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Abstract Olfactory dysfunction has been reported in
Parkinson’s disease (PD) patients carrying the LRRK2
G2019S variant in Caucasians but rarely in those with the
LRRK2 G2385R variant. In this study, we performed
genotyping for the LRRK2 G2385R variant in PD patients
recruited from the Movement Disorder Clinic of Xuanwu
Hospital in Beijing and in healthy controls randomly
selected from the Beijing Longitudinal Study on Aging
cohort. The “five-odor olfactory detection array”, an
olfactory threshold test, was used to assess olfactory
function. One hundred and eighty-six participants were
enrolled, comprising 43 PD patients without (iPD) and 25
with (LRRK2-PD) the LRRK2 G2385R variant, and 118
healthy controls. Our results showed that the threshold of
olfactory identification was significantly worse in PD
patients than in controls, but not significantly different
between the iPD and LRRK2-PD groups. These findings
suggested that although olfactory function in LRRK2-PD
patients is impaired, it is similar to that in iPD patients.
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Introduction

Olfactory dysfunction is a common non-motor symptom
among patients with Parkinson’s disease (PD). About
75%-90% of PD patients present with hyposmia [1-3],
suggesting that it is an early marker of developing PD [4].
However, a few studies have reported that olfactory func-
tion is less impaired in genetic PD with the leucine-rich
repeat kinase 2 (LRRK2) G2019S variant than idiopathic
PD in Caucasians [5-8], while little information is avail-
able on olfactory function in PD patients with the Asia-
specific LRRK2 G2385R variant. Previous studies have
shown that the LRRK2 G2385R variant is commonly
associated with late-onset sporadic PD, which is clinically
similar to idiopathic PD in Chinese patients [9, 10]. Here
we carried out a preliminary study to investigate the effects
of the LRRK2 G2385R variant on olfaction in PD patients
and healthy elderly controls.

Participants and Methods
Participants

PD patients were recruited from the Movement Disorders
Clinic of Xuanwu Hospital of Capital Medical University
in Beijing, China, and healthy controls were randomly
selected from the Beijing Longitudinal Study on Aging
cohort from 2013 to 2014 [11]. All participants were
interviewed and examined by a movement disorder spe-
cialist. PD patients were diagnosed according to the UK
Brain Bank Criteria [12]. Participants with incomplete
clinical information, a positive neurological family history,
cognitive impairment (Mini-Mental State Examination
score < 24), rhinitis, a history of nasal disease, upper
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respiratory infection (within two weeks), and nasal or head
trauma were excluded from the study.

Before the beginning of the study, all participants signed
the informed consent form, which was approved by the
local Ethics Committee.

Olfactory Test

The “five-odor olfactory detection array”, one of the
Chinese olfactory tests, was applied [13—15]. The sensi-
tivity of this test was 74.0% and the specificity was 91.7%
as calculated in a previous study [16]. This test uses the
following odors: acid (acetic acid), banana (amyl acetate),
mint (menthol), flower (eugenol), and bad smell (scatole).
The threshold of detection was determined with six con-
centrations of each odor at 1:10 dilution in liquid paraffin
as the solvent. The odors were positioned from left to right
in a box, arranged from low to high values, and each was
labeled —2, —1, 0, 1, 2, and 3. Participants were settled in a
quiet, ventilated room free of other odors. The test for each
odor started from the lowest to the highest. The threshold
of olfactory detection (TOD) was noted when the partici-
pant was able to smell the odor. The threshold of olfactory
identification (TOI) was noted when the participant was
able to give the correct name of the odor. The TOD and
TOI scores were recorded on a standardized answer sheet.
The score was recorded as 3.5 and labeled as anosmia if the
participant could not identify any odor. The severity of
olfactory dysfunction was represented by the mean value of
the combination of TOD and TOI scores for all five odors,
based on which the participants were classified as normal
(<1), mild hyposmia (>1, <2), and severe hyposmia (>2)
[13, 16].

