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ABSTRACT

Background: Previous epidemiologic and genetic studies have suggested a link between Parkin-
son disease (PD), essential tremor (ET), and restless legs syndrome (RLS).

Methods: We describe the clinical, PET, and pathologic characteristics of an extensive kindred
from Arkansas with hereditary PD, ET, and RLS. The pedigree contains 138 individuals. Sixty-five
family members were examined neurologically up to 3 times from 2004 to 2010. Clinical data
were collected from medical records and questionnaires. Genetic studies were performed. Five
family members underwent multitracer PET. Two individuals with PD were examined postmortem.

Results: Eleven family members had PD with generally mild and slowly progressive symptoms.
Age at onset was between 39 and 74 years (mean 59.1, SD 13.4). All individuals treated with
L-dopa responded positively. Postural or action tremor was present in 6 individuals with PD, and in
19 additional family members. Fifteen persons reported symptoms of RLS. PET showed reduced
presynaptic dopamine function typical of sporadic PD in a patient with PD and ET, but not in
persons with ET or RLS. The inheritance pattern was autosomal dominant for PD and RLS. No
known pathogenic mutation in PD-related genes was found. Fourteen of the family members with
PD, ET, or RLS had depression. Neuropathologic examination revealed pallidonigral pigment
spheroid degeneration with ubiquitin-positive axonal spheroids, TDP43-positive pathology in the
basal ganglia, hippocampus, and brainstem, and only sparse Lewy bodies.

Conclusion: Familial forms of PD, ET, RLS, and depression occur in this family. The genetic cause
remains to be elucidated. Neurology® 2011;76:1623–1630

GLOSSARY
ALS � amyotrophic lateral sclerosis; ET � essential tremor; IRB � institutional review board; IRLS � International Restless
Legs Syndrome Study Group rating scale; MMSE � Mini-Mental State Examination; PD � Parkinson disease; RLS � restless
legs syndrome; TRS � Tremor Rating Scale; UPDRS � Unified Parkinson’s Disease Rating Scale.

Parkinson disease (PD) is traditionally defined by the presence of tremor at rest, rigidity, bradyki-
nesia, and impaired postural reflexes. Essential tremor (ET) is a clinical syndrome of unknown cause
with tremor during voluntary activation of a body part (action tremor). The tremor usually occurs
when holding a body posture against gravity (postural tremor) and may also be noted during
movements (kinetic tremor). Restless legs syndrome (RLS) is defined by the presence of the 4
criteria, 1) unpleasant sensations in the legs and an urge to move the legs, 2) worsening of these
symptoms during rest or inactivity, 3) relief of the symptoms by active leg movements, and 4)
occurrence or worsening of the unpleasant sensations in the evening or at night.1 Families with
hereditary RLS have been described, and 8 associated gene loci are identified.2,3

Thus, the definitions of PD, ET, and RLS imply that they are distinct movement disorders.
However, the clinical signs and symptoms may show a considerable overlap between these
diseases, and a common pathogenetic background for PD, ET, and RLS is a possibility.
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We studied a large kindred from Arkansas
whose members had PD, ET, RLS, and de-
pression, or any combination thereof. We are
not aware of any previous reports on kindreds
where all of these phenotypes co-occur. We
present detailed clinical, multitracer PET,
neuropathologic, and genetic data.

METHODS The subjects examined for this study were all
from the Arkansas Family; their positions in the family tree are
shown in figure 1. The pedigree was drawn with information
from family members. During 2004 to 2010, affected and unaf-
fected family members were examined by neurologists and
movement disorder specialists (R.F.P., A.P., Z.K.W.) in 3 re-
search field visits. Every participant was seen at up to 3 visits, and
when there were diagnostic uncertainties, by more than one neu-
rologist per visit. Besides freely structured notes, the following
rating scales were used: Unified Parkinson’s Disease Rating Scale
(UPDRS), Tremor Rating Scale (TRS),4 International Restless
Legs Syndrome Study Group rating scale (IRLS),5 and Mini-
Mental State Examination (MMSE). Outside this study, indi-
viduals IV-1, V-1, and V-5 were followed clinically by R.F.P.,
and notes from regular office visits were reviewed. Olfactory
function was assessed using UPSIT Smell Identification Tests™
(Sensonics, Inc., Haddon Heights, NJ).6

