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Abstract There is ample evidence from a large number

of clinical and pathological studies of an early involve-

ment of olfactory bulbs and cortex in the Lewy body

pathology in idiopathic Parkinson’s disease (iPD), the

olfactory system being one of the first targets of degen-

eration in this condition. The olfactory dysfunction may

be measurably present at the time of initial presentation

and progresses in a proportion of patients as the disease

advances. Patients with iPD have a more severe olfactory

loss as compared to multisystem atrophy whereas the

syndromes of corticobasal degeneration and progressive

supranuclear palsy have no olfactory loss. A proportion of

drug induced parkinsonism may have olfactory loss

indicative of primary pathology of dopaminergic degen-

eration in these patients. Unlike single photon emission

tomography, formal measurement of olfaction would

provide a supportive role in diagnosing or excluding iPD

depending on the duration of an individual patient’s

parkinsonian symptoms. Whilst olfaction may be only

minimally impaired in early stages and may thus not help

to differentiate from other syndromes, an intact olfaction

in patients with parkinsonism of few years’ duration

would indicate a non-iPD pathology. Olfactory measure-

ment is easy, cheap and now easily available in a number

of tests, and olfactory assessment at different stages of

parkinsonism should be used as a diagnostic aid for

idiopathic PD and would enhance the diagnostic accuracy

of iPD when used in conjunction with the UK Parkinson’s

disease society Brain Bank supportive criteria for diag-

nosis of idiopathic Parkinson’s disease.
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Parkinson’s disease (PD) is a progressive neurodegenera-

tive condition whose aetiology has not yet been fully

characterised. Diagnosis is clinical and based on the car-

dinal motor features of bradykinesia, tremor and rigidity.

Imbalance becomes a feature as the disease advances.

However, it is now widely accepted that these features are

preceded by a prodromal ‘pre-motor’ phase. This is pos-

tulated to commence up to 20 years prior to the develop-

ment of motor features [1]. The basis for these nonmotor

symptoms is that the pathologic process may not start in the

substantia nigra pars compacta. Nonmotor symptoms

include sleep disturbance, behavioural or emotional chan-

ges, autonomic dysfunction, chronic pain and olfactory

dysfunction. Patient surveys have found these to be as

troublesome, if not more so, as motor symptoms. One of

these, olfactory loss has a significant impact on quality of

life [2].

Currently, treatment for PD is initiated only once motor

symptoms have manifested. Earlier diagnosis whilst

patients are in the premotor phase may allow us to

understand more about the disease course and implement

therapies earlier, perhaps allowing disease management to

move from symptomatic treatment to disease modifying or

neuroprotective treatment.

This review aims to explore and discuss the prevalence

and character of olfactory loss in PD, the underlying

pathology and its potential role in clinical diagnosis.
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Olfactory loss and its prevalence in Parkinson’s Disease

The initial studies of Ansari and Johnson in 1975 [3] were

the first to show the increased prevalence of olfactory

dysfunction in PD. Interest grew throughout the 1980s, and

to date there are a multitude of studies confirming this.

Sense of smell declines with age, and studies have shown

62.5 % of 80–97 year olds have olfactory impairment [4].

Furthermore, the likelihood of olfactory dysfunction has

been shown to increase twofold per decade after 60 years

[5]. However, in PD the prevalence is significantly higher,

with some degree of olfactory loss being present in

80–96 % patients [5, 6]. Olfactory loss in PD is not simply

due to the ageing process [7]. Total anosmia is rare, and a

proportion of the patients are not aware of the deficit until

their sense of smell is formally tested. This might be due to

mild impairment of olfaction particularly in early stages. In

a sample of community-dwelling nondemented elderly

persons, those with mild parkinsonian signs had signifi-

cantly lower olfactory tests as compared to those without

parkinsonian signs [8]. As compared to the previous studies

[5], more recent studies indicate that in some patients

olfaction progressively deteriorates [9, 10]. As per the

current knowledge, medications do not influence degree of

olfactory loss [11]. Disease duration may [9, 10] or may

not influence degree of olfactory loss [11, 12]. Whilst mean

olfactory dysfunction has been shown to increase with

disease progression, fluctuations occur in individuals, and

overall olfactory loss does not predict the course of the

disease [13, 14], although it could be postulated that our

detection methods are not sensitive enough to identify

subtle declines in olfaction [15]. In contrast to clinical

results, pathological findings at post-mortem show a strong

correlation between neuronal loss in the olfactory bulb and

PD duration [16].

Several risk factors have been identified for future

development of PD. Individuals with other nonmotor

symptoms have been found to have an increased likelihood

of developing PD, especially when they occur in combi-

nation [17]. One study showed that females outperform

males on olfactory tests [18]. Several studies have analysed

the future risk in first degree relatives of PD patients.

Ponsen et al. [19] used single-photon emission computed

tomography (SPECT) to show there was a greater decline

in nigrostriatal dopaminergic function in hyposmic rela-

tives compared to normosmic relatives. They found a 10 %

increased risk of developing PD in first-degree relatives

with idiopathic olfactory impairment. Other studies by

these authors have reported the increased risk of 12.5 %

over 5 years when combined with executive dysfunction

[20, 21].

Thus there is a well defined relationship between

olfactory dysfunction and future development of PD,

making identification of hyposmia significant in diagnosing

PD.

