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The genetic basis of festination, a common motor symptom in Parkinson’s disease (PD), remains unclear. Since polymorphism in
the alpha-synuclein (SNCA) gene is associated with PD phenotype, we examined whether such polymorphism is also associated
with festination. SNCA polymorphisms rs11931074 and rs894278 were genotyped in a consecutive series of 258 patients with PD, of
whom 122 (47.3%) suffered festination. Univariate analysis revealed significant differences in genotype and minor allele frequencies
at rs11931074 or rs894278 between patients with festination and those without it (all p < 0.05). Based on logistic regression, a GG
or GT genotype at rs11931074 was associated with higher risk of festination among patients with PD (OR 2.077, 95% CI 1.111-3.883,
p = 0.022), as was the TT genotype at rs894278 (OR 2.271, 95% CI 1.246-4.139, p = 0.007). Therefore, we conclude that festination
is associated with polymorphism at rs11931074 or rs894278 among patients with PD.

1. Introduction

Parkinson’s disease (PD) is the most common neurodegener-
ative movement disorder, affecting approximately 1% of peo-
ple aged 65 or older worldwide [1]. Clinical manifestations of
PD include motor deficits such as rigidity, slowness in move-
ment (bradykinesia), postural instability, and a characteristic
tremor at rest [1]. Motor symptoms of PD result from the
selective loss of dopaminergic neurons in the pars compacta
of the substantia nigra (SN) in the midbrain, as well as their
axon terminals, which project to the dorsal striatum [2].

A neuropathological hallmark of PD is the presence of
intraneuronal proteinaceous inclusions, termed Lewy bodies
(LBs) or Lewy neurites. These structures are enriched in
filamentous forms of the synaptic protein «-synuclein [3]. The
gene that encodes the protein «-synuclein is alpha-synuclein
(SNCA). Missense mutations within the SNCA gene or
genetic duplication or triplication of the SNCA locus can
lead to autosomal dominant forms of PD [4-6]. In addition
to these rare SNCA gene mutations, some common genetic
variations at the SNCA locus, including single-nucleotide
polymorphisms (SNPs), are associated with higher risk of
PD in the general population [7-9]. In Chinese populations,

SNCA polymorphism has been associated with PD onset or
progression. The T allele at rs11931074 and the G allele at
rs894278 have been associated with significantly higher risk
of PD [10], while the minor allele G at rs11931074 has been
reported to reduce the risk of PD progression [10]. The TT
genotype at rs11931074 may increase the risk of hyposmia [11].

Advanced PD commonly manifests with festination [12-
14], which refers to the shortening of each step in a long gait
sequence together with an increase in gait speed and involun-
tary forward-leaning of the trunk [15]. Festination in patients
with PD may be associated with gait freezing and with PD
duration or severity [13, 14, 16]. The genetic basis of festination
is unclear, leading us in the present study to examine whether
two loci linked to PD risk (rs11931074 and rs894278) are also
linked to festination in Chinese patients with PD.

2. Methods

2.1. Study Population. The study protocol was approved by
West China Hospital, Sichuan University. Written informed
consent was obtained from all study participants. A con-
secutive sample of 258 Han Chinese patients was recruited
from the PD clinic at our hospital between September
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2009 and June 2014. All patients were diagnosed with spo-
radic PD based on Queen Square Brain Bank Criteria [17].
Patients were excluded from the study if they had other
neurodegenerative disorders, severe medical illness, a history
of schizophrenia, or bipolar disorder. Patients were also
excluded if they had at least one relative with PD.

Patients were divided into those with festination (defined
as described [15]) and those without it. Patients were classified
as showing festination if it was observed by experienced neu-
rologists during a visit to our PD clinic or if the patient, family
member, or caregiver reported that it had occurred more than
once during the previous week anywhere outside the hospital.