For the purpose of this study, the following criteria were
used for phenotype definition:

PD. Criteria for PD were presence of at least 3 of 4 cardinal
signs (bradykinesia, resting tremor, rigidity, impaired postural
reflexes) or 2 cardinal signs plus supporting features such as re-
duced blinking rate, hypomimia, parkinsonian gait, or falls. Al-
ternative explanations were excluded from the available patient

history, records, or investigations. Possible PD was diagnosed

when signs were mild but the general impression was reminis-

cent of early PD.

ET. Criteria for ET were postural tremor of the hands or forearms,

with a gradual onset, present for at least 1 year. Causes of secondary

tremor (hyperthyroidism, intoxication, drug or alcohol withdrawal)

were excluded as far as possible. Individuals designated as possible

ET had only mild postural finger and hand tremor. Diagnosis was

based on the clinical examination including observing the subject

perform the TRS tasks, and the patient’s reports regarding the onset

and the occurrence of tremor outside of the study visits. The pos-

tural tremor had to be considered clearly pathologic in order to be

classified as ET or possible ET. When these methods did not allow

to clearly distinguish between mild ET and physiologic tremor, this

uncertainty was noted (table e-1 on the Neurology® Web site at

www.neurology.org).

RLS. Criteria for RLS were presence of all 4 essential diagnostic

criteria mentioned above.1 Probable RLS was diagnosed in par-

ticipants reporting 2 or 3 cardinal symptoms.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the institutional review

boards (IRB) of the participating institutions. Written informed

consent was obtained from all participating family members.

Genetic analysis. DNA was extracted from peripheral leuko-

cytes, and direct sequencing of all coding exons of LRRK2,

SNCA, DCTN1, GRN, and EIF4G1 was performed as described

previously.7 Triplet repeat lengths in the genes for SCA2, SCA3,

and SCA12 were assessed as described previously.8 All primer

sequences are available on request.

Multitracer PET. Five members of this kindred underwent

multitracer PET using 18F-6-fluoro-L-dopa (FD), 11C-(�)-�-

Figure 1 Simplified pedigree of the Arkansas Family

Standard symbols were used. Round symbols indicate females, squares males, diagonal lines indicate the individual is deceased. Diamonds were used to
disguise gender; numbers in diamonds indicate the number of (unaffected) siblings. The solid arrowhead indicates the proband. Black upper left quadrant
denotes essential tremor (ET) and gray upper left quadrant possible ET. Black lower left quadrant signifies Parkinson disease (PD) and gray lower left
quadrant possible PD. Black upper right quadrant denotes restless legs syndrome (RLS); gray, probable RLS. Black lower right quadrant signifies depres-
sion; gray, reactive depression. Individual IV-10 is the only person who had Mini-Mental State Examination below 27/30, indicating cognitive dysfunction
(*). Individuals underwent multitracer PET as indicated. Individuals designated “Path” were examined neuropathologically. Individual IV-19 (black dot) had
amyotrophic lateral sclerosis.
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dihydrotetrabenazine (DTBZ; vesicular monoamine transporter 2
ligand), and 11C-d-threo-methylphenidate (MP; dopamine trans-
porter [DAT] ligand). The scanning procedure, data processing,
and reconstruction have been described in detail elsewhere.9

Neuropathologic examination. The brains of family
members IV-1 and V-1 were available for neuropathologic
examination. Their preparation followed a standardized dis-
section and staining protocol.10 Histologic stains included he-
matoxylin and eosin as well as thioflavin-S fluorescent
microscopy. Immunohistochemistry for �-synuclein (NACP;
Mayo Clinic), FUS (Sigma-Aldrich, St. Louis, MO), tau (In-
nogenetics, Alpharetta, GA), TDP-43 (ProteinTech Group,
Chicago, IL), and ubiquitin (antibodies from EnCor Biotech-
nology, Alachua, FL) was performed.

