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Abstract: We screened for mutations in the PARKIN, DJ-
1, and PINK1 genes in a Taiwanese cohort (68 probands;
58 sporadic and 10 familial) with early-onset parkin-
sonism (EOP, onset <50 years of age). We identified 9
patients harboring mutations in PARKIN (three com-
pound heterozygous and six single heterozygous carriers),
3 patients with heterozygous PINK1 mutations (including
two novel substitutions M341I and P209A), and no DJ-1
mutations. Our frequencies of PARKIN (two allele muta-
tion, 4.4%; single allele, 8.8%) and PINK1 (single hetero-
zygous, 4.4%) mutations in Taiwanese–Chinese are
similar to those in Caucasian and other Asian EOP
patients. Although the role of heterozygosity of recessive
genes in EOP remains to be resolved, molecular analysis
and functional imaging will play a decisive role in differen-

tial diagnosis and determined therapeutic strategy. � 2008
Movement Disorder Society
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Parkinson’s disease (PD) is the second most com-

mon neurodegenerative disorder, clinically character-

ized by resting tremor, bradykinesia, cogwheel rigidity,

and postural instability. Increasing evidence for the im-

portance of molecular genetic defects associated with

early-onset parkinsonism (EOP, age of onset <50

years) and causative mutations in several genes have

been identified (reviewed by Farrer, 20061).

Mutations in the PARKIN gene are the most com-

mon cause of autosomal recessive EOP. Up to 50% of

autosomal recessive and 15 to 20% of sporadic early-

onset patients harbor mutations in PARKIN.2 Mutations

in the DJ-1 gene also cause EOP, but appear to be rare

in Caucasians with a mutation frequency of only 1 to

2%.3 Recently, mutations in PTEN-induced protein ki-

nase 1 (PINK1) were identified as a cause for autoso-

mal recessive PD4 and also associated with sporadic

EOP.5 Herein, we assess the mutation frequency of the

PARKIN, DJ-1, and PINK1 genes and comment on the

apparent effects of single mutant alleles in a series of

Taiwanese patients with EOP.

PATIENTS AND METHODS

Sixty-eight patients (26 male, 42 female) of ethnic

Taiwanese/Chinese descent were recruited in this

study. The mean age at onset was 40.1 6 7.0 years

(range, 18–49 years) and the mean disease duration 9.5

6 6.0 years (range, 1–26 years). All had an age of

onset less than 50 years and developed the cardinal

features for a clinical diagnosis of possible or probable

PD.6 A family history was regarded as positive if the

affected proband had a relative with parkinsonism

within three degrees of relationship. Ten probands

filled the criteria for a positive family history of PD

(10/68, 14.7%). The study was reviewed by the institu-

tional ethics board committee of the National Taiwan

University Hospital.
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Molecular Analysis (See Supplementary Material)

Blood was collected and EBV-transformed cell lines

were established using standard methods. Messenger

RNA was reverse transcribed into cDNA and then, the

PARKIN, DJ-1, and PINK1 cDNAs were sequenced.

Semiquantitative analysis was also performed to assess

larger genomic deletions/duplications. For PINK1 copy

number analysis, exon 1 was coamplified with an

anonymous reference sequence on chromosome 18,

and then the Hex-labeled products from the log-linear

amplification phase were separated on an ABI 3100.

Any variant identified was confirmed using a

sequence-based screening method or a restriction digest

assay, as shown in Figure 1. A subset of the patients

screened for PARKIN or DJ-1 mutations have been

reported previously.7–9

RESULTS

Using quantitative PCR and direct sequencing, 9

patients were found to harbor a PARKIN mutation

(three compound heterozygous (3/68, 4.4%) and six

single heterozygous (6/68, 8.8%) changes) (Table 1).

Four of these patients with PARKIN mutations have

been reported previously.8,9 Gene dosage screening

identified five exon deletions and one exon duplication

in six of the index patients (Table 1). Four missense

mutations of the PARKIN gene were found in six

patients (R396G, Y267H, G284R, C441R, see Table

1), with R396G and C441R occurring twice in two

apparently unrelated families. Two of these missense

mutations, Y267H (EOP-3) and R396G (EOP-2/4), are

novel. The substitution of the amino acids changes of

the electric charge and/or the polarity of the side chain.

Both the Y267H and G284R are conserved among the

species. The C441R is located at the IRB domain.

These findings suggest that the missense mutations

might be pathologic to the PARKIN protein.

Probands in families EOP-8 and EOP-9 (Table 1)

harbored the compound heterozygous mutation (del.

ex4/C441R). In family EOP-8, the C441R substitution

occurred in the index case (III:2, Fig. 1a), her younger

FIG. 1. Two family pedigrees of Taiwanese patients with PARKIN mutations, families EOP-8 (a) and EOP-9 (b). The missense mutation C441R,
occurred in two distinct families (EOP-8 and EOP-9), which resulted in creation of a restriction site for Hha I (lower panel, a and b) (symbols:
square 5 male; circle 5 female; slash 5 deceased; arrowhead 5 proband; , and 5 Parkinsonism; 5 concomitant dystonia).
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sister (III:3) and her unaffected mother (II:9). Both of

her parents are healthy at the study time. The same

mutation also occurred in the affected individuals II:2

and II:5 of family EOP-9 (Fig. 1b). However, neither

their deceased father (I:1, Fig. 1b) nor their elderly

mother (I:2, Fig. 1b), who should harbor a single heter-

ozygous mutation, had the cardinal features of PD.

Both the 38-year-old daughter (III:2, Fig. 1b) and the

35-year-old son (III:3) of Patient II:2 had the missense

mutation but without PD symptoms.

In DJ-1 and PINK1 cDNA analysis, there was no al-

ternative exon splicing or deletion/duplication; how-

ever, four sequence variants of PINK1 gene were iden-

tified. These consisted of three single heterozygous

missense mutations (two with 1023G > A (M341I),

and one with 625C > G (P209A)) and one synony-

mous change (804A > G (L268L)) (Table 1). The mis-

sense mutations M341I and P209A are novel and

located in the putative kinase domain of the PINK1

protein. The M341I mutation occurred in two sporadic

cases without a family history of disease. None of the

aforementioned sequence variants in PARKIN and

PINKI genes were identified in 300 population-

matched healthy samples.

DISCUSSION

This is the first comprehensive study of mutation

frequency for the three recessive PD genes, PARKIN,
PINK1, and DJ-1, in a Taiwanese cohort. Mutations in

the PARKIN gene were most common (two allele mu-

tant, 4.4%, and one single allele, 8.8%), mutations in

PINK1 were less common (one single allele, 4.4%),

and mutation in DJ-1 was not observed.

The clinical features of the patients with PARKIN
mutations were consistent with the previous reports

except a low frequency of the occurrence in dyskine-

sia.10,11 This may be due to the fact that our patients

with PARKIN mutation were treated with very low

dose of levodopa (<205 mg/days) even over a 10-year

duration of disease. The PARKIN mutation frequencies

for our cohort are in good agreement with those in pre-

vious studies of sporadic EOP in European and North

American cohorts.10,12 Reviewing of the literature, the

mutation frequency of the PARKIN gene in ethnic Chi-

nese is �15%.13–19 However, variations in mutation

frequency may result from ethnic differences, study

design limitations, or the methodology used.

The frequency of PINK1 mutations in Caucasian

EOP patients is 1 to 7%.4,20–22 In 80 Asian EOP

patients, Tan et al. reported that the mutation fre-T
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quency of PINK1 gene is 2.5% for homozygous and

1.3% for single heterozygous mutations.23 Fung et al.

identified one single heterozygous PINK1 mutation in

73 Taiwanese EOP patients (1.4%).24 Recently, the

mutation frequency was reported to be 5.1% in familial

cases and 2% in sporadic cases in Taiwan.25 In this

study, three heterozygous PINK1 mutations were found

in 68 EOP patients, giving a mutation frequency of

4.4%. Thus, the mutation frequency for the PINK1
gene in Asian populations is probably less than 5%,

which is in line with the findings in Caucasians.12

To date, DJ-1 mutations, which are exceedingly rare

in Caucasians, have not been identified in Asians. The

original study design, which includes a comprehensive

and simultaneous analysis of the three recessive

genes in cDNA samples obtained from patients, allow

investigating the possible occurrence of a digenic/poly-

genic inheritance, as suggested in the recent report of

a family with single heterozygous mutations in

both PINK1 and DJ-1 genes.26 The negative results

of the study exclude a digenic inheritance in this

cohort.

The percentage of PD patients with only one detect-

able mutant PARKIN allele is high (Foroud et al.,

60.2%27; Poorkaj et al., 70%28). The identification of

affected heterozygous carriers in population- and fam-

ily-based studies has led to the hypothesis that one mu-

tant PARKIN or PINK1 allele may contribute to

risk.29,30 The pathogenicity of single missense muta-

tions is also supported by large family-based studies in

which heterozygous carriers manifested early signs of

parkinsonism, and clinically has been supported by

PET analysis.31 However, many of these studies were

biased as they only assessed affected subjects and had

no normal population controls. In addition, their con-

clusions were based on single, albeit large families in

which a shared genetic or environment component may

also contribute to disease (even monogenic Parkinson-

ism is age-associated and thus multifactorial). It is

more problematic that the association observed

between PARKIN and/or PINK1 heterozygosity and

disease has been used to imply causation.

A few single heterozygous mutations were identified

in this study. Four of the 68 probands had compound

heterozygous mutation in the PARKIN gene sufficient

to cause PD, whereas five probands were carriers of a

single heterozygous mutation, but their contribution to

early onset disease is equivocal at best. It is notewor-

thy that the parents and parental siblings in these fami-

lies, who may also be PARKIN carriers, were clinically

normal. It is also dubious whether any of the novel

PINK1 mutations we reported here were sufficient in

the heterozygous state to cause disease, as the parents

of the probands harboring PINK1 M341I and P209A

coding substitutions were still healthy in their seventh

and eighth decades (examined by local doctors). These

observation suggested that the possibility of pathogene-

sis due to a single heterozygous mutation is rather low,

a conclusion rather different from that in prior haploin-

sufficiency studies. Additional modifier genes may con-

tribute to disease susceptibility, perhaps in combination

with environmental toxin exposures.
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Prevalence of Unilateral Tremor
in Autosomal Dominant

Essential Tremor

Fenna Phibbs, MD,1 John Y. Fang, MD,1

Michael K. Cooper, MD,1 David P. Charles, MD,1

Thomas L. Davis, MD,1 and Peter Hedera, MD1,2*

1Department of Neurology, Vanderbilt University,
Nashville, Tennessee; 2Center for Human Genetics Research,

Vanderbilt University, Nashville, Tennessee

Abstract: The presence of bilateral arm tremor is a key
diagnostic feature of essential tremor (ET). We analyzed
the presence of unilateral arm tremor in familial ET
cohort of 133 autosomal dominant ET kindreds with 412
affected individuals. Inclusion criteria in patients with
unilateral arm postural and/or kinetic tremor required
the duration of tremor for at least 5 years, without hypo-
kinetic-rigid syndrome, dystonic posturing, or history of
sudden onset of tremor. Only subjects with at least one
living first degree relative who met diagnostic criteria for
definite ET were included. Eighteen subjects met the
inclusion criteria and five had postural tremor only, while
the majority (13/18) had a combination of postural and
kinetic tremor. Our data shows that unilateral tremor
associated with ET is relatively rare and can be identified
in 4.4% patients in a cohort of familial ET. � 2008
Movement Disorder Society

Key words: essential tremor; diagnosis; Parkinson disease

The presence of bilateral, predominantly symmetri-

cal postural and/or kinetic tremor involving mostly

upper extremities and the absence of other movement

abnormalities, such as dystonia or parkinsonism sup-

port the diagnosis of essential tremor (ET).1,2 ET is

exclusively a clinical diagnosis and there is an ongoing

debate regarding the definition of the phenotype of this

most common movement disorder.3,4 ET likely repre-

sents a heterogeneous condition, contributing to the

controversy surrounding its diagnostic criteria.5–7 The

differences in the stringency of diagnostic definition

are reflected in a considerable variability of detected

ET prevalence.8,9
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Unilateral upper extremity tremor is not typical for

ET and it may raise concerns for an alternative diagno-

sis, especially Parkinson disease or dystonic tremor.1

Even though some diagnostic criteria classify patients

with unilateral arm tremor as having possible ET, the

true prevalence of this finding is unknown due to the

absence of an accepted diagnostic marker for ET.

Invoking Occam’s razor, we hypothesized that patients

with an atypical unilateral tremor but first degree rela-

tives with a classic presentation of ET have a high

likelihood of suffering the same genetic condition. We

have used this approach in our cohort of ET kindreds

and analyzed the frequency of unilateral arm tremor in

patients, whose diagnosis of ET was supported by

positive family history indicating autosomal dominant

inheritance.