2.2. Clinical Assessment. We collected patient data on age,
sex, and symptoms at PD onset, PD duration, and Hoehn
and Yahr stage of PD severity [18]. Primary onset symptoms
were classified as tremor or as akinetic-rigid (bradykinesia
or rigidity), based on patient self-report. If the patient
experienced tremor as well as akinetic-rigid symptoms at PD
onset, he or she was asked to indicate which predominated.

2.3. SNCA Genotyping. Genomic DNA was obtained from
peripheral leukocytes using classical phenol-chloroform
extraction. The single-nucleotide polymorphisms (SNPs)
rs11931074 and rs894278 in the SNCA gene were genotyped
by the Shanghai Biowing Applied Biotechnology Company
using the ligase detection reaction [19]. To ensure genotyping
accuracy and reliability, genotyping technicians were blinded
to sample identity, and 20% of samples were regenotyped by
a different technician selected at random. The replication rate
was 100%.

2.4. Statistical Analysis. Statistical analyses were performed
using SPSS 16.0 (IBM, Chicago, IL, USA). Intergroup dif-
ferences were assessed for significance using Student’s t-test
in the case of continuous variables or the chi-squared or
Fisher’s exact tests in the case of categorical variables. Logistic
regression was used to test the association between SNPs
and festination in PD. Results of multivariate analyses were
presented as odds ratios (ORs) with 95% confidence intervals
(CIs) and p values. All tests were 2-sided, and the threshold
of significance was p < 0.05.

3. Results

The study involved 258 patients with PD, of whom 122 (47.3%)
suffered festination, which was reported by the patient, family
member, or caregiver in 113 cases (93%) or observed directly
by neurologists in the remaining 9 cases (7%). Genotype
frequencies at rs11931074 and rs894278 were consistent with
Hardy-Weinberg equilibrium across all patients. Patients with
festination were significantly older, they had suffered PD
longer, and their PD was at a more advanced Hoehn and Yahr
stage (Table 1). Univariate analysis suggested that polymor-
phism at rs11931074 affected risk of festination according to
a dominant genetic model, while polymorphism at rs894278
affected risk according to a recessive model.

Next we performed logistic regression with the following
covariates: sex, age, age and symptoms at PD onset, PD
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duration, Hoehn and Yahr stage (<2 versus >2), genotype at
rs11931074 (GG+GT versus TT), and genotype at rs894278
(TT versus GG+GT). Variables were selected using a for-
ward logistic regression procedure. The analysis identified
the following associated factors (Table 2): PD duration,
onset symptom, Hoehn and Yahr stage, GG/GT genotype at
rs11931074, and T'T genotype at rs894278.

4. Discussion

This study provides the first evidence that, at least among Han
Chinese patients with PD, SCNA polymorphism significantly
increases risk of festination, specifically the GG/GT genotype
at rs11931074 and TT genotype at rs894278. Our data also
indicate that occurrence of festination is related to PD dura-
tion, Hoehn and Yahr stage, and onset symptoms. Further
study is needed to clarify the molecular mechanisms behind
these apparent associations.

Our data associate the T allele at rs11931074 and the G
allele at rs894278 with lower risk of festination, while the
same alleles have previously been linked to greater risk of PD
in Han Chinese [10]. These results are not contradictory, since
one study examined risk of PD and the other examined risk
of festination in patients with the disease.

Our finding that longer disease duration is associated
with higher risk of festination is consistent with results of
studies in Israeli patients [14] and Han Chinese patients
[13]. Our finding that more severe PD is associated with
higher risk of festination is also consistent with both of
those studies [13, 14]. A greater proportion of patients in
our study had festination than in those two previous studies,
perhaps reflecting differences in how patients were classified
as experiencing festination or not.

Our data suggest that patients who experience bradykine-
sia or rigidity as the primary symptoms at PD onset are more
likely to experience festination than patients with other onset
symptoms. This is, to our knowledge, the first report of such
an association, so this result should be verified in studies with
larger samples and other ethnic groups.

