patients camptocormia responded well to STN-
DBS (for an example, see Fig. 1A,B); the mean thora-
columbar angle decreased from 73 * 18.6 (preoperative
baseline) to 17 * 10.3 (postoperative follow-up); the
mean improvement was 78% = 9.1% (range, 67-89%;
P = 0.0001). Pre- and postoperative mean LEDDs of
dopaminergic medications are shown in Fig. 1C. Post-
operative reduction of LEDD was trend, but no signifi-
cant differences were found in daily doses of levodopa
and dopamine agonists (P < 0.5).

DISCUSSION

It is a major preoperative issue to determine what
motor features associated with PD reliably respond to
the DBS surgeries.!’ Present study disclosed that in
our six patients with advanced PD, continuous bilateral
STN-DBS produced substantial improvement of their
camptocormia and other motor symptoms. Its therapeu-
tic efficacy on camptocormia varied in individual
patients, with an improvement (mean 78% * 9.1%) in
the assessment of the thoracolumbar angle. Preopera-
tively, the motor symptoms of Cases | and 3
responded to levodopa; camptocormia of Patient 3, but
not of Patient 1, also responded to dopaminergic ther-
apy as have been 1‘eported.5 In the other four (Cases 2,
4, 5, 6), the preoperative response of their motor symp-
toms to medication could not be determined because
they were intolerant of dopaminergic therapy due to

Movement Disorders, Vol. 24, No. 7, 2009

drug side-effects such as psychosis. Therefore, as has
been reported for other patients,''™'? their preoperative
UPDRS motor scores in the “on” phase may not
reflect the best obtainable scores in that phase. Our
study showed that in all patients except for Case 3,
there was no clear correlation between camptocormia
improvement and levodopa therapy. PD-associated
camptocormia itself is generally thought to be levo-
dopa-unresponsive; in most patients, extreme anterior
bending is not or only poorly improved, or even exa-
cerbated by levodopa, and the severity of the bent
spine is often unchanged during medication “on” and
“off” phases.”” Based on these considerations, we sug-
gest that in individual patients, the preoperative levo-
dopa-responsiveness of their motor symptoms may not
be a predictor of the response to STN-DBS of their
PD-associated camptocormia.

It has been proposed that camptocormia is an
extreme form of the characteristic stooped posture of
PD patients.'™ As the central mechanisms that control
posture remain poorly-understood, the pathogenesis of
camptocormia continues to be unknown,'? However,
the first report on camptocormia in PD patients sug-
gested that “bent spine” might represent an action dys-
tonia resulting from dysfunction of the striatum,"
Another study on camptocormia associated with lentic-
ular lesions also reported the critical role of the
striatum and pallidum in the maintenance of axial pos-
ture.'® Thus, it is possible that PD-associated campto-
cormia is a result of basal ganglia dysfunction that
may result in (segmental) axial dystonia.'™'*'> Based
on this hypothesis, stereotactic intervention targeting
the GPi may be a rational option to treat camptocormia
since there is a growing body of evidences that show a
dramatic effect of pallidal surgery on various forms of
dystonia.'® Indeed pallidotomy?® and GPi-DBS® pro-
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duced a marked improvement of severe thoracolumbar
spine flexion in patients with PD. In non-PD patients,
camptocormia has been shown to respond well to GPi-
DBS.?! However, there is a general concept that STN-
DBS may be preferable to GPi-DBS for improving the
cardinal motor symptoms>* and for reducing the dos-
age of dopaminergic medications in PD patients, >4
With the recent reports showing beneficial effects of
STN-DBS in the treatment of primary and secondary
dystonias,”* our present findings suggest axial pos-
turing may be controlled by the STN as a function of
the basal ganglia, and that bilateral STN-DBS can be
as a potential surgical means to address camptocormia
in PD patients. Further studies need to be performed to
confirm this conclusion and to select PD patients with
medically refractory camptocormia who are optimal
candidates for STN- or GPi-DBS.
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Abstract: In addition to levodopa treatment and disease
duration, genetic predisposition might contribute to the
development of medication-related complications in Par-
kinson’s disease (PD). As recent observations indicate the
dopamine Dj receptor (DRD3) to modulate both thera-
peutic action of levodopa and dyskinesia, we reappraised
the impact of the DRD3 Ser9Gly polymorphism on devel-
opment of motor complications in a large scale association
study based on the gene bank of the German Competence
Network on Parkinson’s disease. Stepwise regression anal-
ysis revealed no effect of DRD3 Ser9Gly on chorea, dysto-
nia, or motor fluctuations in PD, despite incorporating
established clinical risk factors to avoid overlooking an
effect of genotype. Duration of PD was confirmed as the
most important clinical risk factor, followed by age of dis-
ease onset and female sex. Additional studies incorporat-
ing grading of motor complications, and combinations of
risk genotypes, are warranted. © 2009 Movement Disorder
Society