RESULTS Sixty-five individuals were examined up
to 3 times in 2004, 2005, and 2010, and blood sam-
ples were obtained. Forty-three family members were
affected by PD, ET, RLS, depression, or a combina-
tion of these disorders (table 1; details in table e-1,
table e-2). Of these, all but 4 were examined within
this study; 2 individuals who had PD according to
family history (II-1 and III-1) were already deceased
when the study began. Two affected individuals were
not covered by this study’s IRB protocol because
they were younger than 18 years. One of these re-
portedly had postural tremor. The second was a child
who had tremor, but received potentially tremoro-
genic medication for attention-deficit/hyperactivity
disorder. In 2 family members, postural tremor was
clearly visible but very mild so that the diagnosis re-
mained uncertain despite examination by more than
one study neurologist (table e-1). One family mem-
ber died at age 49 years from amyotrophic lateral
sclerosis (ALS).

The average age of PD onset was 59.1 (�13.4)
years. All patients with PD who received dopaminer-

gic treatment reported good and lasting response to
medication. End-of-dose wearing-off occurred after
7 years in the proband, but no patient developed
dyskinesias. Dystonia was not prominent.

The majority of family members with ET or RLS
were unable to state an exact year of onset, and reported
that symptoms had developed very insidiously over the
course of years, or in some cases, decades. Regarding
tremor intensity, a fluctuating course was noted in indi-
viduals who were examined repeatedly within this
study. Five of the 7 patients with both PD and ET
developed postural tremor first and parkinsonism
thereafter.

MMSE results were normal in all but one individual
with PD after up to 15 years disease duration, and there
was no history of marked cognitive problems or demen-
tia in any family member, including those who were not
examined. UPSIT smell testing was performed in 35
individuals and the average score was at the 28th per-
centile for 28 affected individuals and at the 31st per-
centile for 7 unaffected members (table e-1).

Clinical case descriptions. In several cases, it has been
difficult to classify the individual’s symptom constel-
lation as either PD or ET, despite longitudinal
follow-up during 6 years’ time. These individuals
were clearly considered to be affected by symptoms
of a movement disorder, and the majority were seen
by 2 or more study neurologists independently. In all
such cases, there was interrater concordance regard-
ing the presence or absence of movement disorder
symptoms. These individuals’ symptoms were dis-
tinct, but mild, and in some cases were not consider-
ably more prominent at subsequent field trips (table
e-2). Detailed descriptions of affected family mem-
bers are provided in appendix e-1.

Genetic analysis. Direct sequencing of all coding
exons of LRRK2, SNCA, DCTN1, GRN, and
EIFG4G1 was normal. The genes for SCA2, SCA3,
and SCA12 had normal triplet repeat lengths.

Multitracer PET scanning. Five subjects (as indicated
in figure 1) underwent PET scanning. Putaminal
tracer binding/uptake values are shown in table e-3.

In subject V-5 (PD and ET), all 3 PET studies
(FD, DTBZ, and MP) were abnormal, with asym-
metric reduction of tracer uptake and a rostrocaudal
gradient typical of PD. In subjects V-2 (RLS), V-3
(possible ET and depression), V-4 (possible ET,
RLS, and depression), and VI-5 (possible ET and
possible RLS), PET demonstrated normal uptake/
binding of all 3 tracers.

Neuropathology. The brain of IV-1 (figure 2)
weighed 1,180 g and displayed mild cortical atrophy
of the frontal lobe and minimal frontal horn ventric-

Table 1 Summary of the neurologic disorders
in members of the Arkansas Familya

Disorder No. of affected family members

PD 8 definite, 3 possible

ET 16 definite, 10 possible

RLS 13 definite, 2 probable

Depression 15 not temporally related to life event, 3
temporally related to life event (reactive
depression)

ALS 1

Epilepsy 1 (nocturnal seizures)

ADHD 1 (child)