Genotyping

LRRK?2 genotyping was performed for all participants. The
blood samples were analyzed as described previously [17].
The genotyping for the LRRK2 G2385R variant
(7153G>A, single nucleotide polymorphism [SNP] with
accession no. rs34778348) was carried out with a single
base primer extension assay using the ABI PRISM SNaP
Shot Multiplex kit (Applied Biosystems Inc., Foster City,
CA) according to the manufacturer’s recommendations.
Analysis was carried out using Gene Mapper software
(version 4.0 Applied Biosystems Inc., Foster City, CA).
The primer sets used for assay of the G2385R variant were
as follows: forward, TGCAATAGTCTAGCTTGTTT;
reverse, GTGACACATGAAGTGCAA; SNP primer,
GATAAGAAAACTGAAAAACTCTGT. Participants car-
rying the LRRK2 G2385R variant were classified as LRRK2
mutation carriers, while those without it, were defined as
non-carriers.

Statistical Analysis

Data analysis was performed using SPSS 19.0 software
(IBM Corp., New York, NY). Means and SDs were cal-
culated for all continuous variables. The Mann—Whitney
test was performed for pair-wise comparison of age, Hoehn
and Yahr score [18], and the TOD and TOI scores, and the
% test was used for pair-wise comparison of the frequen-
cies of categorical variables. Logistic regression analysis
was used to adjust for age, gender, and smoking in the
comparison of severity of olfactory dysfunction among
groups as well as for the variables TOD and TOI. A two-
sided P value <0.05 was considered statistically
significant.

Results

A total of 186 participants were enrolled, comprising 43
PD patients without LRRK2 G2385R (iPD), 25 PD patients
with the variant (LRRK2-PD), and 118 healthy participants
without the variant. The demographic information is listed
in Table 1. Healthy controls were slightly older and had
fewer males than the PD groups. The TOD scores were
similar among the iPD, LRRK2-PD, and control groups,
but the TOI scores were significantly higher (worse) in
both the iPD (2.58 £ 0.65 vs 2.36 £ 0.61, P = 0.020) and
LRRK2-PD (2.70 &£ 0.53 vs 2.36 + 0.61, P = 0.019)
groups than in controls (Table 1).

To investigate whether the LRRK2 G2385R variant
influences the severity of olfactory dysfunction, we com-
pared the frequency of participants with severe olfactory
dysfunction among the different groups (Table 2). We
found that although the proportion of participants with
severe olfactory dysfunction was only slightly but not
significantly different between the iPD and LRRK2-PD
groups (96.0% vs 86.0%), the proportion in both iPD and
LRRK2-PD patients was significantly higher than that in
controls (Table 2).

Furthermore, the TOD differed between the iPD and
control groups (1.90 £ 1.33 vs 1.21 £ 1.22, P = 0.004)
and the TOI differed between the LRRK2-PD and control
groups (2.54 £ 1.44 vs 2.11 £+ 1.29, P = 0.045). The TOI
scores for Banana and Mint were significantly different
between the PD and control groups (Banana: LRRK2-PD
vs control, 3.22 £ 0.52 vs 2.40 £ 1.04, P = 0.0001; Mint:
iPD vs control, 2.89 £ 0.81 vs 2.40 &+ 0.98, P = 0.005;
LRRK2-PD vs control, 3.22 £ 0.50 vs 2.40 £ 0.98,
P = 0.0001), but interestingly, the TOI score for Banana
was much higher (worse) in LRRK2-PD than in iPD
patients (3.22 + 0.52 vs 2.57 £ 0.98, P = 0.015). Also,
the TOI scores for Flower differed between the iPD and
control groups (2.49 + 0.79 vs 2.74 £ 1.03, P = 0.032).
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Table 1 Demographics of PD patients and controls

LRRK2-PD iPD (n = 43) Control LRRK2-PD vs iPD  iPD vs control LRRK2-PD vs
(n =125) (n =118) P1 (adjusted P1) P2 (adjusted P2)  control P3 (adjusted P3)
Age (mean £ SD) 68.12 £ 10.05 65.89 £ 1093 71.12 + 8.51 0.356 0.001 0.121
Gender, male (%) 16 (64.0) 28 (65.1) 49 (41.5) 0.926 0.008 0.040
H&Y 2.2 +0.80 24 +0.74 / 0.232 / /
Smoking [n, (%)] 8/22 (36.4) 12/36 (33.3) 43/109 (39.4) 0.814 0.512 0.787
TOD (mean £+ SD) 142 + 1.20 1.49 + 1.00 1.24 + 0.93 0.868 (0.608) 0.093 (0.296) 0.296 (0.687)
TOI (mean £+ SD) 2.70 £+ 0.53 2.58 + 0.65 2.36 + 0.61 0.289 (0.867) 0.071 (0.020) 0.017 (0.019)