PATIENTS AND METHODS

We included 412 individuals with tremor from 133

kindreds who were classified as having definite or

probable ET by previously published criteria.1,2 Indi-

viduals with bilateral postural and kinetic arm tremor

with or without asymmetry for more than 5 years, ab-

sence of additional neurologic abnormalities, absent

history of exposure to tremorogenic drugs before the

onset of symptoms, and without history and examina-

tion suggestive of psychogenic tremor or sudden onset

with a stepwise deterioration were classified as definite

ET. Individuals with duration of tremor less than

5 years or tremor isolated to a body part, such as voice

or head tremor, or a unilateral postural or kinetic arm

tremor were classified as probable ET. Furthermore,

subjects with unilateral tremor were included only if

they did not have signs of hypokinetic-rigid syndrome

and failed dopaminergic challenge. A failed response

to dopaminergic stimulation was defined as no

improvement of tremor following a 2 week course of

at least 600 mg per day of levodopa. Several patients

were also unsuccessfully challenged with other dopa-

minergic agonists, but we required a negative L-dopa

trial.

Patients with unilateral tremor were selected for this

study if they experienced postural and/or kinetic tremor

affecting only one arm that was at least of moderate

severity, lasting at least 5 years, and nonresponsive to

dopaminergic challenge. We excluded patients who

had a resting tremor associated with their postural and/

or kinetic tremor. Additional criteria for diagnosis

encompassed absence of rigidity/bradykinesia, dystonic

posturing, or a sensory trick or null point to stop

tremor. We also excluded patients with a task-specific

tremor or a history of sudden onset. Furthermore, we

included only subjects in whom the diagnosis of ET

was further supported by a positive family history

defined as the presence of least one living first degree

relative (parent, sibling, offspring) who met diagnostic

criteria for definite ET based on the presence of bilat-

eral tremor, confirmed by a member of our movement

disorders group. Individuals with unilateral tremor

without a known family history or with only historical

evidence of additional relatives with otherwise typical

ET were excluded.

Tremor was quantified using the NIH ET consortium

grading and the rating scale from the Washington

Heights-Inswood Genetic Study of Essential Tremor

(WHIGET) (0[normal]–3 score assigned for resting

and postural tremor, and 0–4 for finger to nose, pour-

ing water, drinking water, drinking with a spoon, and

drawing a spiral tasks).10–12 Patients with slight iso-

lated postural tremor (scores 0 and 1) were not

included; however, we permitted a barely noticeable

tremor in unaffected arm in patients who were classi-

fied as having unilateral tremor. Furthermore, the

degree of disability was also judged by self-reporting

of questions adapted from the Tremor disability ques-

tionnaire (0[normal]–100).12

RESULTS

Eighteen subjects from 17 families with autosomal

dominant ET met the inclusion criteria; their clinical

and demographic characteristics are summarized in the

Table 1. The majority (16/18) had a strictly unilateral

tremor, while two had a minimal, intermittent, fine

postural tremor affecting the contralateral upper ex-

tremity. Both of these individuals were examined sev-

eral times within the 3-year period and this fine contra-

lateral tremor was not present on each occasion. Fur-

thermore, the degree of observed tremor in the

contralateral extremity was not severe enough to war-

rant the diagnosis of definite ET, defined as the occur-

rence of bilateral tremor. Isolated postural tremor was

observed in five patients and 13 had a combination of

postural and kinetic tremor. None of these patients had

signs of tremor affecting other body segments, includ-

ing absent head or voice tremor.

Eight individuals with unilateral tremor had

affected offspring with otherwise typical bilateral arm

tremor, six individuals with unilateral tremor had an

affected parent with definite ET, and four had affected

siblings with definite ET and additional clinical and

historical evidence of AD ET. The tendency for a

familial occurrence of unilateral tremor associated
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with autosomal dominant ET does not appear to be

very strong. We have identified only one instance

where a parent diagnosed as definite ET reported a

previous history of a long-term of unilateral tremor

and had an affected child who manifested unilateral

tremor at the time of the diagnosis. Only one mid-size

pedigree contained two individuals each with unilat-

eral tremor.

DISCUSSION

Our data show that individuals with unilateral tremor

can be identified in 4.4% of patients with autosomal

dominant ET. However, our diagnostic approach,

requiring the support of the diagnosis of ET by the

presence of otherwise typical bilateral ET in first

degree relatives may underestimate the actual preva-

lence of a long-standing unilateral tremor in ET

patients. We used this additional diagnostic criterion to

further strengthen the diagnosis of ET with the

assumption that an overlap of two different tremor-

causing movement disorders is relatively rare.

A recent study suggested that 37% of patients were

misdiagnosed as ET and one of the most common fac-

tor associated with misdiagnosis was the presence of a

unilateral tremor.13 Unilateral, particularly resting,

tremor may suggest the diagnosis of PD. ET is hetero-

geneous condition and may also coexist with PD.14,15

Moreover, we excluded individuals who showed a

combination of resting, postural and kinetic tremor,

even though they failed a previous dopaminergic chal-

lenge to minimize a possibility of including patients

with tremor-dominant, slowly progressive Parkinson’s

disease. This likely further underestimates the fre-

quency of unilateral tremor in ET, because the pres-

ence of resting tremor has been previously reported as

relatively common in patients with ET, especially in

advanced stages of the disease.16 None of 17 kindreds

containing individuals with unilateral PD had any evi-

dence for the coexistence of both disorders in these

families.

Most published diagnostic criteria emphasize the

presence of predominantly symmetrical tremor affect-

ing the upper extremities, even though some degree of

asymmetry in not uncommon in definite ET.1,2,17 Anal-

ysis of the motor phenotype in a cohort of 487 patients

with ET found asymmetry of tremor in 47% of patients

and unilateral tremor in 10% of their patients.18 How-

ever, this study also included patients with shorter du-

ration of tremor, and only 27% of all patients met con-

servative and definite diagnostic criteria for ET. We

also identified an additional 23 individuals from our

cohort of familial ET who met diagnostic criteria for

definite ET, but reported a previous history of unilat-

eral arm tremor ranging from 11 to 33 years before the

onset of contralateral tremor. We did not include them

in our analysis because recall of tremor history is

many times not reliable and we did not want to over-

estimate the frequency of unilateral tremor in con-

firmed ET.19

TABLE 1. Demographic and clinical characteristics of patients with unilateral tremor

Gender Age (yr)
Age of tremor

onset (yr)
Duration of
tremor (yr)

WHIGET scores
Self-reported

disabilityR L

M 30 22 8 2 0 10
M 32 18 14 14 0a,b 20
M 40 22 18 15 0 28
M 44 35 9 22 0 47
M 44 30 14 12 0 29
M 44 31 13 0 14 13
M 49 40 9 0 15b 33
M 52 30 22 2 0 5
M 60 35 25 0 23 25
M 63 55 8 0 18 7
F 33 20 13 15 0 25
F 37 18 19 15 0 21
F 38 30 8 2 0 10
F 40 30 10 0 7 15
F 41 20 21 21 0a 25
F 41 32 9 0 2 0
F 48 40 8 0 2 12
F 50 39 11 0 8b 22

aFine isolated postural tremor (WHIGET score 1) was intermittently observed in these two patients.
bLeft-handed individual.
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In conclusion, unilateral arm tremor is relatively rare

in ET but this diagnosis should be strongly considered

if other conditions, especially PD and dystonia, can be

excluded on clinical grounds.
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Abstract: Altered levels of the neurotransmitters dopa-
mine and serotonin are observed in both Parkinson’s dis-
ease (PD) and depression. Therefore, the neurotransmitter
transporter genes, SLC6A3 (dopamine) and SLC6A4 (sero-
tonin) are candidates for depression in PD. We genotyped
24 tagging SNPs together with VNTRs and the SLC6A4
LPR polymorphism in 190 PD patients categorised
according to lifetime history of depression. Log-additive,
dominant and recessive statistical models were con-
structed. No significant genotype or haplotype associations
were observed suggesting that common genetic variables
around the dopamine and serotonin transporter genes do
not play a significant role in the etiology of depression in
PD. � 2008 Movement Disorder Society
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Depression is a common nonmotor manifestation of

Parkinson’s disease (PD).1 As is the case for depres-

sion in the general population, the etiological factors

leading to depression in PD are poorly understood,

although a genetic contribution is proposed. Although

there is a substantial literature around genetic association

studies of depression,2 there have been few investigations

of depression in the context of PD. As neurotransmitter

transporters are important regulators of neurotransmitter

levels in the brain, their genetic variants are considered

potential risk factors for depression and modifiers of

treatment responses to pharmacological interventions

that act on the transmitter pathways.
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The serotonin transporter (5HTT) gene (SLC6A4),

located at the chromosome 17q11.1–17q12, has been

widely studied as a candidate gene for depression in

the general population.2–4 The dopamine transporter

(DAT) gene (SLC6A3), located at chromosome 5p15.3,

has also been studied as a candidate gene for PD and

psychiatric disorders.5,6 In all cases the focus of these

studies has been on isolated polymorphism. Only three

previously published studies have examined genetic

risk factors for depression in PD; all focused on the

5HTT-LPR, were of limited sample size, and were

equivocal in conclusion.7–9 The aim of the current

study was to conduct a comprehensive, haplotype tag-

ging approach to determine whether common genetic

variation around the SLC6A4 and SLC6A3 loci influ-

ence risk for depression in PD.

METHODS

Patients with PD, of European Caucasian ethnicity,

were recruited from public and private Neurology clin-

ics in Brisbane, Australia. Informed consent was

obtained from all participants and the project protocol

was approved by Human Research Ethics Committees

at the participating institutions. A diagnosis of idio-

pathic PD according to the United Kingdom Brain

Bank Criteria10 was made by specialist Movement Dis-

orders Neurologists. A validated depression screening

method based on the Geriatric Depression Scale (GDS-

15) and three screening questions was administered.11

Patients with a diagnosis of dementia or those who were

unable to complete the questionnaire were excluded.

The patients who scored an optimal discriminatory

value of >6 in the GDS-15 were classified into the ‘‘cur-

rently depressed’’ group and the patients who had a his-

tory of having been treated for depression were classified

into the ‘‘previously depressed’’ group. The patients with

a score of <5 (GDS-15 screening cut-off), with no his-

tory of treatment for depression and no reported depres-

sive symptoms during their lifetime were included in the

‘‘never depressed’’ group.11 In this way we could focus

on two extreme phenotypes of ‘‘currently depressed’’ and

‘‘never depressed’’. Of 324 PD patients originally avail-

able for analysis, 176 (54%) showed a history of depres-

sion (‘‘previously’’ or ‘‘currently’’ depressed) and 98

(30%) were classified as ‘‘never depressed’’. Fifty (16%)

of the participants scored within the gray area of uncer-

tain phenotype with regard to depression and were

excluded from further analysis in this study. Ninety-five

‘‘never depressed’’ PD patients (M 5 59; F 5 36; Mean

age 6 SD 5 69.9 6 8.0 years) were age and gender

matched to 95 ‘depressed’ PD cases. The depressed cases

consisted of 36 patients who were classified as ‘‘previ-

ously depressed’’ and 59 who were classified as ‘‘cur-

rently depressed’’. The only criterion for matching was

age and gender. When more than one depressed subject

fitted the criteria the selection was made randomly.