Key words: Parkinson’s disease; levodopa; motor compli-
cations; dyskinesia; DRD3 Ser9Gly

Motor complications, particularly dyskinesia and
motor fluctuations, are side effects of long-term levo-
dopa treatment in Parkinson’s disease (PD), limiting
the usefulness of this most effective symptomatic ther-
apy.' Young age of PD onset, disease duration, period
and dosage of levodopa treatment, and female sex
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were identified as risk factors.>® However, these varia-
bles explain the appearance of motor complications
only partially, as there is considerable interindividual
heterogeneity of the response to levodopa, and some
patients never develop dyskinesia.* These observations
support the hypothesis that certain individuals are pre-
disposed to develop motor complications in PD,
prompting studies on genetic susceptibility.*’ So far,
unconfirmed studies have reported an association of
levodopa-induced dyskinesia or motor fluctuations with
two polymorphisms in the gene of the dopamine D> re-
ceptor (DRD2),*? and one in the gene of the dopamine
transporter (DAT). 10

Experimental evidence links levodopa-induced dys-
kinesia to DRD3 function: Striatal induction of DRD3,
highly dependent on afferent dopamine innervation,
parallels the development of levodopa-induced behav-
ioral sensitization in hemiparkinsonian rats,'! in whom
reduction of striatal DRD3 binding was shown to block
effects of prolonged levodopa treatment.'” In MPTP-
treated monkeys, dyskinesia was associated with over-
expression of DRD3, attenuated by administration of a
DRD3 selective antagonist.'’ In mental illness, the
DRD3 gene has been extensively studied in tardive
dyskinesia, and the gly allele carrier status of the
DRD3 Ser9Gly polymorphism was established as an
important risk factor.'*'> Ser9Gly is the only known
DRD3 polymorphism affecting protein structure.'®
Also, cells expressing the DRD3 gly allele showed a
higher binding affinity for dopamine, compared to
heterozygotes or wild type.'’

Only two studies tested the DRD3 Ser9Gly polymor-
phism for an association with dyskinesia'® or wearing
off’ in PD. Both employed small patient samples, and
found no significant effect of Ser9Gly. We reappraised
the impact of DRD3 Ser9Gly on motor complications
in PD in a large-scale association study based on the
gene bank of the German Competence Network on
Parkinson’s disease (CNP), incorporating established
clinical risk factors to avoid masking the effect of a
genetic variable. Also, we were able to include various
subtypes of PD motor complications in our analysis.

PATIENTS AND METHODS

The CNP is a national network composed of 35 uni-
versity hospitals and specialized movement disorder
clinics across Germany (www.kompetenznetz-parkin-
son.de). It collects information on PD patients in a
database, including medical history, diagnostic proce-
dures, suspected diagnosis, and drug treatment. Patient

— 179 —



DRD3 Ser9Gly AND MOTOR COMPLICATIONS IN PD 1081

evaluations and data input are conducted by movement
disorders specialists. The CNP gene bank (GEPARD)
collects corresponding DNA samples.'®

For the present study, only unrelated patients who
met the UK Brain Bank criteria for PD with available
DNA samples were included (n = 690). Information
on gender, age, disease onset, disease duration, Hoehn
& Yahr stage (H&Y), and present drug treatment was
considered. Each patient’s total dopaminergic load (in
milligrams levodopa equivalent) was calculated as
established previously.'” For analysis of motor compli-
cations, we considered the following three types and
10 subtypes recorded in the database: dyskinesia: cho-
rea (subtypes peak-dose, plateau, biphasic); dyskinesia:
dystonia (subtypes off, on, biphasic); and fluctuation
(subtypes wearing off = end of dose akinesia, random
on/off, freezing during on, freezing during off). The
DRD3 Ser9Gly genotype was determined as described
previously. '

SAS 9.1 was used to perform the Wilcoxon rank-
sum and chi-square tests for analyses of the patient
sample, and comparisons of subgroups defined by
motor complications and genotype. Significance was
considered at P < 0.05. For each type and subtype of
motor complications as dependent variable, we con-
ducted a forward stepwise logistic regression analysis
to select the best set of independent predictors from
the pool of variables consisting of gender, age of dis-
ease onset, disease duration, H&Y, dopaminergic load
and genotype. Only variables reaching P < 0.05 were
included in the model.

