
Olfactory Dysfunction in Parkinsonism
Caused by PINK1 Mutations

Alessandro Ferraris, MD, PhD,1,2 Tamara Ialongo, MD, PhD,3 Giulio Cesare Passali, MD, PhD,4

Maria Teresa Pellecchia, MD,5 Livia Brusa, MD, PhD,6 Marianna Laruffa, MD,4

Arianna Guidubaldi, MD,3 Gaetano Paludetti, MD, PhD,4 Alberto Albanese, MD,7

Paolo Barone, MD, PhD,5 Bruno Dallapiccola, MD,1,2

Enza Maria Valente, MD, PhD,1,8* and Anna Rita Bentivoglio, MD, PhD3*

1CSS-Mendel Institute, Casa Sollievo della Sofferenza Hospital, Rome, Italy
2Department of Experimental Medicine, Sapienza University, Rome, Italy

3Institute of Neurology, Catholic University, Rome, Italy
4Institute of Otorhinolaryngology, Catholic University, Rome, Italy

5Department of Neurological Sciences, University Federico II, and IDC-Herritage-Capodimonte, Naples, Italy
6Department of Neurology, Sant’Eugenio Hospital, Rome, Italy

7Department of Neurology, Carlo Besta Neurological Institute and Catholic University, Milan, Italy
8Department of Medical and Surgical Pediatric Sciences, University of Messina, Messina, Italy

Abstract: Hyposmia is a common nonmotor feature of Parkin-
son’s disease (PD) and has been variably detected in monogenic
Parkinsonisms. To assess olfactory dysfunction in PINK1-related
Parkinsonism, we evaluated olfactory detection threshold, odor
discrimination, and odor identification in five groups of subjects:
sporadic PD (n 5 19), PINK1 homozygous (n 5 7), and hetero-
zygous (n 5 6) parkinsonian patients, asymptomatic PINK1 het-
erozygous carriers (n 5 12), and Italian healthy subjects (n 5
67). All affected subjects and all healthy heterozygotes but one
resulted hyposmic, with most patients in the range of functional
anosmia or severe hyposmia. Detection threshold was more pre-
served and discrimination more impaired in patients with PINK1
mutations than in PD cases. Alterations of detection and discrim-

ination were observed also in PINK1 asymptomatic heterozy-
gotes. On the contrary, odor identification appeared to be mostly
related to the disease status, as it was impaired in nearly all
patients (including PD and PINK1 cases) and preserved in
healthy heterozygotes. Our data indicate that olfactory dysfunc-
tion is common in PINK1 Parkinsonism and consists typically in
defective odor identification and discrimination. A milder olfac-
tory deficit, mostly involving discrimination, can be found in
asymptomatic heterozygotes, possibly indicating an underlying
preclinical neurodegenerative process. � 2009 Movement Dis-
order Society
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Olfactory dysfunction is one of the commonest non-

motor features of Parkinson’s disease (PD). A recent

comprehensive assessment of different olfactory abilities,

namely odor threshold, discrimination, and identification,

in 400 patients with PD indicated that upto 97% of them

could be defined hyposmic when compared with young

normosmic subjects, and 75% still remained hyposmic

after adjustment to age-related normatives.1 The olfac-

tory deficit is bilateral, does not respond to dopaminergic

therapy, and usually appears early in the disease course

or even before the onset of motor symptoms.2–8 Indeed,

a population-based prospective study demonstrated that

olfactory deficit bears an increased risk (upto five-fold)

to develop PD and can precede the diagnosis by at least

4 years.9

The pathophysiological basis of the olfactory dys-

function in PD is still debated, although the presence

of Lewy bodies and Lewy neurites has been described
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in several areas implicated in the olfactory system,

such as the olfactory bulb, the anterior olfactory nu-

cleus, and the amygdala.10,11

In most studies, the assessment of olfactory perform-

ance and the subsequent diagnosis of hyposmia have been

based on the University of Pennsylvania Smell Identifica-

tion Test (UPSIT) or other similar psychophysical meth-

ods, that specifically assess odor identification. Overall,

this ability was reported to be impaired in 60–96%

patients with PD.1,3,12–17 Detection threshold and odor dis-

crimination have been less frequently evaluated, and in

several studies, they resulted abnormal in smaller propor-

tions of patients (about 45–83% and 34–87%, respec-

tively).1,14,17–19 Of these abilities, only odor discrimination

has been related to either disease severity14 or duration17

with discordant results, while identification has been

repeatedly shown not to correlate with either.3,14–17

Olfactory dysfunction has been considered as a pos-

sible tool to differentiate PD from other parkinsonian

syndromes (reviewed in20,21), but only few studies

have explored olfactory abilities (mainly odor identifi-

cation) in monogenic Parkinsonisms. At difference

from PD, identification appeared to be consistently pre-

served in autosomal recessive Parkinsonism (ARP)

