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Abstract: It is frequently assumed that idiopathic Parkinson’s
disease starts with several nonmotor symptoms and signs, but
the evidence for this stage in the disease process is of vari-
able quality. This review evaluates the more robust prospec-
tive or pathologically confirmed publications to establish
whether there is a premotor period and if so what is its dura-
tion. The most informative studies are considered to be those
concerned with olfaction, dysautonomia, and sleep disorder.

Estimates for the duration of the prodromal phase vary from
months to decades. It is concluded that there probably is an
early phase in the disease where a variety of nonmotor fea-
tures develop, but the sequence and time of onset of such
features is not well established. � 2008 Movement Disorder
Society
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Many strands of evidence suggest there is a prodro-

mal phase of idiopathic Parkinson’s disease (PD) of

variable length, before the onset of classic signs of dis-

ease. This has been the subject of considerable interest

in recent years particularly because of the potential for

early neuroprotective strategies.1,2 This prodromal

period will be referred to here as ‘‘premotor’’ or ‘‘pre-

clinical.’’ The duration and existence of this phase has

considerable etiological importance as its time of onset

would be the stage at which a putative environmental

or genetic agent strikes first. This article reviews evi-

dence for the existence and duration of the premotor

phase with particular emphasis on the more informa-

tive, prospective studies.

EVIDENCE FOR A PREMOTOR PERIOD

Support for a prodromal phase comes from imag-

ing, pathology, and various clinical or epidemiological

surveys.

Imaging Studies

The concept of a premotor phase became acceptable

following studies of FluoroDopa PET or dopamine

transporter uptake in patients with hemiparkinsonism3,4

where reduced uptake in the caudate and putamen was

noted contralateral to the clinically unaffected side. In

twin pair studies some clinically normal co-twins were

found to have impaired tracer uptake and subsequently

developed classic PD after varying intervals.5–7 Find-

ings similar to PET imaging in asymptomatic individu-

als at risk of PD have been obtained with dopamine

transporter SPECT8 and transcranial sonography (TCS)

of the substantia nigra9,10 although the reliability of

TCS is not yet clear.11,12 Studies with other radio-

ligands, e.g. serotonergic, noradrenergic, cholinergic

function, microglial activation,13 or diffusion-weighted

MRI imaging,14 may become useful markers for the

premotor phase in future.
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Pathological Studies

It is generally accepted that at least 50% of substan-

tia nigra cells have to die before there are motor

signs15,16 and probably a higher percentage loss of do-

paminergic nerve endings in the putamen.17 Support for

the presence of a premotor phase received a major

boost following observations by Braak et al.18 who sug-

gested that the pathology, using thick section (100 lm)

a-synuclein (aSN) immunostaining, is characterized by

Lewy bodies and Lewy neurites that occurred sequen-

tially and additively over six phases. In Stage 1 several

nonmotor areas are involved: the olfactory bulb, dorsal

motor nuclear complex of IX and X (DMNC), and per-

haps in the gastric myenteric plexus even prior to

that.19 In Stage 2 there is spread to the pons, involving

the locus coeruleus complex, lower raphe, and magno-

cellular parts of the reticular formation. These reticular

areas function as a gating system that inhibits somato-

sensory and visceral pain input and the locus coeruleus

complex is concerned principally with sleep regulation

and mood. The first two stages would therefore consti-

tute the proposed pathological substrate of preclinical

PD. Stage 3 straddles the premotor and motor phases

and it is characterized by changes in the substantia

nigra, amygdala, tegmental pedunculopontine nucleus,

oral raphe nuclei, magnocellular nuclei of the basal

forebrain, and tuberomamillary nucleus.

The reliability of Braak staging was demonstrated by

six observers from five different institutions who were

asked to classify 21 cases of the original pathological

material. High correlation was obtained for inter- and

intra-rater reliability.20 Such sequential changes have

been documented independently in a preliminary

report21 (currently available only in abstract form) based

on examination of 126 brains taken from the Honolulu

Asia Aging Study (HAAS). There were 23 who had clin-

ically diagnosed PD and 35 with incidental Lewy bodies

(ILB). The vast majority of cases supported the Braak

classification with 94% showing medullary and pontine

involvement whenever the substantia nigra was affected.

Observations of Jellinger22 in 71 clinically and autopsy

proven cases of PD are also supportive although some

exceptions were found. The initial study by Dickson

et al.23 (also only in abstract form) is broadly in agree-

ment, but in 4/24 (17%) there were Lewy bodies in the

substantia nigra without pontine or medullary changes.

Braak staging for PD is not without its critics. Parkki-

nen et al.24 conducted a postmortem assessment of 904

brains that had aSN pathology in the DMNC, substantia

nigra, and/or basal forebrain nuclei. Retrospective

assessment showed that only 32 (30%) of 106 aSN-pos-
itive cases were diagnosed with a neurodegenerative

disorder in life, and that the distribution of aSN pathol-

ogy did not allow a reliable diagnosis of an extrapyra-

midal disorder. Some neurologically unimpaired cases

had a moderate burden of aSN pathology in both brain-

stem and cortical areas, suggesting that aSN-positive
structures are not unequivocal markers of neuronal dys-

function. However in a subsequent large review it was

found that only 17% deviated from the proposed cau-

dorostral propagation.25 Kalaitzakis et al.26 examined

aSN topography in 71 subjects all of whom had clini-

cally definite, levodopa responsive PD, although the ol-

factory bulb was not examined and 30 had PD-demen-

tia. Reflecting the findings of others22,23 there was a

minority (5/71; 7%) of clinically diagnosed PD without

medullary involvement, leading them to suggest that the

medulla was not always the induction site.

