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Clinical, neuroimaging, and pathologic studies have provided data suggesting that a variety of
nonmotor symptoms can precede the classic motor features of Parkinson disease (PD) by years
and, perhaps, even decades. The period when these symptoms arise can be referred to as the
“premotor phase” of the disease. Here, we review the evidence supporting the occurrence of
olfactory dysfunction, dysautonomia, and mood and sleep disorders, in this premotor phase of PD.
These symptoms are well known in established PD and when presenting early, in the premotor
phase, should be potentially considered as an integral part of the disease process. Even though
information on the premotor phase of PD is rapidly accumulating, the diagnosis of premotor PD
remains elusive at this time. Should a safe and effective treatment with disease-modifying or
neuroprotective potential in PD become available, identifying individuals in the premotor phase
will become a serious priority. NEUROLOGY 2009;72(Suppl 2):S12–S20

The clinical diagnosis of Parkinson disease (PD) is
based on the identification of a combination of the
cardinal motor signs of bradykinesia, rest tremor,
and rigidity. A favorable response to levodopa or dopaminergic agonists is also considered important for
a reliable diagnosis. When diagnosis is made using
these criteria, it is accepted that extensive loss of dopaminergic neurons in the substantia nigra (SN) and
a significant reduction of striatal dopamine content,
have taken place.1–5
Early diagnosis of PD is desirable to provide
appropriate management and adequate prognosis.
Furthermore, recent studies (e.g., TEMPO and
ELLDOPA) suggest that early treatment may provide a better outcome than a delayed one.6,7 Efforts have been directed to diagnose PD in the very
early stages— e.g., when motor signs are inconclusive or “soft” and the response of these symptoms
to dopaminergic treatment is unknown—since, in
these early stages, it is presumed that neural damage is more restricted. Recently, efforts in diagnosis have been extended to even earlier in the disease
course. Clinical, neuroimaging, and pathologic
studies have provided data suggesting that a variety of nonmotor symptoms can precede the classic
motor features of PD by years and, perhaps, even
decades. 8 –12 The period when these symptoms

arise can be referred to as the premotor phase of
the disease. The recent proposal by Braak et al.13
that synuclein pathology (Lewy bodies and neurites) in PD starts in the lower brainstem and
progresses following a predictable caudal-rostral
pattern, only reaching the SN in the mesencephalon after extensive involvement of the brainstem
has occurred, lends support to the notion that
nonmotor features reflecting this “prenigral” involvement can antedate the classic motor features
of PD.
The recognition that nonmotor symptoms occur
in the premotor phase has revolutionized our understanding of PD, and opened up the possibility of an
early presymptomatic diagnosis. Furthermore, it has
changed the way we assess patients in whom we suspect a diagnosis of PD. Until recently, a neurologist would not have spent so much time on
patients presenting with, for example, finger
tremor, inquiring about olfaction, perspiration,
sleep, and bladder or bowel functions, and the expertise of neurologists in these areas is increasing.
It has also prompted the shifting of a large amount
of research effort toward identification of subjects
at risk of the development of the motor signs of
PD, before degeneration of dopaminergic neurons
in the SN has occurred.
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Table

Nonmotor symptoms in the premotor phase of PD and their neuropathological substrates
Nonmotor symptoms well
Presumed underlying

documented in the

Corresponding

Nonmotor symptoms in PD

brain structures

premotor phase

Braak stage

Olfactory loss: impairments in
odor detection, identification
and discrimination

Olfactory bulb; anterior olfactory
nucleus; amygdala; perirhinal
cortex

Hyposmia

1
Olfactory bulb and
anterior olfactory
nucleus

Dysautonomia
Gastrointestinal
disturbances: gastroparesis,
constipation

1
Amygdala; dorsal nucleus of the
vagus; intermediolateral column
of the spinal cord; sympathetic
ganglia; enteric and
abdominopelvic autonomic
plexuses

Constipation; genito-urinary
dysfunction

Dorsal nucleus of the
vagus (sympathetic
ganglia; enteric and
abdominopelvic
autonomic plexuses?)