caused by mutations in PARK2/Parkin or DJ-1
genes,22,23 while it was variably affected in autosomal

dominant forms due to mutations in LRRK2 or SNCA
genes.24–28 Odor discrimination and detection threshold

were tested only in six ARP patients (five mutated in

Parkin and one in DJ-1) and in seven SNCA mutated

cases, with variable results.23,25 Data on specific olfac-

tory abilities in monogenic Parkinsonisms are detailed

in Supporting Information Table 1.

PINK1 mutations represent the second most frequent

cause of ARP after Parkin.29–32 The typical PINK1-asso-
ciated phenotype is characterized by early age at onset,

slow disease progression, and excellent response to levo-

dopa; yet in rare cases, the clinical presentation can be

indistinguishable from PD.33 Heterozygous rare variants

in the PINK1 gene, as well as in other ARP genes, have

been frequently detected both in parkinsonian patients

and in healthy controls. Although their pathogenetic role

is still debated, these variants have been suggested to act

as minor risk factors to develop PD.31,34

To our knowledge, a detailed evaluation of the distinct

olfactory abilities in PINK1-related Parkinsonism has not

been performed to date, and only a single PINK1 homo-

zygous patient was tested for odor identification that

resulted to be impaired.35 Here, we adopted the Sniffin’

Sticks test to individually explore detection threshold,

odor identification, and discrimination in patients with

homozygous and heterozygous PINK1 mutations, and

results were compared with those obtained in two groups

of PD cases and healthy controls. Since PINK1 heterozy-

gous mutations have been previously associated with

subclinical signs of dopaminergic dysfunction in asymp-

tomatic carriers,36 a group of these subjects also under-

went olfactory testing.

SUBJECTS AND METHODS

Subjects

Five groups of subjects were included in the study:

(1) Hom (n 5 7): six affected subjects homozygous

for the W437X mutation37 and a sporadic case homo-

TABLE 1. Demographic and clinical features of the five groups of subjects

PD (n 5 19) A-Het (n 5 6) Hom (n 5 7) H-Het (n 5 12) CTR (n 5 67)

Male 11 (58%) 3 (50%) 5 (71%) 10 (83%) 34 (51%)
Age (yr) 68.7 6 7.0 65.5 6 7.9 59.9 6 13.1 43.7 6 19.7 43.2 6 17.8

(55; 79) (57; 76) (47; 81) (26; 79) (16; 87)
Age at onset (yr) 62.4 6 8.2 54.3 6 7.3 38.6 6 6.4 na na

(49; 77) (46; 66) (30; 48)
Disease duration (yr) 6.4 6 3.8 11.2 6 3.5 21.3 6 9.2 na na

(2; 16) (6; 16) (9; 36)
MMSE 28.2 6 1.8 28.8 6 1.6 28.9 6 1.7 28.9 6 1 na

(24; 30) (26; 30) (26; 30) (27; 30)
UPDRSIII on 19.9 6 8.1 14.2 6 7.1 17.7 6 9.9 na na

(6; 34) (5; 26) (6; 31)
UPDRSIII off 27.5 6 9.7 25.7 6 9.5 40.3 6 8.7 na na

(1; 46) (15; 33) (25; 49)
Hoehn-Yahr off 2.5 6 0.8 2.8 6 0.4 2.7 6 1.1 na na

(1; 4) (2; 3) (1; 4)
Smokers (%) 1 (5%) 1 (17%) 3 (43%) 4 (33%) 17 (25%)
Subjective hyposmia 13 (68%) 6 (100%) 5 (71%) 1 (8%) 0

Quantitative values are presented as mean 6 standard deviation and range (min; max).
MMSE, mini mental state examination; UPDRSIII, unified Parkinson’s disease rating score motor section; na, not applicable.
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zygous for the A168P mutation38; (2) H-Het (n 5 12):

asymptomatic relatives of Hom patients, heterozygous

for either W437X (n 5 10) or A168P (n 5 2); (3) A-

Het (n 5 6): heterozygous carriers of a single PINK1
rare variant (L67F, I111S, P322L, g.15445_15467del23,

E476K, D525N)34; (4) PD (n 5 19): sporadic late onset

PD; (5) CTR (n 5 67): Italian healthy controls. Both

PD and CTR subjects tested negative for the common

LRRK2 G2019S mutation and for mutations in the

PINK1 gene.