Pathology underlying olfactory dysfunction

in Parkinson’s Disease

The olfactory system is complex and comprises several

components. The olfactory mucosa houses the olfactory

receptor cells, whose axons come together to form the

olfactory nerve. Nerve fibres synapse in the olfactory bulbs,

located above the cribriform plate, one on each side. Here,

odour is separated into different components which are

passed onto several areas; the anterior olfactory nucleus,

lateral olfactory nucleus, amygdala, entorhinal and piri-

from cortices [22]. This system is involved in the early

pathological process of PD.

PD is characterised by deposition of eosinophilic

inclusion bodies, or Lewy bodies, which contain ubiquitin

and alpha-synuclein. The latter has been central to research

of PD pathology as mutations in the alpha-synuclein gene

are known to cause familial PD. Braak et al. have under-

taken studies to further define the ‘patho-anatomy’ of PD.

Their research led to the development of a staging system

comprising six separate phases of PD pathology [23].

These are based on both the predictable topographic dis-

tribution of Lewy bodies throughout the olfactory system

and their absence in nonolfactory cortical regions. Depo-

sition of Lewy bodies in the premotor stages of PD occurs

in the olfactory bulb, medulla oblongata and enteric plex-

uses. This defines stages one and two. Subsequently, in

stages three and four, the inclusion body pathology reaches

the substantia nigra and midbrain areas in an ascending

course [23, 24]. This correlates to the manifestation of

motor symptoms. The telencephalic cortex is involved in

the final stages, five and six. According to these Braak

stages, the olfactory bulb is one of the first areas involved

in PD pathologically; therefore, impaired olfaction is one

of the earliest indicators of developing PD. Whilst there are

limitations to this theory, for instance the heterogenous

nature of PD, the observation that the pathology of PD also

occurs outside the substantia nigra pars compacta makes it

valuable to look for nonmotor features such as olfaction

towards an aid to the diagnosis of PD.

Lewy bodies have been found in the olfactory system in

several studies, with the primary olfactory cortex being an

important site of deposits [25]. The neuronal loss in the

olfactory bulb and tracts correlates with disease duration

[16]. However one study found increased numbers of

dopaminergic neurons in the olfactory bulb, and concluded

this may be a compensatory mechanism that may in turn

result in damage [26]. There is asymmetry in the depth of

right and left olfactory sulcus, the right sulcus being
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significantly larger than the left, consistent with the

asymmetry of clinical features of PD [27]. This study also

revealed a significant negative correlation between olfac-

tory impairment and depth of the right olfactory sulcus.

The enlarged right sulcus in these patients with anosmic

UPSIT (University of Pennsylvania Smell Identification

Test) values would support the notion of increased number

of olfactory neurones as a compensatory mechanism [26].

Biopsies of the olfactory epithelium show that it is not

involved in the dysfunction of olfaction, providing evi-

dence that the pathology lies in the central nervous system

[28].

Imaging studies found olfactory bulb volume to be

reduced in PD patients with impaired olfaction, and the

amount of volume lost is proportional to the deficit in

olfaction [29]. Therefore, the olfactory apparatus appears

to undergo atrophic changes as well as being a site for

inclusion body deposition [30]. The relationship between

olfactory dysfunction and PD medication has been ana-

lysed in several studies. Olfactory dysfunction in PD

patients is unresponsive to PD pharmacological treatment

[5, 31]. There is no difference in the severity of olfactory

dysfunction between patients taking dopaminergic agents

and those who are not [11]. This implies that underlying

dopamine deficiency in PD is not the cause of olfactory

loss [32]. In fact, hyposmia may be related to the cholin-

ergic denervation seen in PD [33].

Post-mortem studies found that even in non-PD indi-

viduals, the presence of Lewy bodies in the olfactory sys-

tem correlated with impaired olfaction [34]. Therefore,

hyposmia could be an indicator of underlying Lewy body

pathology.

The significance of the olfactory system and enteric

plexus involvement in early PD has lead to the theory that

an external environmental agent may cause or act as a

catalyst for the development of PD. This agent may enter

the central nervous system through the olfactory system

and/or by ingestion, hence the term the ‘dual-hit theory’

[35].

Olfactory testing methodology

Olfactory testing involves simple, noninvasive measures

that could be used routinely in an outpatient clinic.

Therefore the inclusion of olfactory tests in the diagnostic

work-up of PD is achievable. The University of Pennsyl-

vania Smell Identification Test (UPSIT), developed by

Doty et al. [36], involves a card with scratch panels con-

taining different odours. It can be used in all clinical set-

tings, or even posted to the patient at home. Different

versions of this product exist, such as the Brief Smell

Identification Test (BSIT). Yet these tests are only able to

measure smell identification, and not discrimination or

threshold, the other aspects of olfactory testing [15]. The

‘Sniffin Sticks’ which comprises a set of scented pens [37]

enables the gaining of information on all three aspects of

testing: smell identification, threshold and discrimination.

These tests are sensitive enough to identify patients with

varying degrees of hyposmia, and can be utilised in clinical

settings for the process of accurately diagnosing PD. These

studies have shown the disturbance in olfaction occurs

equally in both nostrils [38]. Furthermore, there is no

relationship between the side of the nose affected and the

dominant side of PD motor symptoms.

