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Introduction & Background YPESETP

_ . _ . *Model 1: Age, sex (Male as ref.), marital status *Model 1: Age, sex, marital status, top 20 PCs
Major Depressive Disorder (MDD) 1s a complex _ i (Married as ref), first 20 PCs (Principal Component *Model 2: + Higher education

psychiatric illness and a leading cause of global | i of all SNPs), batch effect

disease burd§n, esp.ecially in Asia. *Model 2: + Higher education (Yes as ref.)
Although twin studies suggest ~35—40% *Model 3: + Monthly income (10K NTD)
heritability, SNP-based models explain <10% of the *Model 4: + Significant interaction terms

variance.
Therefore, this study integrates genetic, epigenetic, d
and psychosocial factors to better predict MDD risk BP ASD SOz ADHD AN AD  AUD OCD  oUp
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*Added PRS (C+T, PRS-CS) to examine genetic
effects

*Added MRS (from Crawford, Starnawska, L1 EWAS
results) to examine epigenetic effects

*Model fit assessed by Nagelkerke’s R?; prediction
evaluated by 5-fold cross-validated AUC
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*Added PRS (C+T, PRS-CS) to evaluate

. . , genetic contribution
in the Taiwanese populatlon. Figure 1. Heritability estimates of MDD *Model fit assessed by Nagelkerke’s R2:

(O'Connell et al, 2021)

prediction evaluated by 5-fold cross-validated AUC

Study Design & Method

1. Data Source & Sample Selection

Results & Conclusion

Genotype Results:
Data were obtained from the Taiwan Biobank (TWB), a _ _ _ , , ,
B Bkt G“‘.‘ff;"’l population-based cohort of Taiwanese adults aged 30—70 * Among all genotype-based models, Model 4 (including psychosocial variables, interaction terms, and
& 27“‘” ‘8' — years. PRS-CS) demonstrated the best model fit (Nagelkerke R? = 0.0425) and predictive ability
ety Contel Tmpuen (AUC =0.6476).

RIS i E oo After quality control and data cleaning, 58,117 individuals * Adding PRS-CS improved model fit by 9.5%, outperforming PRSice-2 across all models.
B ol with genotype data and 1,993 individuélls \;vith methylation * One standard deviation increase in PRS was significantly associated with increased MDD risk (OR =

data were included (Figure 2). 1.17,95% CI: 1.12-1.22, p < 0.0001).
 Several significant psychosocial factors and interactions were 1dentified

(n =27274) (n 78955)

Randomly Assigned

[ S Phenotype was defined based on self-reported physician Adjusted O Tor KD o Lo e on Genotyre Data (Model 4y ) oo oychosocial Factors A i e 2 oD (Mosia Ay rV2's
thylatio cipants Sample pe Sample . . . . . . . . i
(a=2474 - 106229) diagnosis history of depression, which, while not adhering ors| ORe117,C1=1.12:1.22, p=<0.0001 SexAge ‘ OR =099, 85% 1= 038, 1au}, p = 00336
strictly to DSM criteria, has been adopted as a proxy for roel b Age*Never Married 'i O = 08 255 €L 07,100, p - 00132
S . MDD Sex (Male as ref.) | i — OR=2.99, CI=1.64-5.47, p=0.0004 Agerbivorced/ Seperated .i o
QC’ed Methylation Participants Sample Included QC’ed Genotype Sample i Age*Widowed ":' OR =0.99,95% €1 =10.97, 1.01). p = 0.3949
(n=1995) (n=58117) | Never Married | | o OR=5.62, C|=2.98-10.30, p=<0.0001 !
; Never Married*Sex | [ lp
Data Cleaning l Divorced / Seperated i o OR=11.97, Cl=5.73-25.00, p=<0.0001 i
: Divorced / Seperated*Sex | 1 ° OR = 1.20, 95% Cl = [0.86, 1.66], p = 0.2429
R QC‘?dyfg;gl)aﬁOn Samples ‘ Figlll‘e 2. FlOWChaI't Of QUahty COHthL data Widowed E ¢ OR=2:35, €170,49-11.20, p=0.2902 Widowed*Sex | i * OR = 1.22, 95% Cl = [0.60, 2.47], p = 0.5663
Cleaning pI‘OCCSS and Sample Size information recelved Highe{Yiguacsa:;ofg [ i — OR=3.36, C1=2.10-5.53, p=<0.0001 " age*Received Higher Education | oi OR = 0.98, 95% CI = [0.97, 0.99], p = <0.0001
° ° ° ° ° ° Income per mon thi : OR=0.84, CI=0.77-0.92, p=0.0002 e*Income per month | :§ OR = 1.00, 95% Cl = [1.00, 1.00], p = 0.0059
2. Genetic and Epigenetic Risk Estimation (PRS and MRS) aocnewTaman Dollars [ 3 S " foctincomepermen®l 1 B
Odds Ratio Odds Ratio
To estimate individuals’ genetic and epigenetic risk for depression, this study utilized polygenic risk Figure 3. Adjusted ORs of Genotype Model 4 Predictors Figure 4. Interaction Terms in Genotype Model 4
scores (PRS) and methylation risk scores (MRY), respectively. PRS captures inherited genetic atter adding PRS calculated by PRS-CS after adding PRSS calculated by PRS-CS
. s, . . . © 4 . . ] Model Performance Across Different Feature Sets (Genotype Data)
predisposition, while MRS reflects epigenetic variation potentially shaped by environmental 0.660 s Figure 5. Prediction performance (ROC-AUC) across different
Psychosocial Only
exposures. ) ~ wamsrrsce2rrs models of genotype data
0.650
1) Polygenic Risk Score(PRS . . :
(1) Polyg ( ) 0645 Integrating genetic and psychosocial factors—

