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Purpose: We investigated the interactive effect of rs10506151 polymorphism of the
Leucine-rich repeat kinase 2 (LRRK2) gene and type 2 diabetes (T2D) on neurodegenerative
disease (ND) risk.

Materials and Methods: Data of 17, 927 participants in the Taiwan Biobank (TWB)
assessed between 2008 and 2015 were linked to healthcare records in the National Health
Insurance Research Database (NHIRD). The odd ratios (ORs) and 95% confidence intervals
(CIs) for NDs were determined using logistic regression analysis.

Results: There were 145 cases with NDs, and 28.28% (n = 41) of these individuals had
T2D. Associations of neurodegenerative disorders with LRRK2 rs10506151 variant and T2D
were not significant. The corresponding ORs (95% CI) for NDs were 1.06 (0.75-1.49) in
CA/AA compared to CC individuals and 0.93 (0.63—1.39) in those with T2D compared to
non-diabetic participants. However, we found evidence of a significant interaction between
rs10506151 and T2D (p = 0.0073). After stratification by genotypes of rs10506151, the OR
for NDs was 0.37 (CI, 0.17-0.82) in CA/AA individuals with T2D and 1.41 (0.88-2.27) in
their CC counterparts. When CA/AA individuals with T2D represented the reference group,
the OR (95% CI) was 1.74 (0.81-3.73) in CC individuals with no T2D, 2.47 (CIL, 1.14-5.38)
in CA/AA individuals with no T2D, and 2.34 (CI, 1.07-5.11) in CC individuals with T2D.
Conclusion: Our data indicated that the risk of NDs was significantly lower among diabetic
individuals with combined CA/AA of the LRRK2 rs10506151 variant in Taiwan.
Keywords: polymorphism, neurodegenerative disorders, diabetes, variation

Introduction

Neurodegenerative diseases (NDs) such as Parkinson’s disease (PD), Alzheimer’s
disease (AD), and multiple sclerosis, are significant life-threatening diseases in
adults.! They are characterized by degeneration of specific neural clusters.” Some
of the factors associated with neurological diseases include proteinopathy, hypovi-
taminosis D, and oxidative stress,* even though they express separate pathophy-
siological features.’

Genetic factors are essential for providing insights into the pathogenesis of NDs.
Attempts have been made to investigate mutations in specific ND-related genes.®
The LRRK?2 gene is one of the genes that contribute to neurodegeneration, espe-
cially in PD.” Several mutations of this gene have been investigated as risk factors
for PD, though the mechanisms remain to be investigated.®* Among them, the
rs10506151 polymorphism had been associated with a dramatic increase in PD risk

Received: 16 April 2021
Accepted: 16 June 2021
Published: 13 July 2021

Pharmacogenomics and Personalized Medicine 2021:14 839-847 839
© 2021 Huang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY_No

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/ org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0003-2046-4964
mailto:Liawyp@csmu.edu.tw
mailto:yschang@mail.cmu.edu.tw
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Huang et al

Dove

among Chinese individuals who were homozygous for the
minor allele (rs10506151 A) in both additive and recessive
models.'® Despite this, a prior study in Norway found no
evidence of an association between the variant and PD."" It
is not yet known whether rs10506151 could increase the
risk of NDs.

Diabetes had also been associated with a higher risk of
PD and other NDs.'*'® However, a case-control study in
Japan reported inverse associations between T2D and PD
risk.'” Diabetes mellitus and neurodegenerative conditions
seem to share pathophysiological = mechanisms.
Importantly, Zhu and colleagues previously identified
LRRK2 as one of the hub genes for T2D and AD.'®

While the LRRK2 rs10506151 polymorphism dramati-
cally increased PD risk in Chinese populations, such asso-
ciations have not been reported in Taiwan. Therefore, this
study investigated the interactive effects of rs10506151
polymorphism and T2D on neurodegenerative disease

development in Taiwan Biobank.

Materials and Methods
Study Participants and Setting

We collected basic demographic, anthropometric, lifestyle,
and genetic data of participants enrolled in TWB between
2008 and 2015. The disease information was collected
from the NHIRD. Data from TWB were linked to electro-
nic healthcare records in the NHIRD at the Health and

Welfare Data Science Center (HWDC). The biobank data
The

Science

are not freely available due to restrictions.
Institutional Review Board on Biomedical
Research in Academia Sinica and the Governance
Council of Taiwan Biobank had approved the TWB
project.'” Biobank participants had provided written
informed consent before enrollment. This study was
approved by the Institutional Review Board of Chung
Shan Medical University (CS1-20009).