FIG. 1. Selected genetic variations of the serotonin (SLC6A4) and dopamine (SLC6A3) transporter genes. The vertical thick black lines represent
the exons. The diagram is not to scale.
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TABLE 1. The influence of common genetic variations at the serotonin (SLC6A4) and dopamine (SLC6A3) transporter genes on
the risk of depression (‘‘current’’ or ‘‘previous’’) in PD

Gene Variable Minor allele frequency of controls Model Odds ratio (95% C.I.) P-value

SLC6A4 rs4251417 13 a 0.71 (0.35–1.41) 0.33
b 0.74 (0.36–1.51) 0.40
c Not determineda

rs12150214 21 a 0.65 (0.37–1.14) 0.13
b 0.66 (0.36–1.21) 0.18
c 3.23 (0.33–31.94) 0.32

rs2020939 43 a 0.97 (0.64–1.48) 0.89
b 1.20 (0.64–2.24) 0.57
c 1.44 (0.67–3.09) 0.35

rs2020942 38 a 1.34 (0.87–2.07) 0.18
b 1.71 (0.92–3.15) 0.09
c 0.91 (0.40–2.07) 0.83

rs4325622 46 a 1.10 (0.71–1.69) 0.67
b 1.04 (0.51–2.15) 0.91
c 1.04 (0.51–2.15) 0.91

rs3813034 46 a 1.05 (0.68–1.62) 0.83
b 1.20 (0.62–2.31) 0.59
c 1.10 (0.52–2.29) 0.81

5HTTLPR a 0.94 (0.61–1.44) 0.77
b 0.92 (0.49–1.73) 0.80
c 1.09 (0.50–2.36) 0.83

5HTTVNTRb a 1.18 (0.77–1.80) 0.44
b 1.43 (0.77–2.64) 0.26
c 1.02 (0.46–2.22) 0.97

SLC6A3 rs2617605 36 a 1.20 (0.79–1.82) 0.40
b 1.20 (0.66–2.18) 0.55
c 0.71 (0.32–1.60) 0.41

rs403636 15 a 1.06 (0.60–1.87) 0.85
b 1.07 (0.57–2.03) 0.83
c 1.00 (0.13–7.36) 1.00

rs463379 21 a 1.02 (0.62–1.67) 0.94
b 1.18 (0.65–2.14) 0.58
c 2.10 (0.51–8.66) 0.31

rs11737901 35 a 0.96 (0.63–1.47) 0.85
b 0.92 (0.51–1.64) 0.77
c 0.98 (0.40–2.38) 0.96

rs464049 44 a 1.03 (0.69–1.53) 0.89
b 0.95 (0.51–1.76) 0.86
c 0.86 (0.43–1.72) 0.66

rs2975292 34 a 1.13 (0.73–1.73) 0.58
b 1.50 (0.83–2.71) 0.18
c 1.54 (0.62–3.81) 0.35

rs10040882 24 a 1.00 (0.63–1.60) 0.99
b 1.01 (0.56–1.81) 0.98
c 1.01 (0.31–3.26) 0.99

rs13161905 42 a 0.85 (0.56–1.29) 0.43
b 0.80 (0.44–1.46) 0.47
c 1.25 (0.56–2.76) 0.59

rs37022 18 a 0.95 (0.55–1.65) 0.87
b 0.99 (0.53–1.85) 0.98
c 1.54 (0.25–9.64) 0.64

rs27048 49 a 1.00 (0.68–1.47) 1.00
b 0.79 (0.42–1.49) 0.46
c 0.77 (0.40–1.50) 0.45

rs6347 26 a 1.18 (0.74–1.88) 0.48
b 1.42 (0.79–2.55) 0.24
c 1.36 (0.45–4.11) 0.58

rs3776511 20 a 0.89 (0.51–1.57) 0.70
b 1.00 (0.53–1.90) 1.00
c 3.78 (0.41–34.62) 0.24

rs27072 16 a 1.43 (0.80–2.55) 0.23
b 1.47 (0.80–2.71) 0.21
c 0.93 (0.06–15.52) 0.96

DATVNTRc a 1.21 (0.79–1.86) 0.39
b 1.24 (0.70–2.20) 0.47
c 0.70 (0.27–1.83) 0.47

a, log additive model; b, dominant model; c, recessive model. All models are controlled for age and gender.
aNot determined due to low frequency of the homozygous alternative genotype.
bFor the purposes of this analysis the most common 12/12 genotype was considered as the reference. Three individuals with the rare 9/12 geno-

type were coded with the heterozygote 10/12 genotype.
cFor the purposes of this analysis the most common 10/10 genotype was countered as the reference. Two individuals with the 10/11 genotype

was coded as heterozygous and one individual with the 9/11 and one individual with 6/9 genotype were coded as homozygous alternative allele.



Twenty-four haplotype tagging SNPs were selected

from the HapMap project database (http://www.hapmap.

org/); genome coverage parameters were: minor allele

frequency >0.1 and r2 value >0.9. Previously pub-

lished polymorphisms were also examined (see Fig. 1).

All SNPs were genotyped from genomic DNA using

the Sequenom platform, at the Australian Genome

Research Facility (AGRF). Other polymorphisms were

genotyped using polymerase chain reaction (PCR) pro-

tocols followed by agarose gel electrophoresis (details

on request). A 10% random selection of samples was

genotyped in replicate for all polymorphisms for qual-

ity assurance. Polymorphisms with minor allele fre-

quency <10%, those that failed replication or showed

deviation from Hardy-Weinberg Equilibrium (HWE)

were excluded from further analysis.

Linkage disequilibrium (LD) plots of the SNPs were

examined using the Haploview program and correlation

coefficients between variables of each gene were deter-

mined. For highly correlated SNPs (correlation coeffi-

cient >0.75), the most informative was selected and

included in the ultimate haplotype analysis. Rare hap-

lotypes (frequency <10% for SLC6A4 and �5% for

SLC6A3) were pooled. Haplotype analyses were per-

formed using the SNPStats program (http://bioinfo.

iconcologia.net/snpstats) with reference to the most

frequent haplotype. Genotype associations were per-

formed using logistic regression models adjusted for

age and gender (using the SPSS 13.0 package). The

log-additive, dominant, and recessive models were

examined.

RESULTS

Eight of the originally selected 30 SNPs did not fulfill

our study’s requirements for inclusion: Two (rs6350

and rs2735917) had a minor allele frequency <10%.

One (rs140700) failed genotyping quality control; and

PCR products could not be produced from repeated

attempts to assay the remaining five SNPs (rs40184,

rs2937639, rs2975226, rs25528, and rs25531).

None of the polymorphisms showed a geno-

typic association with a history of depression in PD

(Table 1). Similar results were observed when ‘‘cur-

rently depressed’’ patients were compared with the

‘‘never depressed’’ group. In the ultimate haplotype

analysis, rs2020939 was selected to capture rs4325622

and rs3813034; rs2020942 captured the 5HTT-VNTR;

and rs11737901 captured rs13161905. Four common

haplotypes (frequency >10%) defined SLC6A4 and five

common (frequency >5%) haplotypes defined SLC6A3.

There were no significant differences in haplotype fre-

quencies between ‘‘all depressed’’ and ‘‘never

depressed’’ groups; the global v2 probability value (P)

for the SLC6A4 and SLC6A3 were 0.69 and 0.41,

respectively.

DISCUSSION

This study is the first to comprehensively examine

the associations between SLC6A4 and SLC6A3 gene

polymorphisms, and depression in the context of PD.

The results show that none of the examined polymor-

phisms contribute substantially to the risk for depres-

sion in the setting of PD. The haplotypes examined

also showed no relationship to depression in PD.

This study is one of few studies to investigate poten-

tial genetic risk factors for depression in PD. Menza

et al. (1999) and Mossner et al. (2001) reported that

the short allele of the 5HTT-LPR is associated with

depression in PD,8,9 while Burn et al. (2006) showed

no association.7 These studies are very limited in terms

of statistical power. Our current study has an increased

sample size and is the first to use a comprehensive

haplotype tagging strategy to study SLC6A3 and

SLC6A4 in genetic association studies of depressive

disorder, maximizing the coverage of common genetic

variability at these gene loci. The use of a well vali-

dated depression recognition method is another advant-

age of our study. Our results support the conclusions

of Burn et al. that the LPR polymorphism does not

confer differential risk for depression in PD. No signif-

icant genotype or haplotype associations were revealed,

supporting the conclusion that common genetic poly-

morphisms around these genes do not modify the risk

for depression in PD.

Our study has several limitations. Firstly, we were

unable to confidently assess genotypes for 6 of the 30

markers originally selected for genotyping. Regarding

genotyping reliability, only one SNP failed in terms of

reproducibility of genotyping scoring (rs140700) and

this was excluded from analysis. The other five varia-

bles failed due to an inability to perform PCR reac-

tions as a result of their location in difficult sequence

with particularly high GC content. For two SNPs

(rs2937639 and rs25531) no primers could be designed

that would fulfill the Sequenom platform’s require-

ments. For the remaining three SNPs (rs40184,

2975226, rs25528) PCR amplifications failed despite

repeated attempts with redesigned primer-pairs and the

use of PCR adjuvants such as 70-deaza-dGTP and

DMSO. Second, we limited our investigation to var-

iants with a minor allele frequency of >10% and an r2
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of 0.9 for correlation to tagged variables. We can,

therefore, not exclude the possibility that less common

genetic variables at these loci influence depression in

the setting of PD.

In conclusion, this comprehensive association study

found no evidence that common genetic variables at

the SLC6A4 and SLC6A3 loci influence the risk of

depression in the setting of PD.
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Abstract: Apomorphine hydrochloride is a dopamine ago-
nist used in the treatment of advanced Parkinson’s dis-
ease. Its administration by subcutaneous infusions is asso-
ciated with the development of nodules that may interfere
with absorption of the drug. This pilot study assessed the
effectiveness of ultrasound (US) in the treatment of these
nodules. Twelve participants were randomly assigned to
receive a course of real or sham US on an area judged
unsuitable for infusion. Following treatment, no signifi-
cant change was observed in measures of tissue hardness
and tenderness. However, 5 of 6 participants receiving
real US rated the treated area suitable for infusion com-
pared with the 1 of 6 receiving sham US. Sonographic
appearance improved in both groups, but more substan-
tially in the real US group. Power calculations suggest a
total sample size of 30 would be required to establish sta-
tistical significance. A full-scale study of the effectiveness
of therapeutic US in the treatment of apomorphine nod-
ules is warranted. � 2008 Movement Disorder Society
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Apomorphine hydrochloride has been used success-

fully since the 1950s in the treatment of people with

later stage Parkinson’s disease (PD).1 A common side

effect of delivery by infusion is the development of
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subcutaneous nodules at the site of entry.2–4 Nodules

may be tender, and profuse nodule formation is associ-

ated with extensive areas of hardened tissue, which

present a physical barrier to infusion needle siting and

may interfere with absorption of the drug.5,6 Plasma

apomorphine concentrations and Parkinsonian symp-

toms have been found to vary erratically in patients

with profuse nodule formation.7 An effective treatment

for this problem is therefore desirable.

It has been suggested that therapeutic ultrasound

(US) may be effective in treating apomorphine nod-

ules,1,8,9 but there is no published research to support

its use. Reports received by our group from apomor-

phine users and clinicians have suggested that it can

ease discomfort, soften nodules, and increase the area

available for daily needle insertions. This treatment

may therefore have the potential not only to reduce the

side effects of apomorphine infusion but also to facili-

tate its absorption by promoting the resolution of nod-

ules. The purpose of this pilot study was to investigate

the effectiveness of US in the treatment of apomor-

phine-associated nodules and to provide data that may

be used in the planning of a full-scale trial. The study

design was a pilot randomized controlled clinical trial.

PATIENTS AND METHODS

Participants were recruited from a neurology clinic in

University College Hospital, London. Eligible patients,

those receiving apomorphine for PD and experiencing

nodule formation, were invited to participate. Exclusion

criteria were current treatment with, or contraindications

to, therapeutic US and living too far away from the

research center for domiciliary treatment to be practical.

Of 27 people approached, 10 lived too far away for dom-

iciliary treatment, 4 refused to participate, and 1 had

very mild symptoms, leaving 12 people for inclusion.

Written consent was obtained from all participants. The

study protocol was approved by the institutional ethics

committee and its scientific review panel.

Trial participants were allocated to receive either

real or placebo US using computer-generated random-

ization. Allocation was concealed from participants

and investigators involved in assessment, treatment,

and data analysis. Treatment was provided with a US

generator adapted to deliver real or sham (zero) US,

and neither operator nor patient was aware whether

real or sham US was being delivered.

The person responsible for needle siting (either partic-

ipant or carer) was asked to select, by palpation, two pla-

ces where they would not normally site a needle because

of tissue hardening. In 11 cases, these were on the abdo-

men, and in one case on the thigh. On each person, one

area was treated, and the other was used as a control.

Each treatment consisted of a 3 MHz, 0.5 W/cm2 contin-

uous US beam applied for 5 min using an applicator of 4

cm2 effective radiating area, applied with light pressure

and continuous movement over a marked 16 cm2 area,

via a standard US couplant gel. These parameters were

selected on the basis of published guidelines for US

treatment of chronic soft tissue lesions.10 Treatment was

home-based, twice a week for 4 weeks. Participants were

asked not to use any other form of nodule treatment,

such as massage, on the areas selected for this study, and

to avoid using them for infusions.

Several outcome measures were employed. Tissue

hardness was assessed objectively using a durometer*

and subjectively by asking the person responsible for

setting up infusions whether they would site an infu-

sion needle in the chosen area, using a yes/no

response. Nodule tenderness was measured by pressure

algometry,y and sonography{ was used to assess the

extent of tissue changes. These measures have been

employed in previous studies characterizing subcutane-

ous soft-tissue lesions.11–16 Preliminary investigations

by our group demonstrated significant differences in

hardness, tenderness, and sonographic appearance of

tissue used for apomorphine infusion, when compared

with normal tissue (data available from corresponding

author). Sonographic changes included focal variations

in echogenicity corresponding to palpable nodules, der-

mal thickening, and diffuse oedematous changes in the

adipose tissue.17 Pre- and post-treatment images were

compared to identify the extent of change in these var-

iables, using a scoring system in which shrinkage of

nodules and normalization of dermal thickness and

echogenicity were quantified. Possible scores were 0,

no change; 1, partial normalization; and 2, significant

or full normalization of tissue sonographic appearance.

