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Genetic investigations and associations with plasma biomarkers of dementia with Lewy bodies (DLB)
in East Asian populations are lacking. The aim of our study is to identify candidate pathogenic variants
and assess the diagnostic performance of plasma biomarkers among DLB patients in the Chinese
population. This cohort included 151 DLB patients and 2010 controls, all of whom underwent whole
genome sequencing. Plasma glial fibrillary acidic protein (GFAP), a-synuclein(aSyn), neurofilament
light (NfL), and phosphorylated tau 217 (p-tau217) were detected in a subgroup. As aresult, the APOE
€4 allele significantly increased DLB risk (o = 1.84E-11), while rare missense variants of USP13 gene
were first found to be suggestively associated with DLB risk (o = 1.31E-5). Higher levels of plasma
GFAP, aSyn, NfL, and p-tau217 were detected in DLB patients compared to controls (p < 0.001), which
combined with polygenic risk scores (PRS) achieving an AUC of 0.927 for DLB diagnosis. Besides,
significant correlations were observed between PRS of DLB and age at onset, the cumulative
incidence rate, as well as plasma GFAP levels. In conclusion, this is the first study to simultaneously
investigate the genetics and plasma biomarkers of DLB, highlighting the discriminative ability for DLB

using PRS and plasma biomarker assay.

Dementia with Lewy bodies (DLB) is the second most common neurode-
generative dementia, with core clinical features of fluctuating cognitive
impairment, Parkinson’s disease-like symptoms, recurrent vivid visual
hallucinations, and rapid eye movement sleep behavior disorder (RBD)".
The pathological hallmarks of DLB are a-synuclein neuronal inclusions, and
at least half of DLB patients in postmortem samples display variable degrees
of Alzheimer’s disease (AD)-related pathology™’. DLB accounts for 3.2% to
7.1% of dementia cases, ranking second only to AD*. However, due to its
similarities with AD and Parkinson’s disease (PD), DLB has a high clinical
underdiagnosis and misdiagnosis rate’.

The etiology of DLB is exceedingly complex, involving both environ-
mental and genetic factors. There is evidence that DLB exhibits family

clustering, with siblings of affected patients having a 2.3-fold increased risk
of developing DLB, but little is known about the influence of genetic factors
on DLB®. Based on clinical and pathological similarities, research has found
genetic overlap between DLB, AD, and PD’”. Previous scattered studies
have identified GBA, SNCA, and APOE ¢ 4 allele variants as significant
genetic risk factors for DLB'"". In recent years, the first large-scale DLB
genome-wide association study (GWAS) confirmed previously described
gene associations, including APOE, GBA, and SNCA, and estimated the
heritable component of DLB to be about 36%'*. Subsequently, the largest
DLB cohort study discovered five distinct genome-wide significant gene
sites, including GBA, BIN1, TMEM175, SNCA-AS1, and APOE". Genome-
wide gene-aggregation tests implicated that the rare variants of GBA gene
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Fig. 1 | The flow chart in our study.

played a key role in the pathogenesis of DLB'. These findings underscore
the strong hereditary component of DLB. Although genetics significantly
contributes to the pathogenesis of DLB, current genetic research on DLB
primarily focus on the Caucasian population, and investigations into the
genetics of DLB in East Asian populations remain lacking.

Recently, changes of plasma biomarkers in neurodegenerative diseases
have garnered attention'®"”. There are currently several studies investigating
the alterations in plasma biomarkers among patients with DLB'*"”. Plasma
p-taul81 and p-tau231 levels have been identified as helpful biomarkers for
assessing cognitive decline in DLB patients”. Additionally, plasma NfL
levels were elevated in high-risk prodromal DLB patients”. Abnormal levels
of GFAP have been detected at the stage of mild cognitive impairment with
Lewy bodies (MCI-LB)*'". However, most of these studies primarily focused
on Caucasian population, and there is a lack of research on the relationship
between plasma biomarkers and the genetic architecture of DLB. Therefore,
comprehensive studies on plasma biomarkers and their association with
genetic risk in a large cohort of Chinese DLB patients are necessary.

To sum up, the present study conducted whole genome sequencing
(WGS) and plasma biomarker detection in DLB patients to identify can-
didate pathogenic variants and evaluate the diagnostic performance of
plasma biomarkers among DLB patients in the Chinese population.