Abbreviations: ADHD � attention-deficit/hyperactivity disor-
der; ALS � amyotrophic lateral sclerosis; ET � essential tremor;
PD � Parkinson disease; RLS � restless legs syndrome.
a This table summarizes the clinical diagnoses occurring in
the Arkansas Family. Fifteen family members have more
than one (up to all 4) of these diagnoses. Details are pro-
vided in tables e-1 and e-2.
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ular enlargement. There was pigment loss in the sub-
stantia nigra. The microscopic pathology was
heterogeneous, with the most severe neuronal loss in
the substantia nigra and correlating with the clinical
history of PD.11 While there were Lewy bodies, they
were sparse and relatively restricted in their distribu-
tion, including the dorsal motor nucleus of the va-
gus, locus ceruleus, basal forebrain, and olfactory

bulb. This pattern was concordant with Braak PD
stage 2,12 which is typical of incidental Lewy body
disease.13 The most striking pathology in the sub-
stantia nigra was pigment-spheroid degeneration
with similar pathology in the globus pallidus. It was
associated with ubiquitin-positive spheroids. There
were neuronal inclusions with TDP-43 immunohis-
tochemistry. The TDP-43 pathology had a restricted

Figure 2 Neuropathologic examination of family members IV-1 and V-1

V-1 (left column): (A) Frontal horn more than temporal horn ventricular enlargement. (B) Normal pigmentation of substantia
nigra. (C) Normal cell density in pars compacta of substantia nigra. (G, H) Age-related ubiquitin-positive structures in sub-
stantia nigra including Marinesco body (G, arrow) and neurites (H, arrow). Neurites were negative for tau, �-synuclein,
TDP-43, and FUS. IV-1 (right column): (D) Minimal frontal horn ventricular enlargement. (E) No pigmentation of substantia
nigra. (F) Neuronal loss, gliosis, and neuronophagia (arrow) in substantia nigra. (I) Many granular foamy axonal spheroids
(arrows) in substantia nigra, which are immunopositive for ubiquitin (J). TDP-43 pathology in the form of neuronal cytoplas-
mic (L, M), intranuclear (K) and glial (N) inclusions. Synuclein pathology in the form of sparse neurites in basal nucleus of
Meynert (O) and olfactory bulb (P), as well as neuronal and neuritic staining in dorsal motor nucleus of vagus (Q) and rare
Lewy body in locus ceruleus (R).
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distribution with most of the pathology in the basal
ganglia, hippocampus, and brainstem. Alzheimer-
type cortical plaques were seen predominantly in the
posterior cortical areas. Medial temporal tauopathy
was minimal and had some features that fit with a 4R
tauopathy, including sparse tau-positive glia. There
was sparse tau pathology in the basal ganglia, thala-
mus, and subthalamic nucleus of uncertain signifi-
cance.14 Finally, there was arteriosclerotic small vessel
disease with isolated cortical microinfarcts and mild
leukoencephalopathy.

The brain of V-1 (figure 2) showed marked en-
largement of the frontal horn, more than of the tem-
poral horns. However, macroscopic inspection
revealed no obvious atrophy over the convexities.
Otherwise, macroscopic and microscopic examina-
tion was normal.

DISCUSSION In 5 generations of this family, a total
of 43 individuals displayed signs and symptoms of
PD, ET, RLS, or depression. A considerable number
of the affected persons had features of more than one
of these disorders. This overlap was especially prom-
inent for the individuals with PD, 64% (7/11) of
whom also had prominent ET or RLS.

Twelve individuals clearly had parkinsonism or
postural tremor, but did not fully satisfy the diagnos-
tic criteria for PD or ET. In some cases, symptoms
remained unusually mild or did not worsen signifi-
cantly during the study’s 6-year follow-up period (ta-
ble e-2, figure 3). Thus, in 12 individuals, no
clinically definite diagnosis could be made despite
reexamination of most cases, and they were classified
as having possible PD or ET. Mild postural tremor
may be physiologic tremor rather than ET. However,
the high density and the distribution of family mem-

bers with mild postural tremor rather suggests that
this phenotype is a characteristic, inherited disease
entity in this kindred.

