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S1. Supplementary methods
S1.1. PCOSAct
The PCOSAct study which recruited 1000 infertile women with PCOS, conducted at 21 sites (27 hospitals) between July 6, 2012, and November 18, 2014. For center, 11 and 10 sites were geographically distributed to the Southern and Northern China, repectively. All patients fulfilled the diagnostic criteria for PCOS according to the modified Rotterdam criteria: oligomenorrhea or amenorrhea (menstrual interval > 35 and 90 d, respectively), together with clinical (modified Ferriman–Gallwey hirsutism score ≥ 5 in Chinese) or biochemical hyperandrogenism (total testosterone > 1.67 nmol·L–1), polycystic ovaries (> 12 follicles each < 9 mm in diameter or ovarian volume > 10 mL3), or both, were recruited
The primary outcome was live birth, and the secondary outcomes were ovulation, conception, clinical pregnancy, and pregnancy loss. Conception was defined as any positive serum human chorionic gonadotropin test. Clinical pregnancy was defined as an intrauterine pregnancy with fetal heart pulsation as detected by transvaginal ultrasound. Live birth was defined as delivery of a viable infant with a gestational age ≥ 20 weeks. Pregnancy losses included miscarriage or fetal demise and stillbirth before and after 20 weeks, respectively. Ovulation and fertility outcomes were calculated as cumulative rates. Baseline blood samples were used for genomic sequencing and metabolomic profiling.
S1.2. Interventions and outcomes
Women were randomized to receive either CC or a placebo with or without acupuncture for 4 months (16 weeks). CC administration started at 50 mg·tablet–1, and the dosage was gradually increased to no more than 150 mg until successful ovulation. The maximum length of treatment was four cycles. Successful ovulation was defined as an elevated serum progesterone level > 9.54 nmol·L–1 (3 ng·mL–1), and the time to ovulation was recorded per week during the treatment cycles. The primary outcome was live birth, and the secondary outcomes were ovulation, conception, clinical pregnancy, and pregnancy loss. Ovulation and fertility outcomes were calculated as cumulative rates. Baseline blood samples were used for genomic sequencing and metabolomic profiling.
Because no significant differences in ovulation or other fertility outcomes were seen between active and control acupuncture, women who received clomiphene regardless of acupuncture were included in the clomiphene group. Those on a placebo were included as the placebo group for comparison in this study.
S1.3 Whole-exome plus targeted SNP sequencing
The QuarXeq Human Whole Exome 1.0 plus 200K SNPs Panel (Dynegen Technologies, Inc.) has a probe size of 60 Mb and targets the exonic regions of genes. The coding regions of all 20 000 genes were captured with sense and antisense RNA baits of approximately 60 Mb (targeting > 99% of the regions in the RefSeq, CCDS, Gencode, HGMD-cds, and OMIM-cds databases) for generating 300 bp paired-end reads. 200K SNP have a probe size of 25 Mb and target Genome-Wide Association Study (GWAS)-related SNPs from the NHGRI GWAS catalog, Affymetrix, and Illumina arrays. The 20K SNP part came from the NHGRI GWAS catalog. The other 180K was selected based on the overlapping SNPs of the Affymetrix CHB and Illumina ASA arrays.
The DNA libraries were constructed by shearing 200 ng of genomic DNA into 180–250 bp DNA fragments using Covaris. The fragmented DNA was end-repaired and dA-tailed using a QuarPrep Ultra DNA Library Kit, followed by the ligation of adapters and purification. After that, the DNA library was PCR amplified and purified by means of QuarAcces Hyper Pure Beads. The quality and quantity of the DNA library were assessed using a bioanalyzer and the Qubit dsDNA HS Assay kit. Then, 500 ng of each prepared DNA library was pooled in equal quantity and hybridized with biotinylated RNA bait. After hybridization, the biotinylated probes were captured using streptavidin-coated beads and washed. Finally, the captured DNA libraries were amplified and purified for 2 × 150 bp paired-end sequencing on Illumina NGS sequencers.
The unmapped BAM files were mapped to the reference human genome (NCBI build 38, hg 38) using a Burrows–Wheeler alignment (BWA) tool v0.7.17. Mapped duplicate reads were removed and sorted using SAMtools v1.9. Next, base quality score recalibration (BQSR) was performed on the sorted BAM in parallel scatter. After BQSR, variant calling was performed using the GATK HaplotypeCaller tool. The output produced by HaplotypeCaller was a single genomic variant call format (GVCF) file; next, the GVCF files were combined in a multi-samples VCF to enable a simultaneous search for variants.
S1.4. Metabolomic profiling
200 μL serum samples were vortexed for 10 s; then, 800 μL of an equal proportion solution of methanol, acetonitrile, and acetone was added to precipitate the protein. The supernatant was placed in a 40 °C water bath, then blown dry with nitrogen. 160 μL of methanol was added to the residue, which was then vortexed for 60 s. Next, 40 μL of water was added, and the mixture was vortexed for 60 s, centrifuged at 13 000 rpm for 10 min at 4.0 °C. The final supernatant was filtered through a 0.22 μm filter prior to UPLC analysis. An ACQUITY UPLCTM HSS T3 (100 mm × 2.1 mm, id, 1.8 μm) was employed for chromatographic analysis. Mobile phases consisting of the A phase (water and 0.1% formic acid) and the B phase (acetonitrile and 0.1% formic acid) were used with a column temperature of 40 °C, a flow rate of 0.4 mL·min–1, and a sample volume of 2.0 μL. The gradient was set as follows: 0–5.0 min: 99%–65% A; 5.0–8.0 min: 65%–45% A; 8.0–9.5 min: 45%–30% A; and 9.5–13.0 min: 30%–0% A. Then, 0% A was maintained for 2.0 min for the equilibration of the column. Electrospray ionization (ESI) was used for a full scan in positive and negative ion mode. The conditions were set as follows: the ion spray voltage was set to 5.5 VK in positive ion mode and 4.0 VK in negative ion mode; the ion source temperature was set to 600 °C; the deconvolution voltage (DP) was set to 100 V; and the collision energy (CE) was set to 35 eV. Nitrogen was used as the atomizing gas and the auxiliary gas; both were 55 psi (1 psi = 6894.8 Pa) and 65 psi in the positive and negative ion modes, respectively. The blast gas was 35 psi.