Mood disorders (behavioral/
emotional dysfunction):
depression, anxiety

Locus coeruleus; raphe nuclei;
amygdala; mesolimbic,
mesocortical cortex

Depression; anxiety

2–3
Locus coeruleus;
raphe nuclei

Sleep disturbances: REM
behavior disorder, excessive
daytime sleepiness, insomnia

Nucleus subcoeruleus;
pedunculopontine nucleus;
thalamus; hypothalamus

REM behavior disorder;
excessive daytime sleepiness

2
Nucleus
subcoeruleus;
pedunculopontine
nucleus

Other nonmotor symptoms:
pain, apathy, fatigue, mid-life
obesity, impaired color
discrimination, restless legs
syndrome, rhinorrhea

Unclear

Unknown

Unclear

Hallucinations, psychosis

Amygdala; limbic cortex

?*

4–5

Cognitive dysfunction and
dementia

Frontal and ventral temporal lobe/
neocortex; hippocampus;
amygdala; nucleus basalis of
Meynert; locus coeruleus

?*

5–6

Urinary dysfunction: urinary
frequency and urgency,
nocturia
Sexual dysfunction: men –
impaired erection and
ejaculation dysfunction;
women – impaired vaginal
lubrication, problems in
reaching orgasm
Orthostatic hypotension

*Hallucinations, psychosis and dementia can be considered as possible premotor manifestations of PD. When occurring
before parkinsonism (premotor), they are regarded, arbitrarily, as the early manifestation of dementia with Lewy bodies and
not as a premotor manifestation of PD.

The text that follows reviews the evidence supporting the occurrence of olfactory dysfunction, dysautonomia, and mood and sleep disorders in the
premotor phase of PD. These symptoms are well
known in established PD and when presenting early,
in the premotor phase, should be considered, at least
in some instances, as an integral part of the disease
process (table).
Olfactory loss in premotor PD. Olfactory loss (hypos-

mia) occurs in up to 90% of PD patients and involves several aspects including impairment of odor
detection, identification, and discrimination.14 Olfactory deficits seem to be independent of disease severity and duration, since they can be detected in
untreated, newly diagnosed PD patients. In addition,
olfactory loss occurs bilaterally, even when motor
signs are asymmetrical or unilateral.15–17 These observations, and a notable number of subsequent studies,
have led to olfactory loss being considered as a premotor symptom of PD.