Imaging studies have played a major role in the research

around olfaction in PD. They have been used to improve

knowledge of the areas affected by PD and for diagnostic

work-up. Functional magnetic resonant imaging (fMRI)

can identify the anatomical sites involved in olfaction by

using olfactory event related potentials (ERPs) [39]. ERPs

are significantly delayed in PD patients when compared to

controls [10]. Positron emission tomography (PET) and

single-photon emission computed tomography (SPECT)

scans have up to 94 % sensitivity and up to 100 % speci-

ficity for the identification of the dopaminergic deficit in

PD [40]. There is evidence of significant correlation

between olfactory dysfunction and neuroimaging measures

of dopaminergic denervation, such as SPECT scanning

[41].

Many studies found benefit in combining clinic olfactory

testing with imaging studies such as diffusion-weighted MRI

[21, 42]. It has been proposed that investigations should

commence with a detailed history, directed at identifying the

presence of nonmotor symptoms. This should be followed by

tests of olfaction and subsequently by more invasive and

costly imaging studies [43, 44]. Such a screening programme

may be designed in the future to identify PD before motor

features become apparent.

Olfaction and its association with other non-motor

features of Parkinson’s Disease

Olfaction is one of several well-documented ‘prodromal’

nonmotor features of PD. The association between the

nonmotor symptoms may be important for future diagnosis,

as some may be more likely to indicate a case of devel-

oping PD than others, and particular combinations may

increase the risk. There is a significant association between

odor identification deficit in PD and the motor and non-

motor features [10]. However, their prognostic significance

is currently unknown. Constipation, excessive daytime

sleepiness and impaired executive function are nonspecific

symptoms that are not easily measured, but if identified

during focussed history-taking, they may identify patients
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at higher risk of developing PD [17]. The Parkinson At

Risk Syndrome Study [45] was carried out to determine the

relationship between olfactory loss and nonmotor symp-

toms of PD. This involved posting an olfactory testing kit

and questionnaire aimed at identifying the presence of

nonmotor symptoms to 4999 non-PD individuals. The

study showed an increased prevalence of anxiety, consti-

pation and sleep disturbance in hyposmic individuals. The

more nonmotor features reported, the more likely the

individual was to be hyposmic. Further studies need to be

carried out to decide how accurately the presence of non-

motor features can predict the underlying diagnosis of PD.

Autonomic dysfunction is a well recognised nonmotor

manifestation of PD. Hyposmia is associated with degen-

erative changes in the cardiac sympathetic nervous system.

In early PD, these systems begin to degenerate at a similar

rate [46]. Furthermore, olfaction is related to vascular

sympathetic dysfunction, which manifests as orthostatic

hypotension [47].

The patients with the lowest olfactory performance are

more at risk of developing clinically significant neuropsy-

chiatric complications such as hallucinations and cognitive

decline [33, 48] and more likely to be apathetic [49]. Some

areas in the olfactory system are involved in cognition, and

a study by Imamura et al. [50] found regional reductions in

cerebral blood flow in olfactory areas and areas of cogni-

tion, which may explain the association. Altered brain

metabolism in the amygdala and piriform cortex in hy-

posmic patients is associated with memory impairment

[51]. Several studies have confirmed findings that severe

hyposmia is associated with neuropsychiatric symptoms,

but whether we can use the level of severity of hyposmia to

predict the development of other non-motor features of PD

is not yet known [52].

A greater loss of olfaction is associated with higher risk

of weight loss and development of dyskinesia, it has

therefore been proposed that the degree of olfactory dys-

function helps to identify different phenotypes for weight

loss and dyskinesia [9].

Olfaction and its role in the differential diagnosis

of Parkinsonism

Parkinsonism has a vast differential diagnosis. Much

research has been carried out to identify methods for dis-

criminating these conditions, and one such way is through

olfactory testing. Odor deficit in PD has a significant cor-

relation with striatal dopaminergic deficit on DAT binding

as measured with dopamine transporter single-photon

emission computed tomography [123I] FP-CIT, (DAT-

SPECT) [8]. A basic odor identification test is as sensitive

as a dopamine transporter scan for the diagnosis of PD [53].

Olfaction impairment in PD is associated with cognitive

dysfunction [33]. Olfaction is also impaired in other

degenerative conditions associated with cognitive impair-

ment, i.e., Lewy body disease, vascular dementia and

Alzheimer’s disease [54, 55]. Olfactory tests thus cannot be

used to differentiate PD from other conditions associated

with dementia. Moreover, it is not reliable to test odor

identification in patients with any degree of cognitive

impairment, since the test depends on intact memory.

Important differentials of Parkinsonism include:

idiopathic PD (iPD), dementia with Lewy bodies (DLB),

progressive supranuclear palsy (PSP), corticobasal degen-

eration (CBD), drug-induced parkinsonism (DIP), multiple

systems atrophy (MSA) and vascular parkinsonism.