The serum ESI-MS metabolic profile data was input into the Progenesis QI software for data preprocessing. After the peaks were matched, extracted, and normalized, the ions were normalized, and high-stringency hierarchical clustering and discriminant analysis was performed on all ions, according to ovulation outcome. Then, the sparse partial least squares (sPLS) was performed to calculate the contribution value of each ion reflecting the clustering. The inter-group separation was determined via t-test on the normalized data. Statistically significant ions between groups were selected as candidate ions, and element matching and secondary identification were performed. The Human Metabolome Database (HMDB) and the Metaboanalyst website were used to estimate the possible attribution of the metabolites. Based on the mass fragment software attached to the Masslynx software system, the obtained compounds and the secondary mass spectrum were used as prerequisites. The effectiveness of the metabolites was demonstrated by means of pyrolysis mass spectrometry and the possibility of chemical structure cleavage. The KEGG was used for analyzing the metabolic pathways. The significant metabolites associated with the variants and mutations were classified as an important metabolic signature for ovulation and were validated by means of quantitative tandem LC-MS/MS methods specific for eicosanoids.
S1.5. Machine learning and the predictive model
The variables to build the model included age, height, weight, body mass index, hip and waist circumferences, pulse, respiration, systolic blood pressure, diastolic blood pressure, modified Ferriman–Gallwey score, acne score, acanthosis score, follicle stimulating hormone, luteinizing hormone, estradiol, progesterone, total testosterone, free testosterone, sex hormone binding globulin, free androgen index, anti-mullerian hormone, fasting glucose and insulin, total cholesterol, triglyceride, high- and low-density lipoproteins, mean menstrual cycles per year, mean menstrual interval, history of smoking and drink, infertility duration, left- and right-ovary antral follicle count, and treatment (i.e., clomiphene, acupuncture, or their combination).
We have built predictive models for ovulation based on selective traits, with or without the polygenic risk score (PRS), significant risk genotypes, and the levels of associated metabolite signatures and their combinations. PRS was calculated by the estimated effect of the risk genotypes on an individual’s phenotype as a weighted sum of trait-associated alleles. For each cohort, data that held missing features greater than or equal to 20% were removed. For each feature setting, features that contained any missing values were filtered. 45% and 20% of randomly picked clinical data was used as the training set and internal validation set, respectively, for the ovulation predictive model. Another 35% of the clinical data was used as an external validation set to test the applicability. The component features for each feature setting were selected by means of the least absolute shrinkage and selection operator (LASSO), which was conducted with the R package “glmnet;” we then considered zero-weight features in the “lambda.min” setting as redundant collinear features to delete. To minimize the bias, the treatment was forced to remain within the selection process.
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	Fig. S1. Flowchart.
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	[bookmark: OLE_LINK4]Fig. S2. Principal components analysis of study population. (a) Plot of principal components analysis (PCA) of our samples (controls, ovulation; cases, anovulation) compared with other samples from HapMap3 (https://www.broadinstitute.org/medical-and-population-genetics/hapmap-3). Variances of the first principal components (C1) and the second principal components (C2) are shown. (ASW: African ancestry in southwest USA; CEU: Utah residents with northern and western European ancestry from the CEPH collection; CHB: Han Chinese in Beijing, China; CHD: Chinese in Metropolitan Denver, Colorado; GIH: Gujarati Indians in Houston, Texas; JPT: Japanese in Tokyo, Japan; LWK: Luhya in Webuye, Kenya; MEX: Mexican ancestry in Los Angeles, California; MKK: Maasai in Kinyawa, Kenya; RSI: Tuscans in Italy; YRI: Yoruba in Ibadan, Nigeria). (b) Close-up plot of the PCA of our samples only (green: controls as ovulation; orange: cases as anovulation).
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	Fig. S3. QQ plot and functional mutation of the variants. (a) QQ plot of the significant variant ZNF438 rs2994652. (b) Functional mutation locations of the rare variant REC114 rs182542888. Both variants are significantly associated with ovulation.



