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Supplementary Methods

Polygenic risk score (PRS) calculation

We calculated PRS in an additive genetic model with the formula below:

PRS] :ZSL'XGL']'
i

j refers to the individual to be calculated. i refers to each variant selected in the

calculation. S refers to the summary statistic for the effective allele (in our study we

used Odds Ratio<OR> as the weight of each variant). G refers to the number of effective

allele observed (0/1/2).

Besides the information of variant position and OR, the summary statistics also

contain the p-value of variants in GWAS to represent the correlation between the

variants and the disease. By setting the p-value threshold range (from 5e-08, with step

size of 5e-05) within PRSice-2’s command, it could find the best-fit model of certain

SNP included.

The output file “[prefix].prsice” summarizes the p-value and R2 when different

variant’s p-value thresholds were selected. Here is an example of our output “.prsice’

b

file:
Pheno | Set | Threshold R2 P Coefficient | Standard.Error | Num_SNP
- Base | 1.00E-15 | 0.00106923 | 0.349115 0.50458 0.538905 3
- Base | 5.00E-10 | 0.0076559 | 0.0124479 0.892064 0.356942 13
- Base | 4.00E-09 | 0.00722904 | 0.0151393 0.826793 0.34038 14
- Base | 6.00E-09 | 0.00824909 | 0.00950252 | 0.857054 0.330472 16
- Base | 1.10E-08 | 0.00875608 | 0.00755386 | 0.882742 0.330443 17
- Base | 2.45E-08 | 0.00847331 | 0.00858189 | 0.866742 0.329776 18
- Base | 2.55E-08 | 0.0119503 | 0.00182795 | 0.986313 0.316445 19
- Base | 3.60E-08 | 0.0130818 | 0.00111745 | 1.02463 0.314384 20

In the output, the variant’s p-value threshold of 3.60E-08 showed the lowest P

value (0.00111745) of the whole PRS model, which includes 20 SNPs. PRSice-2 also

outputted a plot to visualize the correlation between model fit R2 and p-value




threshold (Supplementary Figure 2). Using “--print-snp” command, the variant

information of the best-fit model could be output in another “.snp” file.

Polygenic risk score (PRS) adjustment

Given that the samples were recruited from over 54,000 women from six major
geographical regions of the Chinese mainland (Northeast, North, East, South Central,
Northwest and Southwest), inner population stratification might exist. Additionally, in
the validation cohort, controls were genotyped using the Affymetrix Axiom Genome-
Wide CHB 1 Array Plate (CHB-1), while cases were genotyped with a customized
[Mlumina Infinium Asian Screening Array (ASA), which may introduce batch effects.

To verify the genetic homogeneity and to adjust for population stratification in
subsequent analyses, we conducted principal component analysis (PCA) on cases and
controls for both the discovery and validation cohorts (Supplementary Figure 3). For
the discovery cohort, the PCA plot indicated good consistency and overlap between
cases and controls, with no significant population stratification detected. For the
validation cohort, though PCA did not show significant population stratification
within the Chinese population, it did reveal a separation between cases and controls,
which suggests potential batch effects due to different genotyping methods.

To mitigate these effects, we included the top three principal components (PC1-
3) along with age as covariates to adjust PRS in both discovery and validation
cohorts. This adjustment was performed using the “--cov”’ command in PRSice

software, as detailed in its documentation.



Supplementary figures

Discovery Cohort

t Total Participants

N=1199
(576 cases + 623 controls)

Call rate < 0.97

(33 cases + 63 controls)

Autosomal heterozygosity > 5 S.D.*
(17 cases + 29 controls)

Sex misassigned

(1 cases + 13 controls)

Cryptic relationship**

(2 cases + 6 controls)

53 cases and 111 controls were excluded:

v

N=1035

Qualified Participants
(523 cases + 512 controls)

# Standard deviation from the mean
## Identity By Descent (IBD) > 0.125

Validation Cohort

[

N=464

Total Participants
(264 cases + 200 controls)

7 cases and 50 controls were excluded:
Call rate < 0.97
(5 cases + 23 controls)
Autosomal heterozygosity > 5 S.D.#
(2 cases + 16 controls)
Sex misassigned
(0 cases + 6 controls)
Cryptic relationship#**
(0 cases + 5 controls)

v

[

Qualified Participants }

(257 cases + 150 controls)

Supplementary figure 1. Flowchart of sample-level quality control. The flowchart
illustrates the exclusion criteria and the number of exclusions in the discovery cohort
(left panel) and the validation cohort (right panel).
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Supplementary figure 2. Best-fit PRS model selection by PRSice-2. The barplot
illustrated the correlation of PRS model fit with a range of p-value thresholds. The
numbers above the plot show the whole PRS model’s p-value.
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Supplementary figure 3. Principal component analysis (PCA) of polygenic risk
score (PRS) distribution. The scattered plots illustrate the distribution of the first
two principal components (PC1 and PC2) for cases and controls in both the discovery

cohort (Panel A) and the validation cohort (Panel B).