Initial recruitment included 17,985 biobank partici-
pants. After excluding persons with incomplete question-
naires (N=37) and genotyping information (N=21), the
final analysis included 145 participants with NDs and
17,927 control individuals. Among participants with

NDs, 41 were identified with T2D.

Disease Assessment and Covariates

From the linked datasets, we identified participants with
NDs including PD (ICD-9-CM: 332.0), other degenera-
tive diseases of the basal ganglia (ICD-9-CM:
333.0), AD (ICD-9-CM: 331.0), dementia subtypes
(ICD-9-CM: 290, 331.1, 331.2, 331.7, 331.8, and
331.9), hyperlipidemia (ICD-9-CM: 272), diabetes mel-
litus (ICD-9-CM: 250), and hypertension (ICD-9-CM:
401-405) based on at least two outpatient visits or
inpatient hospitalization.

Participants in TWB from 2008 to 2015 (N=17,985)

Exclusions:
* Rs10506151 individuals with missing genetic

L

information ( N=21)
* Those with incomplete questionnaires (N = 37)

Participants analyzed (N = 17,927)

hospitalization.

TWB data linked to the NHIRD. We identified patients with T2D and neurodegenerative diseases including PD (ICD-9-CM:
332.0), other degenerative diseases of the basal ganglia (ICD-9-CM: 333.0), AD (ICD-9-CM: 331.0), and other dementia
(ICD-9-CM: 290, 331.1, 331.2, 331.7, 331.8, and 331.9) based on at least two outpatient visits or inpatient

|

Controls
N = 15484

/\

Neurodegenerative disease
N =104 (0.67 %)

No neurodegenerative disease
N =15380 (99.33 %)

Figure | A flowchart showing study population.

|

T2D
N =2,443

/\

Neurodegenerative disease
N =41 (1.68 %)

No neurodegenerative disease
N = 2402 (98.32 %)

8 40 https:

Dove!

Pharmacogenomics and Personalized Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove Huang et al
Table 1 Demographic Characteristics of Study Participants with and without T2D
Controls (N=15,484) T2D (N=2443)
n (%) n (%) p-value
rs10506151 (LRRK2) 0.740
cc 9942 (64.21) 1573 (64.39)
CA 4914 (31.74) 779 (31.89)
AA 628 (4.06) 91 (3.72)
Neurodegenerative disorder <0.001
No 15,380 (99.33) 2402 (98.32)
Yes 104 (0.67) 41 (1.68)
Sex 0.001
Female 8064 (52.08) 1171 (47.93)
Male 7420 (47.92) 1272 (52.07)
Education <0.001
Elementary School 720 (4.65) 316 (12.93)
Junior & Senior High School 5935 (38.33) 1059 (43.35)
University & above 8829 (57.02) 1068 (43.72)
Smoking <0.001
No 11,767 (75.99) 1751 (71.67)
Yes 3717 (24.01) 692 (28.33)
Alcohol intake <0.001
No 13,931 (89.97) 2128 87.11)
Yes 1553 (10.03) 315 (12.89)
Physical activity <0.001
No 9421 (60.84) 1095 (44.82)
Yes 6063 (39.16) 1348 (55.18)
Hypertension <0.001
No 12,693 (81.97) 1019 (41.71)
Yes 2791 (18.03) 1424 (58.29)
Hyperlipidemia <0.001
No 11,930 (77.05) 576 (23.58)
Yes 3554 (22.95) 1867 (76.42)
Age 47.60 +10.78 56.86 +8.85 <0.001
BMI 24.09 +3.57 25.40 +3.83 <0.001

Notes: Data are presented as numbers (N) or percentage (%), or as mean * standard deviation (SD). CC, CA, and AA represent genotypes of the rs10506151 variant.

Abbreviation: T2D, type 2 diabetes; BMI, body mass index.

Cigarette smokers were defined as people who smoked
for at least six months and continued to smoke during assess-
ment visits. Alcohol drinkers were defined as persons who
reported drinking more than 150 mL of alcohol per week for
at least six months and were still drinking during assessment
visits. Physical activity included any exercise activity at least
three times a week and lasting for at least 30 minutes each
time. Body mass index (BMI) was calculated as weight in

kilograms divided by height in meters squared (kg/m?).