All subjects were interviewed and examined by a

neurologist expert in movement disorders, who diag-

nosed PD in accordance with the UK Brain Bank Cri-

teria39 and ascertained the absence of mild parkinso-

nian signs or other movement disorders in asymptom-

atic heterozygotes. Basic demographic and clinical

features in the five groups of subjects are summarized

in Table 1. Each subject gave written informed consent

to participate in the study, that was approved by the

Ethic Committee of the Catholic University of Rome.

Olfactory Test

To avoid biases related to nasal obstruction or dys-

function, nasal function was assessed in all subjects

before the olfactory test. The volume and transversal

areas of nasal cavity were first assessed by acoustic

rhinometry. Subjects with values indicative of nasal

congestion or obstruction were treated with chlorohy-

drate tramazoline and a new rhinometry was performed

after 10 minutes. A test assessing mucociliary transport

time was also performed to evaluate eutrophism of the

nasal mucosa.40

The Sniffin’ Sticks test (Burghart, Wedel, Germany)

was administered to all participating subjects, with the

investigator blinded to the individual PINK1 genotype.

Odors were presented in batteries of felt-tip pens filled

with liquid odorants. The test involved three separate

tasks to evaluate odor perception threshold (OT), odor

discrimination (OD: ability to discriminate among dif-

ferent odors), and odor identification (OI: ability to

identify specific odors). Each task generated a raw

score ranging from 0 to 16, with 16 indicating the best

performance. A composite raw TDI score was calcu-

lated from the sum of the three task-specific scores

(range: 0–48).41

Data Analysis

According to the raw TDI score, each subject was

first assigned to one of the following categories: nor-

mosmia (TDI > 30); mild hyposmia (25 < TDI � 30);

moderate hyposmia (20 < TDI � 25); severe hyposmia

(15 < TDI � 20); functional anosmia (TDI � 15). A

general linear model (GLM) multivariate analysis was

then performed using the SPSS v16.0 software (SPSS,

Chicago, IL), to test for differences of the four olfac-

tory scores (set as variables) among groups of subjects

(set as factor), assuming age, gender, and smoke habit

as covariates for regression analysis. This procedure

also provided univariate analysis of variance for each

dependent variable. Estimated marginal means with

95% confidence intervals were calculated to give esti-

mates of predicted mean values for each combination

of variables and factors in the model. To investigate

the hypothesis that PINK1 mutation carriers might

have different olfactory performances compared with

PD and CTR groups, post hoc pairwise comparisons

were also performed, using the Bonferroni correction

for multiple tests.

Finally, to describe the olfactory performance in

each individual, each score was transformed according

to the following formula, adapted from Z-score normal-

ization:

nS ¼ ðS�MctrÞ=SDctr

where nS is the individual normalized score (nTDI,

nOT, nOD, or nOI), S the individual raw score (TDI,

OT, OD, or OI), and Mctr and SDctr are the mean

value and the standard deviation from the age-matched

subgroup of controls. For this purpose, controls were

divided in three age categories: 16–35, 36–55, and

over 55 years.42 Applying this formula, each individual

value corresponding to the mean and 1 SD of the

matched control subgroup is always set at 0 and 1,

respectively. The normalized value of 22, correspond-

ing to 22 SDs from the age-matched control mean,

was used to define the normal limit of each olfactory

score.

RESULTS

A subjective decline of olfactory function was

reported by the majority of patients, compared with

one healthy heterozygote (Table 1). No difficulties

were experienced while performing the test, and nasal

function was normal in all subjects.

TDI scores �30 were found in all parkinsonian sub-

jects and all healthy heterozygotes but one (Fig. 1). All

parkinsonian patients were hyposmic also in relation to

age, with most cases falling in the range of functional

anosmia or severe hyposmia. Eleven of 12 healthy het-

erozygotes resulted mildly to moderately hyposmic,

but only eight were pathologic in relation to their age.

2352 A. FERRARIS ET AL.

Movement Disorders, Vol. 24, No. 16, 2009



Mean raw olfactory scores for each group of subjects

are presented in Table 2.