	Table S1 
Top variants and associated fertility outcomes.

	Outcomes
	Group
	Chromosome
	SNP
	BP
	Nearby gene
	REF
	ALT
	FRQ_A
	FRQ_U
	OR
	SE
	p values

	Ovulation
	All
	10
	rs2994652
	31124111
	ZNF438
	A
	G
	0.55600
	0.4060
	1.9620
	0.1210
	2.47E-08

	Ovulation
	Clomiphene
	10
	rs57718262
	31333480
	ZNF438
	G
	T
	0.95000
	0.7893
	6.5340
	0.3656
	2.84E-07

	Ovulation
	Placebo
	10
	rs34486207
	31124758
	ZNF438
	C
	T
	0.55670
	0.6532
	0.2218
	0.3097
	1.16E-06

	Conception
	All
	1
	rs10915445
	4197642
	—
	G
	A
	0.62430
	0.5608
	3.0192
	0.2256
	9.65E-07

	Conception
	Clomiphene
	6
	rs138366653
	109535669
	CEP57L1
	C
	T
	0.84440
	0.9410
	0.1065
	0.4453
	4.91E-06

	Conception
	Placebo
	4
	rs4403029
	174819457
	—
	A
	G
	0.63270
	0.4998
	2.7820
	0.2164
	2.25E-05

	Clinical pregnancy
	All
	9
	rs7036080
	3088160
	—
	T
	C
	0.93200
	0.9556
	0.0278
	0.7338
	1.05E-05

	Clinical pregnancy
	Clomiphene
	7
	rs1028264
	116227046
	CAV1
	C
	T
	0.80600
	0.9029
	0.0900
	0.4758
	4.17E-05

	Clinical pregnancy
	Placebo
	22
	rs5752397
	21344055
	CRKL
	A
	G
	0.75070
	0.8661
	0.3508
	0.2313
	5.94E-05

	Live birth
	All
	10
	rs7913045
	7582336
	ITIH5
	T
	C
	0.74640
	0.6134
	2.1066
	0.1544
	1.40E-05

	Live birth
	Clomiphene
	3
	rs545294751
	57968050
	FLNB
	I
	D
	0.70550
	0.8553
	0.1838
	0.3386
	5.67E-05

	Live birth
	Placebo
	3
	rs367672618
	143168697
	SLC9A9
	I
	D
	0.77410
	0.6462
	3.0077
	0.2425
	5.62E-05

	Pregnancy loss
	All
	3
	rs367672618
	143168697
	SLC9A9
	I
	D
	0.58080
	0.7415
	0.2912
	0.2715
	5.52E-05

	Pregnancy loss
	Clomiphene
	1
	rs4631672
	192598022
	RGS1
	A
	C
	0.41520
	0.2730
	157.8304
	1.2538
	5.41E-04

	Pregnancy loss
	Placebo
	3
	rs367672618
	143168697
	SLC9A9
	I
	D
	0.58070
	0.7741
	0.1862
	0.3637
	3.80E-05


SNP: single nucleotide polymorphism; BP: base-pair position; REF: reference allele; ALT: alternative allele; FAQ_A: allele frequency in cases; FAQ_U: allele frequency in controls; OR: odds ratio; SE: standard errors.
	Table S2 
Details of the rare variants.