Since nearly all cases of festination in our study were
based on patient or caregiver report, our study may be
affected by recall bias given the infrequent, episodic nature
of festination. In addition, we did not systematically analyze
possible nongenetic confounders, such as medication history
or gait freezing. Nevertheless, we were able to show that the
association between festination and SNCA polymorphism
remained after adjusting for possible confounders of sex, age,
and onset age. While we were able to observe an association
between festination and disease duration, consistent with
previous studies, we did not collect data allowing us to explore
whether festination correlated with disease duration prior
to onset of festination, which may help determine whether
festination is linked to genetic variation per se or simply
to longer disease progression and development of motor
symptoms. Future studies should examine this question.
Lastly, our patients came from a single medical center, albeit
the largest one in western China that draws patients from
Sichuan and neighboring provinces.
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TaBLE 1: Characteristics of Han Chinese patients with Parkinson’s disease in the presence or absence of festination.

Variable Festination (n = 122) No festination (n = 136) P

Males 78 (63.9) 75 (55.1) 0.151

Mean age, yr 64.8 £9.2 593119 0.000
<60 36 (29.5) 59 (43.4) 0.021
>60 86 (7.05) 77 (56.6)

Mean age at onset, yr 58.9 £10.2 55.9 +11.9 0.033
<55 44 (36.1) 54 (39.7) 0.548
>55 78 (63.9) 82(60.3)

Disease duration > 5 yr 63 (51.6) 28 (20.6) 0.000

Onset symptoms 0.129
Tremor 63 (51.6) 83 (61.0)

Akinetic-rigid 59 (48.4) 53 (39.0)

Hoehn and Yahr stage < 2 38 (3L.1) 82 (60.3) 0.000

rs11931074

Genotype frequencies 0.015
GG 24 (19.7) 16 (11.8)

GT 65 (53.3) 61 (44.9)
T 33 (27.0) 59 (43.4)

MAF (G) 113 (46.3) 93 (34.2) 0.005

Dominant model (GG + GT) 89 (73.0) 77 (56.6) 0.006

Recessive model (GG) 24 (19.7) 16 (11.8) 0.080

rs894278

Genotype frequencies 0.003
TT 61 (50.0) 40 (29.4)

GT 51 (41.8) 78 (57.4)
GG 10 (8.2) 18 (13.2)

MAF (G) 71(29.1) 114 (41.9) 0.002

Dominant model (TT+GT) 112 (91.8) 118 (86.8) 0.194

Recessive model (TT) 61 (50.0) 40 (29.4) 0.001

Results are shown as mean + SD or n (%).

MAF: minor allele frequency.

TABLE 2: Logistic regression to identify factors associated with risk of festination in Han Chinese patients with PD.

Factor p OR 95% CI

Disease duration < 5 yr 0.000 0.224 0.116-0.435

Tremor as onset symptom 0.019 0.505 0.285-0.895

Hoehn and Yahr stage < 2 0.007 0.439 0.242-0.798

rs11931074 (GG/GT) 0.022 2.077 1.111-3.883

rs894278 (TT) 0.007 2.271 1.246-4.139

5. Conclusions Acknowledgments

Despite these limitations, our study is the first to provide evi-
dence that festination is associated with SNCA polymorphism
at rs11931074 or rs894278. Our results should be verified and
extended in larger studies, preferably involving multiple sites
and ethnic groups.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

This research was supported by the Sichuan Key Project of
Science and Technology (no. 2010SZ0086). The authors also
thank the patients involved in this study. The authors wish
to thank Shanghai Biowing Applied Biotechnology Company
for their excellent technical support.

References

[1] L.V.Kaliaand A. E. Lang, “Parkinson’s disease,” The Lancet, vol.
386, no. 9996, article no. 70, pp. 896-912, 2015.



(2]

[8

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

O. Hornykiewicz, “Dopamine (3-hydroxytyramine) in the cen-
tral nervous system and its relation to the Parkinson syndrome
in man,” Deutsche Medizinische Wochenschrift, vol. 87, pp. 1807-
1810, 1962.