The study protocol was approved by the appropriate
local ethics committees, and all patients gave written
informed consent.

RESULTS

Genotyping of DRD3 Ser9Gly was successful in 591
patients (ser/ser: 254 patients [43.0%]; ser/gly: 262
patients [44.3%]; gly/gly: 75 patients [12.7%]). Aver-
age age was 64.7 = 10.1 years (for further patient
sample characteristics, see Table 2). Fluctuations were
the most frequent type of motor complications (40%),
and wearing off (end of dose akinesia; 32%), freezing
during off (23%), and peak-dose dyskinesia (16%)
were the most common subtypes (Table 1). Patient
groups defined by occurrence of at least one subtype
of chorea, dystonia, or fluctuation (i. e., comparing all
patients with at least one type of chorea and patients
without chorea) differed significantly for all variables
tested, most obvious for disease duration (Table 2). Sim-
ilar results were obtained in subgroup analyses of all 10

subtypes of motor complications, again yielding most
significant findings for disease duration in all calcula-
tions (not shown). However, female sex was signifi-
cantly more frequent only in chorea plateau (P = 0.01),
off dystonia (P = 0.0005), and wearing off (P = 0.009),
with a trend for peak-dose chorea (P = 0.05). There
were no significant differences in gender distribution,
age, or age of PD onset in patient subgroups defined by
DRD3 Ser9Gly genotype (not shown).

Stepwise regression analyses identified longer dis-
ease duration, earlier age of PD onset, female sex, and
higher H&Y scores as the best set of predictors for
occurrence of motor complications in general (Table
3). Also, higher total dopaminergic load remained in
the models generated for chorea and fluctuations, but
lost its effect in dystonia (including subtypes). Like-
wise, of all motor complications, disease duration had
the weakest effect in dystonia (including subtypes).
The number of Ser9Gly alleles was not significant after
inclusion in the regression models for any type of
motor complication. Again, widely concordant results
were obtained when analyzing motor complication sub-
types, without incorporation of the number of g/y al-
leles in any of the models generated (not shown).

DISCUSSION

DRD3 Ser9Gly genotype frequencies (and allele fre-
quencies; not shown) observed in our large German
CNP gene bank sample were concordant with previous
studies in PD patients, severe mental illness, and con-
trols,” !¢ supporting a similar degree of genetic vari-
ability of DRD3 in different populations and neuro-
psychiatric disorders.

Our analysis failed to confirm DRD3 Ser9Gly as a
relevant disease modifying gene in PD with regard to
motor complications. We included known clinical and
demographic criteria in our analyses, since independent
risk factors might very well conceal any contribution
of a genetic variable. Nevertheless, no effect of DRD3
Ser9Gly on PD motor complications became obvious,
confirming studies in smaller patient samples of Chi-
nese and German origin.9'10 Also, as these studies used
broader or limited classifications of symptoms (any
dyskinesia, wearing off), we looked at the various sub-
types of dyskinesia and motor fluctuations, again with-
out evidence for an impact of Ser9Gly.

This lack of association might be explained by phe-
notype classification. Severity of motor complications
is variable, and several studies reported only 12% of
dyskinesias to be clinically significant.”?' Likewise,
in mental illness, DRD3 Ser9Gly was most strongly

Movement Disorders, Vol. 24, No. 7, 2009

— 180 —



S. PAUS ET AL.

1082

swelSi i ‘3w :peoj odreuruedop *peoy "dop sreak ‘A teseasip s uosunjreqd ‘(id
'siuoned $86 Ul S[qe]IBAR Sem UONEOIpaUI diSroutwedop uo uoneuLOu],

‘siuened 6g¢ Ui S[qe[ieAr sem 28®)S IBA 29 UYSOH UO UOHBULIOJU,
*(1x91 29s ‘sadAigns uwonedsrdwod Joyowr ojeredes oY) Jo sisAteue 10J) 2dAigns suo Aue 15e9] 1V,