A problem with many pathologically based papers is

that the diagnosis of PD in life may not have been

established rigorously, i.e. by reference to generally

agreed clinical diagnostic criteria.27 Despite careful

classification, the clinical diagnosis of PD remains

incorrect pathologically in at least 10% cases27 suggest-

ing that diagnostic error might explain some of the clin-

icopathological discordance. Also these criteria do not

encompass dopamine transporter SPECT, a procedure

that is now in common practice at least for diagnosti-

cally difficult patients. If true PD can exist without

involvement of the vagus and locus coeruleus complex

then why do many such patients have autonomic

problems such as constipation, low blood pressure,

impotence, bladder difficulty, or a whole range of sleep

disorders? Although there are unresolved, apparently

conflicting views, the most reasonable interpretation is

that the Braak classification (although having more em-

phasis on Lewy pathology than neuronal loss) is broadly

correct, and that inconsistencies may relate to disease

variants which are difficult to characterize before death.

Predominant Clinical Studies

Many studies question patients about prodromal

symptoms and consistently report stiffness, tremor, or

imbalance28,29 although the majority of early features

are nonmotor. Several reports are retrospective and

lack diagnostic confirmation from autopsy or imaging

studies. Thus the more robust evidence for premotor

features comes from large prospective studies and

these relate to olfaction, dysautonomia, and sleep.

Olfaction

Virtually all researchers find olfactory impairment in

established PD, affecting �80% or more patients.30–32
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The question is whether this precedes the clinically

observed motor features or does it commence synchro-

nously? Apart from suggestive neuropathological evi-

dence of priority,18 four prospective studies address

this question. First, Ponsen et al.33 evaluated 78

asymptomatic first-degree relatives of nonfamilial PD

patients by olfactory tests and dopamine transporter

imaging (DATScan). Forty patients were selected

because of hyposmia and all had a baseline DATScan.

When reviewed 2 years later, 4 had developed PD and

all had abnormal DATScans at the first assessment.

Second, Montgomery et al.34 administered tests of

motor function, olfaction (University of Pennsylvania

Smell Identification Test; UPSIT), and mood in first-

degree relatives of PD patients. Using this procedure,

significant differences were found in first-degree rela-

tives, both sons and daughters. Third, Ross et al.35

used the crosscultural brief smell identification test

(BSIT) in 2,267 healthy Japanese-American men aged

71 to 95 years who participated in the HAAS. After 4

years follow-up, 19 developed PD, which gave relative

odds for PD in the lowest BSIT quartile of 5.2 (95%

CI 1.5, 25.6. P 5 0.007) compared to those in the

highest two quartiles. In the same cohort, 164 died

without sign of PD or dementia and limited autopsy

(hematoxylin and eosin stains of midbrain and pons)

revealed 17 with ILB, the postulated pathological hall-

mark of the presymptomatic phase.18,36 Those who

scored in the lowest tertile of BSIT were significantly

more likely to have Lewy body pathology. More

detailed analysis of this material is in progress using

aSN immunostaining that may show a higher rate of

pathology in susceptible areas.21 Fourth, Sommer

et al.37 tested 30 people with idiopathic anosmia but

no motor deficit. All were tested by the Unified Parkin-

son’s Disease Rating Scale (UPDRS) and 26 had TCS

of the substantia nigra, of whom 11 displayed abnor-

mal (increased) nigra echogenicity typical of PD. Five

of 10 subjects had a pathological DATScan and a fur-

ther two were borderline. At review, 4 years later, 2

developed definite PD and another 2 had abnormal

UPDRS measurement.38

Although all four studies suggest that olfactory

impairment is an early feature that develops before

clinically detectable motor signs, none shows that

smell impairment unequivocally precedes abnormality

in the basal ganglia as measured by DATScan or TCS

as might be expected on by Braak staging. The predic-

tive value of olfactory dysfunction is further brought

into question by Marras et al.39 who studied 62 male

twin pairs discordant for PD. At baseline, the 40 odor

UPSIT scores were significantly abnormal in affected

twins, but not in their co-twins who were rated normal

on clinical examination. After a mean of 7.3 years, 28

co-twins were still alive and of these 19 were retested

using the 12 odor, BSIT. Two of the 28 brothers had

developed PD, neither of whom had impaired UPSIT

score at baseline, but the average decline in their olfac-

tory identification score was greater than that of the

remaining 17 co-twins who had not developed the dis-

ease. Although it was suggested that smell testing may

not be a reliable predictor of PD, the drop-out rate was

unusually high and smell function was reassessed by

different methods—UPSIT and then by BSIT—a pro-

cedure that would reduce sensitivity, given the fewer

test odors in BSIT (12 vs. 40).

Dysautonomia

There is evidence of marked and progressive Lewy

pathology in DMNC in PD (Braak Stage I) and this

would explain several of the documented autonomic

features, such as constipation and hypotension. Many

report reduced cardiac uptake of the noradrenalin ana-

logue, meta-iodobenzyl guanidine (MIBG) in the estab-

lished, motor phase of PD40 but this evaluates post-

ganglionic noradrenergic sympathetic function, whereas

the vagus provides preganglionic parasympathetic cho-

linergic innervation to the cardiac plexus. Premotor

sympathetic involvement is a plausible feature of PD,

i.e. ILB have been found in the cervical sympathetic

ganglia in the absence of DMNC change41,42 but it is

unclear whether ILB are precursors of just classic PD

or other parkinsonian syndromes. Analysis of heart rate

variability is abnormal in established PD and thought

to measure both sympathetic and parasympathetic

aspects of vagal function.43 Increased Q-Tc interval

has been observed in early PD44 but there are no stud-

ies of this or other cardiac measures in the premotor

phase. One study suggests a close correlation of MIBG

abnormality with olfaction.45 There are two autopsy

confirmed instances of autonomic failure presaging a

parkinsonian syndrome46 but the clinical profile of one

case was more characteristic of dementia with Lewy

bodies than typical PD. Another example concerns a

patient who underwent lumbar sympathectomy for

peripheral vascular disease. Biopsy showed Lewy bodies

in the sympathetic ganglia and 3 years thereafter the

patient developed typical PD.47 Braak et al. have dem-

onstrated Lewy pathology in the enteric plexus of the

stomach,19 an area that receives the distal terminals of

the motor vagus. This observation leads to the proposal

that a pathogen enters the stomach wall, ascends the
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vagus antidromically to reach the DMNC, thus explain-