Results

Demographic and clinical characteristics

A total of 151 patients with DLB and 2010 healthy controls (HC) were
included in this study (Fig.1). The average age of the DLB patients was
71.48 £ 9.18 years, while the average age at onset of DLB was 68.62 + 9.36
years, and the average age of controls was 65.39 + 8.41years. There were
significant differences in age between the two groups (p <0.001). As
expected, patients with DLB had lower Mini-Mental State Exam-
ination(MMSE) scores than the control group (p <0.001). Additionally,
19.57% of DLB patients reported a family history of DLB, dementia, and/or
Parkinson’s syndrome. Demographic, clinical, and cognitive characteristics
of participants are summarized in Table 1.

Common variant association analysis
Following quality control, a total of 7,897,572 common variants (MAF >
0.01) were involved in the association analysis. The Q-Q plot and genomic
inflation factor (A; g0 = 1.048) indicated good control of population stra-
tification (Fig. 2A). Based on the Bonferroni-corrected p-value, GWAS
identified a genome-wide-significant locus, the rs429358 locus of the APOE
gene (effect allele (EA)=C, odds ratio [OR]=3.071, 95% confidence
interval [CI] =2.214-4.261, effect allele frequency [EAF] in cases = 0.230,
EAF in controls = 0.102, p = 1.84E-11) (Fig. 2B).

We investigated the impact of Caucasian DLB GWAS risk variants on
DLB patients from Chinese population'*"”. Six of the eight known DLB risk

Table 1 | The demographic and clinical characteristics of the
subjects

DLB HC P
Number 151 2010 -
Gender(M/F) 82/69 931/1079 0.07
Age (mean + SD) 71.48+9.18 65.39 + 8.41 <0.001
MMSE (mean + SD) 14.69+7.28 26.24+2.73 <0.001
AAO (mean + SD) 68.62 +9.36 - -
Duration of symptoms, 2(1-4) - -
years, median (IQR))
MOCA 8.09 +6.07 - -
CDR 1.47+0.73 - -
Family History (%) 19.57% ° =
Cognitive 70.20% o o
fluctuations (%)
Visual hallucinations (%) 78.15% - -
RBD (%) 58.94% - -
Parkinsonism (%) 80.79% - -

DLB dementia with Lewy bodies, HC healthy controls, AAO age at onset, MMSE Mini-Mental State
Examination, MOCA Montreal Cognitive Assessment, CDR Clinical Dementia Rating, RBD rapid eye
movement sleep behavior disorder.

loci were retained in our cohort. Single variant association analysis revealed
that three loci were nominally associated with DLB risk in our cohort
(p <0.05), including two loci in the APOE gene and one in the BINI gene
(Supplementary Table 1).

The genotype combination of rs429358 (T/C) and rs7412 (C/T) loci
determines the three allelic variants of APOE (£2, €3 and e4)*. The
results revealed a substantial difference in APOE genotype distribution
between 151 DLB patients and 2010 controls (p < 0.001). DLB patients
had a considerably greater carrier rate of APOE ¢4 (38.41%) compared to
controls (17.41%) (p =4.08E-10, Supplementary Fig. 1). We further
conducted GWAS in participants carrying and not carrying the APOE &4
allele, respectively, and no significant loci associated with DLB risk were
identified in either group (Supplementary Fig. 2). This finding implies
that the APOE &4 (rs429358) locus plays a critical role in determining
DLB risk.

Linear regression analysis of common variants in all patients with DLB
was conducted using PLINK 1.9 to explore variants associated with age at
onset (AAO) of DLB. This analysis revealed a suggestive association
between the rs11987642 locus near the DEFA5 gene and AAO of DLBin a
clustered trend, although it was not statistically significant after Bonferroni
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Fig. 3| Discriminative and predictive performance of PRS in DLB patients. A PRS
between DLB patients and controls. B The discriminative ability of PRS model for
DLB. C The cumulative incidence rates of DLB in two genetic risk groups. PRS,

polygenic risk score; DLB, dementia with Lewy bodies, HC healthy controls, AUC
area under the curve; ****, p <0.0001.

correction (p = 3.67E-07, Fig. 2C). Patients carrying the rs11987642 variant
developed DLB at a considerably younger age (66.15 + 9.85 years) compared
to non-carriers (71.89 +7.32 years).