An association between impaired olfaction and
the future development of PD was found in a
population-based prospective study.18 In this study,
olfaction was assessed in 2,267 elderly subjects without PD and dementia who were included in the Honolulu Heart Program. After 8 years of follow-up, 35
subjects had subsequently developed PD. Subjects
with a higher risk for developing PD were those who
presented an odor identification score in the lower
quartile. Interestingly, the risk for developing PD in
the subjects in the lower quartile was significantly
increased within the first 4 years, whereas for the second 4 years of follow-up, there was no apparent relationship between olfactory loss at baseline and the
incidence of PD. These results suggest that olfactory
loss can predate the development of clinical PD by
up to 4 years.18 In this population, 164 subjects who
later died without being diagnosed with PD in the
study follow-up, underwent postmortem examination. Incidental Lewy bodies in the SN and the locus
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coeruleus were observed in 17 subjects, who had a
mean odor detection score that was significantly
lower than subjects without incidental Lewy bodies
at autopsy.11
In another study, 30 patients with idiopathic hyposmia were examined by transcranial sonography to
evaluate the presence of increased SN echogenicity,
which is thought to be a susceptibility marker for
PD.19 Eleven patients showed SN hyperechogenicity
and, in five of these 11 patients, dopamine transporter (DAT) SPECT disclosed altered striatal tracer
uptake.19 It is noteworthy that one of these patients
had subtle parkinsonian signs at the moment of
study. Four years later, two subjects had subtle parkinsonian signs, and two subjects had developed definite PD.12 Other studies have also shown that
hyposmia is frequently present in patients with REM
sleep behavior disorder (RBD), a sleep disorder that
is also well established as a premotor symptom of PD
(see later in this review).20,21
Olfactory dysfunction has also been observed in
some asymptomatic relatives of patients with either
familial or sporadic forms of PD.22–26 A study examining olfactory function in 250 relatives of PD patients identified 25 hyposmic relatives who
subsequently underwent DAT SPECT imaging.24
Abnormal reduction in striatal dopamine transporter
binding was observed in four out of these 25 hyposmic relatives, two of whom subsequently developed
clinical parkinsonism 6 to 12 months after the DAT
SPECT study.24 As a consequence of these results, a
follow-up study was conducted in an extended cohort of first-degree relatives of patients with PD.
Sense of smell was analyzed in 361 asymptomatic
relatives of patients with PD, and 40 hyposmic relatives were identified. Within 2 years of follow-up,
10% of this subgroup had developed PD and another 12% had detectable presynaptic abnormalities
on their DAT SPECT scan, in contrast to none of
the normosmic relatives of the cohort.25
In a study of 62 twin pairs discordant for PD, odor
identification ability was reduced at baseline in twins
with PD, whereas hyposmia was not detected in any of
the unaffected twins at baseline.27 After a mean
follow-up of 7.3 years, two initially unaffected twins
developed PD. These two new PD twins presented with
a greater decline in follow-up smell test scores than the
remaining 17 unaffected twins. The authors concluded
that hyposmia is not present more than 7 years before
the onset of the motor symptoms of PD.
All these studies strongly suggest that olfactory
loss is an early feature of PD, which develops before
parkinsonian motor signs are detectable. Olfactory
testing is easy to perform and, therefore, is likely to
have a role as a biomarker in future strategies aimed
S14

at detecting subjects at risk for developing PD or
who are in the premotor phase of the disease. However, it has not yet been demonstrated that hyposmia
unequivocally precedes neuronal loss in the SN, as
would be expected on the basis of Braak staging. The
available data from the studies reported here suggest
that olfactory loss starts between 2 and 7 years before
PD diagnosis and, similarly, imaging studies of the
dopaminergic system and postmortem cell counts of
pigmented neurons in the SN, suggest periods between the onset of neuronal loss in the SN and PD
diagnosis of approximately 4 to 6 years.3–5 Whether
hyposmia precedes, or occurs simultaneously with
neuronal loss of the SN still requires clarification.
Dysautonomia in premotor PD. Some autonomic dis-