	Variation
	Chromosome
	POS
	Gene
	Feature
	Type
	Protein position
	Amino
acids
	SIFT
	PolyPhen
	CADD phred
	AF
	U
	V
	STAT
	Direction
	p values

	rs182542888_T
	15
	7.4E+07
	REC114
	ENST00000331090
	Missense
	101
	V/L
	0.04
	0.02
	6.1
	0.61%
	–6.41850
	2.00400
	20.55750
	–
	5.79E-06

	15_73551040_G_A
	15
	7.4E+07
	REC114
	ENST00000331090
	Missense
	146
	V/M
	0.00
	1.00
	24.0
	0.05%
	–0.78030
	0.16946
	3.59288
	–
	5.80E-02

	rs199957073
	15
	7.4E+07
	REC114
	ENST00000331090
	Missense
	221
	P/H
	0.02
	0.86
	22.8
	0.05%
	–0.78260
	0.16946
	3.61377
	–
	5.73E-02

	15_73559791_C_G
	15
	7.4E+07
	REC114
	ENST00000331090
	Missense
	226
	Q/E
	0.02
	0.16
	8.3
	0.05%
	0.21673
	0.16946
	0.27718
	+
	5.99E-01

	15_73559846_A_G
	15
	7.4E+07
	REC114
	ENST00000331090
	Missense
	244
	D/G
	0.00
	1.00
	27.9
	0.05%
	–0.78560
	0.16946
	3.64150
	–
	5.64E-02


POS: base-pair position; SIFT: sorting intolerant from tolerant; PolyPhen: polymorphism phenotyping; CADD: combined annotation dependent depletion; phred: phred score; AF: allele frequency; U and V statistics are score statistics: STAT: statistics; V/L: alanine/leucine; V/M: valine/methionine; P/H: proline/histidine; Q/E: glutamine/glutamic acid; D/G: aspartic acid/glycine



	Table S3
Ovulation regarding genotypes and treatment.

	Genotype
	Allele frequency
	
	OR (95%CI)
	p valuesa

	
	Anovulation (n = 212)
	Ovulation (n = 767)
	
	
	

	ZNF438 (rs2994652)
	
	
	
	
	

	Overall
	55.6%
	40.6%
	
	[bookmark: OLE_LINK7]1.96 (1.55–2.49)
	2.47E-08

	Clomiphene
	61.1%
	40.9%
	
	2.47 (1.53–3.96)
	1.92E-04

	Placebo
	54.0%
	40.1%
	
	1.88 (1.40–2.53)
	2.56E-05

	ZNF438 (rs34486207)
	
	
	
	
	

	Overall
	56.1%
	42.2%
	
	1.87 (1.48–2.37)
	2.14E-07

	Clomiphene
	63.3%
	42.4%
	
	2.02 (1.27–3.21)
	1.66E-04

	Placebo
	54.0%
	41.9%
	
	1.63 (1.25–2.14)
	1.16E-04

	ZNF438 (rs57718262)
	
	
	
	
	

	Overall
	9.6%
	4.5%
	
	1.89 (1.49–2.40)
	1.53E-07

	Clomiphene
	21.1%
	5.1%
	
	2.37 (1.51–3.72)
	2.84E-04

	Placebo
	6.4%
	3.9%
	
	1.63 (1.24–2.14)
	1.13E-04

	REC114 (rs182542888)
	
	
	
	
	

	Overall
	2.73%
	0.25%
	
	11.52 (3.08–43.05)
	2.80E-04

	Clomiphene
	7.14%
	0.29%
	
	28.75 (5.35–154.54)
	9.07E-05

	Placebo
	1.54%
	0.20%
	
	8.06 (0.89–72.89)
	6.31E-02

	a Adjusted by treatment.
CI: confidence interval
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	Fig. S4. Significant single-nucleotide variants in PCOS according to different treatment. Overall Manhattan plot (left) and locus region (right) of (a) the significant variant ZNF438 rs34486207 after clomiphene treatment and (b) ZNF438 rs57718262 after placebo treatment. In the Manhattan plots, the variants are indicated by gene name. In the locus regions, linkage disequilibrium values are calculated based on genotypes of our sample. Positions in the genome assembly hg19 are plotted. The recombination rate is shown in centimorgans (cM) per million base pairs (Mb). The plot shows the names and locations of the genes; the transcribed strand is indicated with an arrow. Genes are represented with intronic and exonic regions. The red diamond in each panel represents the variant most strongly associated with the corresponding outcomes. (A detailed QQ plot and the functional mutation are shown in Fig. S3; detailed variant information is shown in Tables S1 and S2.)
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	Fig. S5. QQ plot of the variants according to the different treatment. QQ plot of (a) the significant variant ZNF438 rs34486207 after clomiphene treatment and (b) rs57718262 after placebo treatment. 