DLB is pathologically indistinguishable from iPD, and

clinically patients have features of parkinsonism plus early

hallucinations and dementia, the latter distinguishing it

from iPD. As expected from the similarities in the under-

lying pathology, olfaction is disturbed in DLB to a similar

extent as in iPD [56]. In contrast, although PSP and iPD

can be indistinguishable clinically, PSP patients retain their

sense of smell [57]. Therefore, olfactory tests such as the

UPSIT can be very useful in the diagnosis of iPD and to

exclude PSP. Similarly, studies have found that olfaction is

preserved in CBD [58]. Importantly, both PSP and CBD

are tauopathies. Furthermore, it has been shown that the tau

protein is not deposited in the olfactory bulb [59]. In

contrast, a mild olfactory deficit has been found in patients

with MSA, making this test less useful for differentiating

early idiopathic PD and MSA [56], however the olfactory

loss in MSA is mild as compared to iPD. iPD patients have

progressive loss of olfaction, one study reporting an UPSIT

score of 26 at H&Y stage 1, 17 at stages 2 & 3, and 15 at

stage 4 [9]. This has been supported by another study

confirming progressive loss of olfaction as the disease

progresses [10]. Thus the degree of olfactory dysfunction

would help to distinguish MSA from iPD in later stages if

not at the time of initial presentation.

Non-neurodegenerative parkinsonism syndromes include

vascular parkinsonism and essential tremor. The findings

that olfaction is not impaired in these conditions implies

the underlying cause of olfactory loss may be related to a

degenerative process [60, 61]. Whereas SPECT can dis-

tinguish iPD from essential tremor, it cannot distinguish

iPD from other conditions, i.e., PSP, CBD and MSA.

Patients with DIP do suffer loss of smell, which is

thought to be secondary to dopamine depletion rather than

dopamine receptor blockade [62]. The majority of DIP

patients have an olfactory score similar to the controls score

[63]. However, a subset of patients with DIP may have

underlying primary dopaminergic loss and the pathology is

merely unmasked by the use of D2 dopamine receptor

blocker drugs. It is a frequent clinical observation that a
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proportion of DIP patients do not fully recover from par-

kinsonian features after discontinuing the offending D2

blocker medication. These patients are likely to have iPD,

supported by olfactory dysfunction, and should be managed

as such. Thus, olfactory testing in this group of patients

would help to discriminate between patients with DIP from

those who have underlying dopaminergic deficiency

unmasked by these drugs. Patients with MPTP-induced PD

do not have a significant impairment in olfaction when

compared to controls [64]. Within iPD, there are three

distinct clinical subgroups; tremor-dominant, akinetic-rigid,

and mixed. Olfaction ability differs amongst these sub-

groups, with the akinetic-rigid subtype having significantly

worse olfactory function and it is suggested that measures of

olfaction could be useful in determining prognosis [65].

The American Academy of Neurology practice param-

eter on the diagnosis and prognosis of PD concluded that

olfactory testing ‘‘should be considered’’ to differentiate PD

from PSP and CBD but not from MSA [66]. Patients with

PD score worse than the patients with PSP, CBD and MSA.

PSP and CBD have normal olfaction. MSA have some loss

of olfaction, but the degree of impairment is much less in

MSA, i.e., the MSA patients score much higher than PD

[67]. Overall, a patient with a normal sense of smell is

unlikely to have iPD. Testing olfaction can potentially rule

out the tauopathies, vascular parkinsonism and essential

tremor from the differential diagnoses when assessing a

patient [67]. Again, this highlights the importance of

olfaction in the diagnostic work-up of suspected PD.

A pragmatic approach to the diagnostic value

of olfactory loss for idiopathic Parkinson’s disease:

(Tables 1, 2)

Where does this lead us to in the diagnostic pathway of

iPD? A number of diagnostic criteria for PD have been

formulated. NICE guidelines in United Kingdom recom-

mend the use of UK PD Brain Bank Criteria in routine

clinical practice [68]. This is a three-step approach. The

first is to establish the cardinal features of parkinsonism,

the second being of a number of exclusion criteria, and the

third being of the supportive features. An excellent

response to levodopa and the presence of levodopa-induced

dyskinesia are supportive features. These criteria were

devised prior to the current clinical practice of avoidance

of levodopa in the early stages, and thus the levodopa

response criteria may not now apply to the majority of

patients in early stages; this practice also reduces the risk of

levodopa-induced dyskinesia.

On the basis of information described as above olfaction

measurement would have a role as a supportive feature in

the diagnosis of idiopathic PD. This would also depend on

the stage and duration of symptoms of parkinsonism. The

atypical features of poor levodopa response, early auto-

nomic impairment, early falls and disproportionate ant-

ecollis should alert the clinician to consider alternative

diagnosis [65]. Presence of early cognitive impairment or

hallucinations would favour the diagnosis of Lewy Body

dementia despite a severe impairment of olfaction.

Early stage patients who meet the criteria of cardinal

features of parkinsonism should be assessed formally for

olfaction. A significant reduction in olfaction would sup-

port the diagnosis of iPD, a normal olfaction, however,

would not exclude iPD but favour the diagnosis of other

disorders, i.e., PSP, CBD and MSA, whereas a mild

reduction in olfaction would indicate iPD or MSA.

In more advanced years, i.e., the presence of parkin-

sonism of a few years’ duration, a minimally reduced

olfaction would favour the diagnosis of MSA, and a more

severe loss of olfaction, i.e,. an arbitrary score of less than

25 on UPSIT, would favour the diagnosis of iPD.