‘pay10ads 9STMISIO SSI[UN UOHBIASP pIepUR]s T UBSW SB Passaidxe aie san[ep

0z 01 X LT S1e ¥ LTV 9pe F 9L L 0l X IV 86¢ * ¥C§ 9¢e ¥ 10L 401 X TT  ¥bE ¥ 96F 6EE F 6LL [9¢ ¥ 16§ (8w) jpeoy -doq
- 01 X 9t 60%CT 01 % 1I'e 401 X 0T 01 ¥ ¢§¢C ' ¥7¢ 01 X T°¢ 01 %¢7T 0L ¥ 1'¢ 01T %97 TE1s IYRL 79 UYS0H
-0 X T'E £y * TS TOFOIL 401 X971 9¢ ¥ 69 8¢ F EIT 40l X 06 I'S¥¢9 6'¢ F LTH 6S F 9L () uonemp qd
0T X L TILF865S S0IFT8 .01 X¢ET O *98 600 +08 .00 XegT TUIIFL8 01 F 806 eIl = L'LS (K) 18810 (d Jo 28y
01 X TT Lyeles9 6'CP/1°9¢ 0 X L'g 6vE/1°S9 LSV T 01 X §°¢ L'SE/Ey9 9'6¥/¥°0¢ $'8€/9'19 (%) oSrewaj/are
anfea 4 76E = UON 6£7 = USOL anfeA 4 660 = UON T6 = USaf anfea 4 i = UON LIl = usax 166 = usyuened gy
L, UoITeNIONJ +BTU0ISA(T £e210UD
ad Ul suoupaduios 1030w Jo sausLIvnYY 1) T AI4V.L
‘9SBISIP S, UOSUPIed ‘qd

94 or L €T 1L (43 91 Sl L £l 0C 14 g8 91 %

89C 6£T 37 8¢l 99 L81 [ w 9L L1T 9C 0s $6 u
voneorduwos uonemoOny uo SuIZoaLy Jjo pateiie 3o BIUOISAp orseydrg uQ pire) BRIOYD orseydrg neajeld asop-yedd

Auy Auy Surzeang wopuey Sutreap Kuy Koy

uoneniongy BIUOISA( BaIOYD

siwanpd (qd [6S ul suoupandwod aojout Jo Louanbaty 1 ATIV.L

Movement Disorders, Vol. 24, No. 7, 2009

— 181 —




DRD3 Ser9Gly AND MOTOR COMPLICATIONS IN PD 1083

TABLE 3. Stepwise regression analysis of clinical risk factors, DRD3 Ser9Gly and motor complications

Chorea* Dystonia* Fluctuation*

Regression estimate P value Regression estimate P value Regression estimate P value
Female sex 0.791 0.001 1.078 <0.0001 0.594 0.006
Earlier age of PD onset -0.036 0.003 -0.052 <0.0001 —0.037 0.0005
Longer PD duration 0.113 <0.0001 0.047 0.03 0.11 <0.0001
Higher Hoehn & Yahr stage 0.289 0.02 0.638 <0.0001 0.682 <0.0001
Higher dopaminergic load 0.001 0.001 # 0.001 <0.0001
Higher number of gly alleles® # # #

*At least any one subtype (for analysis of the separate motor complication subtypes, see text).

*Of DRD3 Ser9Gly.

PD, Parkinson’s disease; #, not included in the model generated by stepwise regression analysis.

associated to severe forms of tardive dyskinesia.'’

Assessment of motor complications in PD is difficult
due to marked clinical variability between and within
patients,"4 potentially impairing phenotype demarca-
tion. Future pharmacogenetic studies should focus on
more easily discernable variables, for example, severe
forms of dyskinesias or fluctuations, or the time of
their first presentation. Nevertheless, we believe that
the large patient sample examined suffices to screen
for a relevant effect of DRD3 Ser9Gly on susceptibility
for PD motor complications.

Drug response and susceptibility to adverse effects
are complex phenotypes, and other genes beside
Ser9Gly might be involved, each contributing a small
risk increment. In tardive dyskinesia, for example, an
effect of a polymorphism in the cytochrome P450 17
alpha-hydroxylase gene on severity of dyskinesia was
demonstrated only in patients homozygous for the gly
allele of DRD3 Ser9Gly.** For motor complications in
PD, variants that were shown to be associated with
peak-dose dyskinesia (STR of DRD2)} any type of
dyskinesia (40-bp VNTR of DAT),'® and motor fluctua-
tions (TaglA of DRD2)° are probably the most promis-
ing candidates for a combined analysis of risk geno-
types, including DRD3 Ser9Gly.