	Table S4
Interaction of genotypes for ovulation.

	Frequency
	ZNF438 rs2994652
	OR
	p values

	
	Anovulation
	Ovulation
	
	

	
	AA
	AG
	GG
	AA
	AG
	GG
	
	

	Overall
	
	
	
	
	
	
	
	

	REC114 all
	57
	115
	34
	107
	392
	248
	1.96
	2.47E-08

	REC114 non-risk
	53
	109
	33
	106
	390
	247
	1.93
	1.04E-07

	REC114 risk
	4
	6
	1
	1
	2
	1
	1.91
	4.82E-01

	Clomiphene
	
	
	
	
	
	
	
	

	REC114 all
	15
	25
	5
	64
	226
	143
	2.47
	1.92E-04

	REC114 non-risk
	12
	23
	5
	63
	225
	142
	2.23
	1.53E-03

	REC114 risk
	3
	2
	0
	1
	1
	1
	3.82
	2.74E-01

	Placebo
	
	
	
	
	
	
	
	

	REC114 all
	42
	90
	29
	43
	165
	105
	1.88
	2.56E-05

	REC114 non-risk
	41
	86
	28
	43
	164
	105
	1.89
	2.68E-05

	REC114 risk
	1
	4
	1
	0
	1
	0
	NA
	NA

	“REC114 risk” refers to rs182542888_T, 15_73551040_G_A, rs199957073, 15_73559791_C_G, or 15_73559846_A_G; “ZNF438 risk” refers to rs2994652-A.
NA: not available.
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	[bookmark: OLE_LINK8]Fig. S6. Kaplan–Meier curves of the variants on ovulation. Probability of ovulation with genotype (red) vs non-risk genotype (blue) after clomiphene (left) or placebo (right) treatment in different variants. Compared with the non-risk genotype, women with the variants (a) ZNF438 rs34486207 and (b) ZNF438 rs57718262 had significantly prolonged ovulation time in both the clomiphene and placebo groups.

	



Table S5
Baseline demographic characteristics (values are mean ± SD unless stated otherwise).

	Characteristics
	Clomiphene (n = 488)
	p valuea
	Placebo (n = 491)
	p value
	Overall
	p value

	
	Ovulation
(n = 443)
	Anovulation
(n = 45)
	
	Ovulation (n = 324)
	Anovulation (n = 167)
	
	Ovulation (n = 767)
	Anovulation (n = 212)
	

	Age (year)
	27.96 ± 3.34
	28.02 ± 3.63
	0.739
	28.19 ± 3.19
	27.23 ± 3.29
	0.004
	28.06 ± 3.28
	27.40 ± 3.37
	0.007

	Height (cm)
	161.21 ± 5.02
	161.10 ± 5.65
	0.821
	161.43 ± 5.17
	160.82 ± 5.09
	0.121
	161.30 ± 5.08
	160.88 ± 5.20
	0.239

	Weight (kg)
	61.96 ± 11.34
	70.24 ± 15.13
	0.001
	62.34 ± 12.49
	65.66 ± 13.59
	0.008
	62.12 ± 11.83
	66.62 ± 14.02
	< 0.001

	BMI (kg·m–2)
	23.78 ± 3.88
	26.84 ± 4.74
	< 0.001
	23.88 ± 4.27
	25.31 ± 4.67
	0.001
	23.82 ± 4.05
	25.63 ± 4.72
	< 0.001

	Waist circumference (cm)
	84.55 ± 10.89
	91.40 ± 13.33
	0.001
	84.76 ± 11.54
	87.32 ± 12.08
	0.022
	84.64 ± 11.17
	88.17 ± 12.43
	< 0.001

	Hip circumference (cm)
	97.76 ± 8.59
	101.57 ± 9.92
	0.020
	97.96 ± 8.22
	100.22 ± 9.00
	0.011
	97.84 ± 8.43
	100.50 ± 9.19
	< 0.001

	Mean menstrual cycle per year
	6.25 ± 1.93
	5.44 ± 2.30
	0.015
	6.56 ± 2.05
	5.52 ± 2.31
	< 0.001
	6.38 ± 1.99
	5.51 ± 2.30
	< 0.001