Data were collected before each treatment, after the

final treatment and at a follow-up assessment 4 weeks

later. Data were also obtained from an adjacent area

not used for injection, to establish normal values for

each individual. Assessment was carried out by a phys-

iotherapist and a sonographer, and treatment was pro-

vided by the physiotherapist. Statistical analysis of

algometry and durometry data were carried out using

SPSS 14,§ setting statistical significance at P 5 0.05.

*Type 00 durometer (Rex Gauge Co, IL, USA).
yType II pressure algometer (Somedic, Hörby, Sweden).
{Micromaxx 3.4.1 ultrasound unit with 13-6 MHz linear

transducer (Sonosite, Hitchin, UK).
§SPSS Inc, Chicago, USA.
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The study sample was too small for formal statistical

analysis of sonographic images and the dichotomous

response regarding needle siting, and so simple pre-

and post-treatment comparisons were made on these

variables.

RESULTS

Assessments and treatments took place during the

period July to November 2007. Demographic and clini-

cal data for the participants are provided in Table 1.

All participants completed the full course of treatment,

and infusion rates remained constant during the trial.

Several participants inadvertently sited a needle in a

marked site during the follow-up period, and so data

from this period were not included in the analysis.

Paired t-tests demonstrated no significant differences

between the real and sham US groups for durometer

and algometer values at baseline. Durometry and algo-

metry data were analyzed using a repeated measures

ANOVA, which showed no differences over the course

of treatment within the real and sham US groups, ei-

ther for durometry (df 5 8, F 5 0.863, P 5 0.555) or

algometry (df 5 8, F 5 1.578, P 5 0.162). Given

these findings, no statistical tests for differences

between these groups and between them and the

control (untreated) areas were attempted on these

measures.

The area’s suitability for needle siting was assessed

by the person responsible for siting. All selected areas

were initially judged unsuitable. After treatment, 5 of 6

of the real US group and 1 of 6 of the sham US group

said their treated area was now suitable for needle sit-

ing. However, 2 of 6 of each group said their control

(untreated) area had also become suitable for siting.

Sonographic assessment scores indicated that nor-

malization of tissue appearance was greatest in the tis-

sue treated with real US (see Fig. 1). Five out of six of

this group improved, with substantial improvement in

four cases. Sham US and untreated tissue also showed

some improvement, although it was less substantial

than in the real US group.

DISCUSSION

Although average durometry values did not change

significantly during the treatment period, most partici-

pants in the real US group judged that the treated tis-

sue had softened sufficiently to be used for needle sit-

ing. Practical difficulties encountered developing a re-

producible durometry technique may account for this

discrepancy. Arguably, greater credence should be

given to participant opinion because the primary aim

of the therapy is to increase the area available for nee-

dle placement. The lack of significant differences in

algometry readings may be because treatment areas

were selected on the basis of their hardness rather than

tenderness. Preliminary work suggested that harder

areas comprise mostly older nodules, which tend to be

less tender than younger ones. The small sample size

may also account for the lack of statistically significant

change in durometry and algometry.

Sonographic data were suggestive of a therapeutic

effect. Reductions in nodule size and dermal thickness

were observed, and transitions toward a normal sono-

graphic appearance arguably indicate normalization of

tissue structures. However, this interpretation may only

be verified by histological correlation. Sonographic

normalization did not always coincide with palpable

tissue softening, suggesting that in some cases tissue

structure may improve, but not sufficiently to enable

injection. In some cases, there was evidence of

improvement in untreated tissue. This was to be

TABLE 1. Characteristics of study participants

Parameter Real US group Sham US group

Sample size 6 6
Sex 2 M, 4 F 2 M, 4 F
Age (yr) 65 (51–72) 64 (47–75)
Time since PD diagnosis (yr) 22 (13–32) 18 (9–25)
Hoehn & Yahr stage (when off) 4 (all) 4 (3–4)
Time on apomorphine (yr) 5 (2–10) 4 (0.25–7)
Infusion rate (mg/hr) 5.6 (5.0–7.0) 6.4 (3.5–13.8)
Infusion time (hr/day) 14 (12–15) 15 (10–24)
Infusion dose (mg/day) 77 (66–103) 73 (47–130)
Infusion site A55, T51, O51 A56

Values are given as mean (range). One participant used several
sites for infusion. A, abdomen; T, thigh; O, other sites (lower back
and posterior shoulder).

FIG. 1. Mean sonographic improvement score. 0, no improvement;
1, partial improvement; 2, substantial improvement/full normalization
of sonographic appearance.
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expected given participants’ comments that some nod-

ules resolve spontaneously. Therapeutic US may accel-

erate this process. It may also be more effective in

some presentations than others, or using different treat-

ment parameters.

Were suitability for needle siting to be used as the

primary outcome measure, published tables of sample

sizes required for binary outcome measures18 suggest

that a full-scale trial would require 30 participants to

provide a statistically significant result. A larger trial

would enable subgroup analysis to identify prognostic

factors for this form of treatment. The study sample

was drawn from a single neurology clinic, but the de-

mographic and clinical characteristics of the sample

are similar to those reported in other studies.2,3,19,20

CONCLUSIONS

Data from this study are encouraging and suggest

that a larger scale trial may be justified. Despite its

subjectivity, user opinion of a treated area’s suitability

for injection may be the most practical and clinically

meaningful outcome measure. Sonography may help

identify variations in tissue response to treatment. A

pragmatic trial may be the most appropriate, including

other forms of treatment such as massage, and treating

a larger area of affected tissue.
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Abstract: Essential tremor (ET) is much more prevalent
than Parkinson’s disease (PD) in Western countries. We
estimated ET and PD prevalence in Wadi Ara Arabic vil-
lages in Northern Israel. In this door-to-door survey, all
consenting residents aged ‡65 years were systematically
examined by an Arabic speaking team. No prescreening
questionnaires were used. A random sample of 900 sub-
jects [437 males, mean age (SD) 5 72.6 years (6.6)] of the
2,163 eligible residents were evaluated. Sixteen subjects
had an action, intentional tremor. Tremor prevalence was
estimated as 1.78% (95% CI 1.1–2.87). Nine of these had
another likely cause of tremor. Only 7 patients were diag-
nosed as ET [prevalence 0.78% (95% CI 0.38–1.6)].
PD was diagnosed in 13 subjects. PD prevalence was
1.44% (95% CI 0.84–2.45). ET is unusually uncommon in
this population and possibly even less frequent than PD.
The PD prevalence in Wadi Ara is similar to that

reported in Western countries. � 2008 Movement Disorder
Society

Key words: epidemiology; prevalence studies; tremor;
Parkinson’s disease; Arabic

Both essential tremor (ET) and Parkinson’s disease

(PD) are among the most frequent movement disor-

ders.1,2 The incidence of both diseases increases with

age.3–6 ET affects between 12 and 23% of the elderly

population versus 0.70 to 1.5% affected by PD in the

same age group.7–11 Differences in population and

methodology may account for variation in prevalence

estimates across studies.10–15 Door-to-door surveys are

the most appropriate way for accurately assessing the

prevalence of movement disorders. The detection rate

of previously undiagnosed cases can be higher.16 Our

previous observations in Wadi Ara villages in Northern

Israel in a small sample of the population, suggested

that ET is unusually rare.17 The paucity of this tremor

raises the question whether other movement disorders

are also uncommon. We thus conducted a door-to-door

study of a larger population sample and estimated the

prevalence of both ET and PD.

PATIENTS AND METHODS

Wadi Ara or the Ara Valley is a rural area in North-

ern Israel whose inhabitants are Arabic Israeli citizens.

The population aged ‡65 years included 2,163 resi-

dents on prevalence day (January 01, 2003, Israel Cen-

tral Statistics Bureau). This work is part of a large-

scale epidemiological study carried out in Wadi Ara,

where residents aged ‡65 years are systematically con-

secutively approached, reply to questionnaires concern-

ing cardiovascular risk factors, activities of daily living

(ADL), life style, cognitive function and undergo full

neurological examination.17,18

We consecutively approached village houses and

examined 900 residents aged ‡65 years at prevalence

day. Elderly citizens in this area reside with their chil-

dren. A fluently Arabic speaking team [nurse (AA) and

neurologist (MM)] examined 1 or 2 subjects in each

house. The team interviewed all subjects about medi-

cal, family history, and medications. The nurse con-

ducted cognitive evaluation, the neurologist performed

full neurological examination. All information was

reviewed by several neurologists (MM, RS, RI) in

bimonthly consensus conferences. The study was

approved by the Institutional Ethical Committee, Israel

Ministry of Health, Institutional Regulatory Boards of
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Case, and Boston Universities. All participants signed

a written consent form. Examinations were free of

charge and without asking about the health insurance

status of the subject.

Diagnostic Criteria for ET

ET diagnosis was based on criteria established and

validated by Louis et al.19,20 Examination included a

standardized tremor examination,19,20 neurological ex-

amination, and the motor part of the Unified Parkin-

son’s Disease Rating Scale (UPDRS).21 Tremor score

was calculated as the sum of scores (0–3 each item)

in six tests: postural tremor and five tests with each

hand (pouring water, spoon drinking, drinking water,

finger-to-nose, and drawing).19

Diagnosis of definite ET required moderate oscillatory

postural tremor usually present during examination, a

moderate and clearly oscillatory kinetic tremor in at least

one arm during 4 of 5 actions and tremor that by history

interfered with ‡1 ADL. Diagnosis of probable ET

required moderate, clearly oscillatory kinetic tremor

usually present during examination and during 4 of

5 actions. Possible ET required moderate clearly oscilla-

tory kinetic tremor during action. Exclusion criteria

included cerebellar signs, parkinsonism, dystonia,

peripheral neuropathy, possible drug-related tremor,

hyperthyroidism, chronic alcoholism, or anxiety.

Diagnostic Criteria for Parkinson’s disease

We used Gelb’s criteria for PD diagnosis.22 Group

A features: resting tremor, bradykinesia, rigidity, and

asymmetric onset. Group B features: prominent pos-

tural instability, freezing or hallucinations �3 years af-

ter onset, dementia preceding motor symptoms or in

the first year, supranuclear gaze palsy, severe sympto-

matic dysautonomia unrelated to medication, and docu-

mentation of a condition plausibly connected to the

symptoms. Possible PD was diagnosed if ‡2 Group A

were present; at least 1 being tremor or bradykinesia,

had either no Group B features, or in cases with symp-

tom duration �3 years none of the Group B features is

present and with substantial sustained documented

response to levodopa (L-dopa), dopamine agonist or the

patient did not have an adequate trial of L-dopa or do-

pamine agonist. Probable PD was diagnosed when ‡3

Group A features and none of the Group B features

were present (symptoms ‡3 years) and with substantial

sustained documented response to L-dopa or dopamine

agonist. Since definite PD requires autopsy confirma-

tion, we had no definite PD cases.

RESULTS

Of the 951 subjects that were approached, 918

accepted to participate in the study (refusal rate 3.5%).

Exclusion causes (n 5 18): recent head trauma (n 5

2), recent ischemic stroke (n 5 3), end-stage renal fail-

ure (n 5 2), metastatic carcinoma (n 5 2), systemic

disease (n 5 7), and severe depression (n 5 2). The

cohort consisted of 900 subjects [437 men, mean age

(SD) 72.6 years (6.6)]. The mean age (SD) of men was

72.7 years (7) and of women was 72.4 years (6.2). The

target population aged ‡65 years counts 2,163 resi-

dents. The proportion of subjects aged ‡75 years was

similar in the target population [n 5 709 (33%)] and

our cohort [n 5 313, (35%); (v2 5 1.054, d.f. 1, P >
0.1)]. The gender distribution of the target population

included 52% men versus 49% men in the examined

population (v2 5 2.9, d.f. 5 1, P 5 0.09).

A postural, kinetic, and clearly oscillatory tremor of

moderate amplitude was observed in 16 subjects [8 men,

mean age (SD) 74.4 years (6.3), range 66–85]. Tremor

prevalence was 1.78% (95% CI 1.1–2.87). Of these, 9

had another possible tremor cause: aminophylline treat-

ment (n 5 8) and severe renal failure (n 5 1) [5 men,

mean age (SD) 74.9 years (6), range 66–83, tremor score

2–20]. One patient had head tremor (83 years, male).