Table 1 Olfactory loss as a supportive diagnostic feature in Parkin-

son’s disease

Early parkinsonism (intact cognition)

Normal olfaction Any parkinsonism syndrome

Mild impairment–

UPSIT [ 30

iPD, MSA, DIP, vascular parkinsonism

Severe impairment–

UPSIT \ 25

iPD

Later years–duration of 5 years or more (intact cognition)

Normal olfaction PSP, CBD, vascular parkinsonism

Mild impairment MSA, DIP

Severe impairment

(expected)

iPD, some cases of DIP with

dopaminergic degeneration

iPD idiopathic Parkinson’s disease, MSA multi-system atrophy, DIP

drug-induced Parkinsonism, PSP progressive supranuclear palsy,

CBD corticobasal degeneration, UPSIT University of Pennsylvania

Smell Identification Test

Table 2 Role of SPECT in diagnosing parkinsonian conditions

Conditions with presynaptic

dopamine deficiency–(abnormal

SPECT scan)

Conditions with preserved

presynaptic dopamine function–

(normal SPECT)

Idiopathic Parkinson’s disease Essential tremor

Symptomatic parkinsonism

Toxin induced–MPTP

Secondary parkinsonism:

Drug-induced

Vascular parkinsonism

Other neurodegenerative

conditions

Progressive supranuclear palsy

Multiple-system atrophy

Cortico-basal degeneration

Dementia with Lewy bodies

Other conditions with

parkinsonian features: Normal

pressure hydrocephalus
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More significantly, the presence of normal olfaction, or

olfaction with only a mild impairment, in patients with

parkinsonian features of several years’ duration would help

to exclude the diagnosis of iPD. Dopamine transporter

imaging is not helpful in the differential diagnosis of

atypical parkinsonism from akinetic-rigid type iPD

(Table 2) because all these syndromes, MSA, PSP and

CBD, are associated with the presence of presynaptic

dopamine deficiency, and as such the scan will be abnor-

mal in all these cases [69, 70]. Olfactory loss assessment

provides more discriminative role to arrive at a diagnosis in

different parkinsonian conditions than the SPECT scan

(Tables 1, 2).

Thus the significance of olfactory loss would have more

value in excluding the diagnosis of iPD in patients with

several years’ of parkinsonism, and some value in diag-

nosis in early stages, since there is a continuous reduction

in olfaction with progressive disease and increasing dura-

tion. Presence of impaired olfaction without the cardinal

features of parkinsonism would not be of any diagnostic

value, but may help as a screening tool. A limitation of our

review and recommendations is that we have based our

observation on the neuropathology of PD as described in

Braak hypothesis, describing PD as a multisystem disease

[23, 24].

Conclusion

There is a vast amount of evidence supporting the fact that

olfaction is impaired in patients with PD, whatever the

underlying mechanism might be, and that this is one of the

earliest detectable symptoms. The aetiology of PD is still

not fully defined, and treatment is symptomatic rather than

neuroprotective. Early diagnosis of PD would allow us to

understand more about how the disease progresses and to

trial treatments aimed at preventing its development. The

identification of olfactory impairment in members of the

general population can recognize those at increased risk of

developing PD. Testing for olfaction, unlike the SPECT

investigation, is noninvasive, cheap and straightforward,

and can be carried out easily in clinical settings. This may

be used as a screening test for the risk of developing iPD,

as has recently been reported [66]. It is, however, debatable

what action could be taken after such patients are detected,

since there is no neuroprotective medication for interven-

tion. Olfactory testing combined with focussed history-

taking to identify other nonmotor symptoms could be the

first step of a multi-tiered screening process. Those with

hyposmia and, for example, postural hypotension and

constipation would be candidates for further investigations.

Olfactory loss is subtle, and patients may not be aware

of it. However, it is a significant symptom that could aid

early and accurate diagnosis of PD. This in turn can

improve our understanding of the course of the disease.

Olfactory testing also plays an important role in those

patients with established PD. The severity of the hyposmia

can predict adverse outcomes, such as motor [9] or neu-

ropsychiatric [33, 48] complications.

Recommendation

Tests for formal assessment of olfaction, such as the UPSIT

or other validated tests, should be performed as an essential

step in the diagnostic work-up of patients with Parkin-

sonism (Tables 1, 2), both at the early and the later stages.

Significant olfactory loss at the time of initial presentation

would support the diagnosis of iPD. The presence of an

intact sense of olfaction may rule out iPD particularly in

later stages, and increases the likelihood of a nondegen-

erative cause of parkinsonism or a tauopathy, and the

diagnosis of iPD should be revisited. Intact olfaction in

patients with atypical features of a few years’ duration

would support the diagnosis of a non-Parkinson’s disease

condition. This approach would enhance the supportive

diagnostic criteria of the UK Parkinson’s disease brain

bank diagnostic criteria.
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References

1. Gaig C, Tolosa E (2009) When does Parkinson’s disease begin?

Mov Disord 24(Suppl 2):S656–S664

2. Politis M, Wu K, Molloy S, GB P, Chaudhuri KR, Piccini P

(2010) Parkinson’s disease symptoms: the patient’s perspective.