Multivariate statistical analysis using TDI, OT, OD,

OI as dependent variables, the groups as factor, and

age, gender, and smoke habit as covariates, revealed

significant differences between groups (P < 0.0001).

Age contributed less (P < 0.005), while gender and

smoke did not significantly contribute to the model.

Univariate analysis indicated that the effect of the fac-

tor ‘‘groups’’ was significant on each olfactory measure

(P < 0.0001). Profiles of estimated means of TDI, OD,

OT, and OI in the five groups (adjusted for age, gen-

der, and smoke habit) are shown in Figure 2.

Compared with controls, all parkinsonian groups

showed a significant decline of all estimated mean

scores. Healthy heterozygotes also had significantly

reduced means for TDI, OT, and OD scores, but were

comparable to controls regarding OI. Compared with

PD, the A-Het showed comparable means for each

scores except OD that was overall impaired in both

groups, but more severely in A-Het. Conversely,

homozygotes significantly differed from the PD group

in each ability, with an olfactory deficit that was more

severe for OD and OI and milder for OT. Of note, the

three PINK1 mutated groups (including affected and

healthy subjects) had comparable estimated means for

both OT and OD, while they could be clearly discrimi-

nated based on their OI means (Hom < A-Het < H-

Het).

The normalized individual scores (nTDI, nOT, nOD,

and nOI) are presented in Figure 3 and allow a direct

comparison of each subject with age-matched norma-

tive data, any value �22 indicating a pathological

result falling at or below 22 SD of matched controls

FIG. 1. Raw TDI scores. White and gray symbols represent individual raw TDI values that are normal or pathological for age (> or � 22SD of
normal age-matched controls), respectively. Vertical bars show mean values for each group. PD, Parkinson’s disease; Hom, PINK1 homozygous
patients; A-Het and H-Het, affected and healthy subjects with PINK1 heterozygous mutations.

TABLE 2. Raw and normalized olfactory scores from the five groups of subjects

PD (n 5 19) A-Het (n 5 6) Hom (n 5 7) H-Het (n 5 12) CTR (n 5 67)

TDI 16.9 6 4.0 16.7 6 6.2 15.0 6 1.9 26.3 6 3.5 35.5 6 4.6
(9.0; 25.5) (8.0; 24.5) (11.8; 16.5) (20.0; 32.8) (27.2; 46.5)

OT 2.6 6 1.6 5.2 6 4.4 7.5 6 3.3 7.0 6 3.1 10.8 6 2.1
(1.0; 6.5) (1.0; 13.5) (1.0; 11.5) (3.5; 12.0) (6.5; 15.5)

OD 7.7 6 2.1 4.3 6 1.2 4.3 6 2.4 6.3 6 2.9 12.0 6 2.4
(4; 12) (3; 6) (2; 7) (1; 10) (6; 16)

OI 6.6 6 1.6 7.3 6 4.1 3.4 6 1.3 13.0 6 1.4 12.6 6 2.1
(4; 10) (3; 15) (2; 6) (10; 15) (9; 16)

nTDI 24.6 6 1.2 24.7 6 1.8 25.3 6 0.6 22.3 6 0.9 0 6 1
(26.9; 22.1) (27.2; 22.4) (26.5; 24.8) (24.2; 21.0) (21.6; 11.8)

nOT 25.6 6 1.2 23.9 6 3.2 22.1 6 2.4 21.9 6 1.6 0 6 1
(26.9; 22.9) (26.9; 12.1) (26.9; 10.4) (24.7; 10.4) (21.8; 12.7)

nOD 21.3 6 0.9 22.9 6 0.6 23.0 6 1.2 22.9 6 1.6 0 6 1
(23.0; 10.7) (23.5; 22.1) (24.3; 21.6) (26.3; 20.9) (22.2; 11.6)

nOI 22.5 6 0.8 22.1 6 2.0 24.2 6 0.8 0.1 6 0.9 0 6 1
(23.7; 20.9) (24.2; 11.6) (25.2; 22.8) (20.9; 11.6) (21.9; 12.0)

Data are presented as mean 6 standard deviation and range (min; max). OT, OD, OI, TDI, raw scores for olfactory threshold, discrimination,
identification, and the combined TDI value; nOT, nOD, nOI, nTDI, age-normalized scores.
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FIG. 2. Estimated mean scores. Estimated marginal (EM) means and 95% confidence interval (CI) lower and upper bounds calculated using the
GLM multivariate analysis in the five groups of tested subjects. Pairwise post hoc comparisons against CTR or PD groups that reached signifi-
cance after correction for multiple tests are indicated with symbols * and #(P < 0.005 against CTR and PD, respectively), or symbols (*) and (#)

(P < 0.05). Additional significant pairwise comparisons are indicated with symbols §(P < 0.005) or (§)(P < 0.05).