Gene-based rare variant association analysis

A total of 17,423 genes containing rare missense variants were included for
analysis in the rare missense variant group (minor allele frequency
(MAF) <0.01, missense variants). The results indicated a suggestive cor-
relation between rare missense variants of USP13 gene and DLB risk
(p = 1.31E-05, Fig. 2D). In the rare damaging variant group (MAF < 0.01,
ReVe > 0.7 or loss-of-function (LoF) variants), a total of 14,992 genes with
damaging variants were included for analysis. However, none of these genes
differed significantly between DLB patients and controls after multiple
corrections.

Performance of polygenic risk score (PRS) in identifying and
predicting DLB

The whole genome PRS of DLB was generated using PRSice-2, and the
results showed that DLB patients had significantly higher PRS than the
control group (PRSprp=0.01 (—0.02, 0.04), PRSyc=—0.02 (—0.05, 0),
p =1.64E-15) (Fig. 3A). We assessed the ability of PRS to distinguish DLB
from controls through receiver operating characteristic (ROC) analyses,
which revealed an area under the curve (AUC) value of 0.70 (95% CI:
0.66—0.75) (Fig. 3B). All DLB patients were classified into quartiles based on

their PRS results. Utilizing the Cox proportional hazards model, we found
that DLB patients in the highest quartile of PRS had an earlier AAO than
those in the lowest quartile (AAO in the high PRS group: 67.06 + 7.9 vs AAO
in the low PRS group: 69.91 + 9.24). Furthermore, the cumulative incidence
rates in the high PRS group surpassed those in the low PRS group. For
instance, the cumulative incidence rates of DLB in the high PRS group were
higher than those in the low PRS group at the age of 70 s (60% vs 40%)
(Fig. 3C).

Differential analysis and identification performance of plasma
biomarkers
Plasma p-tau217, NfL, GFAP and aSyn levels were significantly elevated in
DLB patients compared to controls (p <0.001, Supplementary Table 2).
Notably, plasma p-tau217 and GFAP levels were significantly increased in
patients with mild DLB (p <0.0001, Fig. 4A—D). ROC curves were
employed to assess the ability of different plasma biomarkers in distin-
guishing DLB from controls. Plasma p-tau217 demonstrated the best dis-
criminatory ability (AUC = 0.796), followed by GFAP (AUC =0.781). The
combination of plasma p-tau217, NfL, GFAP, aSyn, and PRS achieved an
AUC of 0.927 for DLB diagnosis (Fig. 4E). Remarkably, this combination
could distinguish mild DLB from controls with an AUC of 0.929 (Fig. 4F).
We further compared the levels of plasma biomarkers between DLB
and AD patients, and significant differences in plasma p-tau217 and aSyn
levels were observed between the two group (p =1.67E-03, p = 1.79E-02,
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Fig. 4 | Performanceof plasma biomarkers in differentiating and identifying
DLB. A—D Comparisons of plasma biomarkers levels in healthy controls, mild DLB,
and moderate-severe DLB. ANCOVA analysis was conducted for multiple com-
parisons with age and gender as covariates. The Bonferroni corrections were applied
to p_values of multiple comparisons. E ROC curves of each plasma biomarker and
the combination with PRS for discriminating DLB from controls; F ROC curves of

each plasma biomarker and the combination with PRS for discriminating mild DLB
from controls. DLB dementia with Lewy bodies, Mod-Sev DLB moderate-severe
DLB, HC healthy controls, P-tau phosphorylated tau, NfL neurofilament light chain,
GFAP glial fibrillary acidic protein, aSyn a-synuclein, ANCOVA analysis of cov-
ariance, ROC receiver-operating characteristic, AUC area under the curve, PRS
polygenic risk score. ***p < 0.001; ****p < 0.0001.
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mainly concentrated in the bilateral temporal lobes. PRS polygenic risk score, P-tau
phosphorylated tau, NfL neurofilament light chain, GFAP glial fibrillary acidic
protein, aSyn a-synuclein, DLB dementia with Lewy bodies.

Supplementary Table 3). Furthermore, the combination of these four
plasma biomarkers was able to discriminate DLB from AD with an AUC of
0.724 (Supplementary Fig. 3).