Mov Disord 25(11):1646–1651

3. Ansari KA, Johnson A (1975) Olfactory function in patients with

Parkinson’s disease. J Chronic Dis 28(9):493–497

4. Murphy C, Schubert CR, Cruickshanks KJ, Klein BE, Klein R,

Nondahl DM (2002) Prevalence of olfactory impairment in older

adults. JAMA 288(18):2307–2312

5. Doty RL, Deems DA, Stellar S (1988) Olfactory dysfunction in

parkinsonism: a general deficit unrelated to neurologic signs,

disease stage, or disease duration. Neurology 38(8):1237–1244

6. Haehner A, Boesveldt S, Berendse HW, Mackay-Sim A, Fle-

ischmann J, Silburn PA et al (2009) Prevalence of smell loss in

Parkinson’s disease–a multicenter study. Parkinsonism Relat

Disord 15(7):490–494

7. Hawkes CH (2008) Parkinson’s disease and aging: same or dif-

ferent process? Mov Disord 23(1):47–53

8. Louis ED, Marder K, Tabert MH, Devanand DP (2008) Mild

parkinsonian signs are associated with lower olfactory test score

in the community-dwelling elderly. Mov Disord 15:524–530

9. Sharma JC, Turton J (2012) Olfaction, dyskinesia and profile of

weight change in Parkinson’s disease: identifying neurodegen-

erative phenotypes. Parkinsonism Relat Disord 18:946–970

10. Berendse HW, Roos DS, Raijmakers P, Doty RL (2011) Motor

and non-motor correlates of olfactory dysfunction in Parkinson’s

disease. J Neurol Sci 310:21–24

2956 J Neurol (2013) 260:2951–2958

123



11. Doty RL, Stern MB, Pfeiffer C, Gollomp SM, Hurtig HI (1992)

Bilateral olfactory dysfunction in early stage treated and

untreated idiopathic Parkinson’s disease. J Neurol Neurosurg

Psychiatry 55(2):138–142

12. Hawkes CH, Shephard BC, Daniel SE (1997) Olfactory dys-

function in Parkinson’s disease. J Neurol Neurosurg Psychiatry

62(5):436–446

13. Meusel T, Westermann B, Fuhr P, Hummel T, Welge-Lussen A

(2010) The course of olfactory deficits in patients with Parkin-

son’s disease–a study based on psychophysical and electrophys-

iological measures. Neurosci Lett 486(3):166–170

14. Herting B, Schulze S, Reichmann H, Haehner A, Hummel T

(2008) A longitudinal study of olfactory function in patients with

idiopathic Parkinson’s disease. J Neurol 255(3):367–370

15. Morley JF, Duda JE (2010) Olfaction as a biomarker in Parkin-

son’s disease. Biomark Med 4(5):661–670

16. Pearce RK, Hawkes CH, Daniel SE (1995) The anterior olfactory

nucleus in Parkinson’s disease. Mov Disord 10(3):283–287

17. Ross GW, Abbott RD, Petrovitch H, Tanner CM, White LR

(2012) Pre-motor features of Parkinson’s disease: the Honolulu-

Asia aging study experience. Parkinsonism Relat Disord

18(Suppl 1):S199–S202

18. Stern MB, Doty RL, Dotti M, Corcoran P, Crawford D, McKe-

own DA et al (1994) Olfactory function in Parkinson’s disease

subtypes. Neurology 44(2):266–268

19. Ponsen MM, Stoffers D, Booij J, van Eck-Smit BL, Wolters E,

Berendse HW (2004) Idiopathic hyposmia as a preclinical sign of

Parkinson’s disease. Ann Neurol 56(2):173–181

20. Ponsen MM, Stoffers D, Twisk JW, Wolters E, Berendse HW

(2009) Hyposmia and executive dysfunction as predictors of

future Parkinson’s disease: a prospective study. Mov Disord

24(7):1060–1065

21. Ponsen MM, Stoffers D, Wolters E, Booij J, Berendse HW (2010)

Olfactory testing combined with dopamine transporter imaging as

a method to detect prodromal Parkinson’s disease. J Neurol

Neurosurg Psychiatry 81(4):396–399

22. Sherwood L (2007) Human physiology from cells to systems, 6th

edn. Thomson Brooks/Cole, Belmont

23. Braak H, Del Tredici K, Bratzke H, Hamm-Clement J, Sand-

mann-Keil D, Rub U (2002) Staging of the intracerebral inclusion

body pathology associated with idiopathic Parkinson’s disease

(preclinical and clinical stages). J Neurol 249 (Suppl 3): III/1–5

24. Braak H, Del Tredici K, Rub U, de Vos RA, Jansen Steur EN,

Braak E (2003) Staging of brain pathology related to sporadic

Parkinson’s disease. Neurobiol Aging 24(2):197–211

25. Silveira-Moriyama L, Holton JL, Kingsbury A, Ayling H, Petrie

A, Sterlacci W et al (2009) Regional differences in the severity of

Lewy body pathology across the olfactory cortex. Neurosci Lett

453(2):77–80

26. Mundinano IC, Caballero MC, Ordonez C, Hernandez M, DiC-

audo C, Marcilla I et al (2011) Increased dopaminergic cells and

protein aggregates in the olfactory bulb of patients with neuro-

degenerative disorders. Acta Neuropathol 122(1):61–74

27. Sharma JC, Butcher C (2012) Asymmetry of Olfactory sulcus

depth and relationship with olfaction in Parkinson’s disease.

