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repeats (ALRs), leucine-rich repeats (LRRs), the Ras of 
complex (ROC) GTPase domain, carboxy-terminal of ROC 
(COR), kinase domain, and the C-terminal WD40 domain 
[5]. The detailed functions of the LRRK2 protein are not 
fully understood; however, it has been suggested that over-
activation of the kinase enzymatic domain in LRRK2 is an 
important causative change leading to the development of 
PD [6]. Mutations in the kinase domain, such as G2019S, 
have been shown to contribute to PD pathogenesis through 
various mechanisms, including mitochondrial dysfunc-
tion, dendrite degeneration, and reduced dopaminergic 
neuron viability [7–9]. However, G2019S is rarely found 
in Asian populations [10]. On the other hand, the LRRK2 
R1628P variant, within the COR domain, does not directly 
alter LRRK2 activity, but it has been described as a criti-
cal genetic risk factor among Chinese populations in Tai-
wan, China, and Singapore for developing PD [11–13]. In 
our previous study, while trying to elucidate the genetic 
contribution of PD in early-onset Vietnamese patients, we 
found a high prevalence of LRRK2 R1628P as a risk variant 
for development of PD [14]. While the allelic frequency of 
LRRK2 R1628P is 1.8% in Asian population [15], LRRK2 
R1628P frequency and its effect on PD risk in Kinh Viet-
namese have not yet been identified. Therefore, this study 

Introduction

Parkinson’s disease (PD) is one of the most common neu-
rodegenerative disorders and is characterized by symptoms 
that include tremors, muscle rigidity, and bradykinesia. PD 
is a global healthcare burden, with an estimated 8.5 million 
or more people suffering from the disease, with the preva-
lence increasing with age [1]. PD is a complex disease with 
contributions from both genetic and environmental factors 
[2]. Among genes associated with PD, pathogenic mutations 
in LRRK2 usually cause late-onset and autosomal-dominant 
PD [3, 4]. The complex and large LRRK2 protein, encoded 
by the LRRK2 gene, consists of major domains, includ-
ing the N-terminal armadillo repeat (AMR), ankyrin-like 
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aims to investigate the risk of developing PD in Kinh Viet-
namese subjects carrying LRRK2 R1628P, and in subgroup 
populations.

Materials and methods

Participants

This study recruited two groups of participants, one diag-
nosed with PD and the other without PD. The study protocol 
was approved by the Ethical Committee of the University 
of Medicine and Pharmacy at Ho Chi Minh City (approval 
number 1133/HĐĐĐ-ĐHYD). All participants were self-
defined as Kinh Vietnamese. The PD group consisted of 190 
unrelated PD patients whose diagnoses were confirmed by 
two independent neurologists from the Movement Disorder 
Unit, Neurology Department, University Medical Center, 
Ho Chi Minh City based on the International Parkinson and 
Movement Disorder Society Clinical Diagnostic Criteria 
[16]. The non-PD population comprised 642 participants 
who had not been diagnosed with PD at the time of recruit-
ment. The baseline characteristics of the participants were 
recorded (age, gender, age at PD diagnosis, and duration of 
disease). Early-onset PD was defined as PD diagnosis made 
before the age of 50; if PD was diagnosed at 50 years old or 
later, it was defined as late-onset PD.

LRRK2 R1628P genotyping

DNA samples from all the participants were extracted using 
GeneJET™ Whole Blood Genomic DNA Purification Mini 
Kit (Thermo Fisher Scientific, MA, United States) accord-
ing to the manufacturer’s instructions. The quality of DNA 
samples was controlled using NanoDrop™ 2000 Spec-
trophotometers (Thermo Fisher Scientific). The LRRK2 
R1628P genotype was identified based on our previously 
developed allele-specific oligonucleotide PCR protocol 

[17]. Briefly, two sets of primers were designed specifically 
to amplify G or C nucleotides at coding position 4883 of the 
LRRK2 gene by two separate polymerase chain reactions. 
Additionally, twenty random samples with the GG genotype 
and ten random samples with the GC genotype based on 
the PCR method were directly sequenced using ABI 3500 
Biosystem (Thermo Fisher Scientific) to ensure concor-
dance between the two genotyping methods. The protocol 
for direct sequencing was developed and described previ-
ously [18–21].

Statistical analysis

The age of PD onset, duration of PD, and the age of control 
subjects were expressed as means and standard deviations. 
Categorical variables, such as gender, genotype, and allele, 
were expressed as direct counts and percentages. Student’s 
T-test and a Chi-squared test were applied for statistical 
analyses. An odds ratio (OR) with a 95% confidence inter-
val (95% CI) was used to assess the association between 
LRRK2 R1628P and PD status.

Results

Baseline characteristics of the participants

A total of 832 subjects were recruited for this study. There 
were no significant differences in age and gender between 
the two studied groups: PD and control participants. The 
mean age at onset in PD patients was 51.97, with an aver-
age duration of the disease of 4.74 years. Male participants 
accounted for 44.7% and 46.6% in the PD and control 
groups, respectively. The genotyping results were totally 
concordant between the direct sequencing and PCR method. 
There was a significant difference in genotype and allelic 
distribution of the LRRK2 R1628P variant between the two 
groups. The GC genotype was present in 8.9% of the PD 
group and 3.3% of the control group, while the C allele was 
present in 4.5% and 1.6% of the PD and control groups, 
respectively. All the baseline characteristics of the partici-
pants are described in Table 1.