To explore the impact of the APOE &4 allele on plasma biomarkers, we
compared the plasma biomarker levels between DLB patients carrying
APOE ¢4 allele and those without APOE ¢4 allele. However, no significant
differences in plasma biomarker levels were observed between the two
groups (Supplementary Fig. 4).

Association analysis of PRS with plasma biomarkers
Additionally, we analyzed the correlation of PRS with plasma p-tau217, NfL,
GFAP, and aSyn levels in our cohort. The results revealed that PRSs of DLB
were significantly correlated with plasma GFAP levels (R=0.29, p = 2.7E-
05) (Fig. 5A—D). Moreover, the correlation of plasma GFAP levels with PRS
remained significant even after adjusting for age and gender using a general
linear regression model (8 = 0.105, adjusted p = 4.66E-03). The correlations
between PRS and the other plasma biomarkers were not significant.
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Association analysis between PRS, plasma biomarkers, and gray
matter volume

We further investigated the correlation between PRS, plasma biomarkers,
and gray matter volume. The findings showed that higher plasma NfL levels
were prominently associated with greater atrophy of bilateral temporal lobes
(Fig. 5E). No significant correlations were observed between the other
plasma biomarkers, PRS, and brain atrophy.

Discussion

We conducted the first genetic research of DLB in an East Asian population
and analyzed the association between genetic risk and plasma biomarkers in
DLB patients for the first time. Our findings indicated that APOE &4 allele
significantly increased the risk of DLB, while the rare missense variant of
USP13 gene was first found to be suggestively associated with DLB risk in the
Chinese population. PRSs of DLB patients were significantly associated with
the risk of DLB, age at onset, as well as plasma GFAP levels. Furthermore,
higher levels of plasma GFAP, aSyn, NfL, and p-tau217 were detected in
DLB patients compared to controls, and these plasma biomarkers
demonstrated a strong capacity to distinguish DLB from controls. Plasma
GFAP levels could offer early screening and predict genetic risk for DLB.
Additionally, higher plasma NfL level was significantly associated with
greater atrophy of temporal lobes.

Several previous studies have demonstrated that APOE &4 is the major
genetic risk locus for DLB***. The first large-scale GWAS of DLB based on
Caucasian population found that the most significant association with DLB
occurred at the APOE ¢4 locus'. In our cohort, common variant association
analysis revealed that the APOE rs429358 locus, which defines APOE &4”,
was strongly associated with DLB risk, as it does in the Caucasian popula-
tion. Approximately 38.41% of DLB patients carried the APOE &4 locus in
our cohort. The findings indicated that the APOE &4 locus also acted as a
strong risk factor for DLB in the East Asian population. Studies have shown
that the APOE ¢4 allele associated with DLB is mainly driven by a subset of
concomitant AD pathology™. A basic experiment demonstrated that APOE
&4 exacerbated a-synuclein seeding activity and neurotoxicity”’. Besides,
three previously reported significant loci in Caucasian populations were
nominally associated with DLB risk in our cohort, two in the APOE gene and
one in the BINI gene. This suggests that the effect of APOE gene on DLB
pathogenesis is similar across different races. The inability of validating the
remaining significant loci of Caucasian populations may be attributed to
population differences and cohort size.

Since most risk single nucleotide polymorphisms exert small effects on
disease susceptibility, PRS, which determine the genetic risk of disease by
integrating the effects of multiple gene loci, have been widely used in the
prediction of high-risk populations™. Several studies on PRS of AD have
identified an association between PRS of AD, age at onset, and cumulative
incidence rates®*. However, there is still a lack of research on PRS in DLB
patients. Our study showed that PRSs of DLB patients were significantly
higher than controls, and the ROC analysis revealed an AUC value of 0.70,
indicating that the PRS model had a fair ability to identify DLB patients”.
Furthermore, we utilized the Cox proportional risk model to analyze the
effect of PRS on the development of DLB and found that patients with
higher PRS had a younger age at onset and higher cumulative incidence
rates. Likewise, a large-scale GWAS analysis of DLB based on the Caucasian
population discovered that DLB patients in the highest quintile of PRS
exhibited more severe impairment than those in the lowest quintile'. These
findings imply that genetic risk of DLB may influence both the cumulative
incidence rates and the age at onset. The establishment of the PRS model
helps clinicians judge DLB risk and provide assistance for early prevention
and diagnosis for DLB. However, due to the limited number of DLB patients
in our cohort, larger-scale GWAS involving DLB patients from the Chinese
population will be needed to enhance the predictive capacity of the
PRS model.