European Federation of Neurological Societies, Stockholm

28. Witt M, Bormann K, Gudziol V, Pehlke K, Barth K, Minovi A

et al (2009) Biopsies of olfactory epithelium in patients with

Parkinson’s disease. Mov Disord 24(6):906–914

29. Wang J, You H, Liu JF, Ni DF, Zhang ZX, Guan J (2011)

Association of olfactory bulb volume and olfactory sulcus depth

with olfactory function in patients with Parkinson disease. AJNR

Am J Neuroradiol 32(4):677–681

30. Wattendorf E, Welge-Lussen A, Fiedler K, Bilecen D, Wol-

fensberger M, Fuhr P et al (2009) Olfactory impairment predicts

brain atrophy in Parkinson’s disease. J Neurosci 29(49):15410–

15413

31. Muller A, Reichmann H, Livermore A, Hummel T (2002)

Olfactory function in idiopathic Parkinson’s disease (IPD): results

from cross-sectional studies in IPD patients and long-term follow-

up of de-novo IPD patients. J Neural Trans 109(5–6):805–811

32. Roth J, Radil T, Ruzicka E, Jech R, Tichy J (1998) Apomorphine

does not influence olfactory thresholds in Parkinson’s disease.

Funct Neurol 13(2):99–103

33. Bohnen NI, Muller ML, Kotagal V, Koeppe RA, Kilbourn MA,

Albin RL et al (2010) Olfactory dysfunction, central cholinergic

integrity and cognitive impairment in Parkinson’s disease. Brain

133(Pt 6):1747–1754

34. Wilson RS, Yu L, Schneider JA, Arnold SE, Buchman AS,

Bennett DA (2011) Lewy bodies and olfactory dysfunction in old

age. Chem Senses 36(4):367–373

35. Hawkes CH, Del Tredici K, Braak H (2009) Parkinson’s disease:

the dual hit theory revisited. Ann N Y Acad Sci 1170:615–622

36. Doty RL, Shaman P, Kimmelman CP, Dann MS (1984) Uni-

versity of Pennsylvania Smell identification test: a rapid quanti-

tative olfactory function test for the clinic. Laryngoscope 94(2 Pt

1):176–178

37. Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G (1997)

‘Sniffin’ sticks’: olfactory performance assessed by the combined

testing of odor identification, odor discrimination and olfactory

threshold. Chem Senses 22(1):39–52

38. Daum RF, Sekinger B, Kobal G, Lang CJ (2000) Olfactory

testing with ‘‘sniffin’ sticks’’ for clinical diagnosis of Parkinson

disease. Nervenarzt 71(8):643–650

39. Welge-Lussen A, Wattendorf E, Schwerdtfeger U, Fuhr P, Bile-

cen D, Hummel T et al (2009) Olfactory-induced brain activity in

Parkinson’s disease relates to the expression of event-related

potentials: a functional magnetic resonance imaging study.

Neuroscience 162(2):537–543

40. Silveira-Moriyama L, Schwingenschuh P, O’Donnell A,

Schneider SA, Mir P, Carrillo F et al (2009) Olfaction in patients

with suspected parkinsonism and scans without evidence of

dopaminergic deficit (SWEDDs). J Neurol Neurosurg Psychiatry

80(7):744–748

41. Stiasny-Kolster K, Doerr Y, Moller JC, Hoffken H, Behr TM,

Oertel WH et al (2005) Combination of ‘idiopathic’ REM sleep

behaviour disorder and olfactory dysfunction as possible indica-

tor for alpha-synucleinopathy demonstrated by dopamine trans-

porter FP-CIT-SPECT. Brain 128(Pt 1):126–137

42. Rolheiser TM, Fulton HG, Good KP, Fisk JD, McKelvey JR,

Scherfler C et al (2011) Diffusion tensor imaging and olfactory

identification testing in early-stage Parkinson’s disease. J Neurol

258(7):1254–1260

43. Winkler J, Ehret R, Buttner T, Dillmann U, Fogel W, Sabolek M

et al (2011) Parkinson’s disease risk score: moving to a premotor

diagnosis. J Neurol 258(Suppl 2):S311–S315

44. Berendse HW, Booij J, Stoffers D, Ponsen MM, Hijman R,

Wolters E (2002) Presymptomatic detection of Parkinson’s dis-

ease. Tijdschr Gerontol Geriatr 33(2):70–77

45. Siderowf A, Jennings D, Eberly S, Oakes D, Hawkins KA,

Ascherio A, et al (2012) Impaired olfaction and other prodromal

features in the Parkinson At-Risk Syndrome study. Mov Disord

27:406–412

46. Iijima M, Osawa M, Momose M, Kobayakawa T, Saito S, Iwata

M et al (2010) Cardiac sympathetic degeneration correlates with
olfactory function in Parkinson’s disease. Mov Disord 25(9):

1143–1149

47. Oka H, Toyoda C, Yogo M, Mochio S (2010) Olfactory dys-

function and cardiovascular dysautonomia in Parkinson’s disease.