	Mean menstrual interval (days)
	68.18 ± 42.89
	90.02 ± 72.54
	0.016
	62.45 ± 33.14
	81.31 ± 47.09
	< 0.001
	65.76 ± 39.15
	83.13 ± 53.32
	< 0.001

	Infertility duration (months)
	23.06 ± 16.80
	30.95 ± 23.99
	0.032
	23.02 ± 17.39
	25.99 ± 17.97
	0.031
	23.05 ± 17.04
	27.00 ± 19.38
	0.004

	Systolic blood pressure (mmHg)
	111.78 ± 9.52
	117.09 ± 9.60
	0.001
	111.92 ± 9.55
	112.95 ± 8.37
	0.241
	111.84 ± 9.53
	113.81 ± 8.78
	0.011

	Diastolic blood pressure (mmHg)
	74.61 ± 7.96
	76.89 ± 7.84
	0.107
	74.88 ± 7.64
	74.57 ± 8.05
	0.565
	74.72 ± 7.82
	75.05 ± 8.04
	0.770

	Modified F–G score
	2.95 ± 2.58
	3.05 ± 2.52
	0.700
	3.15 ± 2.89
	3.02 ± 3.22
	0.269
	3.04 ± 2.71
	3.02 ± 3.08
	0.475

	Acne score
	0.44 ± 0.77
	0.27 ± 0.54
	0.212
	0.47 ± 0.77
	0.44 ± 0.79
	0.691
	0.45 ± 0.77
	0.41 ± 0.75
	0.504

	Acanthosis score
	1.19 ± 0.44
	1.36 ± 0.65
	0.032
	1.19 ± 0.47
	1.26 ± 0.51
	0.084
	1.19 ± 0.45
	1.28 ± 0.55
	0.010

	Left ovary antral follicle count
	11.81 ± 2.74
	12.61 ± 3.60
	0.268
	12.09 ± 3.51
	12.39 ± 2.38
	0.050
	11.93 ± 3.09
	12.43 ± 2.68
	0.007

	Right ovary antral follicle count
	11.91 ± 2.71
	12.07 ± 2.24
	0.935
	12.30 ± 3.13
	12.14 ± 2.56
	0.966
	12.07 ± 2.90
	12.12 ± 2.49
	0.616

	Polycystic ovary morphology (n(%))
	391 (88.26%)
	35 (77.78%)
	0.044
	290 (89.51%)
	150 (89.82%)
	0.914
	681 (88.79%)
	185 (87.26%)
	0.622

	Luteinizing hormone (IU·L–1)
	10.34 ± 6.25
	9.97 ± 4.08
	0.702
	10.06 ± 5.84
	11.90 ± 5.54
	< 0.001
	10.22 ± 6.08
	11.49 ± 5.31
	< 0.001

	Follicle stimulating hormone (IU·L–1)
	6.15 ± 1.64
	5.88 ± 1.87
	0.070
	6.05 ± 1.79
	6.12 ± 1.39
	0.477
	6.11 ± 1.70
	6.07 ± 1.51
	0.571

	Estradiol (pmol·L–1)
	288.97 ± 385.57
	238.51 ± 163.24
	0.628
	276.02 ± 307.87
	215.54 ± 70.81
	0.736
	283.54 ± 354.88
	220.43 ± 97.95
	0.628

	Progesterone (nmol·L–1)
	2.36 ± 4.01
	4.08 ± 8.90
	0.470
	2.67 ± 5.22
	2.62 ± 6.01
	0.659
	2.49 ± 4.56
	2.92 ± 6.72
	0.464

	Total testosterone (nmol·L–1)
	1.64 ± 0.65
	1.92 ± 0.65
	0.005
	1.59 ± 0.61
	1.80 ± 0.67
	0.002
	1.62 ± 0.64
	1.82 ± 0.66
	< 0.001

	Free testosterone (pmol·L–1)
	2.25 ± 0.80
	2.58 ± 0.84
	0.012
	2.20 ± 0.86
	2.49 ± 0.87
	< 0.001
	2.23 ± 0.83
	2.51±0.86
	< 0.001

	Sex hormone binding globulin (nmol·L–1)
	44.36 ± 30.11
	33.66 ± 20.18
	0.017
	45.65 ± 32.86
	34.58 ± 27.32
	< 0.001
	44.90 ± 31.28
	34.38 ± 25.89
	< 0.001

	Anti-Müllerian hormone (ng·mL–1)
	11.78 ± 6.52
	14.23 ± 7.27
	0.013
	11.32 ± 6.21
	13.24 ± 5.65
	< 0.001
	11.58 ± 6.39
	13.45 ± 6.02
	< 0.001