ing the well documented changes there.19

Constipation is an indirect measure of vagal function

and retrospective studies suggest it may be an impor-

tant premotor candidate.48,49 Bowel habit was analyzed

prospectively in elderly patients who took part in the

Honolulu Heart Program50 (HHP). Their cohort com-

prised 6,790 males without PD at enrollment who were

subsequently monitored for 24 years. After a mean

latent period of 10 years (range, 5 months219 years),

96 developed PD. The adjusted risk for PD in those

with <1 bowel movement per day compared to those

with one per day was 2.7 (95% CI: 1.3, 5.5; P 5
0.007) implying that constipation is a harbinger of PD.

In their subsequent and expanded survey51 based on

HAAS, bowel movement frequency was evaluated in

245 healthy males aged 71 to 93 years, none of whom

had evidence of dementia or parkinsonism in life and

all had autopsy. Preliminary examination of the mid-

brain and pons revealed 30 with ILB in the substantia

nigra or locus coeruleus and after age adjustment a sig-

nificant correlation was found between ILB and bowel

frequency with a fourfold excess of ILB in those with

<1 bowel movement per day compared to those with

>1 bowel motion per day. Thus, constipation predicts

both clinically defined PD and autopsy verified ILB.

Bladder disorder is described in a retrospective study

of PD,52 and indeed aSN aggregates are found in the

vesicoprostatic plexus of ‘‘26%’’ patients who had

undergone major abdominopelvic resection.53 At

review, 30 months later, there was a correlation with

impaired MIBG or dopamine transporter SPECT and

raised UPDRS, but so far no brain autopsy verification

is available. Also erectile dysfunction was found to be

a common prodromal feature of ‘‘Parkinson’s Disease’’

on the basis of retrospective questionnaire.54

Obesity is a candidate prodromal feature for PD.

Overweight people have decreased striatal D2 receptor

availability55 and dopamine is involved with food

intake.56 The locus coeruleus, which is affected in

Braak stage 2 is important for the control of food

intake and the sleep-wake cycle. Orexin peptides medi-

ate these functions and one of their receptors, OX1, is

expressed strongly in the locus coeruleus, hypothala-

mus, and gut.57 Three large prospective studies have

explored this possible association: (1) Midlife adiposity

and PD risk was examined in the HHP study58 from

1965 to 1968 in 7,990 men aged 45 to 68 years with-

out PD. During the 30 year follow-up period, PD was

observed in 137 men in whom the age-adjusted inci-

dence of PD increased three times from 3.7/10,000 per-

son-years in the bottom quartile of triceps skinfold

thickness to 11.1/10,000 person-years in the top quar-

tile, independent of cigarette smoking, coffee consump-

tion, physical activity, daily caloric and fat intake. The

average time to diagnosis of PD was 19 years (range,

2–30). (2) In the pooled data from the Health Profes-

sionals Follow-up Study and the Nurses’ Health

Study,59 there were 249 cases of PD among 47,700

male health professionals and 202 cases among

117,062 nurses during a follow-up period of up to 14

years. They did not find significant associations

between body mass index (BMI) waist circumference,

or waist-to-hip ratio and the risk of PD but on sub-

group analysis, greater waist circumference and waist-

to-hip ratio were associated with increased risk of PD

among never smokers with relative risks of about 2.0.

(3) In the largest investigation60 the association

between BMI and risk of PD was studied in 45,806

Finnish men and women aged 25 to 59 years of age

without a history of PD at baseline. During a mean fol-

low-up of 18.8 years (range not given), 272 men and

254 women developed PD. After adjustment for multi-

ple confounders those in the higher BMI category

defined as ‡23 were at increased risk of PD. Although

there are small areas of disagreement between the three

studies and there are no related autopsy-based studies,

it is likely there is a significant association between

some measures of obesity and subsequent PD.

Sleep Disorder

A wide range of sleep disorder is found in estab-

lished PD,61 but most premotor data pertain to exces-

sive daytime sleepiness (EDS) and REM sleep behav-

ior disorder (RBD). In the large, prospective HAAS62

over 3,000 healthy males were assessed from 1991 to

1993 and reviewed some 10 years later. There were 9

cases of PD from 244 instances of EDS between 7

months and 4.9 years into follow up which gave an

odds ratio for PD of 3.3 (95% CI 1.4, 7.0. P 5 0.004).

One source63 discovered that 11 of their 29 subjects

with unexplained RBD subsequently developed parkin-

sonism, complementing the finding of decreased stria-

tal transporter uptake in RBD by others.64 In another

study that examined olfaction and sleep,65 nearly all 30

RBD patients had significantly increased olfactory

threshold. There was current clinical evidence of PD in

5 and abnormal DATScan in 3/11, again implying that

olfactory impairment and RBD are early features. A

subsequent retrospective investigation by Iranzo et al.66

confirmed the suspected status of RBD as a precursor

of sporadic PD as opposed to parkinsonism.
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Among other areas, RBD probably indicates damage

to the pons, particularly locus coeruleus complex, retic-

ular and pedunculopontine nuclei, corresponding to

Braak stage 2. A difficulty with most of these studies

is the lack of pathological confirmation and where that

has been done,67 the changes at least in RBD patients

were more in keeping with parkinsonism than PD. Fur-

thermore, no study has determined whether the sleep

disorder precedes abnormalities on DATScan or TCS.