None reported a family history of tremor. In all, tremor

severity was enough to raise the differential diagnosis of

ET. We could not exclude ET with superimposed drug-

induced tremor since these two types of tremor were sim-

ilar. Only 7 subjects [3 men, mean age (SD) 73.9 years

(7.3), range 67–85, tremor score 4–25] had a tremor

compatible with the possible ET without any additional

cause. If all cases with additional causes of tremor would

be excluded, the prevalence of ET would be 0.78% (95%

CI 0.38–1.6).

Table 1 shows the age-stratified distribution of

tremor cases. Prevalence was higher (not significantly)

in older age strata (v2 5 1.905, d.f. 5 2, P > 0.1 all

tremor cases; v2 5 1.052, d.f. 5 2, P > 0.1 possible

ET).

PD was diagnosed in 13 subjects [6 men, age (SD)

72.3 years (4.9), range 65–81 years; Hoehn and Yahr

stage II (n 5 3), III (n 5 5), IV and V (n 5 5),

UPDRS scores: range 10–89]. PD prevalence was esti-

mated as 1.44% (95% CI 0.84–2.45). In addition,

one more patient was diagnosed as drug-induced par-

kinsonism. Two subjects were diagnosed as possible

PD and 11 as probable PD. Three subjects were newly

diagnosed by our team.

Also Table 1 shows the age-stratified distribution of

PD cases and it is observed that the prevalence was
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higher at the age group of 70 to 79 years; only 2 sub-

jects were older than 80 years.

DISCUSSION

We found that ET prevalence is similar to that of

PD in Wadi Ara villages. This is an unusual observa-

tion since ET is the most common adult movement

disorder19 with a crude prevalence varying between

1.3%23 and 12.5%10 above the age of 70 years in some

populations. Other studies found a prevalence of

3.5%,24 3.9% (‡65 years),25 4.8% (‡65 years),26 and

7%.15 If all our tremor cases are considered as possible

ET, the prevalence would be 1.78% compared with PD

prevalence of 1.44%. When all the cases with an addi-

tional possible cause of tremor are excluded, ET preva-

lence is low (0.78%), which is about half of PD preva-

lence. Whereas the herein estimated prevalence of PD

is similar to that observed in Western population,1,19

but that of ET is considerably lower.27 The rarity of

ET in this door-to-door survey is compatible with our

previous in-patient hospital record survey and field

observations in a smaller population sample.17,28 The

aim of this study was to verify whether other move-

ment disorders are rare in this population. Our study

showed that PD is not less common than in Western

populations and that ET is exceptionally uncommon.

Differences of ET prevalence in published studies

may stem from methodological variations.6,19,29 Case

finding strategy is an important methodological ele-

ment.19,30 Most published studies have been carried

out in two phases12,31,32 using an initial screening step.

The strength of our study is in the fact that all individ-

uals were examined with no prior selective steps such

as questionnaires, thus providing a more accurate esti-

mate of prevalence. The rate of refusal was low, con-

secutive houses were approached, thus minimizing

selection bias. We relied on findings at neurological

examination and not patient complaints in order to pre-

vent reporting bias. We did not find any tremor patient

with a positive family history, a finding that could

partly contribute to the low prevalence of ET.

In this study two (15%) of the PD cases were newly

diagnosed by our team. Previous epidemiological stud-

ies have shown a considerable number of de novo

cases detected,33,34 a finding that highlights the impor-

TABLE 1. Stratification by age and gender; subjects with tremor and PD

Age group (yr) Subjects (n)

Tremor (n) Tremor [P* (95% CI)]

PD (n) PD [P* (95% CI)]Possible ET (n) Possible ET [P*(95% CI)]

65–69 349 4 1.14 (0.45–2.91) 4 1.14 (0.45–2.91)
2 0.57 (0.16–2.06)

Males 172 (49%) 3 1.74 (0.59–5) 1 0.58 (0.1–3.22)
1 0.58 (0.1–3.22)

Females 177 (51%) 1 0.56 (0.1–3.12) 3 1.69 (0.58–4.86)
1 0.56 (0.1–3.12)

70–79 415 8 1.9 (0.98–3.76) 8 1.93 (0.98–3.76)
3 0.72 (0.24–2.1)

Males 197 (47.4%) 2 1 (0.28–3.63) 5 2.54 (1.09–5.81)
1 0.50 (0.09–2.82)

Females 218 (52.5%) 6 2.75 (1.27–5.87) 3 1.38 (0.47–3.97)
2 0.92 (0.25–3.29)

‡80 136 4 2.94 (1.15–7.32) 1 0.74 (0.13–4.06)
2 1.47 (0.4–5.2)

Males 68 (50%) 3 4.41 (1.51–12.18) 0 0 (0–0.54)
1 1.47 (0.26–7.87)

Females 68 (50%) 1 1.47 (0.26–7.87) 1 1.47 (0.26–7.87)
1 1.47 (0.26–7.87)

Total 900 16 1.78 (1.1–2.87) 13 1.44 (0.84–2.45)
7 0.78 (0.38–1.6)

Males 437 (49%) 8 1.83 (0.93–3.57) 6 1.37 (0.63–2.96)
3 0.69 (0.24–2.0)

Females 463 (51%) 8 1.73 (0.88–3.37) 7 1.51 (0.73–3.08)
4 0.86 (0.33–2.19)

Prevalence of essential tremor (ET) and Parkinson’s disease (PD) stratified by age and gender. Numbers concerning ET are depicted in two
rows in each cell. The upper row indicates all subjects with a postural and action tremor and the lower row indicates possible ET diagnosed by
stricter criteria.

*P 5 Prevalence/100.
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tance of door-to-door screening in PD prevalence sur-

veys. Studies based on known PD subjects tend to

underestimate the real frequency of PD.35

Our ET prevalence estimate is very low. The obser-

vation that the PD prevalence in Wadi Ara is compara-

ble with that in other populations and the fact that we

examined every subject in consecutive houses decrease

the likelihood that the low ET prevalence is an artifact

of selection or reporting bias, health insurance status,

or variable access to medical care. Factors that might

‘‘protect’’ the Wadi Ara inhabitants from ET remain to

be elucidated.
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Abstract: Amyotrophic lateral sclerosis and Parkinsonism-
dementia complex of the Kii peninsula (Kii ALS/PDC) is
an endemic and a tauopathy, which shows clinical symp-
toms of amyotrophy, parkinsonism, and dementia. The
objective of this study was to report the role of oxidative
stress on Kii ALS/PDC using biochemical analysis. Uri-
nary 8-hydroxydeoxyguanosine (8-OHdG)/creatinine ratio
was analyzed in 11 patients with Kii ALS/PDC and 8 nor-
mal controls. The mean level of urinary 8-OHdG/creati-
nine ratio of the patients with Kii ALS/PDC was signifi-
cantly higher than that of control subjects. Oxidative
stress may be implicated in pathogenesis of Kii ALS/
PDC. � 2008 Movement Disorder Society

Key words: oxidative stress; ALS; Parkinsonism-dementia
complex; Kii; Guam

Amyotrophic lateral sclerosis (ALS)/Parkinsonism-

dementia complex (PDC) is an endemic that exists in

Guam island1 and the Kii peninsula of Japan.2 ALS/

PDC shows clinical symptoms of parkinsonism, amyo-

trophy, and dementia. Neuropathologically, marked

loss of nerve cells associated with abundant neurofi-

brillary tangles (NFTs), most predominantly in the

brainstem and temporal lobe and concomitant ALS

pathology involving the upper and lower motor neu-

rons are characteristic. A family history of ALS/PDC

in Kii (Kii ALS/PDC) is recorded in more than 70%.3

Although several hypotheses regarding etiology of

ALS/PDC have been proposed,4,5 the primary cause

of ALS/PDC is still unknown. Familial nature and

endemic feature of ALS/PDC suggest that the recipro-

cal action between genetic factor and environmental

factor is more likely in its pathogenesis.

Recently, Sato et al.6 reported that urinary level of

8-hydroxydeoxyguanosine (8-OHdG), a biomarker of

oxidative damage to DNA, increased remarkably in

patients with Parkinson disease, but not with multiple

system atrophy. Although it is unknown whether oxi-

dative stress participates with the pathogenesis of ALS/

PDC, ALS/PDC and PD share a lot of clinical and

neuropathological similarities, i.e., parkinsonism and

neuronal loss of substantia nigra. On the basis of these

background, we examined whether urinary 8-OHdG

increase in the patients with Kii ALS/PDC.

SUBJECTS AND METHODS

We examined 11 patients with Kii ALS/PDC (mean

age 72.7 6 1.98 years, 6SEM, range 65–84) and 8

normal controls (age 74.8 6 1.13 years, range 69–78).

(Table 1) The mean disease duration of Kii ALS/PDC

patients was 6.8 6 1.0 years. Severity of patients with

PDC was classified into five stages based on the Modi-

fied Hoehn–Yahr (H-Y) classification. We evaluated an

ALS patient (Case 5 in Table 1) as stage V because

she was bed-ridden with severe ALS symptoms. Mini-

Mental State Examination (MMSE) was used to evalu-

ate cognitive function. Smokers and obese subjects

were excluded from this study because these factors

may influence urinary level of 8-OHdG. This study

protocol was approved by the Human Ethics Review

Committee of Mie University School of Medicine and

informed consent was obtained from the subjects.

Urinary 8-OHdG concentrations were measured with

an enzyme-linked immunosorbent assay (ELISA) kit

using a monoclonal antibody specific for 8-OHdG

(New 8-OHdG Check, Japan Institute for the Control

of Aging, Shizuoka, Japan). Urine samples were

obtained from each individual between 10 AM and 15

PM and immediately centrifuged at 1,000g for 15

minutes and stored at 2308C. Patients and controls

avoided physical activity in the last 24 hours before

urine sampling. Primitive urine was used for measure-

ment of 8-OHdG as it is. ELISA was carried out in

plural times and in a blinded fashion, and the average

value was used for statistical analysis. The sensitivity

of ELISA ranged from 0.5 to 200 (ng/dL). We also

measured urinary creatinine (mg/dL) to adjust for mus-

cle mass. For statistical analysis, the Student’s t-test

was used for comparing patients group and control
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group. All data were expressed as mean 6 SEM. A

P value less than 0.05 denoted a significant difference.

RESULTS

Urinary 8-OHdG/creatinine ratio ranged from10.26

to 22.00 in normal controls and 12.25 to 39.06 in Kii

ALS/PDC (Table 1). The mean urinary 8-OHdG/creati-

nine ratio of patients with Kii ALS/PDC was 26.43,

which is higher than that of age-matched control sub-

jects (P < 0.05, P 5 0.0153). (Fig. 1A) The urinary 8-

OHdG/creatinine ratio of Kii ALS/PDC patients for

each Severity Scale was as follows: stage I: 19.8 6

10.8 (value 19.76), stage II: 17.7 6 10.8 (value 17.72),

stage III: 33.8 6 37.6 (range 28.61–39.06), stage IV:

25.0 6 5.4 (range 12.25–33.30), and stage V: 28.50 6

6.2 (range 12.51–38.19) (Fig. 1B). Although the uri-

nary 8-OHdG/creatinine ratio increased along the pro-

gression of the disease, there was no significant differ-

ence between stages I, II and stages III, IV, and V (P
> 0.05). The urinary 8-OHdG/creatinine mean ratio

did not correlated with age (P 5 0.71) and sex (P 5

0.38) in patients with Kii ALS/PDC. There is no rela-

tionship between score of MMSE and urinary 8-

OHdG/creatinine ratio (P > 0.05) (Fig. 2).

COMMENT

8-OHdG is produced by reaction between reactive

oxygen species (ROS) and guanine residues in DNA.

Urinary 8-OHdG is considered a well established bio-

marker of oxidative stress in DNA because the

excised 8-OHdG, that is not compensated by antioxi-

dative agents in the plasma, is excreted in urine.7

Oxidative damage to DNA is thought to be involved

in various neurodegenerative diseases such as Alzhei-

mer disease,8 Parkinson disease,9 ALS,10 and others.

Sato et al.6 reported that urinary 8-OHdG excretion

correlates with the normal ageing process and H-Y

staging of the patients with PD. And the mean urinary

8-OHdG/creatinine ratio is significantly higher in PD

than in age-matched patients with multiple system at-

rophy and age-matched normal controls. They postu-

lated that urinary 8-OHdG in PD reflects increased

systemic levels of oxidative DNA damage that is

caused by mitochondrial dysfunction in skeletal

muscles.

This study revealed a significant correlation

between urinary 8-OHdG/creatinine ratio and hav-

ing Kii ALS/PDC. Although statistical significance

was not apparent, urinary 8-OHdG excretion of Kii

ALS/PDC increased between stages I, II and stages

III, IV, and V. It also revealed that urinary 8-

OHdG excretion of Kii ALS/PDC is not related

with cognitive function. These results suggest that

oxidative stress is implicated in ALS/PDC, and

oxidative stress may affect development of the dis-

ease mainly through moderate and severe disease

process.