	Free androgen index (%)
	5.32 ± 3.81
	7.66 ± 5.47
	0.001
	5.38 ± 4.17
	7.69 ± 5.47
	< 0.001
	5.35 ± 3.96
	7.69 ± 5.46
	< 0.001

	Fasting insulin (pmol·L–1)
	93.30 ± 93.01
	128.07 ± 100.76
	< 0.001
	95.91 ± 90.42
	95.65 ± 65.00
	0.231
	94.39 ± 91.89
	102.54 ± 74.96
	0.002

	Glucose (mmol·L–1)
	4.98 ± 0.95
	4.97 ± 0.94
	0.780
	5.18 ± 1.10
	4.96 ± 0.83
	0.146
	5.07 ± 1.02
	4.97 ± 0.85
	0.564

	Total cholesterol (mmol·L–1)
	4.66 ± 1.10
	5.02 ± 1.33
	0.247
	4.78 ± 1.02
	4.82 ± 1.11
	0.708
	4.71 ± 1.07
	4.87 ± 1.16
	0.139

	Triglyceride (mmol·L–1)
	1.52 ± 0.87
	1.68 ± 0.70
	0.029
	1.59 ± 0.95
	1.66 ± 1.00
	0.298
	1.55 ± 0.90
	1.67 ± 0.95
	0.027

	High-density lipoprotein (mmol·L–1)
	1.28 ± 0.39
	1.20 ± 0.31
	0.286
	1.30 ± 0.37
	1.24 ± 0.34
	0.133
	1.29 ± 0.38
	1.23 ± 0.33
	0.102

	Low-density lipoprotein (mmol·L–1)
	2.90 ± 0.87
	3.29 ± 1.11
	0.080
	2.97 ± 0.81
	3.06 ± 0.92
	0.373
	2.93 ± 0.84
	3.11 ± 0.97
	0.038

	ZNF438 variants rs2994652 (n(%))
	64 (14.8%)
	15 (33.3%)
	< 0.001
	43 (13.7%)
	42 (26.1%)
	0.038
	107 (14.3%)
	57 (27.7%)
	< 0.001

	              rs34486207 (n(%))
	69 (16.0%)
	16 (35.6%)
	0.722
	46 (14.7%)
	42 (26.1%)
	0.332
	115 (15.4%)
	58 (28.2%)
	0.467

	              rs57718262 (n(%))
	67 (15.5%)
	16 (35.6%)
	1.000
	46 (14.7%)
	42 (26.1%)
	0.411
	113 (15.1%)
	58 (28.2%)
	0.223

	REC114 variant rs182542888 (n(%))
	3 (0.7%)
	4 (8.9%)
	< 0.001
	0 (0)
	4 (2.4%)
	0.023
	3 (0.4%)
	8 (3.8%)
	< 0.001

	a Adjusted by treatment.



	[image: A screenshot of a mapDescription automatically generated with low confidence](a)
(b)

	Fig. S7. (a) ZNF438 expression in the follicles of individuals from the control and PCOS groups. The expression of ZNF438 (green) and androgen receptor (AR; red) proteins in different stages of the follicles of a healthy woman in the control group and a woman with PCOS was studied using immunofluorescent staining. (b) Presentative immunofluorescent images are presented with positive ZNF438/REC114 signals in oocyte and granulosa cells in the control (white arrows) and positive AR signals in stroma in the control and PCOS. (Magnification: 400× for primordial follicles, 200× for primary and secondary follicles)



	

	Fig. S8. Metabolomic analysis and clustering analyses in PCOS. Metabolomics profiles of baseline blood samples from women with PCOS via unsupervised hierarchical clustering (left) and discriminant analysis (right). High-stringency hierarchical clustering results are shown as a heatmap. Each row indicates individual metabolites, and each column indicates individual samples. (Red denotes relatively high metabolite levels; blue denotes relatively low metabolite levels.) A small group of samples show relatively low metabolite levels in general but some high levels within the group. Canonical discriminant analysis results are shown by sparse partial least squares (sPLS) to model the bidirectional relationships between metabolites from each serum metabolome of PCOS with fertility outcome. (Green dots refer to ovulation; red triangles refer to anovulation after treatment, showing good separation.)
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	Fig. S9. Metabolomic analysis and significant metabolic pathways in PCOS. (a) Bar plot (left) and Circos plot (right) of KEGG analysis of ZNF438 rs2994652. The pathway of phenylalanine/tyrosine/tryptophan biosynthesis pathway is the second (p = 0.00071, adjusted p = 0.02380) significant metabolic pathway between ovulation and anovulation in PCOS after treatment. (b) Bar plot (left) and Circos plot (right) of KEGG analysis of REC114 rs182542888. The pathway of arachidonic acid metabolic pathway is the top (p = 0.00000, adjusted p = 0.00000) significant metabolic pathway between ovulation and anovulation in PCOS after treatment.