Prevalences and risk assessments of nongenetic pre-
dictors of motor complications in our sample are in
line with most earlier evaluations.>>*1%2! Qverall, dis-
ease duration had the most relevant impact on chorea
and motor fluctuations. Interestingly, for dystonia, actual
dopaminergic load did not reach significance in regres-
sion analysis, suggesting that intrinsic mechanisms out-
weigh contribution of pharmacological issues in devel-
opment of dystonia in PD. Likewise, dystonia is
assumed to be a hallmark of younger onset PD, in which
genetic factors contribute considerably to etiology.>

Contribution of gender on PD motor complications is
controversial: Several studies in larger patient samples

(n = 215; 630) observed a higher risk in females,S’6
which has not been confirmed in smaller examinations
(n = 124; 126; 140; 183).>™'%" Some studies
reported female sex to predispose for tardive dyskine-
sia in mental illness.'> While mechanisms underlying
gender susceptibility for drug-induced movement disor-
ders are unknown, there is evidence suggesting that
estrogens modify individual sensitivity to develop dys-
kinesia.”* Our results support the notion that female
sex predisposes for motor complications in general
(and, especially, peak-dose and plateau chorea, dysto-
nia during off, and end of dose akinesia), which calls
for a more restricted use of levodopa in young female
patients.

In conclusion, DRD3 Ser9Gly alone does not confer
an increased susceptibility to develop any kind of levo-
dopa-induced motor complications in PD. Duration of
PD was confirmed as most important risk factor, fol-
lowed by age of disease onset and female sex.
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Abstract: Pathological gambling (PG) has been identified in
Parkinson’s disease (PD), but such gambling behaviors
may also occur in amyotrophic lateral sclerosis (ALS). We
sought to estimate the prevalence of PG amongst members
of a web-based community, PatientsLikeMe.com. A survey
was constructed, consisting of demographic information,
the South Oaks Gambling Screen (SOGS), the K-6 measure
of distress, and items related to motivation for gambling.
Data were obtained from 236 ALS patients and 208 PD
patients. Of the PD patients, 13% were classified as prob-
lem gamblers compared with 3% of ALS patients (o =
14.005, P < 0.001). PD patients reported thoughts about
gambling to be more distressing, harder to resist and more
outside their control than ALS patients. Thus, the higher
prevalence of compulsive behavior in PD may relate to
damaged reward pathways or medication rather than to
the effects of living with a chronic progressive neurological
disorder per se. © 2009 Movement Disorder Society

Key words: ALS; pathological gambling; neuropsychiatry;
neuropsychology; depression

Pathological gambling (PG) was first described in
Parkinson’s disease (PD) in 2000' and has been esti-
mated to affect between 3 and 7% of patients.” Current
opinion suggests that such gambling behaviors may be
triggered by dopaminergic medication (usually dopa-
mine agonist drugs®), although younger age, increased
impulsivity, and higher novelty-seeking traits appear
pertinent risk factors in this population.* Amyotrophic
lateral sclerosis (ALS) is a neurodegenerative disorder
traditionally held to affect only motor functions; how-
ever, it is now clear that a small proportion of ALS
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(~5-10%) patients experience florid personality
changes consistent with frontotemporal dementia
(FTD), whereas a larger proportion (33-50%) experi-
ence milder cognitive change of a predominantly exec-
utive nature.® Although there have been no reports in
the literature of pathological gambling among ALS
patients, it has been noted anecdotally in clinical expe-
rience. Patients with ALS-FTD have been described as
engaging in repetitive and compulsive behaviors,
including compulsive eating and other perseverative
behavior,® and FTD in isolation has been reported as
presenting with PG.” Previous reports have described
PD patients as being particularly likely to use slot
machines,” although other reports have mentioned
internet gambling as being problematic for some.>*

Many patients with ALS or PD use the internet for
several hours a day to communicate, to participate in
online communities, or for entertainment. We set out
to estimate levels of PG and other compulsive behav-
iors among users of an online community for people
with  life-changing illnesses, PatientsLikeMe.com,
reporting a diagnosis of PD or ALS. Approximately
80% of users are based in the United States, with
smaller proportions in other parts of the English-speak-
ing world. Given that the internet also offers increasing
numbers of opportunities to gamble via online casinos,
sports betting, and lotteries, we predicted that we
would find higher estimates of PG in our PD sample
than reported previously because of increased opportu-
nities to gamble. We postulated that the prevalence of
PG in ALS would be lower than that found in PD
because of the absence of dopaminergic medication but
that it would be higher than is found in the general
population as patients may have had to give up work
and spend many hours a day using the internet.