M. G. Spillantini, M. L. Schmidt, V. M.-Y. Lee, J. Q. Trojanowski,
R.Jakes, and M. Goedert, “a-synuclein in Lewy bodies,” Nature,
vol. 388, no. 6645, pp. 839-840, 1997.

M. H. Polymeropoulos, J. J. Higgins, L. I. Golbe et al., “Mapping
of a gene for Parkinson’s disease to chromosome 4q21-q23,
Science, vol. 274, no. 5290, pp. 1197-1199, 1996.

A. B. Singleton, M. Farrer, J. Johnson et al., “a-synuclein locus
triplication causes Parkinson’s disease,” Science, vol. 302, no.
5646, p. 841, 2003.

M.-C. Chartier-Harlin, J. Kachergus, C. Roumier et al., “a-
synuclein locus duplication as a cause of familial Parkinson’s
disease,” The Lancet, vol. 364, no. 9440, pp. 1167-1169, 2004.

M. A. Nalls, N. Pankratz, C. M. Lill et al., “Large-scale meta-
analysis of genome-wide association data identifies six new risk
loci for Parkinson’s disease,” Nature Genetics, vol. 46, no. 9, pp.
989-993, 2014.

International Parkinson Disease Genomics Consortium, M. A.
Nalls, V. Plagnol et al., “Imputation of sequence variants for
identification of genetic risks for Parkinsons disease: a meta-
analysis of genome-wide association studies,” The Lancet, vol.
377, no. 9766, pp. 641-649, 2011.

M. Farrer, D. M. Maraganore, P. Lockhart et al., “a-synuclein
gene haplotypes are associated with Parkinson’s disease,”
Human Molecular Genetics, vol. 10, no. 17, pp. 1847-1851, 2001.
J. Liu, Q. Xiao, Y. Wang et al., “Analysis of genome-wide
association study-linked loci in Parkinson’s disease of mainland
China,” Movement Disorders, vol. 28, no. 13, pp. 1892-1895, 2013.
W. Chen, W.-Y. Kang, S. Chen et al., “Hyposmia correlates with
SNCA variant and non-motor symptoms in Chinese patients
with Parkinson’s disease,” Parkinsonism and Related Disorders,
vol. 21, no. 6, pp. 610-614, 2015.

M. E. Morris, “Locomotor training in people with Parkinson
disease,” Physical Therapy, vol. 86, no. 10, pp. 1426-1435, 2006.
R. Ou, X. Guo, Q. Wei et al., “Festination in Chinese patients
with Parkinson’s disease,” Clinical Neurology and Neurosurgery,
vol. 139, pp. 172-176, 2015.

N. Giladi, H. Shabtai, E. Rozenberg, and E. Shabtai, “Gait
festination in Parkinson’s disease,” Parkinsonism and Related
Disorders, vol. 7, no. 2, pp. 135-138, 2001.

M. E. Morris, R. Iansek, and B. Galna, “Gait festination and
freezing in Parkinson’s disease: pathogenesis and rehabilitation,”
Movement Disorders, vol. 23, no. 2, pp. S451-S460, 2008.

R. Tansek, E. Huxham, and J. McGinley, “The sequence effect and
gait festination in Parkinson disease: contributors to freezing of
gait?” Movement Disorders, vol. 21, no. 9, pp. 1419-1424, 2006.
D. B. Calne, B. J. Snow, and C. Lee, “Criteria for diagnosing
Parkinson’s disease,” Annals of Neurology, vol. 32, no. 1, pp. S125-
S127,1992.

M. M. Hoehn and M. D. Yahr, “Parkinsonism: onset, progres-
sion and mortality;” Neurology, vol. 17, no. 5, pp. 427-442, 1967.
G. Thomas, R. Sinville, S. Sutton et al., “Capillary and microelec-
trophoretic separations of ligase detection reaction products
produced from low-abundant point mutations in genomic
DNA,” Electrophoresis, vol. 25, no. 10-11, pp. 1668-1677, 2004.

Parkinson’s Disease