Gene-based analysis revealed a suggestive correlation between rare
missense variant of USP13 gene and DLB risk. The USP13 gene encodes
ubiquitin-specific protease-13 (USP13), a deubiquitinating enzyme

member of the cysteine-dependent protease superfamily”. Ubiquitination is
a crucial mechanism for protein hydrolysis, while deubiquitination reduces
protein degradation®. Xiaoguang Liu’s team discovered that one of the main
reasons for the existence of Lewy bodies is the presence of USP13 molecule,
which removes the “ubiquitin tags” from a-synuclein, making it difficult to
be cleared by the human or animal body™. The researchers then suppressed
the formation of USP13 molecules in the PD mouse model, and the results
revealed this could both eliminate Lewy bodies and prevent their re-
accumulating”. Our results confirm the association between USP13 and
DLB risk from a genetic perspective for the first time. Further validation of
the role of USPI13 gene in modifying DLB risk will be important.

Plasma biomarkers have been extensively studied in AD, but less is
known about their prognostic significance in DLB, particularly among the
Chinese population. Our investigation revealed that plasma levels of p-
tau217, NfL, GFAP, and aSyn were considerably higher in DLB patients
compared to controls. Additionally, these plasma biomarkers offered good
capacity in distinguishing DLB patients from controls or AD patients.
Plasma p-tau217 exhibited the highest discriminatory ability for DLB, which
was similar to prior plasma biomarker investigations of AD’*”. Remarkably,
plasma p-tau217 and GFAP levels were prominently increased in patients
with mild DLB, indicating that plasma GFAP and p-tau217 levels had been
significantly elevated in the mild stages of DLB. Comorbid AD neuro-
pathology is common in DLB”. Research indicated that plasma GFAP and
p-taul81 could detect AD co-pathology in DLB patients, including A and
tau pathology’”. Besides, plasma p-tau217 had been shown to be an
effective predictor of brain amyloid levels in preclinical and early AD”.
Therefore, the elevation of plasma p-tau217 and GFAP levels in DLB
patients is mainly driven by AD co-pathology. A large longitudinal inves-
tigation of this cohort indicated that higher baseline GFAP, NfL, p-taul8l,
and p-tau231 levels were associated with poor MMSE scores in DLB
patients, while plasma GFAP and NfL levels were associated with faster
cognitive deterioration'®. More importantly, recent research found that
plasma GFAP levels were considerably elevated at the stage of MCI-LB,
whereas abnormal plasma p-taul81 and NfL levels were observed at the
latest stage of DLB”.. In general, monitoring plasma GFAP and p-tau217
levels is particularly beneficial in the detection of early DLB.

This is the first study to investigate the relationship between the genetic
risk of DLB and plasma biomarkers. We discovered that PRSs of DLB were
significantly positively associated with plasma GFAP levels, implying that
the genetic architecture could predict the physiologic and pathological
alterations of DLB to some extent. Based on plasma biomarker difference
analysis and correlation analysis with PRS, we found that plasma GFAP level
was elevated in mild DLB and was associated with PRSs of DLB. A recent
study on the DLB continuum found that elevated GFAP level was observed
in the prodromal phase of MCI-LB in association with increased amyloid
burden, demonstrating that plasma GFAP level could be employed to detect
amyloid-related pathology in the prodromal stage of DLB*'. These findings
suggested that detecting plasma GFAP levels could offer early screening and
predict genetic risk for DLB.

Strong correlations were observed between plasma NfL levels and gray
matter volume of the temporal lobe in our study. NfL is released into
cerebrospinal fluid and blood following axonal damage, indicating neuro-
degenerative processes™’. A longitudinal study observed that baseline plasma
NfL levels could predict cognitive decline in DLB patients after 2-year fol-
low-up'. Another large prospective study found that higher baseline NfL
levels in DLB patients indicated faster cognitive decline and plasma NfL
possibly acted as a monitoring biomarker for cognitive symptoms in DLB".
Our findings further supported that plasma NfL levels could be used to
monitor the progression of DLB disease.