Many other potential premotor symptoms have been

proposed, such as impaired color vision68,69 and a

wide variety of psychiatric ailments, on the basis of

retrospective review or record linkage data but so far

none with pathological confirmation. The most fre-

quently reported symptoms in this context are depres-

sion and anxiety28,70 which in one series was present

up to 20 years before the onset of motor symptoms.71

The best established prodromal features that concur

with Braak stages 1 and 2, i.e. prior to substantia nigra

involvement, are smell loss (olfactory bulb), constipa-

tion (Vagus), sleep disorder and obesity (locus coeru-

leus). At present, no clinical study shows that any of

these features are present before dopamine transporter,

PET or TCS abnormalities, only that they are synchro-

nous with each other. Braak’s pathological classifica-

tion is therefore the main plank of evidence for olfac-

tory and enteric damage prior to other proposed

premotor features and typical motor signs. This patho-

logical classification is relatively new, awaits further

appraisal, and many changes observed indicate possible

cell dysfunction rather than cell loss and may therefore

have no measurable clinical correlate. Thus, mild defi-

ciency in neurotransmitter release at cortical level

might induce premotor symptoms not reflected by aSN
staining. There are also problems with specificity, i.e.

olfactory disorder is associated with parkinsonian syn-

dromes such as multiple system atrophy, Lewy body de-

mentia, and it is common in Alzheimer’s disease.72,73

The presence of ILB may presage Lewy body dementia

or pure autonomic failure. The studies from Hawaii pro-

vide the strongest evidence as they are prospective and

have pathological confirmation, but there may have

been some loss of sensitivity as, at least in the fully

published studies, aSN stains were not used, their odds

ratios are not particularly high and by definition the

findings relate only to Japanese male inhabitants of

Hawaii. It would be reasonable to accept that there is a

premotor phase, but no clinical study has shown

unequivocally that the olfactory and vagal changes are

the first to take place, and it is still arguable that these

structures are damaged at the same time as the basal

ganglia. Furthermore, none of the suggested risk factors

such as olfactory loss, constipation, obesity, and EDS

singly or combined has more than 10 to 20% predictive

power for future risk for PD (GW Ross, personal com-

munication). In other words, there must be other impor-

tant risk factors yet to be identified.

DURATION OF THE PREMOTOR PERIOD

Given that there is a premotor phase, how long does

it last—months, years, or decades? (1) Clinical esti-
mates: Direct questioning of patients, although fraught

with recall bias, anecdotally suggests an extremely

long period—measurable in decades. For example,

many personal patients report loss of smell 20 or more

years before their first symptoms of motor dysfunction

and ongoing questionnaire based studies should pro-

vide further information in this sphere. In the case of

Ray Kennedy the professional footballer whose

matches were videotaped, early motor signs were appa-

rent 10 years before the first unequivocal physical

signs and 14 years before diagnosis.74 (2) Imaging
studies: These supported the concept of a preclinical

phase and were followed by measurement of the rate

of progression of PD by serial imaging. Back projec-

tion of the decay slope allows an approximation of dis-

ease onset, assuming it begins in the striatonigral sys-

tem. The duration of this latent period is estimated var-

iously at 3 years, range 2.8 to 6.5 years75; 5.6 6 3.2

years76; 6.5 years (range not given) for the posterior

putamen77; 40 to 50 years.78 In the FluoroDopa PET

study by Laihinen et al.6 all of their asymptomatic co-

twins (mono- and di-zygotic) remained clinically dis-

cordant for PD for over 12 years even though there

was significant reduction of mean putamen uptake in

the asymptomatic co-twin. Another PET based twin

study showed that 2 of 10 initially asymptomatic

monozygotic twins developed PD after an interval of 5

and 7 years, respectively, and most of the others

showed a significant decline in fluorodopa uptake.7 A

further two twins who were not scanned sequentially,

developed PD giving an overall latency range in the

four individuals, of 2 to 21 years from the onset of PD

in their identical co-twin (mean latency 12 years). This

wide range probably reflects the sensitivity and repro-

ducibility of the PET scan method and where extrapo-

lation has been performed, whether a linear or negative

exponential decline was assumed.75 Also, age, gender,

disease type, medication, etc are important confounders

that are difficult to control for, given the small num-

bers of patients. PET imaging at present can only dis-

play the larger basal ganglia structures, but if brain

stem structures are affected before this, then subclinical
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disease onset might be shown to have taken place ear-

lier. Recent studies on microglial activation, which is

a marker of early cell damage in PD, suggest that

pontine changes are stable over a 2-year period, while

FluoroDopa PET uptake and clinical disability scores

continue to decline.79 This observation gives support

to the sequential scheme proposed by Braak et al.18 in

that it implies there is an early change in the brain-

stem which remains relatively stable while further

degeneration takes place at striatal and cortical level.