turbances are frequently observed in PD at the time
of diagnosis,28 and have been found to precede the
onset of motor symptoms.29,30 Consequently, they
are often considered as premotor symptoms or risk
factors for further development of the cardinal motor
symptoms and signs of PD.31–34
Gastrointestinal motility problems such as regurgitation, nausea, and epigastric discomfort, which are
all likely to be related to gastroparesis, have been said
to predate motor symptoms in some cases of PD.35–38
However, constipation is the autonomic disturbance
with the strongest and most consistent evidence for being one of the so-called premotor PD symptoms.29,39,40
In recent years, studies have shown that autonomic disturbances such as urinary or erectile dysfunction, could
also occur in the premotor phase of PD.
Constipation is present in up to 60 – 80% of patients with PD,40 – 43 and is also common in patients
with PD of recent onset.44,45 It is not infrequent that
patients with PD report a long-lasting history of constipation years before the onset of motor symptoms.
A study of constipation symptoms and colorectal
function in 12 patients with PD, found that constipation antedated the development of parkinsonian
symptoms by an average of 10 years or longer in 10
of the 12 patients.41 In a case-control study assessing
bowel movements and nutritional status in 94 patients with PD, onset of constipation occurred before
the onset of motor symptoms in 33 of 74 patients
with constipation (44.6%).39 In this study, constipation preceded the motor symptoms of PD by an average of 18 years.
In contrast, another case-control study assessing
premotor complaints of patients with PD from a national general practitioners’ records system, found
that diarrhea, but not constipation, was reported
more frequently among patients with PD than controls.8 The authors considered the diarrhea as a possible compensatory mechanism in the setting of very
incipient autonomic dysfunction. A recent study of
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pathologically confirmed PD cases where premotor
complaints were assessed, did not mention premotor
constipation or any other gastrointestinal symptom,
although the retrospective design of such a clinicopathologic study could account for the surprising
lack of gastrointestinal complaints in the series.46
A clear demonstration that constipation can precede PD has come from a large population-based
prospective epidemiologic study in elderly subjects
without PD and dementia included in the Honolulu
Heart Program.29 The study found a 2.7-fold risk of
PD among men with less than one bowel movement/
day vs men with one or more bowel movements/day.
The risk of PD in men with less than one bowel
movement/day further increased to 4.1 when compared with men with more than two bowel movements/day. In this study, constipation seemed to be
associated with an earlier age at onset of PD, although these findings could have been related to the
fact that the frequency of constipation increases in
the elderly.29 In an extension of this study, 245 subjects who died without being diagnosed with PD or
dementia during their lifetimes, had a postmortem
study, and incidental Lewy bodies were identified in
30 subjects (12.2%).47 The subjects in whom incidental Lewy bodies were detected had a greater decrease in bowel movement frequency during their
lives than subjects without Lewy bodies,47 providing
further evidence that constipation can predate motor
symptoms. Whether constipation was related to the
underlying pathophysiological processes of PD and, as
such, was a sign of early PD, or was a risk factor linked
to other susceptibility or environmental factors for PD,
could not be determined in these studies. However, recent pathologic studies showing that !-synuclein deposition may take place at the dorsal nucleus of the vagus
and, even more distally, at the enteric plexus,13,48 before
involvement of the SN, favor the notion of constipation
as a premotor symptom of PD.
Genitourinary disturbances and erectile dysfunction have also been proposed as premotor symptoms
of PD, although clear evidence from prospective
studies such as those available for constipation or
other premotor symptoms, e.g., hyposmia, is lacking.
Some patients with PD, when asked specifically, confirm that sexual dysfunction has preceded the onset
of motor symptoms,49 and a recently published retrospective analysis of a large cohort of men from the
Health Professionals Follow-up Study followed up
between 1986 and 2002, has shown a 3.8-fold increase in the likelihood of developing PD among
men with erectile dysfunction at baseline, the risk
being even higher for younger men.30 A clinicopathologic survey of 433 pathologically confirmed PD
cases, found that urinary dysfunction was among the

commonest nonmotor presenting complaints in
PD.46 A case of PD presenting with symptoms of
bladder dysfunction 1 year before the development
of classic motor signs and, consequently, misdiagnosed at first as multiple system atrophy, has recently
been reported, showing Lewy body-type pathology
involving Onuf ’s nucleus as the putative substrate of
this dysautonomic presentation.50
In support of gastrointestinal and genitourinary
symptoms occurring early in PD are findings showing that 9% to 17% of subjects without a clinical
history of PD had synuclein aggregates in the peripheral autonomic nervous system, including abdominopelvic autonomic plexuses, the myenteric plexus of
the esophagus, the sympathetic ganglia and the vagus
nerve,51,52 with some patients showing incidental Lewy
body pathology on neuropathological examination.
Complaints related to the cardiovascular system,
mostly those derived from postprandial and orthostatic hypotension (OH), are uncommon in early
PD. Nevertheless, the vulnerability of the autonomic
system to synuclein pathology suggests that involvement of autonomic cardiac structures could occur in
early phases of development, and recent clinical, cardiac imaging and neuropathological studies, have focused attention on the cardiovascular system in
premotor PD.53,54 One study found that OH, defined as a drop of more than 20 mm Hg in systolic
pressure and 5 mm Hg in diastolic pressure from
lying to standing, had preceded parkinsonism in four
of 35 patients with both PD and OH.53 Another
study of the prodromal phase of PD did not detect
OH or an increase in the number of visits to cardiologists, but unexpectedly detected a higher incidence
of hypertension in PD patients compared with controls.8 The authors regarded such a paradoxical feature as a compensatory mechanism in the setting of
incipient dysautonomia. In recent years, the study of
heart sympathetic innervation using nuclear medicine techniques such as SPECT with metaiodobenzylguanidine (MIBG) has led to observations that
cardiac uptake can be reduced in the very early stages
of PD, indicating early cardiac sympathetic denervation.55 Decreased immunostaining for epicardial tyrosine hydroxylase has been found in individuals
with incidental Lewy bodies,56 and there is growing
evidence that synuclein aggregates in the distal axons
of the cardiac sympathetic nervous system heralds
centripetal degeneration of the cardiac sympathetic
nerve in PD.54 The functional consequences of early
cardiovascular involvement in the pathologic process
are unclear, as no relationship has been found between cardiovascular symptoms and neurophysiological measures of sympathetic failure or cardiac uptake
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MIBG SPECT.57,58