FIG. 3. Age-normalized scores. Normalized control means and SD are set to reference values of 0 and 1, respectively. Each individual normal-
ized score � –2 indicates a pathological olfactory score (�–2 SDs of age-matched controls). Vertical bars represent mean values. nOT, nOD,
nOI, nTDI, age-normalized scores for the olfactory threshold, discrimination, identification, and the combined TDI value.
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(Fig. 3). Table 2 summarizes mean normalized scores

for all tested groups.

No obvious correlation emerged between each olfac-

tory ability and either disease duration or severity

(UPDRSIII and Hoehn-Yahr score) in the three

patients’ groups.

DISCUSSION

We report the first assessment of multiple olfactory

abilities in the Parkinsonism caused by mutations in

the PINK1 gene. Most published studies of olfactory

dysfunction in SNCA, LRRK2, or Parkin related Par-

kinsonism, as well as in a single PINK1 patient, were

limited to the assessment of odor identification, and

only few cases have been additionally tested for either

detection threshold or odor discrimination (Supporting

Information Table 1).23,25 In this study, the use of the

Sniffin’ Sticks test allowed to perform a detailed

assessment of these three abilities through individual

scores that could be summed to obtain an overall eval-

uation of the olfactory dysfunction (TDI).

All PINK1 homozygotes had TDI scores clearly

below the cut-off value of 30, which is generally used

to define the limit of normality, indicating a condition

of severe hyposmia or functional anosmia.42 Moreover,

individual values were all below 22SD of Italian age-

matched controls, and the mean was significantly lower

than in controls also after correction for age, gender,

and smoke habit. These findings indicate that olfactory

loss is a consistent feature of PINK1-ARP. TDI scores
were similarly reduced also in parkinsonian PINK1
heterozygotes and patients with PD, indicating that this

global score can be a sensitive parameter to detect a

general olfactory dysfunction but is not effective in

discriminating among the three tested subgroups. Of

note, most clinically asymptomatic PINK1 heterozy-

gotes also presented an overall olfactory performance

that was either toward the lowest normal limit or path-

ological, although the mean TDI reduction was milder

than in the parkinsonian cohorts.

The most striking differences between groups

emerged when specific tasks were analyzed independ-

ently. The advantage of exploring multiple olfactory

abilities had been already demonstrated in a recent

study on 52 patients with PD and 50 controls tested by

Sniffin’ Sticks, in which this extended strategy clearly

improved the diagnostic accuracy of the test. In partic-

ular, the combination of odor identification and detec-

tion threshold was shown to bear the highest sensitivity

and specificity in distinguishing patients with PD from

controls.43 In our study, mean identification was abnor-

mal in all groups of patients, although considerably

lower in PINK1 homozygotes than in the two other

groups, while it was entirely normal in healthy hetero-

zygotes. This finding is in line with data from the only

PINK1 homozygous patient reported so far, who also

presented abnormal identification,35 and with published

literature that clearly indicates this specific ability as

the most frequently altered in PD. At difference from

PINK1-Parkinsonism and PD, mutations in the Parkin
gene appear to be consistently associated with pre-

served identification, evaluated either with UPSIT or

Sniffin’ Sticks.22,23 Therefore, in a parkinsonian

patient, olfactory tests selectively exploring odor

identification might be supportive in discriminating

PD from Parkin- but not from PINK1-related
Parkinsonism.