J Neurol 257(6):969–976

J Neurol (2013) 260:2951–2958 2957

123



48. Stephenson R, Houghton D, Sundarararjan S, Doty RL, Stern M,

Xie SX et al (2010) Odor identification deficits are associated

with increased risk of neuropsychiatric complications in patients

with Parkinson’s disease. Mov Disord 25(13):2099–2104

49. Cramer CK, Friedman JH, Amick MM (2010) Olfaction and

apathy in Parkinson’s disease. Parkinsonism Relat Disord 16(2):

124–126

50. Imamura K, Matumoto S, Mabuchi N, Kobayashi Y, Okayasu N,

Watanabe K (2011) Relationship between the regional cerebral

blood flow and the cognitive function and anosmia in patients

with Parkinson disease and Alzheimer disease. Brain Nerve

61(6):683–690

51. Baba T, Takeda A, Kikuchi A, Nishio Y, Hosokai Y, Hirayama K

et al (2011) Association of olfactory dysfunction and brain.

Metabolism in Parkinson’s disease. Mov Disord 26(4):621–628

52. Morley JF, Weintraub D, Mamikonyan E, Moberg PJ, Siderowf

AD, Duda JE (2011) Olfactory dysfunction is associated with

neuropsychiatric manifestations in Parkinson’s disease. Mov

Disord 26(11):2051–2057

53. Deeb J, Shah M, Muhammed N, Gunasekera R, Gannon K,

Findley LJ, Hawkes CH (2012) A basic smell test is as sensitive

as a dopamine transporter scan: comparison of olfaction, taste

and DaTSCAN in the diagnosis of Parkinson’s disease. QJM

103:941–952

54. Gray AJ, Staples V, Murren K, Dhariwal A, Bentham P (2001)

Olfactory identification is impaired in clinic-based patients with

vascular dementia and senile dementia of Alzheimer’s type. Int J

Geriatr Psychiatry 16:513–517

55. Olichney JM, Murphy C, Hofstetter CR, Foster K, Hansen LA,

Thal LJ, Katzman R (2005) Anosmia id very commom in Lewy

body variant of Alzheimer’s disease. J Neurol Neurosurg Psy-

chiatry 76:1342–1347

56. Liberini P, Parola S, Spano PF, Antonini L (2000) Olfaction in

Parkinson’s disease: methods of assessment and clinical rele-

vance. J Neurol 247(2):88–96

57. Doty RL, Golbe LI, McKeown DA, Stern MB, Lehrach CM,

Crawford D (1993) Olfactory testing differentiates between pro-

gressive supranuclear palsy and idiopathic Parkinson’s disease.

Neurology 43(5):962–965

58. Muller A, Mungersdorf M, Reichmann H, Strehle G, Hummel T

(2002) Olfactory function in Parkinsonian syndromes. J Clin

Neurosci 9(5):521–524

59. Tsuboi Y, Wszolek ZK, Graff-Radford NR, Cookson N, Dickson

DW (2003) Tau pathology in the olfactory bulb correlates with

Braak stage, Lewy body pathology and apolipoprotein epsilon4.

Neuropathol Appl Neurobiol 29(5):503–510

60. Katzenschlager R, Zijlmans J, Evans A, Watt H, Lees AJ (2004)

Olfactory function distinguishes vascular parkinsonism from Par-

kinson’s disease. J Neurol Neurosurg Psychiatry 75(12):1749–1752

61. Shah M, Muhammed N, Findley LJ, Hawkes CH (2008) Olfac-

tory tests in the diagnosis of essential tremor. Parkinsonism Relat

Disord 14(7):563–568

62. Bovi T, Antonini A, Ottaviani S, Antonioli A, Cecchini MP, Di

Francesco V et al (2010) The status of olfactory function and the

striatal dopaminergic system in drug-induced parkinsonism.

J Neurol 257(11):1882–1889

63. Hensiek A, Bhatia K, Hawkes C (2000) Olfactory function in

drug-induced parkinsonism. J Neurol 247(82):303

64. Doty RL, Singh A, Tetrud J, Langston JW (1992) Lack of major

olfactory dysfunction in MPTP-induced parkinsonism. Ann

Neurol 32(1):97–100

65. Iijima M, Kobayakawa T, Saito S, Osawa M, Tsutsumi Y,

Hashimoto S et al (2010) Differences in odor identification

among clinical subtypes of Parkinson’s disease. Eur J Neurol

18(3):425–429

66. Suchowersky O et al (2006) Practice patameter: diagnosis and

prognosis of new onset Parkinson’s disease (an evidence based

review): report of the Quality Standards Subcommittee of the

American Academy of Neurology. Neurology 66:968–975

67. Wenning GK, Shephard B, Hawkes C, Petruckevitch A, Lees A,

Quinn N (1995) Olfactory function in atypical parkinsonian

syndromes. Acta Neurol Scand 91(4):247–250

68. Hughes AJ, Daniel SE, Kilford L, Lees AJ (1992) Accuracy of

clinical diagnosis of idiopathic Parkinson’s disease: a clinico-

pathological study of 100 cases. J Neurol Neurosurg Psychiatry

55(3):181–184

69. Varrone A, Marek KL, Jennings D, Innis RB, Seibyl JP (2001)

[123I]ß-CIT SPECT imaging demonstrates reduced density of

striatal dopamine transporters in Parkinson’s disease and multiple

system atrophy. Mov Disord 16:1023–1032
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