TABLE 1. Clinical characteristics of patients with Kii ALS/PDC

Clinical Dx Age Sex
Duration of

the illness (yr)
Severity

scale MMSE
Urinary 8-OHdG/

creatinine ratio 6 SD

Control 1 Normal 75 F – – – 21.99 6 13.94
Control 2 Normal 69 F – – – 16.94 6 9.53
Control 3 MCI 78 F – – – 18.70 6 9.66
Control 4 Normal 78 F – – – 12.52 6 6.17
Control 5 Normal 76 M – – – 17.65 6 7.16
Control 6 Normal 73 F – – – 21.04 6 4.97
Control 7 Normal 77 M – – – 12.49 6 0.11
Control 8 Normal 72 M 10.26

Case 1 PDC 68 F 7 Stage III 10/30 39.06 6 19.26
Case 2 PDC 66 F 5 Stage IV 29/30 29.49 6 16.14
Case 3 PDC 68 M 8 Stage IV 18/30 33.30 6 16.74
Case 4 PDC 71 M 3 Stage V 13/30 34.19 6 18.24
Case 5 ALS 80 F 3 Stage V 30/30 38.79 6 7.67
Case 6 PDC 74 M 8 Stage V 0/30 12.51 6 0.80
Case 7 PDC 75 F 3 Stage III 15/30 28.61 6 8.92
Case 8 PDC 81 F 7 Stage II 26/30 17.72 6 6.79
Case 9 PDC 84 F 6 Stage I 23/30 19.76 6 3.38
Case 10 PDC 68 M 12 Stage IV 0/30 25.04 6 5.13
Case 11 PDC 65 M 13 Stage IV 0/30 12.25 6 1.34

MCI, mild cognitive impairment.
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A role of oxidative stress on pathogenesis of ALS/

PDC is unknown. The result that score of MMSE did

not correlate with urinary 8-OHdG/creatinine ratio may

indicate that source of urinary 8-OHdG excretion does

not limit to brain. Mitochondria are the most important

intracellular source of ROS. In particular, systemic

mitochondrial dysfunction is considered in PD, Hun-

tington’s disease, diabetes mellitus, and others. The

potential mechanism for the increased 8-OHdG in Kii

ALS/PDC may be systemic mitochondrial failure

including brain, platelets, and skeletal muscles as sug-

gested in PD. Systemic mitochondrial failure should be

investigated in ALS/PDC.

CONCLUSIONS

This study suggests that oxidative stress is impli-

cated in ALS/PDC. 8-OHdG levels in CSF, plasma, or

brain tissue should be investigated in the patients with

ALS/PDC to reveal a role of oxidative stress in its

pathogenesis.
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Abstract: Aripiprazole (AP), a dopamine (DA) D2 receptor
partial agonist, has recently been used to reduce schizo-
phrenic symptoms, while tetrabenazine (TBZ), a DA
depletor, has been used to treat hyperkinesias in Hunting-
ton’s disease (HD). The aim of this study is to define the
role of AP on chorea, motor performance, and functional
disability, and to compare the effects of AP vs. TBZ in a
small study of six patients with HD. Both AP and TBZ
increased the Unified Huntington’s Disease Rating Scale
(UHDRS) chorea score in a similar way. However, AP
caused less sedation and sleepiness than TBZ and was bet-
ter tolerated by the patients on the trial. Moreover, AP
showed a slight but not significant improvement of
depression in the patients as compared to TBZ. A larger
group of patients and a longer period of observation are
an important prerequisite for further evaluations of AP’s
therapeutic use. � 2008 Movement Disorder Society
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Huntington’s disease (HD) is a rare inherited neuro-

logical disorder caused by an unstable trinucleotide

repeat expansion in the IT15 gene located on the short

arm of chromosome 4p16.3.1 Its main symptoms are

uncontrollable abnormal movements, also known as
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chorea. HD motor symptoms are treated with typical

neuroleptics—mainly dopamine (DA) D2 receptor

antagonists—or, more recently, with ‘‘atypical’’ neuro-

leptics. However, these drugs cause different adverse

effects such as loss of voluntary movements, sedation,

depression, akathisia, or tardive-dyskinesia (TD).2

Tetrabenazine (TBZ), a monoamine-depleting agent,

has a positive effect on choreic movements, but it also

induces sleepiness, parkinsonism, depression, and aka-

thisia.3 The adverse effects caused by these agents are

generally ascribed to the blocking of the DA receptors.

Drug-induced adverse effects are particularly disturbing

in HD patients who already experienced depression,

apathy, and cognitive impairment as the disease pro-

gresses. Unlike the typical D2 antagonists, aripiprazole

(AP) reduces the activity of DA D2 receptors provid-

ing a sufficient stimulation of the dopaminergic system.

However, this agent has an antipsychotic effect due to

the partial activation of D2 receptors, avoiding exces-

sive receptor stimulation.4 This mechanism of action

reduces the occurrence of neuroleptic-induced TD and

hyperkinetic movements during the treatment of schiz-

ophrenia and schizoaffective disorders.5

On the basis of these peculiar properties, this study

aimed to investigate AP’s potential role as a therapeu-

tic agent in HD patients. It was found that in compar-

ing AP and TBZ antichoreic effects, AP proved to be

particularly effective in all six HD patients.

METHODS

Patients

Subjects for the trials were recruited at the UOC
Neurologia, Ospedale Sant’Eugenio, in Rome, Italy,

and written informed consent was obtained from all six

HD patients. The DNA analysis for CAG expansion in

the IT15 region of chromosome 4p confirmed the diag-

nosis in all individuals. The patients clinical character-

istics are shown in Table 1 (mean age, 56.3 6 12.4;

age range, 37–76 years). Severe chorea provided

adequate ground for pharmacological interventions;

patients were classified at Stage 2 to 4 of the Shoulson

and Fahn scale.6 This study excluded patients with de-

mentia, psychosis, and unsatisfactory clinical response

to neuroleptics (olanzapine, clozapine, risperidone)

because of disturbing extrapyramidal side effects.

Study Design

The aim of this study was to assess the clinical effi-

cacy of AP in a group of six HD patients by compar-

ing its effects with those of TBZ. After a three-week

wash-out period from neuroleptics, patients served as

their own controls in a crossover study in which the

administration of two TBZ daily doses (mean final

daily dose 95.83 6 33.2) or two AP daily doses (mean

final daily dose 10.76 6 4.91) was randomly assigned

to the patients for a period of three months. The

dosage was titrated to a stable dosage on the basis of

individual needs and complaints. All patients were

examined by a neurologist blinded to the treatment

assignment. Total maximal chorea and parkinsonism

were rated by means of the UDHRS-specific subscores,

which were administered at the end of the wash-out

period and after three months of each drug treatment.

Evaluations were performed in the morning, when the

drug was found to be more effective. Moreover, the

Clinical Global Impression scale (CGI) was obtained

by interviewing caregivers and patients; depression

was assessed by the Hamilton Depression scale (HDS);

sleepiness was assessed using the Epworth Sleepiness

scale (ESS); and the Mini-Mental State Examination

(MMSE) was used to assess cognitive functions.

Statistical Analysis

The effects of TBZ, AP, and the condition without

treatment on the UHDRS were assessed using a Fried-

man ANOVA for repeated measures, with particular

TABLE 1. Modifications of the different items in HD patients caused by AP and TBZ

Off condition
(mean 6 SD)

On AP
(mean 6 SD)

On TBZ
(mean 6 SD)

UHDRS—Chorea item 10 6 1.58 4.8 6 1.30* 4.6 6 1.67*
UHDRS—Parkinsonism item 24 6 6.04 21 6 5.83 21 6 6.28
MMSE 20.4 6 1.67 20.2 6 1.78 20 6 1.58
ESS 8.8 6 0.83 9 6 1 11.2 6 1.30*,a

HDS 13.4 6 3.43 11 6 1.2 15.2* 6 4.43a

Main factor treatment: P < 0.01; Post hoc: *P < 0.01 vs. off treatment condition and avs. AP.
HD, Huntington’s disease; AP, aripiprazole; TBZ, tetrabenazine; UDHRS, Unified Huntington’s Dis-

ease Rating Scale; MMSE, Mini-Mental State Examination; EES, Epworth Sleepiness scale; HDS,
Hamilton Depression scale.
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regard being made to the symptoms of chorea. Differ-

ences were considered significant at P < 0.05. A post

hoc analysis was made using the Wilcoxon test, when

required. MMSE, ESS, and HDS results were analyzed

by Friedman ANOVA.

RESULTS

The maximum chorea score improved when compar-

ing the period during which the trial drugs were

administered with that of the period when no drugs

were administered. No significant differences were

found by comparing TBZ and AP extrapyramidal side

effects (see Table 1). AP treatment indeed resulted in a

reduction of 5.2 units (P > 0) in chorea severity and

TBZ treatment caused a reduction of 5.4 units (P > 0).

As to the ESS, patients reported an increase in sleepi-

ness when on TBZ in comparison to the wash out and

AP. Moreover, a trend toward significance was found

in the assessment of depression with the HD scale

when patients were on TBZ, as compared to AP. No

significant changes were observed in cognitive func-

tions when comparing the treatment conditions.

DISCUSSION

Results show that both AP and TBZ have positive

effects on chorea, motor performance, and functional

disability in HD patients. Interestingly, HD patients

treated with AP reported less feeling of sedation and

sleepiness during the wash-out period and the trials of

TBZ. As established by our data, sleepiness is the

most common adverse side effect of TBZ in HD

patients.3 Although a three-week period might be too

short to entirely wash-out the effects of the drugs, we

chose this time span so as not prolong any discomfort

that the patients may endure as well as not to allow

the motor symptoms to worsen.

AP is an atypical antipsychotic with an apparently

unique mechanism of action on the dopaminergic sys-

tem, having a partial agonist effect on D2 and 5-

hydroxytryptamine-1A (5HT1A) receptors and an

antagonistic effect on 5HT2A receptors.4 Therefore,

the improvement caused by AP could be ascribed to

the partial stimulation of the dopaminergic system and

to its effect on serotonin receptors.7 In particular, the

differential influence on the dopaminergic system that

depends on the level of receptor occupancy might also

explain the positive trend of this drug in the treatment

of a psychiatric symptom such as depression.8,9 AP

agonistic and antagonistic effects on 5-HT receptors

subtypes might affect the acetylcholine release in the

ventral tegmental area and the cortex and, therefore,

improve mood.10 Moreover, in order to highlight the

beneficial effects of AP compared to TBZ, it is impor-

tant to note that HD long-term treatment with TBZ

might cause severe depression with suicidal ideation.11

In agreement with the present results, preliminary data

showed that, besides classical neuroleptics, other par-

tial agonists of DA D2 receptors could be useful in the

treatment of chorea associated with HD.12 Addition-

ally, in line with the use of partial D2 agonists in

hyperkinetic movements, TD patients proved to be bet-

ter controlled with AP treatment.13 Moreover, hyperki-

netic movements and severe coprolalia typical of Gilles

de la Tourette syndrome were also reduced by AP.14,15

In conclusion, although preliminary data suggest a

potential beneficial effect of AP in HD patients, a full

appreciation of AP therapeutic use would require a

larger group of trial patients and a longer period of ob-

servation.
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Cardiac and Noncardiac Fibrotic
Reactions Caused by Ergot-and

Nonergot-Derived Dopamine
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Charité Universitaetsmedizin Berlin, Germany

Abstract: There is growing evidence that the ergot-derived
dopamine agonists cabergoline and pergolide can cause
fibrotic cardiac valvulopathy. Data on other fibrotic reac-
tions and nonergot-derived dopamine agonists are sparse.
Aim of this study was to investigate whether there are sig-
nals that dopamine agonists are related to cardiac and
other fibrotic reactions. We identified all reports of
fibrotic reactions at the heart, lung, and retroperitoneal
space associated with dopamine agonists within the US
Adverse Event Reporting System database. Disproportion-
ality analyses were used to calculate adjusted reporting
odds ratios (RORs). For ergot-derived dopamine agonists
(bromocriptine, cabergoline, pergolide), the RORs of all
reactions under study were increased, whereas no such
increases were observed for nonergot-derived drugs (apo-
morphine, pramipexole, ropinirole, rotigotine). Fibrotic
reactions due to ergot-derived dopamine agonists may not
be limited to heart valves. For nonergot-derived dopamine
agonists, no drug safety signals were evident. � 2008
Movement Disorder Society

Key words: dopamine agonists; adverse effects; fibrosis;
adverse drug reaction reporting systems

Case reports,1,2 observational,3 and clinical4 studies

suggest that the ergot-derived dopamine agonists per-

golide and cabergoline can cause fibrotic reactions at

the heart valves. Case reports of similar endocardial,

pericardial, pleuropulmonary, and retroperitoneal reac-

tions have been published for the ergot-derived dopa-
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mine agonists pergolide,5 cabergoline,6 bromocriptine,7

and dihydroergocriptine.8

It has been discussed whether nonergot-derived dopa-

mine agonists may also cause fibrotic reactions.9 For val-

vular heart disease, results from different studies suggest

no increased risk with the nonergot dopamine agonists

ropinirole and pramipexole.3,10 In 2003, Müller et al. how-

ever reported seven cases of pleuropulmonary changes

associated with ropinirole that were submitted to the

WHO Uppsala Drug Monitoring Database.11 Single cases

of adverse drug reactions (ADRs) reported within sponta-

neous reporting systems may, however, have occurred

coincidentally during drug use and merely represent the

background incidence of such events. To address this

issue, disproportionality analyses have been suggested as

a useful tool to analyze databases of spontaneous ADR

reports.12 No such analyses have been published for dopa-

mine agonists and fibrotic reactions. We used the freely

available US Adverse Event Reporting System (AERS)

database13 to identify reports of cardiac, pleuropulmonary,

and retroperitoneal fibrotic reactions associated with ergot

and nonergot-derived dopamine agonists. By calculating

reporting odds ratios (ROR), an established measure of

disproportionality,14 we analysed whether safety signals

were present for ergot and nonergot dopamine agonists for

the respective reactions.