P values in pair-wise comparisons were made using the Mann—Whitney test and adjusted P values were adjusted by multivariate linear regression

analysis for age, gender, and smoking
H&Y Hoehn and Yahr score

Table 2 Distribution of olfactory dysfunction in PD patients and controls

LRRK2-PD iPD Control LRRK2-PD vs iPD iPD vs control P2, LRRK2-PD vs control
(n = 25) (n = 43) (n=118) P1, OR (95% CI) OR (95% CI) P3, OR (95% CI)
Normal/mild olfactory 1 (4.0%) 6 (14.0%) 36 (30.5%) Ref Ref Ref
dysfunction [n, (%)]
Severe olfactory 24 (96.0%) 37 (86.0%) 82 (69.5%) 0.221 0.021 0.018

dysfunction [n, (%)]

3.892(0.441-34.375)

3.921(1.233-12.466) 12.725(1.556-104.029)

P1 values were not adjusted because of the small sample size (n = 7) in the normal/mild olfactory dysfunction group; P2 and P3 values were

adjusted by logistic regression analysis for age, gender, and smoking
ref reference

Discussion

Here, we confirmed that olfactory dysfunction in Chinese
participants, especially the threshold of odor identification,
was impaired in both iPD and LRRK2-PD patients com-
pared to controls. This finding is in agreement with the
majority of reports on Caucasian participants [1, 19]. Pre-
vious studies have shown that olfactory function presents
better UPSIT (University of Pennsylvania Smell Identifi-
cation Test) scores in LRRK2 G2019S PD patients than in
iPD patients, indicating that this variant might preserve
olfactory function in PD patients [8] and patients with this
variant might have a different subtype of PD [20, 21].
However, we did not obtain the same result in PD patients
with the LRRK2 G2385R variant. Both the TOI and TOD
scores of LRRK2-PD patients were similar to those in iPD
patients. Even when the olfactory dysfunction was classi-
fied as mild or severe, the proportion of severe olfactory
dysfunction did not differ significantly between the
LRRK2-PD and iPD groups. Whether the discrepancy in
olfactory dysfunction between LRRK2 G2019S and
G2385R variants results from mutation-specific effects or
aging warrants further investigation.

Olfactory dysfunction might be selective for specific
odors, as has been suggested in studies of the Caucasian
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population [22, 23]. One previous study from Germany
reported that licorice, banana, aniseed, pineapple, apple,
and turpentine are the best odors for discriminating PD
from controls [24], while an Australian study suggested
that the five odors pineapple, banana, gasoline, smoke, and
cinnamon have the best discriminatory value for PD [25].
One American study found that the three odors banana,
licorice, and dill pickle have high accuracy for the diag-
nosis of PD [22]. Our study found that the odors of Banana
and Mint had better specificity in identifying olfactory
dysfunction in Chinese PD patients. Interestingly, the odor
of Banana (amyl acetate) was significantly worse in terms
of TOI score in LRRK2-PD than iPD patients. Whether the
inability to identify amyl acetate might be associated with
LRRK?2 mutations needs further study.

It is known that the LRRK2 G2385R variant is associ-
ated with susceptibility to PD in East-Asians [26] and its
clinical features are similar to those of iPD patients [9].
However, less information on the pathology of PD asso-
ciated with the LRRK2 G2385R variant has been reported.
According to previous studies, o-synuclein deposits are
present in the olfactory bulb and anterior olfactory nucleus
at Braak stage I [27, 28], providing evidence that PD might
initiate from the olfactory system at the pathological level
[29]. Studies have shown that PD patients with the LRRK?2
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G2019S mutation have Lewy body pathology in most cases
[30], including o-synuclein aggregation in the rhinen-
cephalon [31], suggesting that LRRK2 mutations affect the
olfactory system. Future studies on the pathology of PD
associated with the LRRK2 G2385R variant may clarify
whether olfactory dysfunction is associated with a-synucle
in pathology in the olfactory system (olfactory epithelium,
olfactory bulb, and piriform cortex).