Genetic Variant, Genotyping and Quality

Control

In TWB, genotyping is performed on participants by the
National Center for Genome Medicine in Academia
Sinica. This is done using the custom Taiwan Biobank
Axiom™ Genome-Wide Array Plate (Affymetrix, Santa
Clara, CA, USA). In addition to the socio-demographic
and lifestyle data, biological samples (including blood and

urine samples) are collected from all participants during
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Table 2 Odds of Having Neurodegenerative Diseases Among
Study Participants

OR (95% CI) p-value
Rs10506151 (ref: CC)
CA+AA 1.06 (0.75-1.49) 0.747
T2D (ref: No)
Yes 0.93 (0.63-1.39) 0.732
Sex (ref: Female)
Male 1.04 (0.69-1.56) 0.867
Age 1.10 (1.08-1.13) <0.001
Education (ref: Elementary School)
Junior and Senior High School 0.50 (0.32-0.78) 0.002
University above 0.49 (0.31-0.79) 0.004
Smoking (ref: No)
Yes 1.08 (0.68-1.71) 0.752
Alcohol intake (ref: No)
Yes 0.93 (0.52-1.66) 0.803
Physical activity (ref: No)
Yes 0.69 (0.49-0.97) 0.032
BMI 0.96 0.91-1.01) 0.141
Hypertension (ref: No)
Yes 1.68 (1.14-2.46) 0.008
Hyperlipidemia (ref: No)
Yes 1.48 (1.01-2.17) 0.046

Note: CC, CA, and AA represent genotypes of the rs1050615| variant.
Abbreviations: OR, odds ratio; Cl, 95% confidence interval; T2D, type 2 diabetes.

assessment visits for different assays. Details of the geno-
typing procedures have been described elsewhere.'® In this
study, we chose the LRRK?2 rs10506151 variant based on
its previous associations with neurodegenerative diseases.
This variant passed the quality control test: call rate
(>95%), Hardy-Weinberg equilibrium test (p>1.0 x 107),
and minor allele frequency (>0.05).

Statistical Analysis

Our study outcome was NDs, while rs10506151 and T2D
were the exposure variables. We performed descriptive
analysis for these variables and covariates based on the
presence or absence of T2D. The inclusion and exclusion

of study participants are shown in Figure 1. We used the
t-test and Chi-square test for the continuous and categori-
cal variables. We then used logistic regression analysis to
determine the ORs and 95% ClIs for the relationship
between diabetes, LRRK2 (rs10506151), and NDs. We
also tested for the presence of an interaction between the
variant and T2D, followed by stratified analyses based on
these variables. Our statistical tools included the statistical
analysis system (SAS) 9.4 software (SAS Institute, Cary,
NC, USA) and PLINK 1.09 beta.

Results

Table 1 shows a summary of the demographic character-
istics of participants classified by T2D status. The mean
age (SD, standard deviation) was 56.86 (8.85) in those
with T2D and 47.60 (10.78) in control participants.
There were 2443 participants with T2D and 145 with
neurodegenerative diseases. Logistic regression analyses
showed that the rs10506151 variant and T2D were not
independently associated with NDs (Table 2). The OR
(95% CI) for NDs was 1.06 (0.75-1.49) in CA/AA com-
pared to CC individuals, and 0.93 (95% CI, 0.63—1.39) in
those with T2D (using those with no T2D as reference).
Associations with NDs were also seen for age, educational
level, hyperlipidemia, and hypertension.

When we used a multivariate model with the interac-
tion term (T2D X rs10506151), the effect was significant
(p=0.0073). When stratified by genotypes (Table 3), the
OR (95% CI) was 0.37 (0.17-0.82) in CA/AA individuals
who had T2D and 1.41 (0.88-2.27) in their CC counter-
parts. Compared with the CC genotype (Table 4), CA/AA
individuals with and without T2D had ORs (95% CI) of
0.42 (0.19-0.93) and 1.42 (0.96-2.11), respectively. When
we used CA/AA and T2D as the reference group (Table 5),
the OR (95% CI) was 1.74 (0.81-3.73) for CC and no
T2D, 2.47 (1.14-5.38) for CA/AA and no T2D, and 2.34
(1.07-5.11) for CC and T2D.