PATIENTS AND METHODS

Survey Construction

A survey was constructed consisting of demographic
information (age, gender, disease duration, Hoehn and
Yahr stage for PD) and the South Oaks Gambling
Scale (SOGS, with a conservative cutoff of 5+), the
K-6 measure of distress (using a cutoff of 13+1°), and
items related to motivation for gambling.

Participants

Participants reporting that they had been diagnosed
with either ALS or PD were contacted via the online
community, PatientsLikeMe.com. Although patients
were not physically examined, all patients were asked
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TABLE 1. Participant characteristics

Mean (SD) PD ALS/MND Significance

N 236 208

Age (Years) 57.7 (10.4) 54.7 (10.4) #442) = 3.097, P = 0.002
Sex 43% Male 63% Male ¥? = 15.85, P < 0.001
Disease duration in years 7.5 (6.7) 5.1 4.7 1(438) = 4.400, P < 0.001
K-6 Distress mean 6.6 (4.9) 5.0 4.2) H442) = 3.693, P < 0.001
% depressed 15% 6%

Positive family history 27% 6% ¥’ =367, P < 0.001

Bet on horses/dogs 2% 3% %2 = 0.135, P = 0.483
Bet on sports 2% 5% ¥* = 1871, P = 0.132
Bet on dice games 2% 0% %% = 3.001, P = 0.102
Went to a casino 14% 9% 7 = 6919, P = 0.007
Played the lotiery 21% 18% ¥? = 3.128, P = 0.050
Played bingo 4% 0% y% = 7263, P = 0.008
Stock/commodities market 9% 12% ¥2 = 0.243, P = 0.368
Slot machines/gambling machines 12% 6% ¥ = 6323, P = 0.010
Played sport/skill for money 2% 2% 7= 0221, P = 0448
Gambled on the internet 2% 3% )(2 = 0.000, P = 0.616

to complete a diagnosis history upon registration with
the website. Most patients were diagnosed by a spe-
cialist (ALS 78%, PD 64%) and sought a second opin-
ion (ALS 64%, PD 53%). Patients provided the names
of their diagnosing doctor, many of whom were well-
known figures in the ALS and PD fields. Data were
obtained from 236 of 1,607 ALS patients (15%) and
208 of 1,156 PD patients (18%). Ninety-six ALS
patients (6%) and 75 PD patients (6%) declined to par-
ticipate in the study. The remainders were classified as
nonrespondents.

RESULTS

Because basic demographic data is collected on
registration, we are able to establish that there were no
significant differences between responders and opt-outs
on any demographic or clinical variables. Therefore,
we believe our sample is representative of the patients
registered on PatientsLikeMe.

Table 1 shows a number of significant demographic
differences among patient groups, all in keeping with
the different natures of each disease. Table 1 also
shows the distribution of gambling behavior between
ALS and PD patients at the time of survey. PD patients
were, at the time, more likely than ALS patients to go
to a casino, play the lottery, play bingo, or use gam-
bling/slot machines. Both groups had similarly low
rates of internet gambling.

There was a trend approaching significance for PD
patients to have spent more on gambling than ALS
patients over the 12 months preceding the study (PD
median: $10 [$0-$12,000] vs. ALS Median $0 [$0-

Movement Disorders, Vol. 24, No. 7, 2009

$15,000]; U = 1354.0; P = 0.065). Only three patients
in each group had spent more than $3,000 in the pre-
ceding 12 months.

According to the SOGS cutoff of 5 and above, 13%
of PD patients were classified as problem gamblers
compared with 3% of ALS patients (x> = 14.005, P =
<0.001). On average, PD patients had higher total
SOGS scores than ALS patients (PD mean = [.62 [SD
3.1], ALS mean = 0.75 [1.5}; U = 213030, P =
0.006). Problem gamblers in both groups spent similar
amounts of money in the 12 months preceding the
study (PD mean = $2,812, SD = $3,897 vs. ALS
mean = $2,171, SD = $3,617; U = 75.0; P = 0.811)
and in their lifetime (PD mean = $24,076, SD =
$60,953 vs. ALS mean = $20,471, SD = $35,302; U
= 69.0; P = 0.420). There were no differences in the
types of gambling behavior engaged in between prob-
lem gamblers with either disease.