The present study has some limitations, such as the
small sample size and genotyping only for the LRRK2
G2385R variant. The age and gender of participants in the
PD (LRRK2-PD and iPD) and control groups were not
well-matched though they were adjusted for. Last but not
least, a longitudinal follow-up or a large-scale clinical
study is needed to replicate our findings.

In summary, olfactory impairment is common in PD
patients, including those with the LRRK2 G2385R variant.
PD patients with this variant have olfactory dysfunction
similar to iPD patients.

Acknowledgements This work was supported by grants from the
Scientific Project of Ministry of Science and Technology of China
(2012AA02A514), the National Basic Research Development Pro-
gram of China (2011CB504101), and the Beijing High Standard
Health Human Resource Cultural Program in Health System, China
(2009el1e12).

References

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

2. Haehner A, Boesveldt S, Berendse HW, Mackay-Sim A, Fleis-
chmann J, Silburn PA, et al. Prevalence of smell loss in
Parkinson’s disease—a multicenter study. Parkinsonism Relat
Disord 2009, 15: 490-494.

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

4. Ross GW, Petrovitch H, Abbott RD, Tanner CM, Popper J,
Masaki K, et al. Association of olfactory dysfunction with risk for
future Parkinson’s disease. Ann Neurol 2008, 63: 167-173.

5. Healy DG, Falchi M, O’Sullivan SS, Bonifati V, Durr A,
Bressman S, et al. Phenotype, genotype, and worldwide genetic
penetrance of LRRK2-associated Parkinson’s disease: a case-
control study. Lancet Neurol 2008, 7: 583-590.

6. Khan NL, Jain S, Lynch JM, Pavese N, Abou-Sleiman P, Holton
JL, et al. Mutations in the gene LRRK2 encoding dardarin
(PARKS) cause familial Parkinson’s disease: clinical, patholog-
ical, olfactory and functional imaging and genetic data. Brain
2005, 128: 2786-2796.

7. Ruiz-Martinez J, Gorostidi A, Goyenechea E, Alzualde A, Poza
JJ, Rodriguez F, et al. Olfactory deficits and cardiac 123I-MIBG
in Parkinson’s disease related to the LRRK2 R1441G and
G2019S mutations. Mov Disord 2011, 26: 2026-2031.

8. Saunders-Pullman R, Stanley K, Wang C, San Luciano M,
Shanker V, Hunt A, et al. Olfactory dysfunction in LRRK2
G2019S mutation carriers. Neurology 2011, 77: 319-324.

9. Wang C, Cai Y, Gu Z, Ma J, Zheng Z, Tang BS, et al. Clinical
profiles of Parkinson’s disease associated with common leucine-
rich repeat kinase 2 and glucocerebrosidase genetic variants in
Chinese individuals. Neurobiol Aging 2014, 35: 725 €721-726.

10. Li DW, Gu Z, Wang C, Ma J, Tang BS, Chen SD, et al. Non-
motor symptoms in Chinese Parkinson’s disease patients with and
without LRRK2 G2385R and R1628P variants. J Neural Transm
(Vienna) 2015, 122: 661-667.

11. Tian X, Tang Z, Jiang J, Fang X, Wu X, Han W, et al. Effects of
smoking and smoking cessation on life expectancy in an elderly
population in Beijing, China, 1992-2000: an 8-year follow-up
study. J Epidemiol 2011, 21: 376-384.

12. Gibb WR, Lees AJ. The relevance of the Lewy body to the
pathogenesis of idiopathic Parkinson’s disease. J Neurol Neuro-
surg Psychiatry 1988, 51: 745-752.

13. Wu X, Yu C, Fan F, Zhang K, Zhu C, Wu T, et al. Correlation
between progressive changes in piriform cortex and olfactory per-
formance in early Parkinson’s disease. Eur Neurol 2011, 66: 98-105.

14. Sun AN CX, Hai XL. Development of ‘five odors olfactory
detection arrays’ and olfactory threshold testing in health young
people. Chin J Otorhinolaryngol 1992, 27: 35-38.