Discussion

As far as we are aware, this is the first work to study the
interactive  effect of the intronic polymorphism
(rs10506151) of the LRRK2 gene and T2D on NDs
using large datasets (TWB and the NHIRD). Results indi-
cated that the risk of NDs was significantly lower among
individuals having both diabetes and CA/AA genotype in
Taiwan. This work provides new insights even though
more analyses are needed to better understand the impact
of these findings.
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Table 3 Odds Ratios for Having Neurodegenerative Diseases Based on Genotypes of rs10506151
rs10506151 (CC) rs10506151 (CA+AA)
OR (95% CI) p-value OR (95% CI) p-value
T2D (ref: No)
Yes 1.41 (0.88-2.27) 0.158 0.37 (0.17-0.82) 0.015
Sex (ref: Female)
Male 1.03 (0.61-1.75) 0.900 1.00 (0.52-1.91) 0.996
Age .12 (1.08-1.15) <0.001 1.09 (1.05-1.13) <0.001
Education (ref: Elementary School)
Junior & Senior High School 0.45 (0.26-0.79) 0.005 0.66 (0.30-1.44) 0.295
University & above 0.45 (0.25-0.80) 0.006 0.64 (0.27-1.47) 0.290
Smoking (ref: No)
Yes 1.44 (0.82-2.52) 0.208 0.57 (0.25-1.33) 0.196
Alcohol intake (ref: No)
Yes 0.73 (0.34-1.60) 0.433 1.50 (0.62-3.66) 0.368
Physical activity (ref: No)
Yes 0.60 (0.39-0.92) 0.019 0.82 (0.46-1.47) 0.504
BMI 0.94 (0.87-1.00) 0.057 1.01 (0.93-1.10) 0.812
Hypertension (ref: No)
Yes 1.42 (0.88-2.30) 0.148 228 (1.21-4.29) 0.011
Hyperlipidemia (ref: No)
Yes 1.40 (0.86-2.29) 0.174 1.57 (0.85-2.90) 0.153

Note: CC, CA, and AA represent genotypes of the rs|050615| variant.
Abbreviations: OR, odds ratio; Cl, 95% confidence interval; T2D, type 2 diabetes.

As noted earlier, a published study on LRRK2 found
no association between rs10506151 and PD among
Norwegians.'' On the contrary, a significant relationship
was observed between PD and this variant in Chinese
Both studies differ from the current
research in that 1) they focused mainly on PD, whereas

populations.'®

we assessed other forms of NDs. 2) We considered dia-
betes status and confounders, but they did not, and 3) their
sample size was relatively smaller.

In our study, the rs10506151 variant was not signifi-
cantly related to NDs (OR 1.06 (95% CI 0.75-1.49). These
results seem to align with those reported by Toft and
colleagues.'' However, when we added the interaction
terms (rs10506151 and T2D) in our model, we found
that the interaction effect was significant. That is to say,
the relationship between NDs and T2D was influenced by

the rs1050615 variant. Only those with combined CA/AA
genotype who had T2D had the lowest risk of develop-
ing NDs.

In an attempt to localize susceptibility genes for altera-
tions in the brain structure associated with stroke and
dementia risk, Turner and colleagues®® found that the
MRI measures of structural brain injury were heritable in
non-Hispanic black and white sibships ascertained through
hypertensive sibling pairs. They concluded that the sus-
ceptibility loci for brain atrophy, ventricular volume, and
leukoaraiosis identified by linkage analyses differed
and between races. In
that the SNP

rs10506151 was associated with frontal and temporal

among MRI measures

Framingham,”' investigators noted

brain volumes. That implies this SNP might be related
to NDs.
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Table 4 Odds Ratios for Neurodegenerative Diseases in Patients with and without T2D
No T2D T2D
OR (95% CI) p-value OR (95% CI) p-value
Rs10506151 (ref: CC)
CA+AA 1.42 (0.96-2.11) 0.080 0.42 (0.19-0.93) 0.033
Sex (ref: Female)
Male 0.92 (0.57-1.48) 0.723 1.46 (0.66-3.25) 0.351
Age 1.09 (1.06-1.12) <0.001 1.17 (1.09-1.25) <0.001
Education (ref: Elementary School)
Junior & Senior High School 0.45 (0.26-0.77) 0.004 0.70 (0.31-1.55) 0.377
University & above 0.48 (0.27-0.85) 0.012 0.47 (0.19-1.13) 0.093
Smoking (ref: No)
Yes 0.98 (0.56-1.72) 0.954 1.33 (0.58-3.05) 0.496
Alcohol intake (ref: No)
Yes I.16 (0.60-2.26) 0.656 0.52 (0.15-1.82) 0.307
Physical activity (ref: No)
Yes 0.69 (0.46—1.04) 0.073 0.62 (0.32-1.20) 0.155
BMI 0.97 (0.91-1.04) 0.359 0.95 (0.86—1.05) 0.309
Hypertension (ref: No)
Yes 1.88 (1.20-2.94) 0.006 1.19 (0.58-2.43) 0.641
Hyperlipidemia (ref: No)
Yes 1.73 (1.13-2.64) 0.012 0.73 (0.34-1.58) 0.429

Note: CC, CA, and AA represent genotypes of the rs|050615| variant.
Abbreviations: OR, odds ratio; Cl, 95% confidence interval; T2D, type 2 diabetes.