strong evidence for this is still lacking.33,65

Mood disorders in premotor PD. Depression is com-

Sleep disturbances in premotor PD. Sleep distur-

mon in PD. Prevalence rates of depression in patients
with PD reported in the literature vary widely, ranging from 2.7% to 90%, probably depending on the
nature of the population studied, and the criteria used
for depression diagnosis. A recent systematic review of
the different studies assessing the prevalence of depressive syndromes in PD, found an average prevalence of
major depressive disorder in PD of 17%, while minor
depression was present in 22% and dysthymia in 13%
of PD patients.59 There are several lines of evidence supporting the concept that depression in PD probably has
a biologic rather than a pure psychological reactive basis.60 In fact, prevalence of depression in PD is higher
than in patients suffering from other disabling disorders, and the correlation between depression and disease
duration and severity is weak. In addition, depressive
symptoms in PD are characterized by the relative absence of guilt, shame, or sorrow, when compared with
depression in the general population.60 – 62
Depression can occur in up to 27.6% of patients
with PD in the early stages of the disease,63 and several studies have revealed that depressive symptoms
can precede the development of motor manifestations.8,64 –71 Approximately 20% of patients with PD
complain of depressive symptoms years before the
onset of motor signs.61,64 Development of depression
can predate PD diagnosis by up to 20 years, but its
incidence shows a particular rise during the 3- to
6-year period before diagnosis.64,65,69 Several studies
have also shown that depressed patients have a
2.2- to 3.2-fold higher risk for developing PD than
nondepressed subjects.66,67,69 A recent study using
transcranial sonography found that marked SN hyperechogenicity, which is thought to be a susceptibility marker for PD, was 3-fold more frequent in
depressed non-parkinsonian patients than in the agematched normal population, which is congruent
with the aforementioned risk of 2.2 to 3.2 for depressed patients developing PD.72
These findings support the view that depression
can be an early premotor manifestation of PD. However, robust evidence for premotor depression, provided by prospective studies such as those available in
hyposmia, is still lacking. In addition, no information is available on whether premotor PD-related depression differs from primary depression in its
essential clinical features and response to treatment.
Anxiety, apathy, and fatigue, which are nonmotor
symptoms that could be related to depression, and
that are frequently observed in established PD, have
also been proposed as premotor symptoms, although