(3) Olfaction: Two estimates suggest a latency of 2

years33,36 and another detected early PD at follow up

4 years later.38 These estimates should be viewed as

the shortest latent period simply because the onset of

olfactory loss must have been prior to the time of

measurement. If cross-sectional USPIT scores are

used for PD and a linear decline is assumed, then

extrapolation by age suggests an (implausible) onset

of smell disorder before birth.80 This observation lead

the author to suggest that olfactory disorder begins as

a relatively abrupt event and that its onset would pro-

vide a reasonable marker of the commencement of

PD. (4) Dysautonomia: According to Iranzo et al.,66

the time interval between onset of RBD and clinically

manifest sporadic PD in their 7 patients was on aver-

age 12 years (range, 3–17 years; see Table 1) and in

the HAAS62 the latency for those with EDS in their 9

cases of PD varied from 7 to 59 months. For consti-

pation,50 the average latent period was 10 years;

range 5 months to 19 years and for midlife obesity58

the mean was 19 years; range 2 to 30 years. (5) Pa-
thology: In one pair of discordant monozygotic twins

the initially unaffected twin developed PD 20 years

after the first affected twin. The diagnosis was patho-

logically proven in both instances.82 In another patho-

logical cross-sectional study of 20 patients with PD,

their estimate for the presymptomatic phase of PD

from the onset of nigral neuronal loss was about 5

years assuming exponential decay.15

It may be argued that premotor symptoms and stria-

tonigral changes occur simultaneously. If current tests

of striatonigral change are less sensitive than those of

the alleged premotor features then this would allow the

premotor aspect to be detected earlier. We do not

know the relative sensitivity of, say, tests of dysfunc-

tion in the olfactory or autonomic system compared to

imaging by PET or dopamine transporter SPECT.

However, to support this concept, one would have to

ignore most of the available pathological data, or at

least argue that Lewy pathology was unrelated to cell

function. Finally it is obvious that not every patient

will have the same duration of premotor symptoms,

depending on variables such as age, gender, disease

type, genetic susceptibility, etc.

CONCLUSION

Evidence for the existence of a premotor phase in PD

is fairly strong. Support from patient reports, prospec-

tive surveys with pathological confirmation, and brain

TABLE 1. Main studies that allow estimates of premotor phase duration

Study Premotor duration estimate Comment

FluoroDopa PET: back projection from
serial scans or discordant twin
studies7,75–77,81

3–50 yr Wide variation in estimates. May depend on sensitivity/
reproducibility of imaging, age, gender, disease
category, medication, assumptions of linear or
exponential decay

Pathology in substantia nigra. Back
projection from cell loss15

5 yr 20 cases of PD. Cross-sectional study. Assumes
exponential loss of nigral cells.

Olfaction in at risk relatives33,34 2 yr Prospective study in relatives of PD subjects.
No pathological confirmation. Follow-up in progress

Olfaction: idiopathic anosmia38 4 yr (review date). Prospective with dopamine transporter imaging.
No pathological confirmation.

Olfaction. Honolulu-Asia Aging Study35,36 4 6 1.9 yr, range 1–8 yr Prospective, pathologically confirmed study
Excess daytime somnolence. Honolulu-Asia

Aging Study62
Mean not given. Range: 7 mo–5 yr Prospective ongoing study. Only 9 cases of PD.

No pathological confirmation.
REM sleep behavior disorder66 12 yr (Range, 3–17 yr) Retrospective study. No pathological confirmation.
Lewy pathology in sympathetic ganglia47 3 yr Prospective study based on one case.
Constipation. Honolulu Heart and Aging

Studies50,51
Mean 10 yr. Range, 5 mo–19 yr Prospective studies with pathological confirmation.

Those with incidental Lewy Bodies were more
likely to be constipated.

Midlife obesity58 Mean 19 yr. Range, 2–30 yr.58

Mean 18.8 yr (range not stated)60
Prospective study. Two other studies59,60 confirm

association but do not provide latency estimates.
No autopsy confirmation

Ray Kennedy: soccer player74 Subtle motor changes noted 10 yr
before classical signs of PD

Single, but well documented study. Nonmotor signs may
have been present earlier than 10 yr
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imaging present a tough case for skeptics to deny. There

is still the nagging suspicion that if apparently normal

people were documented serially with the same accu-

racy as, say, Ray Kennedy’s videotapes74 then more

motor phenomena might be detected in the run-up to a

formal diagnosis. It is still debatable whether the postu-

lated premotor features develop simultaneously with, or

prior to basal ganglia changes and that they are not an

artifact of differing imaging sensitivity. Thus the appa-

rent premotor period may represent lack of observatio-

nal precision, and apart from pathological studies, there

is no clinically based study that shows unequivocally

that even the best documented premotor features (olfac-

tion, constipation, sleep disorder, obesity) occur in the

absence of basal ganglia abnormalities.

The duration of the premotor phase is probably meas-

urable in decades, rather than years or months, but esti-

mates vary widely, probably dependant on the feature in

question, duration of follow-up, accuracy of diagnosis,

and individual variation. The sequence of premotor

events needs further evaluation both clinically and

pathologically, i.e. does smell loss/constipation develop

before sleep disorder/obesity and any of these before

basal ganglia change as Braak staging would predict?

The distribution of aSN pathology is widespread,

affecting the enteric plexus19; dorsal horn layer I83;

sympathetic ganglia/adrenal medulla84; and vesicopro-

static plexus.53 In view of impairment in color

vision,68,69 it is possible that Lewy pathology will be

found in the retina where there are dopaminergic neu-

rons and receptors for D1 and D2. Although Braak stag-

ing appears to be broadly correct, the presence of Lewy

pathology in such diverse areas argues against a patho-

genic agent that spreads along continuous pathways that

have long, thinly myelinated fibers.18,85,86 Spread

through the blood stream is an obvious alternative ex-

planation if there is a microbial pathogen involved, but

it is also possible that PD may be a multifocal disorder

under genetic control from the outset. These concepts

are far from certain and the search should continue for

identification of environmental triggers and premotor

features. Of particular value will be studies in family

members at known risk of disease, especially those

carrying the commoner LRRK2 mutation where Lewy

pathology is a recognized feature.87

REFERENCES

1. Lang AE. Neuroprotection in Parkinson’s disease: and now for
something completely different? Lancet Neurol 2006;5:990–991.

2. Tolosa E, Compta Y, Gaig C. The premotor phase of Parkinson’s
disease. Parkinsonism Relat Disord 2007;13(Suppl):S2–S7.