Associations between T2D and the risk of NDs are yet
to be clarified.?** Prior studies reported associations
between diabetes and NDs including but not limited to
PD."?'® However, a case-control study in Japan found
that T2D was inversely related to PD risk.'” In this
study, we found that the odds ratio for having NDs was
not significant among individuals with T2D.

Certain NDs seem to be influenced by metformin.**
A population-based study in Taiwan showed that metfor-
min was linked to a higher risk for PD in patients with
T2D.?* In another observational study, sulfonylurea was
associated with a higher risk of PD in Taiwanese patients
with T2D.** Nevertheless, the risk appeared much reduced
when combination therapy with metformin was applied. In

the current study, we attempted to analyze the effect of

metformin use (using ‘no metformin use’ as reference) in
those with T2D. We found that the OR for having NDs in
metformin users was 1.05 (95% CI 0.55-2.02) as shown in
Supplementary Table 1. In Orkaby’s study,”> metformin

was associated with a lower risk of subsequent dementia in
veterans below the age of 75. Other studies found that
metformin may reduce AD risk based on its ability to
sensitize neuronal insulin resistance.’*?’ According to
another study, metformin may be used as a future therapy
for NDs.?® However, according to some authors, treatment
with metformin might rather stimulate the development
of AD.*®

One limitation of our study is that we did not focus on
a specific disease because the sample size was not ade-
quate. Before performing quality control on samples (n =
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844

Dove!

Pharmacogenomics and Personalized Medicine 2021:14


https://www.dovepress.com/get_supplementary_file.php?f=316158.docx
https://www.dovepress.com
https://www.dovepress.com

Dove Huang et al
Table 5 The Odds of Having Neurodegenerative Diseases Based on Rs10506151 Genotype and T2D
OR (95% CI) p-value
Rs10506151 genotype and T2D (ref: CA+AA & T2D)
CC & no T2D 1.74 (0.81-3.73) 0.153
CA+AA & no T2D 247 (1.14-5.38) 0.023
CC & T2D 2.34 (1.07-5.11) 0.033
Sex (ref: Female)
Male 1.04 (0.69-1.56) 0.851
Age .10 (1.08-1.13) <0.001
Education (ref: Elementary School)
Junior & Senior High School 0.51 (0.33-0.80) 0.003
University & above 0.50 (0.31-0.80) 0.004
Smoking (ref: No)
Yes 1.08 (0.68-1.71) 0.753
Alcohol intake (ref: No)
Yes 0.94 (0.52-1.68) 0.832
Physical activity (ref: No)
Yes 0.68 (0.48-0.95) 0.026
BMI 0.96 0.91-1.01) 0.149
Hypertension (ref: No)
Yes 1.71 (1.16-2.50) 0.006
Hyperlipidemia (ref: No)
Yes 1.48 (1.01-2.17) 0.045
Note: CC, CA, and AA represent genotypes of the rs|0506151 variant.
Abbreviations: OR, odds ratio; Cl, 95% confidence interval.
19,500), 165 participants were identified with NDs. Of neurodegenerative conditions is worthy of further
these, 47 had PD, 10 had AD, 9 had other degenerative investigation.
diseases of the basal ganglia, and 119 had other dementia.
Of note, some of these individuals had more than one  Conclusion

condition. To benefit from a larger sample size, NDs
jointly included PD, other degenerative diseases of the
basal ganglia, AD, and other dementia as stated above.
Despite the limitation, our results may provide new direc-
tions for research in NDs. That is to say, the interactive
effect of T2D or its medications and LRRK?2 mutation on

We found that among the four subpopulations categorized by
rs10506151 genotypes and diabetes status, the risk of NDs was
significantly lower among individuals having T2D and CA/
AA genotype in Taiwan. These preliminary findings expand
knowledge about the genetics of NDs and may be relevant to
studies

investigating  disease-modifying therapies for
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neurodegenerative conditions. Despite these, there is a need
for more investigations.

Abbreviations

T2D, type 2 diabetes; OR, odds ratio; CI, 95% confidence
interval; BMI, body mass index; LRRK2, Leucine-rich
repeat kinase 2; NHIRD, National Health Insurance
TWB, Taiwan Biobank; PD,
Parkinson’s disease; AD, Alzheimer’s disease; SNP, single

Research Database;

nucleotide polymorphism.
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