bances are 1.5 to 3.5 times more common in established PD than in healthy controls or patients with
other chronic disorders73–77 but, in the early phases of
the disease, sleep disorders are relatively uncommon.77–79 Only when the disease advances do sleep
disturbances become clinically significant because of
a combination of factors. There are exceptions to this
rule, however. One is RBD, a parasomnia that may
precede the diurnal motor symptoms of PD by several years, as it has been found in retrospective case
reports and series80,81 and, more recently, in a descriptive study with long-term follow-up.10 Abnormal sleep may also be an early feature in some forms
of familial parkinsonism.82 Another exception may
be excessive daytime sleepiness (EDS) which, at least
in one large epidemiologic study in healthy elderly
men,83 was found to be more frequent in those individuals who later developed PD than in those who
did not.
RBD consists of recurrent episodes of sudden, abnormally vigorous body, head or limb movements
that appear during REM sleep, often associated with
dreams in which the patient defends against a threat
or aggression. In its most severe form, patients may
injure themselves or their bed partner but, in milder
forms of RBD, patients may not be aware of the
parasomnia, particularly if they sleep alone.81 RBD
occurs in at least 30% of patients with PD,84 but this
figure is probably conservative because patients with
cognitive changes and those treated with antidepressants or hypnotics were excluded. In about 20% of
PD patients with RBD, the reported onset of RBD
antedates that of parkinsonism by several years.85
Even though idiopathic RBD can evolve into diseases
other than PD, RBD has to be considered a premotor symptom, at least in some PD patients. This
sequence of events—that is, RBD antedating the
classic motor signs—may be expected to occur regularly in PD, since brainstem structures such as the
subceruleus and pedunculopontine nuclei, which are
thought to be responsible for RBD in PD, become
involved in the neuropathological process before the
SN.13 The reason why RBD precedes parkinsonism
in some, but not all, cases is unclear. In a series of 61
PD patients with RBD, parasomnia only preceded
PD when parkinsonism appeared after the age of 50
years, and was much less common in patients with prominent tremor.86 The presence of RBD in patients with
PD may represent a risk factor for the development
of cognitive deterioration and possibly dementia.87
One report described a family harboring a novel
mutation in the !-synuclein gene (E46K) that segregated with a phenotype of parkinsonism or dementia
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with Lewy bodies.82 Two affected members presented with abnormal sleep behaviors suggestive of
RBD, several years before parkinsonism. When studied in the sleep laboratory several years later, however, these behaviors could not be recorded despite
several sleep studies; in part because the amount of
sleep was clearly reduced (to less than 30% of the
recording time), and also because REM sleep was not
recorded. In less affected patients or in asymptomatic
carriers, sleep efficiency was reduced and, in one case,
excessive electromyography activity during REM
sleep (suggestive of RBD) was present.
EDS has been under-recognized in PD and, although initially considered as a side effect of nonergot dopamine D2-D3 agonists,88 it is not restricted to
a specific class of dopaminomimetic agents, and may
have other causes. One study found no increase in
the prevalence of EDS in untreated PD patients
compared with an age-matched healthy control
group, whereas EDS was more frequent in treated
patients, suggesting that either the progression of the
disease, the treatment, or a combination of both,
may be critical in the development of this symptom.77 Another study found that progression of the
disease by itself, before initiation of dopaminergic
treatment, was associated with increased sleepiness.78
This was confirmed in a study of the development of
EDS over time in a group of 142 PD patients (age at
entry, 73 years; Hoehn and Yahr stage, 2.9; disease
duration, 8 –10 years) followed up during a 4-year
period.89 The study found that the 11 patients with
EDS at the beginning of the study also presented
EDS at follow-up, and showed more cognitive impairment than the rest, whereas 30 patients developed EDS for the first time during the follow-up
period, suggesting that EDS correlates with more advanced disease and dementia.
In a large series of asymptomatic elderly men, followed up from 1994 to 2001, EDS (defined as “being sleepy most of the day”) was found to be a risk
factor for PD, since its presence increased the
chances of developing PD by 3-fold,83 even when
adjusting for other features such as insomnia, depression, coffee drinking, or cigarette smoking. This suggests that EDS may be another sleep disturbance that
constitutes a premotor feature of PD.
DISCUSSION

Nonmotor symptoms are now accepted as an integral part of the disease process in
PD, if they occur once motor symptoms have developed. However, accumulating clinical and pathologic evidence suggests that nonmotor alterations
frequently can occur before the classic motor signs of
PD appear. The evidence is most compelling for
sleep disturbances such as RBD, and for olfactory