This study had several limitations. First, the sample size of the DLB
group was relatively small, which limited our capacity to detect rare genetic
variants. Second, due to the overlap between the clinical phenotype of DLB
and other diseases, the clinical diagnosis of DLB may be challenging. To
reduce the possibility of misdiagnosis, the vast majority of DLB patients in
our cohort met the diagnostic criteria for clinically probable DLB'. Third,
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our study did not correct the effect of AD co-pathology on the genetic
association and plasma biomarker analysis related to DLB, and we will
explore this impact in our future study.

In summary, our study filled the gap in the genetics of DLB in East Asia
and highlighted the diagnostic efficacy of plasma biomarkers and PRS for
DLB. We found that the APOE &4 allele greatly increased the risk of DLB,
and rare missense variants of USP13 gene were first observed to be sug-
gestively associated with DLB risk. The PRS model could predict the risk of
DLB, the age at onset, as well as the biological changes of DLB to some
extent.

Methods

Participants

A total of 151 DLB patients and 2010 healthy controls were enrolled in this
study. The DLB patients were from the Department of Neurology, Xiangya
Hospital, Central South University. The DLB patients met the diagnostic
criteria for DLB by the International DLB Consortium in 2017'. Besides,
DLB patients were classified into mild DLB (CDR = 0.5—1) and moderate-
severe DLB (CDR =2-3) based on the CDR scores*’. Controls were
recruited from a community-based cohort in Hunan Province. There were
no neurological disorders in the control group, and objective examination
indicated normal cognition. The study followed the Declaration of Helsinki
and was approved by the Ethics Committee of Xiangya Hospital of Central
South University. Each participant or guardian provided their written
informed consent.

Gene sequencing

Genomic DNA was extracted from peripheral blood leukocytes of subjects
using the phenol chloroform method*. All DNA samples were standardized
at 100 ng/pL. Genomic DNA was fragmented, end repaired, ligated, and
amplified by polymerase chain reaction (PCR) to establish a DNA library.
After quality control of the library, sequencing was performed using the
BGI-seq 500 platform. The average sequencing depth of this cohort is
39.29 x, and the average coverage is 95.37%. The reads of low-quality fastq
data were filtered out through FastQC, and the raw sequencing data was
aligned with the human reference genome (GRCh38) using BWA
software™. Duplicate sequences were removed by Picard. GATK and
ANNOVAR software were used to call variants and annotation variants,
respectively*>*.

Genetic variant analysis
Variants with genotype quality <30, Hardy Weinberg equilibrium
P<1x107% and genotyping rate <95% were filtered out using PLINK 1.9.
Besides, allelic balance out of 25%/75% ratio of referent and alternate allele
reads in the heterozygote, and allelic balance out of 95% ratio of in the
homozygote were filtered out. Samples with gender inconsistency (gender
inconsistency between self-reported gender and genotypic gender), kinship
(PI-HAT statistic > 0.125)", high or low heterozygosity were excluded. The
quality-controlled variants were classified as common variants (MAF = 0.01)
and rare variants (MAF < 0.01) based on their MAF in this cohort. Our study
defined the damaging variants as damaging missense variants (ReVe > 0.7)
or LoF variants, which comprise variants resulting in stop, frameshift, or
splice-site disruption®.

We calculated the relevant genetic principal components using PLINK
1.9. Then, twstats of EIGENSTRAT was utilized to perform tests of sig-
nificance on each principal component and principal components with
p <0.05 were included to control population stratification’. We employed
Q-Q plots and genomic inflation factors () to assess for residual effects of
population stratification that could not be fully controlled by principal
component analysis and covariates in the regression model. The equivalent
inflation factor for a study of 1000 cases and 1000 controls (A;go) Was
rescaled using the following formula: A; go0 = 1 + 500 x (A — 1) x (1/Ncases
+ 1/Ncontrols)*>". PLINK 1.9 was used to conduct logistic regression
association analysis based on common variants, with covariates including
age, gender, and the first eleven principal components taken into account.

Sequential Kernel Association Test-Optimal (SKAT-O) tests were used to
perform gene-based association test by aggregating rare variants, and we
included gender, age, and the first eleven principal components as covari-
ates. Rare variants were divided into two categories: rare damaging variants
(MAF <0.01, LoF or ReVe > 0.7) and rare missense variants (MAF < 0.01,
missense variants). Finally, linear regression analyses were performed in
DLB patients using PLINK 1.9 to detect common variants associated with
AAO of DLB, with gender and the first four principal components included
as covariates. Statistical significance was defined as p-values* n < 0.05 (n
being the number of variations or genes).