Data on dopaminergic drugs were available for 165
(79%) PD patients. Pathological gamblers were no
more likely than nongamblers to be taking a particular
drug or class of drug. For example, 67% of PD
patients with PG were taking dopamine agonists as
compared to 59% of PD patients without PG (x*(1) =
0.431; P = 0.342). Two ALS patients were taking pra-
mipexole experimentally; neither reported unusual
behavior.

Participants were asked several questions about the
motivation for their gambling behavior on a 4-point
scale (strongly disagree, disagree, agree, strongly
agree). Table 2 shows the collated responses from
problem gamblers in each disease, identified by a
SOGS score of 5 or more. PD patients found thoughts
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TABLE 2. Motivation/attribution of gambling behaviour by problem gamblers

PD problem ALS problem

gamblers gamblers
Mean (5.D) (n = 26) (n=17) Significance
Gambling or thoughts about gambling cause me distress 2.5 (LO) 1.3 (0.8) T(31) = 2911, P = 0.007
I have to strongly resist gambling or thoughts about gambling 2.6 (0.9) 1.3 (0.8) T(30) = 3.513, P = 0.001
I have little control over my gambling or my thoughts about gambling 2.3 (1.0) 1.1 (04) T(26) = 4.476, P < 0.001
I gamble or think about gambling because it brings me pleasure 2.8 (0.9) 24 (1.4) T(8) = 0.809, P = 0.537
I gamble or think about gambling because it helps me feel in control 2.4 (0.9) 1.3 (0.5) T(13) = 3.769, P = 0.002
or independent

I gamble or think about gambling because of drugs that I'm taking 2.6 (1.0) 1.0 (0) T(23) = 7.264, P < 0.001
[ have always gambled, regardless of my current iliness 2(L.0) 2 (1.0) T(27) = 0.000, P = 1.000

Lower numbers reflect disagreement, higher numbers agreement (1-Strongly disagree, 2-disagree, 3-agree, 4-strongly agree). Degrees of free-
dom vary due to unequal variance assumptions, missing data from 1 ALS PG and 1 PD PG.

about gambling more distressing, harder to resist, and
more outside their control than ALS patients. PD
patients were more likely to feel that gambling makes
them feel independent or in control and more likely to
think that the drugs they are taking are a cause of their
gambling. According to the K-6 measure of distress,
27% of problem gamblers were classified as depressed
overall as opposed to only 6% of nongamblers o =
17.519; P < 0.001). There was no difference in the
proportion of depressed patients between ALS and PD
problem gamblers (> = 0.199; P = 0.508).

DISCUSSION

Using a widely used validated measure of PG behav-
ior, the SOGS, we detected PG in 13% of patients
with PD and 3% of patients with ALS. As predicted,
the PG rate is higher in ALS than one might expect in
the general population, where comparable studies have
suggested a lifetime prevalence of between 0.25 and
1.7%."" By far the most prevalent forms of gambling
behaviors among either PG patient group was visiting
casinos, playing slot machines, playing bingo, or play-
ing the lottery, all behaviors that have been identified
previously. Internet gambling did not appear particu-
larly common in either sample: current use of the
internet for gambling was reported by only 2 of 27 PD
patients with PG and none of the 8 ALS patients with
PG.

Our findings suggest an ~50% higher rate of patho-
logical gambling in PD patients than has been found in
previous studies.® There are a number of possible
explanations for this, such as the selection bias of
respondents, the use of a self-report tool rather than a
clinical interview, or perhaps something unique to the
types of PD patients who are registered on the site.

One plausible explanation is that because PG is
socially stigmatized, it may go under-reported through
traditional research methods, and the quasi-anonymous
nature of the internet permits patients to be more
candid.

ALS patients with PG seemed to find their gam-
bling ego-syntonic; they were not distressed by their
gambling, seemed to be in control, and did not attrib-
ute it to any drugs they were taking. By contrast, PD
patients appeared to find their gambling ego-dystonic;
they found it distressing and out of their control, had
to resist urges to gamble, and attributed much of the
blame to medication they were taking. Within both
groups, about a third of problem gamblers were clas-
sified as having a clinically significant level of dis-
tress by the K-6. Aside from the dopaminergic hy-
pothesis, one possibility for higher rates of gambling
in PD might simply be higher rates of depression;
however, we found only weak correlations between
distress and gambling behavior, and the majority of
patients with PG (two thirds) were not depressed. Fur-
ther research is needed to fully elucidate this line of
enquiry.