especially PRS from PRS-CS—substantially

PRS were constructed using summary statistics from a multi-ancestry genome-wide association . . ek
improved model fit and depression prediction.

study (GWAS) of MDD (Meng et al., 2024), applying both the clumping-and-thresholding (C+T)

5-fold Cross-Validation ROC-AUC
o
()]
S
()

method via PRSice-2 and the Bayesian shrinkage method via PRS-CS. oeas) . _ _
| | | - A multifactorial approach (Model 4) yielded the
Clumping + Thresholding (C+T) Bayesian Continuous Shrinkage Prior (PRS-CS): i?;gr s e & best performance. Results from methylation-based
* SNPs selected by LD clumping and * SNP effect sizes shrunk using external LD panel &"o@ o & x\&e«* models (MRS) are presented below.
p-value thresholding * Posterior weights estimated via PRS-CS . )
» Best-fit threshold selected via PRSice-2 Methylation Results:
e Formula: Prior:  B: ~ N (0 g i)  Among MRS models, MRS calculated by Starnawska et al. (2019) EWAS achieved the best fit
R ' ¢ "N T (Nagelkerke R?2=0.0738, OR =1.28, p = 0.0379).
p _ A * Adding this MRS improved model fit by 9.7%, outperforming other EWAS-based MRS.
RS»L — Z ,Bj C Xz'j . "
Posterior effect:  p(3;|8;, X) * In contrast to genotype data, the C+T method (PRSice-2) outperformed PRS-CS 1n methylation-based
models, improved model fit by 19.3%.
(2) Methylation Risk Score (MRS) * Model 2 with PRS (PRSice-2) and MRS (Starnawska) achieved the best fit and predictive performance.
. . . . . . . . ) Adjusted Odds Ratios and 95% Confidence Intervals for Main Predictors of MDD (Model 2, Methylation Data) Model Performance (ROC-AUC) with PRS and MRS from Different EWAS
To capture epigenetic contributions to depression risk, methylation risk scores (MRS) were | R | : s o y] 04|
constructed using CpG sites 1dentified from three published epigenome-wide association studies  o52|
(EWAS) conducted in European or North American populations: Crawford et al. (2018), Starnawska RS T PRI CITL0n 160 pr00%8 3 0.0}
et al. (2019), and Li et al. (2022). agel ! o 10 1081 020 S0
EWAS detect differential DNA methylation patterns associated with disease vulnerability, potentially Sex (Male as ref) | -, R4 C110.95, 2,661, 50,0541 ;_%056_
influenced by environmental exposures. "
Never Married | : ® OR=1.93, CI=[1.00, 2.17], p=0.0591 021 - g o dk i foigw
* CpG sites grouped into co-methylated regions using R package CoMeBack S —— 2
° _JOWGS'[ p Value CpG per I'GglOIl I'Gtalned Divorced / Seperated | i ® OR=1.71, CI=[0.96, 2.12], p=0.1477 Q\/gb Q\/zb q/’L:;on’
 P-value thresholding applied; optimal cutoff selected via correlation with depression Widowed | or-00s,ci-t0.33. 272100z FigUIe 6. Adjusted ORs for key predlctors of MDD in methylation
» Final MRS = weighted sum of selected CpG methylation levels cetved e vcato Model 2, adding PR by PRSice-2 and MRS by Starnawska EWAS
(esasref) T TR psure 7. Model ROC-AUC with different EWAS-based MRS +
R M e ratie 0 PRS by PRSice-2 combinations
m w;: the estimated effect size or direction of association for CpG site ¢ from EWAS results. odds Ratio
M RSZ — Z w;C; o o
1 ¢;: the DNA methylation level (beta value) of CpG site 7 for individual ¢ (from 0 - 1). DlSC“SSlOﬂ
3. Evaluation of Model Fit and Predictive Performance This study supports a multifactorial approach to depression prediction by integrating genetic, epigenetic,

and psychosocial factors. While PRS-CS yielded the best model fit and AUC 1n genotype-based data, the
simpler C+T method performed better in methylation-based models, suggesting that PRS methods should
be flexibly chosen based on data characteristics. The inclusion of MRS, particularly from Starnawska et al.
(2019), further improved model fit and predictability. Together, these findings highlight the potential of
combining PRS and MRS to enhance model performance in mental health risk prediction.

To evaluate the combined and individual contributions of genetic, epigenetic, and psychosocial
factors to depression risk, stepwise logistic regression models were built.

Genotype and methylation samples were modeled separately, and model fit and predictive ability
were assessed.