3. Marek KL, Seibyl JP, Zoghbi SS, et al. [123I] beta-CIT/SPECT
imaging demonstrates bilateral loss of dopamine transporters in
hemi-Parkinson’s disease. Neurology 1996;46:231–237.

4. Nagasawa H, Saito H, Kogure K, et al. 6-[18F]fluorodopa metab-
olism in patients with hemiparkinsonism studied by positron
emission tomography. J Neurol Sci 1993;115:136–143.

5. Burn DJ, Mark MH, Playford ED, et al. Parkinson’s disease in
twins studied with 18F-dopa and positron emission tomography.
Neurology 1992;42:1894–1900.

6. Laihinen A, Ruottinen H, Rinne JO, et al. Risk for Parkinson’s
disease: twin studies for the detection of asymptomatic subjects
using [18F]6-fluorodopa PET. J Neurol 2000;247 (Suppl
2):II110–II113.

7. Piccini P, Burn DJ, Ceravolo R, et al. The role of inheritance in
sporadic Parkinson’s disease: evidence from a longitudinal study
of dopaminergic function in twins. Ann Neurol 1999;45:577–582.

8. Berendse HW, Ponsen MM. Detection of preclinical Parkinson’s
disease along the olfactory trac(t). J Neural Transm Suppl
2006;70:321–325.

9. Ruprecht-Dorfler P, Berg D, Tucha O, et al. Echogenicity of the
substantia nigra in relatives of patients with sporadic Parkinson’s
disease. Neuroimage 2003;18:416–422.

10. Walter U, Klein C, Hilker R, et al. Brain parenchyma sonogra-
phy detects preclinical parkinsonism. Mov Disord 2004;19:1445–
1449.

11. Spiegel J, Mollers MO, Jost WH, et al. FP-CIT and MIBG scin-
tigraphy in early Parkinson’s disease. Mov Disord 2005;20:552–
561.

12. Walter U, Wittstock M, Benecke R, et al. Substantia nigra echo-
genicity is normal in non-extrapyramidal cerebral disorders but
increased in Parkinson’s disease. J Neural Transm 2002;109:191–
196.

13. Brooks DJ. Imaging non-dopaminergic function in Parkinson’s
disease. Mol Imaging Biol 2007;9:217–222.

14. Schocke MF, Seppi K, Esterhammer R, et al. Trace of diffusion
tensor differentiates the Parkinson variant of multiple system at-
rophy and Parkinson’s disease. Neuroimage 2004;21:1443–1451.

15. Fearnley JM, Lees AJ. Ageing and Parkinson’s disease: substan-
tia nigra regional selectivity. Brain 1991;114(Part 5):2283–2301.

16. Ross GW, Petrovitch H, Abbott RD, et al. Parkinsonian signs
and substantia nigra neuron density in decendents elders without
PD. Ann Neurol 2004;56:532–539.

17. Riederer P, Wuketich S. Time course of nigrostriatal degenera-
tion in Parkinson’s disease. A detailed study of influential factors
in human brain amine analysis. J Neural Transm 1976;38:277–
301.

18. Braak H, Del Tredici K, Rub U, et al. Staging of brain pathology
related to sporadic Parkinson’s disease. Neurobiol Aging
2003;24:197–211.

19. Braak H, de Vos RA, Bohl J, et al. Gastric alpha-synuclein im-
munoreactive inclusions in Meissner’s and Auerbach’s plexuses
in cases staged for Parkinson’s disease-related brain pathology.
Neurosci Lett 2006;396:67–72.

20. Muller CM, de Vos RA, Maurage CA, et al. Staging of sporadic
Parkinson disease-related alpha-synuclein pathology: inter- and
intra-rater reliability. J Neuropathol Exp Neurol 2005;64:623–
628.

21. Duda JE, Noorigian JV, Petrovitch H, White LR, Ross GW. Pat-
tern of Lewy pathology progression suggested by Braak staging
system is supported by analysis of a population based cohort of
patients. Mov Disord: Late Breaking Abstracts 2007;3.

22. Jellinger KA. Lewy body-related alpha-synucleinopathy in the
aged human brain. J Neural Transm 2004;111:1219–1235.

23. Dickson DW, Uchikado H, Klos KJ, Josephs KA, Boeve BF,
Ahlskog J. A critical review of the Braak staging system for
Parkinson’s disease. Mov Disord 2006;21(Suppl 15).

24. Parkkinen L, Kauppinen T, Pirttila T, et al. Alpha-synuclein pa-
thology does not predict extrapyramidal symptoms or dementia.
Ann Neurol 2005;57:82–91.

1805PRODROMAL PARKINSON’S DISEASE

Movement Disorders, Vol. 23, No. 13, 2008



25. Parkkinen L, Pirttila T, Alafuzoff I. Applicability of current stag-
ing/categorization of alpha-synuclein pathology and their clinical
relevance. Acta Neuropathol 2008;115:399–407.

26. Kalaitzakis ME, Graeber MB, Gentleman SM, et al. The dorsal
motor nucleus of the vagus is not an obligatory trigger site of
Parkinson’s disease: a critical analysis of alpha-synuclein staging.
Neuropathol Appl Neurobiol 2008;34:284–295.

27. Hughes AJ, Daniel SE, Lees AJ. Improved accuracy of clinical
diagnosis of Lewy body Parkinson’s disease. Neurology
2001;57:1497–1499.

28. Chaudhuri KR, Healy DG, Schapira AH. Non-motor symptoms
of Parkinson’s disease: diagnosis and management. Lancet Neu-
rol 2006;5:235–245.

29. de Lau LM, Koudstaal PJ, Hofman A, et al. Subjective com-
plaints precede Parkinson disease: the rotterdam study. Arch
Neurol 2006;63:362–365.