Supplementary Table 1. Genetic variants selected for PRS construction

Effect Allele Allele Allele Prioritized
CHR POS allele rsiD Frequency Frequency Frequency ene(s) Function
(gnomAD_NFE) | (gnomAD_EAS) | (NyuWa_EAS) g

GDFT7: ligand of the transforming
growth factor-beta superfamily;

2 20878105 | G rs9306894 0.37 0.4718 0.4508 GDF7, LDAH LDAH: lipid droplet associated
hydrolase

2 56111309 | T 153791675 | 0.2498 0.756 0.7896 EFEMP1 Member of the fibulin family of
extracellular matrix glycoproteins
Member of the protocadherin family,

4 126924684 | C 1528403275 | 0.1964 0.2502 0.2302 FAT4 role in regulating planar cell polarity,

epithelial-to-mesenchymal transition,
cancer suppressor[2]

Member of a phylogenetically conserved
12 114673421 | A rs1247943 0.5306 0.7381 0.7284 TBX5 family, role in heart development and
specification of limb identity[3]

sec61 translocon alpha 1 subunit, the
main polypeptide-conducting channel in
the endoplasmic reticulum membrane,

3 127721333 | A rs58170120 | 0.154 0.4436 0.4243 SEC61A1 Mutations in SEC61A1 were reported to
be pathogenic in common variable
immunodeficiency and glomerulocystic
kidney disease[4]




66666895

rs201194999

0.1322

0.4593

NA

EPHAS

A receptor tyrosine kinase, role in
tumorigenesis and developmental events,
particularly in the nervous system[5]

127076188

rs10013769

0.6869

0.8911

0.8783

FAT4

Member of the protocadherin family,
role in regulating planar cell polarity,
epithelial-to-mesenchymal transition,
cancer suppressor[2]

4978695

rs42400

0.3528

0.4418

0.4238

ADAMTS16

Role in extracellular matrix maintenance

127512064

rs251217

0.5545

0.2119

0.1787

SLC12A2,
FBN2

SLC12A2: membrane protein mediating
sodium and chloride transport and
reabsorption, maintaining proper ionic
balance and cell volume, role in
corticogenesis and
neurodevelopmental[6]

FBNZ2: fibrillin 2, component of
connective tissue microfibrils

71905587

rs1493202

0.5053

0.3376

0.3418

LACTB2-AS1

LACTB2 antisense RNA 1, LACTB2 is
involved in the turnover of
mitochondrial RNA, and is essential for
mitochondrial function[7]




11

74392514

rs4944936

0.7934

0.6049

0.5559

CHRDL2

Secreted proteins that share a cysteine-
rich pro-collagen repeat domain and
associate with members of the
transforming growth factor beta
superfamily, bone morphogenetic protein
antagonist, preventing from interacting
with their homologous cell surface
receptors, role in adult cartilage
regeneration[8]

11

10308991

rs6484161

0.3553

0.2433

0.2439

SBF2, ADM

SBF2: member of the myotubularin-
related protein family[9] ADM: a
preprohormone which is cleaved to form
two biologically active peptides,
adrenomedullin and proadrenomedullin
N-terminal 20 peptide[10]

11

32479807

rs11031796

0.3717

0.7475

0.7366

WT1

Urogenital system development, cardiac
development and disease

11

32346397

rs35166569

0.04123

0.6816

0.6754

WT1

Urogenital system development, cardiac
development and disease

12

12668410

rs12314243

0.11

0.4304

0.4528

DUSP16

Inhibiting JNK and p38 activation[11]




A member of the BMP (bone
morphogenic protein) antagonist family,
role in regulating organogenesis, body
patterning, and tissue differentiation[12]

15 33023486 | A rs12915554 | 0.3583 0.02921 0.0295 GREM1

Transcription factor, member of the
Krippel-like family of zinc finger

15 31636424 | G rs4779517 0.5088 0.4867 0.5195 KLF13 protein, genetically defective KLF13
predisposes to familial congenital heart
defect[13]

16 84940479 Cc rs1874008 0.7494 0.7916 0.7931 CRISPLD2 Involved in face morphogenesis[14]

Mediating aggrecan cleavage, role in

21 28636684 | C rs235929 0.4274 0.3181 0.3301 ADAMTS5 : .
extracellular matrix maintenance[15]

MAFF: cellular stress response,
promoting antioxidant responses, HIF-1
target gene, increasing the invasive and
22 38598234 G rs2267372 0.6002 0.7438 0.7437 MAFF,PLA2G6 | metastatic behavior of tumor cells[16,
17]

PLA2G6: A2 phospholipase, role in
phospholipid remodelling[18]

Abbreviations: CHR, chromosome; POS, position(hgl19); rsID, reference SNP cluster ID; gnomAD _NFE, effect allele frequency of non-Finnish
European in gnomAD database (v3.1.2); gnomAD_EAS, effect allele frequency of East Asian in gnomAD database; NyuWa_EAS, effect allele
frequency of East Asian in NyuWa database; NA, not applicable.
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