One family member died of ALS. No signs of amy-
otrophy were found in other family members. Cogni-
tive impairment was not a prominent feature of the
neurologic disorders in this family. Olfactory dysfunc-
tion was an inconsistent feature (table e-1). Multitracer
PET was performed in 5 individuals, representing all
different diagnoses in the family, and was abnormal
only in the proband with both PD and ET.

Postmortem examination was performed on 2 in-
dividuals. The proband’s father, IV-1, had had epi-
sodes of severe depression, was clearly affected by PD
and ET, and died at age 85 years after a disease dura-
tion of 15 years. There was slight frontal atrophy,
and a heterogeneous microscopic pathology with pal-
lidonigral pigment spheroid degeneration and
TDP43-proteinopathy, reminiscent of that seen in
Perry syndrome.7 There was mild Lewy body disease
predominantly in the brainstem, senile changes of
Alzheimer type, as well as mild vascular pathology.
The proband’s sister, V-1, had depressive episodes
with frequent crying, but only mild motor symptoms
classified as possible PD. She died of cancer at age 57,
11 years after the first symptoms. Neuropathologic
examination of her brain revealed a marked enlarge-
ment of the frontal horn. Microscopic examination
was normal. Thus, the only finding common to both
brains, albeit to various degrees, was that of decreased
frontal lobe volume.

The question arises whether the different disease
phenotypes observed in this family are manifesta-
tions of the same underlying disease process and the
same genetic predisposition, or if there is a coinci-
dental accumulation of different genetic traits.

The volume loss of the frontal lobes seen in both
autopsied patients would support a common cause,
and the development of microscopically detectable
pathology may have been interrupted by the prema-
ture death of V-1. Multitracer PET showed compro-
mise of the striatal dopaminergic system in a person
with manifest parkinsonism but did not reveal ab-
normalities in those with other phenotypes, which
may be interpreted as evidence against a common
underlying cause.

The distribution of affected family members in
the pedigree clearly indicates heritability. When con-
sidering only the family members with PD and pos-
sible PD, autosomal dominant inheritance and full
penetrance is suggested. The only exception is IV-13,
whose parkinsonian symptoms may be secondary to
severe tick-borne encephalitis and to multiple brain
infarctions (appendix e-1). Similarly, considering
only the family members with RLS suggests auto-

Figure 3 Mild action tremor

Slight tremor in drawing and handwriting tasks as noted in V-11 (age 51 years), considered
a typical example of several members in this family with mild action tremor but no other
neurologic signs. Left: dominant hand. Right: nondominant hand. The person received 3
points on the Tremor Rating Scale.
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somal dominant inheritance. Exceptions here are
III-1, IV-1, and V-5, who all had PD as well. PD
symptoms or their treatment may have masked RLS.

The ET phenotype in isolation may also be inher-
ited in an autosomal dominant manner within the
Arkansas Family, but in this case, penetrance would
be considerably below 100%. III-4, IV-9, IV-12, IV-
15, V-6, V-9, and V-10 had children with ET but
were not affected themselves. However, V-6 died at
an age of only 38 years, V-9 was 45, and V-10 54
years at the time of the most recent evaluation, and
future development of symptoms cannot be ex-
cluded. Considerably reduced, and age-related, pen-
etrance has been reported in ET.15 A common,
monogenetic inheritance for all of these disorders is
also conceivable, but more than half of the children
of IV-1, IV-9, IV-10, and IV-11 were affected by any
of the diseases, more than statistically expected.

Complete analysis remains limited by the fact that
some family members have not been examined.
However, we carefully compiled all accounts of neu-
rologic disease provided by the family members with
whom we had contact. Furthermore, we expect that
close relatives of affected individuals are more pre-
pared to participate in research studies. Limitations
of this study also include the nonblinded state of the
clinical investigators and the fact that we only de-
scribe one family. The prevalence of PD and ET in
the general population is high enough to allow for a
number of affected individuals without genetic cause
in a pedigree with 138 members. The intensive me-
dia campaigns about RLS that temporally coincided
with the data collection for this study may explain
why the disorder was more commonly reported by
the younger generations.16