METHODS

Data Source and Selection of Reports

Primary data source were initial reports of ADRs

submitted to the US Food and Drug Administration

(FDA)13 between January 1, 2004 and September 30,

2007. We identified all reports of fibrotic reactions

where a dopamine agonist was reported as the primary

or secondary suspected causal drug. Fibrotic reactions

included endocardial fibrosis, heart valve regurgitation,

pericardial fibrosis, pericarditis, pleural fibrosis, pleuri-

tis, pulmonary changes including pulmonary fibrosis,

interstitial lung disease, and alveolitis, or retroperito-

neal fibrosis. We screened the selected reports for

duplicates to exclude them from further analysis.

Statistical Analysis

Dopamine agonists were classified into ergot-derived

(bromocriptine, cabergoline, pergolide) and nonergot-

derived (apomorphine; ropinirole; rotigotine; pramipex-

ole) drugs. We also classified dopamine agonists accord-

ing to the last daily dose of the dopamine agonist if this

information was available. We used the median daily

dose of all reports as the cut-off value to define a low-

medium (�median) and a high (>median) dose group.

Cut-off values were 72 mg for apomorphine, bromocrip-

tine 7.5 mg, cabergoline 2 mg, pergolide 1.5 mg, ropinir-

ole 4 mg, rotigotine 4 mg, and pramipexole 2.1 mg. For

each patient, we classified the outcome of the reaction in

a hierarchical order (patient died; life threatening; dis-

ability; hospitalization required; other; unknown).

Patients with at least one fibrotic reaction under study

were included as cases and all other patients as non-

cases. We used SAS PROC LOGISTIC (SAS 8.02 Insti-

tute, Cary, NC) to calculate reporting odds ratios

(RORs) of fibrotic reactions for dopamine agonists as

compared with other drugs. The ROR is a measure of

disproportionality used for the purpose of detecting sig-

nals in spontaneous ADR reporting databases.14 Its cal-

culation in a spontaneous adverse event database is

identical to the calculation of an odds ratio in a case-

control study. It behaves similar as the odds ratio, that

is, the higher the ROR, the greater the strength of the

signal. We conducted multivariate analyses adjusting for

sex, year of initial reporting, and age. In an additional

analysis, we characterized patients according to the

daily dose of the dopamine agonist. P < 0.05, two

tailed, was considered significant, and 95% confidence

intervals (CIs) were calculated for all RORs. Only sig-

nificantly elevated RORs which were based ‡3 ADR

reports were considered as safety signals.

RESULTS

We identified 816,567 reports of ADRs, reporting on

a total of 780,665 patients. In 9,576 (1.2%) patients, at

least one of the fibrotic reactions under study was

reported. Of those, a dopamine agonist was listed in

316 cases as the primary or secondary suspected cause.

After exclusion of 18 (5.7%) duplicates, 298 patients

with fibrotic reactions associated with dopamine ago-

nists were included in the analysis (Table 1). N 5 268

(89.9%) cases were reported in relation to ergot-

derived dopamine agonists; N 5 24 (8.1%) in relation

to nonergot-derived dopamine agonists; and N 5 6

(2.0%) were reported for >1 suspected dopamine ago-

nist. The largest number of fibrotic reactions was noted

for valvular regurgitation, followed by pleural fibrosis/

pleuritis and pulmonary changes. Reported case fatality

was below 10% for all reactions except for pulmonary

changes which were fatal or life threatening in 14 out

of 47 (29.8%) cases.

While for ergot-derived dopamine agonists as a

group, the RORs of all reactions under study were

markedly elevated, this was not the case for nonergot-

derived dopamine agonists (Table 2). For individual
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nonergot-derived dopamine agonists, there was also no

increased ROR, whereas increased RORs were observed

for the ergot-derived drugs bromocriptine, cabergoline,

and pergolide (Table 2).

A total of 1,441 out of 3,834 (37.6%) cases of ADRs

associated with dopamine agonists could be classified

according to the last daily dose. For ergot-derived dopa-

mine agonists, the RORs of all reactions except pulmo-

nary changes were higher if used in high daily doses

when compared with low daily doses. This was most

evident for valvular regurgitation (low dose ROR 5

79.1 (95% CI 52.7–114.5); high dose ROR 5 288.1

(95% CI 210.5–390.6)) and for pleural fibrosis/pleuritis

(low dose ROR 5 12.3 (95% CI 7.1–19.7); high dose

ROR 5 38.1 (95% CI 25.2–55.8)). For nonergot-derived

drugs, no influence of the dose was evident, but this

analysis was limited by the low number of patients.

DISCUSSION

We identified a substantial number of fibrotic reac-

tions associated with dopamine agonists in the US

AERS database. The disproportionality analyses

revealed increased RORs for ergot-derived dopamine

agonists as a group, whereas no such signals were

present for nonergot-derived dopamine agonists. We

observed higher RORs for all reactions except pulmo-

nary changes if ergot-derived dopamine agonists were

used in high daily doses.

The RORs of valvular regurgitation were increased for

pergolide and cabergoline. This ADR has been confirmed

in a number of clinical and observational studies.4 Our

analyses also revealed increased RORs of nonvalvular

fibrotic reactions with bromocriptine, cabergoline, and

pergolide. For pleuropulmonary changes (i.e. pleural fi-

brosis/pleuritis and other pulmonary changes), signals

were present for all ergot-derived dopamine agonists.

Case reports and case series of bromocriptine induced

pleuropulmonary changes have already been published in

the 1980s,15 followed by similar reports for cabergoline16

and pergolide.17 Rinne reported in 1981 that 7 out of 123

(5.7%) patients participating in an open uncontrolled

study on long-term therapy with high daily doses of bro-

mocriptine (20 to 90 mg) developed pleuropulmonary

changes.15 Our disproportionality analysis of the US

AERS database provides additional evidence for a rela-

tionship and indicates that these reactions may have seri-

ous consequences for a substantial proportion of affected

patients. From the 47 patients with pulmonary changes,

about 30% had a fatal or life-threatening course.

We also identified 24 cases of fibrotic reactions

associated with nonergot dopamine agonists. In con-

TABLE 1. Patients with fibrotic and inflammatory reactions with dopamine agonists as primary
or secondary suspected drugs (N 5 298)

Valvular
regurgitation

Endocardial
fibrosis

Pericardial
fibrosis/pericarditis

Pleural
fibrosis/pleuritis

Pulmonary
changes

Retroperitoneal
fibrosis

Number of patients* 170 4 27 81 47 16
Sex

Female 84 (49.4%) 0 17 (63.0%) 25 (30.9%) 10 (21.3%) 8 (50.0%)
Male 57 (33.5%) 4 (100%) 10 (37.0%) 52 (64.2%) 30 (63.8%) 8 (50.0%)
Unknown 29 (17.1%) 0 0 4 (4.9%) 7 (14.9%) 0
Mean age in years (6StdDev) 65.0 6 9.3 72.0 6 4.1 65.6 6 16.3 67.0 6 12.4 70.0 6 10.9 66.8 6 8.1

Severity**
Patient died 5 (2.9%) 0 1 (3.7%) 4 (4.9%) 7 (14.9%) 0
Life-threatening 15 (8.8%) 0 4 (14.8%) 9 (11.1%) 7 (14.9%) 3 (18.8%)
Disability 9 (5.3%) 0 0 7 (8.6%) 3 (6.4%) 1 (6.3%)
Hospitalisation required 51 (30.0%) 1 (25.0%) 18 (66.7%) 38 (46.9%) 12 (25.5%) 7 (43.8%)
Other 87 (51.2%) 3 (75.0%) 4 (14.8%) 22 (27.2%) 18 (38.3%) 5 (31.3%)
Unknown 3 (1.8%) 0 0 1 (1.2%) 0 0

Suspected dopamine agonist
Ergot derived 159 4 25 72 37 16
Bromocriptine 3 – 2 5 5 –
Cabergoline 91 – 14 45 21 2
Pergolide 65 4 9 22 11 14

Non-ergot derived 6 – 2 9 9 –

Apomorphine – – – – – –
Pramipexole 2 – 1 4 3 –
Ropinirole 4 – 1 4 6 –
Rotigotine – – – 1 – –

>1 dopamine agonist suspected 5 – – – 1 –

*Sum over all fibrotic reactions exceeds the total number of patients (N 5 298), as the same patient may occur in >1 reaction category.
**Categorized in a hirarchical order.
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trast to ergot dopamine agonists, these cases gave no

rise to increased RORs. Agonism at the 5-hydroxy-

tryptamine-2B (5-HT2B) receptor has been suggested

as the probable mechanism for fibrotic changes at the

heart valves.18 Nonergot dopamine agonists have low

affinity to the 5-HT2B receptors in concordance with

results from clinical studies that they do not increase

the risk of cardiac valvulopathy. It is, however,

unknown whether the same mechanism also applies

for noncardiac fibrotic changes. Our observation

that nonergot dopamine agonists do not increase

RORs for noncardiac fibrotic reactions is therefore of

great interest and suggests that safe use of these

drugs may not be compromised by noncardiac

fibrotic reactions.

Disproportionality analyses are a valuable method

to evaluate the impact of single case reports within a

pharmacovigilance database. It should be noted, how-

ever, that these methods cannot replace observational

studies but they can only serve as an indicator for the

need of such studies in terms of signal generation.

Some further limitations of disproportionality analyses

should be considered. For pergolide, there was an

FDA alert with respect to cardiac valvulopathy in

February 2003, which might have increased reporting

of pergolide induced valvulopathy. It has been noted

that duplication of records within the FDA AERS

database might lead to false positive drug safety sig-

nals.19 We screened all cases of fibrotic reactions

associated with dopamine agonists for duplicates and

excluded them in the disproportionality analyses. As

we excluded only duplicate cases of fibrotic reactions

due to dopamine agonists and not those due to other

drugs, our analysis rather underestimates than overes-

timates the true RORs. The inclusion of the duplicate

records did not lead to substantial differences in the

RORs.