Association of LRRK2 R1628P and PD in the studied 
population and in subgroups

The genotype frequencies of LRRK2 R1628P were under 
Hardy-Weinberg equilibrium in the total study popula-
tion, and in the PD and control groups. No CC genotype 
was identified in this study; therefore, all the genetic asso-
ciation analysis was performed using ORs for genotypes 
between the PD and control groups. The LRRK2 R1628P 

Table 1  Baseline characteristics of the participants
Characteristics PD group

(N = 190)
Control group
(N = 642)

p-value

Age at PD onset/Age at 
recruitment (years)
(Mean ± SD)

51.97 ± 9.36 51.86 ± 11.69 0.44

Disease duration (years) 4.74 ± 4.40 -
Males/females (N) 85/105 299/343 0.66
Genotype (N, %) < 0.01
GG
GC

173 (91.1)
17 (8.9)

621 (96.7)
21 (3.3)

Allele (N, %) < 0.01
G
C

363 (95.5)
17 (4.5)

1263 (98.4)
21 (1.6)
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variant showed a statistically significant association with 
PD in genotype and allele analysis with OR = 2.91 (95% 
CI = 1.50–5.63) and 2.82 (95% CI = 1.47–5.40), respectively 
(Table 2). The studied population was further divided into 
subgroups based on age (early onset/late-onset) and gender 
(male/female). The frequencies of genotypes and alleles 
of LRRK2 R1628P in these subpopulations are listed in 
Table  2. Additional calculations were performed, and the 
results show that LRRK2 R1628P is statistically associated 
with PD in males (OR = 4.33, 95% CI = 1.66–11.27), early-
onset (OR = 2.84, 95% CI = 1.08–7.47), and late-onset group 
(OR = 2.98, 95% CI = 1.20–7.41). The GC genotype did 
not show a significant increased risk of developing PD in 
female subjects, with OR = 2.00 (95% CI = 0.80–5.01). The 
calculated ORs of the total study population and subgroups 
are shown in Fig. 1.

Discussion

Although LRRK2 is a large and complex protein with seven 
different domains, it has been suggested that the overall 
function of LRRK2 is regulated mainly by the kinase domain 
[6]. LRRK2 has been reported as being involved in different 
neuronal functions, such as synaptic vesicle trafficking, reg-
ulating neuroinflammation, and promoting neuronal apopto-
sis via ASK1 phosphorylation [22–24]. Located in the COR 
domain, LRRK2 R1628P harbors a substitution of a highly 
basic polar arginine with a neutral nonpolar proline. Even 
though this substitution is not in the kinase domain, it can 
indirectly upregulate kinase activity by turning its adjacent 
amino acid residue S1627 to the phosphorylation site Cdk5, 
leading to conditional neuronal death [25]. These mechanis-
tic findings could explain the fact that LRRK2 R1628P is a 

Table 2  Genotype and allele frequency in sub-groups
Participants Genotype, N (%) Allele, N (%)
Early-onset GG

(N = 329)
GC
(N = 18)

OR
(95% CI)

p-value G
(N = 676)

C
(N = 18)

OR
(95% CI)

p-value

 Early-onset PD (< 50) 73 (90.1) 8 (9.9) 2.84
(1.08–7.47)

0.03 154 (95.0) 8 (5.0) 2.71
(1.05–6.99)

0.04
 Young controls (< 50) 256 (96.2) 10 (3.8) 522 (98.1) 10 (1.9)
Late-onset GG

(N = 465)
GC
(N = 20)

OR
(95% CI)

p-value G
(N = 950)

C
(N = 20)

OR
(95% CI)

p-value

 Late-onset PD (≥ 50) 100 (91.7) 9 (8.3) 2.98
(1.20–7.41)

0.02 209 (95.9) 9 (4.1) 2.90
(1.19–7.10)

0.02
 Elderly controls (≥ 50) 365 (97.1) 11 (2.9) 741 (98.5) 11 (1.5)
Male GG

(N = 405)
GC
(N = 18)

OR
(95% CI)

p-value G
(N = 828)

C
(N = 18)

OR
(95% CI)

p-value

 Male PD patients 76 (89.4) 9 (10.6) 4.33
(1.66–11.27)

< 0.01 161 (94.7) 9 (5.3) 4.14
(1.62–10.60)

< 0.01
 Male controls 329 (97.3) 9 (2.7) 667 (98.7) 9 (1.3)
Female GG

(N = 389)
GC
(N = 20)

OR
(95% CI)

p-value G
(N = 798)

C
(N = 20)

OR
(95% CI)

p-value

 Female PD patients 97 (92.4) 8 (7.6) 2.00
(0.80–5.01)

0.14 202 (96.2) 8 (3.8) 1.97
(0.79–4.88)

0.14
 Female controls 292 (96.1) 12 (3.9) 596 (98.0) 12 (2.0)
Whole study GG

(N = 794)
GC
(N = 38)

OR
(95% CI)

p-value G
(N = 1626)

C
(N = 38)

OR
(95% CI)

p-value

 PD patients 173 (91.1) 17 (8.9) 2.91
(1.50–5.63)

< 0.01 363 (95.5) 17 (4.5) 2.82
(1.47–5.40)

< 0.01
 Controls 621 (96.7) 21 (3.3) 1263 (98.4) 21 (1.6)

Fig. 1  Odd ratios of total studied 
population and subgroup popula-
tions for Parkinson’s disease
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genetic nature of PD, especially in a country like Vietnam, 
with more than 100 million residents who are getting older 
and facing the threat of PD.
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