Previous studies have revealed commonalities be-
tween any 2 of PD, ET, RLS, and depression. Rela-
tives of patients with PD are more likely to have ET
than the general population.17–19 ET may transform
to PD.20,21 Action tremor and tremor at rest may oc-
cur in the same individual.22 First-degree relatives of
PD probands from 303 Greek (Cretan) kindreds
with hereditary PD were approximately 4 times more
likely to have ET than unrelated controls, and both
diseases taken together followed autosomal domi-
nant inheritance in several kindreds from Crete.23 In
family C, which defines the PARK3 locus, most
members have hereditary PD.24 However, in a few
members, ET has occurred, either alone or in combi-
nation with PD, and multitracer PET was normal in
the family members with ET only (unpublished
data). Lewy bodies were found in the locus ceruleus
of a subset of patients with ET, who had a trend
toward less marked cerebellar pathology.25 Variants

in the LINGO1 gene are risk factors common to PD
and ET.26

Similarly, a causal relationship between PD and RLS
has been suggested, based on the fact that both condi-
tions improve with dopaminergic treatment.27 While
the symptoms of RLS may be attributed to alterations
in spinal dopaminergic modulation, there is now patho-
logic and clinical evidence that patients with RLS also
display changes in the striatonigral dopaminergic sys-
tem, and the associative loop involved in decision-
making.28,29 Prior imaging studies in RLS have
suggested either normal30 or mildly impaired31-33 pre-
synaptic dopamine function, compatible to the findings
reported here.

Depression is not uncommon in the general pop-
ulation and may have manifold causes. The depres-
sive episodes of 3 family members coincided with life
events. Conversely, depression occurs more fre-
quently among patients with PD,34 RLS,29 and ET.35

Interestingly, certain symptoms of depression im-
prove with dopaminergic drugs, and there is increas-
ing evidence for a role of dopamine in depression.36

Hypothetically, a factor that affects the molecular
machinery in the dopamine system may cause PD,
problems with decision-making, depressive symp-
toms, or RLS, and the obvious clinical manifestation
may only be influenced by the predominant localiza-
tion of the monoaminergic deficit.

Also, ET and RLS may be connected. Among
consecutive patients at a movement disorder clinic,
one-third of patients with ET also had RLS, and con-
versely, more than half of patients with RLS had
mild action or essential tremor in their hands.37 Sero-
tonergic medications can attenuate the symptoms of
both ET and RLS.38,39

PD, ET, RLS, and depression occur in members
of the Arkansas Family. The clinical course of PD
seen in this family was similar in all affected mem-
bers. It was usually tremor-dominant, mild, pro-
gressed only slowly, and did not entail dementia.
Neuropathology revealed volume loss of the frontal
lobes of both autopsied patients. In light of recent
findings regarding the epidemiology, genetics, and
pathophysiology of PD, ET, RLS, and depression, a
common cause for their manifestations within the
Arkansas Family appears possible.

Testing for known gene mutations in PD-
associated genes was negative. DNA from 65 individ-
uals from members of the Arkansas Family has been
collected. Samples are currently analyzed with exome
sequencing technology. This will hopefully elucidate
the genetic causes of the neurologic disorders in this
family, adding new aspects to our understanding of
the pathomechanisms of neurologic disease. Further
studies may reveal whether the phenotypes encoun-
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tered in this family share a common cause or are
separate entities, and if the disease process is primar-
ily functional, inhibiting neurotransmitter systems,
or primarily neurodegenerative.
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Guideline Examines Effective Treatments for Painful
Diabetic Neuropathy

The AAN has published “Treatment of Painful Diabetic Neuropathy,” an evidence-based guideline
that identifies the most effective treatments for pain from nerve damage in people with diabetes.
The guideline was published in the April 11, 2011, online issue of Neurology®. To access the
guideline, summaries for clinicians and patients, and tools, visit www.aan.com/go/practice/guidelines.
For information on an audio conference explaining the guideline on Thursday, May 12, 2011, at
12:00 p.m. ET, visit www.aan.com/view/audiocon. The audio conference is only $25 for AAN
members; $99 for the public; and free for students, residents, and fellows.
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