The current study should be interpreted in the con-
text of its limitations. First of all, it is likely that users
of an internet site are better educated and wealthier
than the general patient population; however, this is
also likely to be true of patients attending a specialist
neurology centre. Secondly, it is likely that as the title
of the survey invitation focused on gambling, we may
have created some selection bias, and our prevalence
numbers may be an overestimate. However, both of
these biases should have occurred equally in the ALS
and PD groups. Third, as we conducted the survey
online, the patients were not physically examined to
confirm their diagnoses; however, given the time
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involved in participating in the site and the lack of
reward for taking part, it seems unlikely that anyone
would participate who was not a patient. Finally, we
used self-report questionnaires rather than a clinical
diagnostic interview against criteria for PG from the
fourth edition of the diagnostic and statistical manual
of mental disorders (DSM-1V).

PG is likely to represent a severe form of behavioral
addiction’ and may cause significant psychosocial
problems for patients with PD and their families. De-
spite the financial consequences, patients are often me-
ticulous and secretive and do not declare their behavior
to spouses, other family members, or physicians unless
specifically asked.'” By the time the problem is discov-
ered, a significant sum may be lost, causing irreparable
financial damage and damaging trust or, in some cases,
breaking up families.

PG in the general population is often associated with
aversive stimuli such as anxiety, loneliness, or mood
disturbance, which may be prevalent in sufferers of a
chronic debilitating illness such as PD or ALS. How-
ever, the increased prevalence of PG and other repeti-
tive and compulsive behaviors in PD as compared to
ALS patients in this survey does not support the view
that PG simply represents a nonspecific behavioral
response to a chronic progressive neurological disorder.
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Abstract

In order to investigate the transcallosal effects of repetitive transcranial magnetic stimulation (rTMS),
we studied median somatosensory evoked potentials (SEPs) before and after applying monophasic
very low-frequency (0.2 Hz) subthreshold rTMS over the right motor cortex. For SEPs, median nerve
was stimulated on each side. Sham rTMS served as the control. Twelve healthy subjects participated in
this study. After rTMS over the right hemisphere, the amplitude of N34 component in right median
SEPs recorded from the left parietal scalp (C3°) increased significantly. Other components of right or
left median SEPs or those after sham stimulation showed no changes. Monophasic 0.2 Hz
subthreshold rTMS over the motor cortex predominantly affected the contralateral SEPs, probably

through the transcallosal pathway.
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1. Introduction

Repetitive transcranial magnetic stimulation
(rTMS) over the motor cortex modifies cortical
excitability that outlasts the period of
stimulation (1, 2, 3, 4, 5). The effect of rTMS
has been explored by examining the changes of
motor evoked potentials (MEPs), which reflect
activities of the corticospinal tract. However,
only a few studies of somatosensory evoked
potentials (SEPs) have been reported on the
effects caused by rTMS. The right median SEP
components N20-P25 and P25-N33 generated in
the left hemisphere significantly decreased in
amplitude after low-frequency rTMS (1 Hz,
biphasic, 200 times) applied over the ipsilateral
left motor cortex (6). Their study suggested
sensory inhibition occurred by direct
cortico-cortical connection between motor and
sensory areas because the N20 component
reflects an activation of the sensory cortex by

thalamocortival fibers. However, our previous
study (7) found no changes of these SEP
components after very low-frequency rTMS (0.2
Hz, monophasic, 250 times) over the left motor
cortex. The discrepancy between these studies
may be due to the different stimulation
parameters; frequency (1 Hz vs. 0.2 Hz) or phase
(biphasic vs. monophasic) of rTMS.

Seyal et al. (2005) reported significant
reduction at base-to-peak amplitude of N20 and
peak-to-peak amplitude of N20-P25 after very
low-frequency rTMS (0.3 Hz, monophasic, 20
min.) applied over the contralateral hemisphere,
but they did not examine ipsilateral effects (8).
The present study aimed at examining not only
ipsilateral but also contralateral SEP changes
after very low-frequency monophasic rTMS
given over the right motor cortex. In search for
stimulus parameters suitable for this use, we
used monophasic very low-frequency (0.2 Hz)
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