Relevant data also came from the analysis of the

other two olfactory abilities. In fact, mean detection

threshold was more severely affected in PD than in all

PINK1 groups. Conversely, mean discrimination was

markedly impaired in all PINK1-mutated groups,

including patients and healthy heterozygotes. On aver-

age, patients with PD also showed a discrimination

deficit, that, however, was significantly milder than in

all PINK1 cohorts. This impairment of odor discrimi-

nation consistently seen in affected PINK1 mutation

carriers, but common also in healthy carriers is remark-

able. In a PET neuroimaging study that explored the

activation of distinct cerebral areas during specific

olfaction-related tasks, odor discrimination was found

to selectively activate the right caudate nucleus and

right subiculum-hyppocampus, whereas other brain

areas such as right amygdala, right piriform and orbito-

frontal cortices, right thalamus, right cerebellum, and

left insula could be recruited also by other olfactory

tasks.44 Interestingly, PINK1 is known to be consider-

ably expressed in all these regions, including those

specific for odor discrimination,45 suggesting a possible

important role of this protein in regulating neuronal

function in these brain areas. A patent discrimination

deficit was observed also in PINK1 healthy heterozy-

gotes, suggesting that this defect appears early and

tends to remain stable over time. Of note, a previous

PET investigation in three PINK1 healthy heterozy-

gotes with olfactory deficit had revealed a mild but

significant nigrostriatal dopaminergic dysfunction, con-

sistent with an underlying subclinical neurodegenera-

tive process.36

It has been suggested that olfactory dysfunction

might be related to the presence of Lewy bodies and to

alpha-synucleinopathy. The preserved identification

ability reported in Parkin homozygotes, who generally
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lack Lewy body pathology, would support this hypoth-

esis; on the other hand, this is weakened by the report

of some patients with SNCA-related Parkinsonism (a

typical alpha-synucleinopathy with Lewy bodies) who

present normal odor detection and identification.25

Classical Lewy bodies have been found in the brains

of four PINK1 heterozygous patients,46 but to date no

neuropathological data are available for homozygotes

or compound heterozygotes. In these cases, the assess-

ment of Lewy bodies would be of great relevance in

light of the present olfactory findings.

In conclusion, our study demonstrates that the olfac-

tory deficit is a consistent feature of PINK1-related
Parkinsonism and suggests that the olfactory perform-

ance in this parkinsonian syndrome may differ both

from Parkin disease, that lacks the identification defi-

cit, and from sporadic PD, that overall shows more

severe impairment of threshold and less severe dis-

crimination deficit than in PINK1 disease.

These results highlight the importance of testing dis-

tinct abilities to disclose specific patterns of olfaction

dysfunction. Along with other clinical and instrumen-

tal findings, these profiles could help differentiate

among different parkinsonian syndromes and estab-

lish relevant correlations with neuropathological fea-

tures. Further studies on larger cohorts of patients are

needed to assess the specificity and sensitivity of

these tests, to make their application useful also in

clinical practice.
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Supplementary Table 

Published data and present results on olfactory abilities in monogenic parkinsonisms. 

Ref. Patients / 
subjects 

OT OD OI Controls 

24 SNCA A-Het NT NT 3/3 PND 
25 SNCA A-Het 2/7 NT 2/7 PND 
24 LRRK2 A-Het NT NT 2/2* PND 
47 LRRK2 A-Het NT NT 3/6 PND 
48 LRRK2 A-Het NT NT 5/5* PND 
49 LRRK2 A-Het NT NT mean (n=4) 

comparable to 
controls** 

PND 

26 LRRK2 A-Het NT NT 11/13 PND 
50 LRRK2 A-Het NT NT 1/1 PND 
23 LRRK2 A-Het NT 0/1 1/1 MCI 
28 LRRK2 A-Het NT NT mean (n=21) 

significantly < 
than controls** 

MCI  

27 LRRK2 A-Het NT NT 22/43 PND 
28 LRRK2 H-Het NT NT 0/3 MCI  
24 Park3 NT NT 1/1 PND 
23 Parkin Hom NT 3/5 0/5 MCI 
22 Parkin Hom NT NT mean (n=17) 

comparable to 
controls** 

MCI 

23 DJ-1 Hom NT 1/1 0/1 MCI 
35 PINK1 Hom NT NT 1/1 MCI 

present 
study 

PINK1 Hom 3/7 5/7 7/7 MCI 

present 
study 

PINK1 A-Het 5/6 6/6 4/6  MCI 

present 
study 

PINK1 H-Het 7/12 7/12 0/12 MCI 

For each olfactory task, number of patients with abnormal scores / total number of 

tested patients are reported. *patients defined as microsmic or anosmic, but some 
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reported values are considered normal in other reports; **individual values not 

available. A-Het, affected heterozygotes; H-Het, healthy heterozygotes; Hom, 

Homozygotes; MCI, matched controls internal to the study; NT, not tested; PND, 

published normative data. 
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