30. Barz S, Hummel T, Pauli E, et al. Chemosensory event-related
potentials in response to trigeminal and olfactory stimulation in
idiopathic Parkinson’s disease. Neurology 1997;49:1424–1431.

31. Doty RL, Deems DA, Stellar S. Olfactory dysfunction in parkin-
sonism: a general deficit unrelated to neurologic signs, disease
stage, or disease duration. Neurology 1988;38:1237–1244.

32. Hawkes CH, Shephard BC, Daniel SE. Olfactory dysfunction in
Parkinson’s disease. J Neurol Neurosurg Psychiatry 1997;62:
436–446.

33. Ponsen MM, Stoffers D, Booij J, et al. Idiopathic hyposmia as a
preclinical sign of Parkinson’s disease. Ann Neurol 2004;56:173–
181.

34. Montgomery EB, Jr, Baker KB, Lyons K, et al. Abnormal per-
formance on the PD test battery by asymptomatic first-degree rel-
atives. Neurology 1999;52:757–762.

35. Ross GW, Petrovitch H, Abbott RD, et al. Association of olfac-
tory dysfunction with risk for future Parkinson’s disease. Ann
Neurol (in press).

36. Ross GW, Abbott RD, Petrovitch H, et al. Association of olfac-
tory dysfunction with incidental Lewy bodies. Mov Disord
2006;21:2062–2067.

37. Sommer U, Hummel T, Cormann K, et al. Detection of presymp-
tomatic Parkinson’s disease: combining smell tests, transcranial
sonography, and SPECT. Mov Disord 2004;19:1196–1202.

38. Haehner A, Hummel T, Hummel C, et al. Olfactory loss may be
a first sign of idiopathic Parkinson’s disease. Mov Disord
2007;22:839–842.

39. Marras C, Goldman S, Smith A, et al. Smell identification ability
in twin pairs discordant for Parkinson’s disease. Mov Disord
2005;20:687–693.

40. Taki J, Yoshita M, Yamada M, et al. Significance of 123I-MIBG
scintigraphy as a pathophysiological indicator in the assessment
of Parkinson’s disease and related disorders: it can be a specific
marker for Lewy body disease. Ann Nucl Med 2004;18:453–461.

41. Iwanaga K, Wakabayashi K, Yoshimoto M, et al. Lewy body-
type degeneration in cardiac plexus in Parkinson’s and incidental
Lewy body diseases. Neurology 1999;52:1269–1271.

42. Orimo S, Takahashi A, Uchihara T, et al. Degeneration of car-
diac sympathetic nerve begins in the early disease process of
Parkinson’s disease. Brain Pathol 2007;17:24–30.

43. Haapaniemi TH, Pursiainen V, Korpelainen JT, et al. Ambulatory
ECG and analysis of heart rate variability in Parkinson’s disease.
J Neurol Neurosurg Psychiatry 2001;70:305–310.

44. Quadri R, Comino I, Scarzella L, et al. Autonomic nervous func-
tion in de novo parkinsonian patients in basal condition and after
acute levodopa administration. Funct Neurol 2000;15:81–86.

45. Lee PH, Yeo SH, Kim HJ, et al. Correlation between cardiac
123I-MIBG and odor identification in patients with Parkinson’s
disease and multiple system atrophy. Mov Disord 2006;21:1975–
1977.

46. Kaufmann H, Nahm K, Purohit D, et al. Autonomic failure as
the initial presentation of Parkinson disease and dementia with
Lewy bodies. Neurology 2004;63:1093–1095.

47. Stadlan E, Duvoisen R, Yahr M. The pathology of Parkinsonism.
Fifth International Congress of Neuropathologists, Zurich,
Excerpta Medica, 1965. p 569–571.

48. Ashraf W, Pfeiffer RF, Park F, et al. Constipation in Parkinson’s
disease: objective assessment and response to psyllium. Mov Dis-
ord 1997;12:946–951.

49. Korczyn AD. Autonomic nervous screening in patients with early
Parkinson’s disease. In: Przuntek H, Riederer P, editors. Early di-
agnosis and preventive therapy in Parkinson’s disease. Vienna:
Springer-Verlag; 1989. p 41–48.

50. Abbott RD, Petrovitch H, White LR, et al. Frequency of bowel
movements and the future risk of Parkinson’s disease. Neurology
2001;57:456–462.

51. Abbott RD, Ross GW, Petrovitch H, et al. Bowel movement fre-
quency in late-life and incidental Lewy bodies. Mov Disord
2007;22:1581–1586.

52. Gonera EG, van’t HM, Berger HJ, et al. Symptoms and duration
of the prodromal phase in Parkinson’s disease. Mov Disord
1997;12:871–876.

53. Minguez-Castellanos A, Chamorro CE, Escamilla-Sevilla F, et al.
Do alpha-synuclein aggregates in autonomic plexuses predate
Lewy body disorders?: a cohort study. Neurology 2007;68:2012–
2018.

54. Gao X, Chen H, Schwarzschild MA, et al. Erectile function and
risk of Parkinson’s disease. Am J Epidemiol 2007;166:1446–
1450.

55. Wang GJ, Volkow ND, Logan J, et al. Brain dopamine and obe-
sity. Lancet 2001;357:354–357.

56. Schwartz MW, Woods SC, Porte D, Jr, et al. Central nervous
system control of food intake. Nature 2000;404:661–671.

57. Smart D, Jerman J. The physiology and pharmacology of the
orexins. Pharmacol Ther 2002;94:51–61.

58. Abbott RD, Ross GW, White LR, et al. Midlife adiposity and the
future risk of Parkinson’s disease. Neurology 2002;59:1051–
1057.

59. Chen H, Zhang SM, Schwarzschild MA, et al. Obesity and the
risk of Parkinson’s disease. Am J Epidemiol 2004;159:547–
555.