Magnetic resonance imaging (MRI)

A total of 111 DLB patients in this cohort underwent MRI examination at our
center, of which 35 DLB patients completed the three-dimensional T1-
weighted imaging (3D-T1WI) examination. MRI was conducted on a 3T
Siemens Prisma MRI scanner (Prisma, Siemens, Germany) with a 64-channel
head/neck coil. The 3D-T1WI were acquired using a magnetization prepared
rapid acquisition gradient echo (MPRAGE) sequence with the following
parameters: Sagittal, 176 slices, slice thickness (ST) = 1 mm, repetition time
(TR) =2300 ms, echo time (TE)=2.98 ms, inversion time (TI) =900 ms,
data matrix = 248 x 256, field of view (FOV) = 248 x 256 mm? and flip angle
(FA) =9°. Cortical thickness and gray matter volume were estimated using
the CAT12 toolbox (http://dbm.neuro.uni-jena.de/cat/), which was imple-
mented in SPM12 and runned in MATLAB. Images were examined for
internal quality assurance using CAT12-recommended values and indica-
tions. All images were segmented into gray matter, white matter, and cere-
brospinal fluid, and normalized using the DARTEL algorithm. We smoothed
the images with an isotropic Gaussian kernel of 10 mm full width half
maximum.

Detection of plasma biomarkers

Among the WGS cohort, a subgroup of 106 DLB patients and 190 healthy
controls underwent plasma biomarkers testing. In addition, 106 AD
patients® completed the same plasma biomarkers testing for comparison.
Participants’ venous blood was collected in EDTA tubes and centrifuged at
3000 rpm for 15 minutes at 4 °C within two hours of collection. Plasma
samples were stored at -80 °C and not freeze-thawed before using in the
experiment. Quantitative analysis of p-tau217, NfL, GFAP, and a-synuclein
was performed on a fully automated single-molecule immune detection
(SMID) machine (AST ScLite; AstraBio, Suzhou, China). The detailed
working process of SMID in Astra System is shown in the Supplementary
materials. We employed p-tau217 (R64100), NfL (R64040), GFAP
(R64060), and a-synuclein (R64070) assay kits(AstraBio) for detection,
respectively. The testing physician was unaware of the grouping of
participants.

Statistical analysis
Demographic and clinical characteristics were summarized as means and
standard deviations (SD), median and IQR, or percentages. Continuous
variables with a normal distribution were analyzed for differences using the
t-tests or analysis of covariance (ANCOVA), otherwise the Mann-Whitney
U tests or Kruskal-Wallis tests were applied. Differences in categorical
variables were evaluated using the chi-square test or Fisher’s exact test.
The PRS was generated using PRSice-2”. We incorporated genes
identified in the latest published DLB GWAS to create a PRS model*'*. All
DLB patients were divided into four groups based on their PRS quartiles.
The Cox proportional hazard model was used to investigate the association
between PRS scores, age at onset, and the cumulative incidence rate of DLB.
Plasma biomarker values were log-transformed with base 10 to approximate
a normal distribution, and ANCOVA analysis was conducted for multiple
comparisons with age and gender as covariates. To assess the efficacy of PRS
and plasma biomarkers in discriminating DLB patients from controls or AD
patients, the ROC analyses were performed to calculate the AUC. The
associations between PRS and plasma biomarkers were evaluated using
Spearman correlation tests and general linear regression models adjusted by
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age and gender. To analyze the relationship between voxel-based gray
matter volume, PRS scores, and plasma biomarker levels, the brain model
was segmented and smoothed with CAT12. The MRI data were smoothed
with an 8 x 8 x 8 mm FWHM Gaussian kernel. Correlations were evaluated
by general linear model analysis using SPM12, adjusted by gender, age, and
the total intracranial volume. Statistical analysis was performed using R
version 4.4.1. Statistical significance was deemed at p < 0.05 (two-tailed).

Data availability

The data are available on reasonable request to the corresponding author.

Code availability
The related codes and scripts for the study will be made available upon
reasonable request to the corresponding author.
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