dysfunction, but evidence that depression, constipation, and genitourinary disturbances antedate the
motor symptoms in PD, is also accumulating. Recent
neuropathological studies supporting early lower
brainstem involvement in PD and involvement of
the peripheral autonomic structures such as the sympathetic cardiac plexus or the vesicoprostatic plexus
antedating involvement of the CNS suggest an anatomical basis for these symptoms.
Exactly which neural structures are involved and
whether synuclein deposition, cell loss, or neuronal
dysfunction unrelated to !-synuclein deposition, is
responsible for these premotor symptoms of PD, is
still unclear. Another particularly intriguing question
is how the clinical signs of the premotor phase correlate with the neuropathological changes postulated to
occur in these early disease stages. If Braak’s hypothesis is true, one could expect that most patients
would suffer such nonmotor symptoms before developing the classic motor ones, as a consequence of
pathology involving the lower brainstem, olfactory,
and possibly peripheral autonomic, structures. Careful questioning of patients and available published
information indicates that this is not the case in
many instances. For example, in patients with PD
with RBD, the symptoms of RBD occur before the
development of motor symptoms in only 22% of patients,85 and many patients do not report constipation or dysuria at the time of diagnosis of PD. No
good explanation is available for the variable expression of these nonmotor symptoms in early and premotor PD. RBD, for example, occurred more
frequently in patients older than 50 years and in
those with an akinetic rather than a tremoric presentation.86 This mismatch between presentation of
symptoms and proposed progression of neuropathological lesions can be explained in several ways. Insufficient intensity of symptoms and a lack of sensitive
tools to identify certain symptoms could explain
their absence in the premotor phase. It is possible
that the severity of neuronal dysfunction in the responsible nervous structures does not reach a critical
threshold for the clinical expression of symptoms in
some instances. It is also possible that Braak’s proposed staging may not be valid in all instances of
sporadic PD. A recent study evaluating 71 PD cases
showed that the caudo-rostral spreading described by
Braak and colleagues, did not occur in 47% of the
cases.90 It remains to be established by appropriate
studies how often nonmotor symptoms antedate
classic motor signs in PD, and how they evolve over
time.
Even though information on the premotor phase
of PD is rapidly accumulating, the diagnosis of premotor PD remains difficult, because of numerous
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unresolved issues. We do not know, for example,
how often premotor nonmotor symptoms occur in
patients who eventually develop motor PD, and in
what time sequence. Furthermore, in a given individual without classic motor signs of PD, we do not
know when symptoms such as olfactory loss, RBD,
or EDS represent premotor PD and when they do
not. It is also not known if imaging of the dopaminergic system with PET or SPECT, transcranial
Doppler, and cardiac scintigraphy with MIBG, are
useful in identifying those cases with nonmotor
symptoms associated with synuclein pathology, and
how useful these tests are in predicting the development of motor signs. In addition, what is the risk of
individuals suffering from one or several of these
symptoms, developing motor PD in their lifetime?
No good answers to these questions are currently
available and, consequently, it remains difficult, if
not impossible, to reliably diagnose PD before the
development of the cardinal motor signs.
In an attempt to better define the clinical characteristics of the premotor phase of PD, appropriate
studies are needed. Such studies need to centre on
individuals who are at risk of developing classic PD
but who are still asymptomatic for motor symptoms.
As an example, abnormal olfaction has been evaluated as a possible risk factor when occurring in
asymptomatic first-degree relatives of patients with
PD and also in patients with idiopathic RBD. In
research settings, it is now possible to identify individuals who carry genetic markers that place them at
risk for PD. For example, several studies are in
progress to assess the frequency and natural history of
nonmotor symptoms in asymptomatic individuals
with an elevated risk of developing PD because of
mutations in the LRRK2 gene, and to assess the predictive value of these symptoms and of neuroimaging
abnormalities, for the development of the classic motor signs.
In the future, identification of individuals in the
premotor phase of PD, will allow the study of drugs
with putative neuroprotective or disease-modifying
properties at the very early stages of disease development, before significant neuronal loss has taken
place. Should a safe and effective treatment with
disease-modifying or neuroprotective potential in
PD become available, identifying individuals in the
premotor phase will become a serious priority. From
the progress taking place in this field, it seems likely
that we will soon be able to diagnose premotor PD
and, consequently, meet this challenge.
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