In conclusion, our analysis suggests an increased

risk of nonvalvular fibrotic reactions for bromocriptine,

cabergoline, and pergolide, but not for apomorphine,

pramipexole, ropinirole, or rotigotine. As data on the

incidence of fibrotic reactions in patients treated with

the different dopamine agonists are only available for

valvulopathy, observational studies addressing other

fibrotic reactions are similarly needed.
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Sonographic Substantia Nigra
Hypoechogenicity in

Polyneuropathy and Restless
Legs Syndrome

Jana Godau, MD*, Almut Manz,
Anne-Kathrin Wevers,

Alexandra Gaenslen, MD, and Daniela Berg, MD

Department of Neurodegeneration, Hertie Institute for
Clinical Brain Research, University of Tuebingen,

Tuebingen, Germany

Abstract: Substantia nigra (SN) hypoechogenicity assessed
by transcranial B-mode sonography (TCS) is typical for
idiopathic restless legs syndrome (RLS). Here, we investi-
gated whether SN hypoechogenicity may differentiate
between polyneuropathy (PNP) patients with and without
RLS. Seventy-five patients with PNP, 65 healthy controls,
and 75 patients with idiopathic RLS were investigated. A
total of 41.2% patients with PNP additionally suffered
from RLS. A total of 44.1% patients with PNP, 10.2% of
healthy controls, and 91.2% of patients with idiopathic
RLS exhibited SN hypoechogenicity. SN echogenicity did
not differ significantly between PNP patients with and
without RLS. Thus, TCS seems not suitable for the diag-
nosis of RLS in patients with PNP. � 2008 Movement
Disorder Society

Key words: ultrasound; restless legs syndrome; neuropathy

Restless legs syndrome (RLS) is, with an age-de-

pendent prevalence of about 10%, one of the most

common neurological disorders.1,2 Often, differentia-

tion of RLS and neuropathic discomfort is quite diffi-

cult, because on the one hand, symptoms may look

very similar, and on the other hand, both syndromes

may often occur combined. Polyneuropathy (PNP) has

been described as a major cause of symptomatic RLS,

which can be found in up to 40% of patients with pri-

mary PNP.3–5 Cross-sectional studies demonstrated that

RLS is very often overlooked in patients with PNP,

which might be due to the similarities of the clinical

presentation of RLS and neuropathic pain.4 To date

RLS is a purely clinical diagnosis. Polysomnography
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(PSG) as the current ‘‘apparative gold standard’’ is

often not conclusive, because it does not provide

RLS-specific markers and PSG data on patients with

PNP and symptomatic RLS is limited.6

Transcranial B-mode sonography (TCS) has been

established as a valuable and reliable method for the

diagnosis and differential diagnosis of Parkinson’s dis-

ease (PD),7 for review see Berg.8 The characteristic

finding in PD is hyperechogenicity of the substantia

nigra (SN), which occurs in more than 90% of the

patients. Recently, decreased SN echogenicity has been

found to constitute a characteristic feature of patients

with RLS.9 When compared with healthy controls, SN

hypoechogenicity discriminated RLS with high sensi-

tivity, specificity, high positive predictive value, and

high diagnostic accuracy.10,11 These findings seem

rather promising for the clinical application; however,

up to now, there is no data on the potential of TCS in

the differential diagnosis of RLS.

In this study, we set out to assess whether TCS

assessment of SN echogenicity allows to diagnose RLS

in patients with PNP.

METHODS

We investigated 75 patients diagnosed with PNP

(for details see results and Table 1) presenting at our

outpatients clinic, 67 healthy controls without any sign

of neuropathy or RLS, and 73 patients with idiopathic

RLS but without any sign of neuropathy. Both control

groups were matched to the PNP group for age and

sex. All subjects gave written informed consent to par-

ticipate in this study, which was approved by the local

ethical board.

Clinical Examination

All subjects underwent a thorough clinical and neu-

rological examination. PNP diagnosis was defined by

the typical clinical presentation and electrophysiologi-

cal findings. RLS diagnosis was based on the presence

of essential and additional diagnostic criteria provided

by the International RLS Study Group,12,13 diagnosis

was established using the RLS diagnostic index (RLS-

DI).14 Scores > 3 points were defined as RLS in this

study.

TCS

TCS was performed by an independent and experi-

enced examiner who was blinded to the diagnoses and

clinical findings. For the examination, a high-end ultra-

sound machine (Siemens Sonoline Elegra, Siemens,

Erlangen, Germany) equipped with a 2.5 MHz trans-

ducer was used. The examination was performed

TABLE 1. Clinical data

Healthy controls PNP Idiopathic RLS

Subgroups

PNP1RLS PNP2RLS

Clinical data
N 65 68 68 28 40
Age (yr) 61 6 9 62 6 10 62 6 10 58 6 12 65 6 9
Gender (m:f) 38:30 36:29 38:30 13:16 25:14
ASO PNP (yr) 2/2 55 6 13 2/2 52 6 15 58 6 12
Duration PNP (mo) 2/2 83 6 105 2/2 79 6 104 86 6 108
Serum ferritin (lg/dL) 2/2 18.7 6 7.8 17.5 6 8.9 20.2 6 9.9 16.5 6 7.8

Restless legs syndrome
RLS (%) 2/2 41.1% 100% 100% 2/2
Idiopathic RLS (%) 10.3% 100% 24.1% 2/2
Symptomatic RLS (%) 30.8% 0% 75.9% 2/2
RLS-DI 214.3 6 1.6 20.37 6 9.3 15.3 6 2.6 9.0 6 3.5 27.4 6 5.2
ASO RLS (yr) 2/2 51 6 17 44 6 20 51 6 17 2/2
Duration RLS (mo) 2/2 49 6 111 209 6194 49 6 111 2/2
L-Dopa response (%) 2/2 2/2 88.3% 29.4% 2/2
RLS family history (%) 0% 5.9% 57.4% 14.2% 0%

Symptom severity scores
IRLS 2/2 11.7 6 14.2 24.9 6 7.1 24.7 6 10.2 2 6 7.2
BDI 3.6 6 3.5 8.8 6 6.3 10.0 6 7.0 10.5 6 5.9 7.5 6 6.4
ESS 3.5 6 2.3 8.5 6 5.1 8.8 6 4.3 9.8 6 5.0 7.5 6 5.0
Transcranial B-mode sonography
Sum area of SN echogenicity (cm2) 0.31 6 0.08 0.25 6 0.07 0.18 6 0.04 0.24 6 0.08 0.25 6 0.06
SN hypoechogenicity (%) 10.8% 44.1% 91.2% 60.8% 32.5%

PNP, polyneuropathy; RLS, Restless Legs Syndrome; PNP1RLS, patients with PNP and RLS; PNP2RLS, patients with PNP without RLS;
ASO, Age at symptom onset; RLS-DI, RLS diagnostic index; IRLS, International RLS Study Group Rating Scale; BDI, Beck’s Depression inven-
tory; ESS, Epworth Sleepiness Scale; SN, substantia nigra.
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according to a standardized protocol as described pre-

viously.11,15 The mesencephalic brainstem was visual-

ized through the temporal acoustic bone window sepa-

rately from both sides. Within the hypoechogenic

brainstem, the echogenic area corresponding to the an-

atomical site of the SN was visualized and measured

planimetrically (Fig. 1). The sum area of both sides

was taken for further analysis.

Statistics

For determination of a cutoff value for SN hypoecho-

genicity, receiver operating characteristics (ROC) analy-

sis was performed including all healthy controls and all

idiopathic RLS patients (area under the curve: 0.96, 95%

CI: 0.94–0.99). The resulting cutoff-value for SN hypoe-

chogenicity as sum area of both sides was 0.23 cm2

(showing a sensitivity of 91.2% and a specificity of

89.2% for the differentiation of both groups).

Subgroup analysis was performed for patients with

PNP and RLS (PNP1RLS) vs. patients with PNP with-

out RLS (PNP2RLS). Additionally, SN echogenicity

was correlated with clinical features, including PNP

subtypes, disease duration, age, age at symptom onset,

serum ferritin levels, and response to dopaminergic

treatment.

RESULTS

We examined 215 subjects. The three groups did not

differ regarding age (Kruskal-Wallis test, P 5 0.91)

and sex (P 5 0.97). A total of 6.5% of all subjects had

no sufficient temporal acoustic bone window for clear

visualization of the SN from both sides, and they were

excluded from further analysis. Therefore, results of 68

patients with PNP, 65 healthy controls, and 68 patients

with idiopathic RLS are reported.

Clinical Data

An overview on the clinical data of all groups is

given in Table 1. A total of 41.2% of the patients with

PNP were diagnosed with RLS: 2.9% with certain,

17.6% with probable, 20.6% with possible RLS; in

58.8% RLS was excluded: 4.4% had unlikely RLS,

and 54.4% had no RLS according to RLS-DI. Clinical

data on the subgroups of PNP patients with RLS

(PNP1RLS) and without RLS (PNP–RLS) are given

in Table 1.

TCS

Group Analysis

The mean sum area of SN echogenicity in patients

with PNP (0.25 6 0.07 cm2) was significantly larger

than in patients with idiopathic RLS (0.18 6 0.04

cm2), but significantly smaller than in healthy controls

(0.31 6 0.08 cm2, both P < 0.001, Fig. 2A). A total

of 44.1% of the PNP patients showed SN hypoechoge-

nicity compared with 10.8% of the healthy control

group and 91.2% of the idiopathic RLS group.

FIG. 1. Substantia nigra ultrasound images. A: Normal echogenicity of the substantia nigra (SN). B: Hypoechogenicity of the SN. The area of
SN echogenicity is smaller than in A. The mesencephalic brainstem is encircled with a full line. For planimetric measurement, the echogenic sig-
nal at the anatomical site of the SN is manually encircled (dotted line). Small arrows mark the red nucleus. The aqueduct is marked with a star.
The SN contraletral to application of the probe is marked with large arrows.
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Subgroup Analysis

PNP1RLS and PNP–RLS patients did not differ sig-

nificantly regarding SN area of echogenicity (0.24 6

0.08 cm2 vs. 0.25 6 0.06 cm2, P 5 0.16, Fig. 2B) and

presence of SN hypoechogenicity (60.8 vs. 32.5%,

P 5 0.04, not significant after Bonferoni correction).

There were also no differences between PNP1RLS

patients, who were diagnosed with either certain, prob-

able or possible RLS (Kruskal-Wallis test, P 5 0.38).

However, RLS occurred more often when SN hypoe-

chogenicity was present (odds ratio: OR 5 4.2). Sensi-

tivity of SN hypoechogenicity for RLS in PNP was

60.8%, specificity was 67.5%, positive predictive value

was 56.7%, negative predictive value was 71.1%, and

classification accuracy was 64.7% in this cohort.

Correlations

In the PNP group, SN echogenicity showed a low, but

significant correlation with both the age at PNP onset (r

5 0.32, P 5 0.01) and the age at RLS onset (r 5 0.31,

P 5 0.01). In the PNP-RLS group, SN echogenicity

showed a moderately high correlation with age (r 5

0.55, P < 0.001). In the PNP1RLS group, SN echoge-

nicity showed a moderate association with response to

treatment with levodopa (r 5 0.45, P5 0.004).

SN echogenicity did not correlate with clinical se-

verity of symptoms as measured by IRLS (P 5 0.65),

BDI (P 5 0.51) and ESS (P 5 0.44). There was also

no association with serum ferritin levels (P 5 0.72).

We found no association neither with certain subtypes

of PNP nor with certain PNP causes.

DISCUSSION

This study aimed to assess whether TCS allows to

diagnose RLS in patients with PNP. A total of 41.2%

of the patients with PNP were clinically diagnosed

with RLS.

SN echogenicity as assessed by TCS differentiated

patients with idiopathic RLS and healthy controls with

high sensitivity (91.2%), specificity (89.2%), and diag-

nostic accuracy (AUC 5 0.96). This result is consistent

with results of previous studies, and therefore confirms

the reliability of TCS also in the evaluation of small

SN areas of echogenicity. The SN sum area of echoge-

nicity (0.23 cm2) for best differentiation of patients

with idiopathic RLS and healthy controls was taken as

the cutoff-value for SN hypoechogenicity in this study.

It was hypothesized that patients with PNP and RLS

exhibit SN hypoechogenicity similar to patients with

idiopathic RLS, whereas patients with PNP without

RLS do not. This hypothesis could not be substantiated

with our data, because there was no significant differ-

ence between PNP1RLS and PNP2RLS patients

regarding SN echogenicity. However, we still found an

evidence for an association of SN hypoechogenicity

and RLS in patients with PNP: odds ratios showed an

increased occurrence for RLS when SN hypoechoge-

nicity was present (OR 5 4.2), and SN hypoechogenic-

ity was associated with response to dopaminergic treat-

ment in patients with PNP. These findings underline

the pathophysiological association of SN hypoechoge-

nicity and RLS.9–11 However, TCS seems not suitable

to accurately differentiate patients with PNP with those

from without RLS.

FIG. 2. Substantia nigra echogenicity. A: Group analysis. Differences between each pair of groups are significant at P < 0.001. B: Subgroup
analysis for PNP patients with RLS (PNP1RLS) and without RLS (PNP-RLS). Differences are not significant (n.s.).
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Interestingly, SN hypoechogenicity was a frequent

finding in patients with PNP (44.1%), independent

from the diagnosis of RLS. One problem may have

been the diagnostic certainty for RLS in patients with

PNP. However, the RLS-DI represents the best avail-

able clinical diagnostic standard, comprising in addi-

tion to the essential diagnostic criteria also additional

diagnostic criteria. Moreover, the pathophysiological

origin and clinical correlations of SN hypoechogenicity

are still unclear. It has been shown in rodent and

human postmortem studies that SN echogenicity is

related to tissue iron content, suggesting that SN hypo-

echogenicity may reflect decreased tissue iron load16–19

what is supported by the finding of reduced SN iron

levels in idiopathic RLS. Surprisingly, also PNP

patients without RLS showed SN hypoechogenicity

more often than healthy controls. Further studies are

needed to understand the pathophysiological origin of

SN hypoechogenicity as well as its association with

PNP. In summary, TCS seems not suitable for diagno-

sis of patients with RLS and PNP.
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