60. Hu G, Jousilahti P, Nissinen A, et al. Body mass index and the
risk of Parkinson disease. Neurology 2006;67:1955–1959.

61. Adler CH, Thorpy MJ. Sleep issues in Parkinson’s disease. Neu-
rology 2005;64:S12–S20.

62. Abbott RD, Ross GW, White LR, et al. Excessive daytime sleep-
iness and subsequent development of Parkinson disease. Neurol-
ogy 2005;65:1442–1446.

63. Schenck CH, Bundlie SR, Mahowald MW. Delayed emergence
of a parkinsonian disorder in 38% of 29 older men initially diag-
nosed with idiopathic rapid eye movement sleep behaviour disor-
der. Neurology 1996;46:388–393.

64. Eisensehr I, Linke R, Tatsch K, et al. Increased muscle activity
during rapid eye movement sleep correlates with decrease of
striatal presynaptic dopamine transporters. IPT and IBZM SPECT
imaging in subclinical and clinically manifest idiopathic REM
sleep behavior disorder, Parkinson’s disease, and controls. Sleep
2003;26:507–512.

65. Stiasny-Kolster K, Doerr Y, Moller JC, et al. Combination of ‘idio-
pathic’ REM sleep behaviour disorder and olfactory dysfunction as
possible indicator for alpha-synucleinopathy demonstrated by
dopamine transporter FP-CIT-SPECT. Brain 2005;128:126–137.

66. Iranzo A, Molinuevo JL, Santamaria J, et al. Rapid-eye-move-
ment sleep behaviour disorder as an early marker for a neurode-
generative disorder: a descriptive study. Lancet Neurol 2006;5:
572–577.

67. Boeve BF, Silber MH, Ferman TJ, et al. Association of REM sleep
behavior disorder and neurodegenerative disease may reflect an
underlying synucleinopathy. Mov Disord 2001;16:622–630.

68. Postuma RB, Lang AE, Massicotte-Marquez J, et al. Potential
early markers of Parkinson disease in idiopathic REM sleep
behavior disorder. Neurology 2006;66:845–851.

1806 C.H. HAWKES

Movement Disorders, Vol. 23, No. 13, 2008



69. Sartucci F, Orlandi G, Bonuccelli U, et al. Chromatic pattern-
reversal electroretinograms (ChPERGs) are spared in multiple
system atrophy compared with Parkinson’s disease. Neurol Sci
2006;26:395–401.

70. Santamaria J, Tolosa E, Valles A. Parkinson’s disease with
depression: a possible subgroup of idiopathic parkinsonism. Neu-
rology 1986;36:1130–1133.

71. Shiba M, Bower JH, Maraganore DM, et al. Anxiety disorders
and depressive disorders preceding Parkinson’s disease: a case-
control study. Mov Disord 2000;15:669–677.

72. Doty RL. Olfactory deficit in Alzheimer’s disease? Am J Psychi-
atry 2001;158:1533–1534.

73. Hawkes C. Olfaction in neurodegenerative disorder. Mov Disord
2003;18:364–372.

74. Lees AJ. When did Ray Kennedy’s Parkinson’s disease begin?
Mov Disord 1992;7:110–116.

75. Morrish PK, Rakshi JS, Bailey DL, et al. Measuring the rate of
progression and estimating the preclinical period of Parkinson’s
disease with [18F]dopa PET. J Neurol Neurosurg Psychiatry
1998;64:314–319.

76. Hilker R, Schweitzer K, Coburger S, et al. Nonlinear progression
of Parkinson disease as determined by serial positron emission
tomographic imaging of striatal fluorodopa F 18 activity. Arch
Neurol 2005;62:378–382.

77. Nurmi E, Ruottinen HM, Bergman J, et al. Rate of progression
in Parkinson’s disease: a 6-[18F]fluoro-L-dopa PET study. Mov
Disord 2001;16:608–615.

78. Vingerhoets FJ, Snow BJ, Lee CS, et al. Longitudinal
fluorodopa positron emission tomographic studies of the
evolution of idiopathic parkinsonism. Ann Neurol 1994;36:
759–764.

79. Gerhard A, Pavese N, Hotton G, et al. In vivo imaging of micro-
glial activation with [11C](R)-PK11195 PET in idiopathic Par-
kinson’s disease. Neurobiol Dis 2006;21:404–412.

80. Hawkes CH. Parkinson’s disease and aging: same or different
process? Mov Disord 2008;23:47–53.

81. Laitinen LV. Ventroposterolateral pallidotomy. Stereotact Funct
Neurosurg 1994;62:41–52.

82. Dickson D, Farrer M, Lincoln S, et al. Pathology of PD in mono-
zygotic twins with a 20-year discordance interval. Neurology
2001;56:981–982.

83. Braak H, Sastre M, Bohl JR, et al. Parkinson’s disease: lesions
in dorsal horn layer I, involvement of parasympathetic and sym-
pathetic pre- and postganglionic neurons. Acta Neuropathol
2007;113:421–429.

84. Wakabayashi K, Takahashi H. Neuropathology of autonomic
nervous system in Parkinson’s disease. Eur Neurol 1997;38
(Suppl 2):2–7.

85. Del Tredici K, Braak H. A not entirely benign procedure: progres-
sion of Parkinson’s disease. Acta Neuropathol 2008;115:379–384.

86. Hawkes CH, Del TK, Braak H. Parkinson’s disease: a dual-hit
hypothesis. Neuropathol Appl Neurobiol 2007;33:599–614.

87. Wakabayashi K, Takahashi H. Pathology of familial Parkinson’s
disease. Brain Nerve 2007;59:851–864.

1807PRODROMAL PARKINSON’S DISEASE

Movement Disorders, Vol. 23, No. 13, 2008