15. Su M, Wang S, Fang W, Zhu Y, Li R, Sheng K, et al. Alterations
in the limbic/paralimbic cortices of Parkinson’s disease patients
with hyposmia under resting-state functional MRI by regional
homogeneity and functional connectivity analysis. Parkinsonism
Relat Disord 2015, 21: 698-703.

16. Zhang LiYan CP. Olfactory function in patients with Parkinson’s
disease. Chin J Neurol 2004, 37: 529-532.

17. Farrer MJ, Stone JT, Lin CH, Dachsel JC, Hulihan MM, Hau-
garvoll K, et al. Lirk2 G2385R is an ancestral risk factor for
Parkinson’s disease in Asia. Parkinsonism Relat Disord 2007, 13:
89-92.

18. Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT,
Counsell C, ef al. Movement Disorder Society Task Force report
on the Hoehn and Yahr staging scale: status and recommenda-
tions. Mov Disord 2004, 19: 1020-1028.

19. Doty RL. Influence of age and age-related diseases on olfactory
function. Ann N Y Acad Sci 1989, 561: 76-86.

20. Vilas D, Ispierto L, Alvarez R, Pont-Sunyer C, Marti MJ,
Valldeoriola F, et al. Clinical and imaging markers in premotor
LRRK2 G2019S mutation carriers. Parkinsonism Relat Disord
2015, 21: 1170-1176.

21. Mirelman A, Heman T, Yasinovsky K, Thaler A, Gurevich T,
Marder K, et al. Fall risk and gait in Parkinson’s disease: the role of
the LRRK2 G2019S mutation. Mov Disord 2013, 28: 1683-1690.

22. Bohnen NI, Gedela S, Kuwabara H, Constantine GM, Mathis CA,
Studenski SA, er al. Selective hyposmia and nigrostriatal
dopaminergic denervation in Parkinson’s disease. J Neurol 2007,
254: 84-90.

23. Hawkes CH, Shephard BC. Selective anosmia in Parkinson’s
disease? Lancet 1993, 341: 435-436.

24. Daum RF, Sekinger B, Kobal G, Lang CJ. Olfactory testing with
“sniffin’ sticks” for clinical diagnosis of Parkinson disease.
Nervenarzt 2000, 71: 643-650.

25. Double KL, Rowe DB, Hayes M, Chan DK, Blackie J, Corbett A,
et al. Identifying the pattern of olfactory deficits in Parkinson
disease using the brief smell identification test. Arch Neurol
2003, 60: 545-549.

26. Fu X, Zheng Y, Hong H, He Y, Zhou S, Guo C, ef al. LRRK2
G2385R and LRRK?2 R1628P increase risk of Parkinson’s disease
in a Han Chinese population from Southern Mainland China.
Parkinsonism Relat Disord 2013, 19: 397-398.

27. Pearce RK, Hawkes CH, Daniel SE. The anterior olfactory
nucleus in Parkinson’s disease. Mov Disord 1995, 10: 283-287.

28. Daniel SE, Hawkes CH. Preliminary diagnosis of Parkinson’s
disease by olfactory bulb pathology. Lancet 1992, 340: 186.

@ Springer



576 Neurosci. Bull. December, 2016, 32(6):572-576

29. Hawkes CH, Shephard BC, Daniel SE. Is Parkinson’s disease a 31. Silveira-Moriyama L, Guedes LC, Kingsbury A, Ayling H, Shaw

primary olfactory disorder? QJM 1999, 92: 473-480. K, Barbosa ER, er al. Hyposmia in G2019S LRRK2-related
30. Kalia LV, Lang AE, Hazrati LN, Fujioka S, Wszolek ZK, parkinsonism: clinical and pathologic data. Neurology 2008, 71:
Dickson DW, et al. Clinical correlations with Lewy body 1021-1026.

pathology in LRRK2-related Parkinson disease. JAMA Neurol
2015, 72: 100-105.

@ Springer



	Olfactory Dysfunction in Parkinson’s Disease Patients with the LRRK2 G2385R Variant
	Abstract
	Introduction
	Participants and Methods
	Participants
	Olfactory Test
	Genotyping
	Statistical Analysis

	Results
	Discussion
	Acknowledgements
	References