	



	

	Fig. S10. The ZNF438 significant metabolic pathway in ovulation. The KEGG pathway of phenylalanine/tyrosine/tryptophan with significant metabolites in ovulation are shown. (For metabolites, red denotes increased levels of the ZNF438 rs2994652 risk variant.)

	



	

	Fig. S11. The REC114 significant metabolic pathway in ovulation. KEGG pathway of arachidonic acid metabolic pathway with significant metabolites in ovulation are shown. (For metabolites, red denotes increased levels and blue denotes decreased levels of the REC114 rs182542888 risk variant.)
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	[bookmark: OLE_LINK1]Fig. S12. Machine learning prediction modeling of selected features for ovulation. Six machine learning models on (a) baseline features, (b) plus risk variants, (c) plus associated metabolites, and (d) plus risk variants and associated metabolites for ovulation response, respectively. These models are: linear regression (LR), support vector machine (SVM), K-nearest neighbor (KNN), random forest (RF), gradient boosted decision tree (GBDT), and neural network (NN). Features are preselected by the least absolute shrinkage and selection operator (LASSO). (I) of (a–d) show a boxplot of the area under the curve (AUC), sensitivity (SE), and specificity (SP) of (left) a ten-fold cross-validation on the training set and (right) receiver operating characteristic (ROC) and AUC values of each model on internal and external validation sets. (II) of (a–d) show the feature importance of each model plus risk variants or associated metabolites sorted by LR model in descending orders, respectively. (Details of the machine learning values are provided in Table S5.) HETE: 5-hydroxyeicosatetraenoic acid. Baseline features referred to the baseline variables kept in the final model, with or without risk variants and metabolites. While ‘features importance’ was denoted as the importance of variables that were held in the model, the higher scores, the more importance.

	



	Table S6 
Values of feature importance from machine learning prediction models.

	
	Model
	Dataset
	AUC (95%CI)
	ACC (95%CI)
	SE (95%CI)
	SP (95%CI)
	PPV (95%CI)
	NPV (95%CI)
	Kappa
	F1
	Brier

	Ovulation (Baseline features only)
	LR
	Training set
	0.82 (0.78-0.87)
	0.80 (0.76-0.84)
	0.92 (0.89-0.96)
	0.42 (0.32-0.53)
	0.83 (0.79-0.83)
	0.66 (0.53-0.78)
	0.41
	0.88
	0.13

	
	SVM
	Training set
	0.81 (0.76-0.87)
	0.81 (0.77-0.85)
	0.93 (0.90-0.96)
	0.43 (0.33-0.54)
	0.83 (0.79-0.87)
	0.68 (0.55-0.80)
	0.43
	0.88
	0.13

	
	RF
	Training set
	1.00 (1.00-1.00)
	1.00 (0.99-1.00)
	1.00 (0.98-1.00)
	1.00 (0.96-1.00)
	1.00 (0.98-1.00)
	1.00 (0.96-1.00)
	1.00
	1.00
	0

	
	GBDT
	Training set
	0.90 (0.86-0.94)
	0.87 (0.84-0.90)
	0.95 (0.92-0.97)
	0.63 (0.53-0.73)
	0.89 (0.85-0.92)
	0.82 (0.71-0.90)
	0.64
	0.92
	0.09

	
	KNN
	Training set
	0.86 (0.83-0.90)
	0.80 (0.76-0.84)
	0.92 (0.88-0.95)
	0.42 (0.32-0.53)
	0.83 (0.78-0.87)
	0.64 (0.51-0.75)
	0.39
	0.88
	0.13

	
	NN
	Training set
	0.83 (0.78-0.88)
	0.84 (0.80-0.87)
	0.92 (0.89-0.95)
	0.58 (0.47-0.68)
	0.87 (0.83-0.90)
	0.71 (0.60-0.81)
	0.54
	0.90
	0.12

	
	LR
	[bookmark: OLE_LINK5]Internal validation set
	0.72 (0.62-0.82)
	0.81 (0.74-0.86)
	0.89 (0.83-0.94)
	0.37 (0.19-0.57)
	0.88 (0.81-0.93)
	0.40 (0.21-0.63)
	0.27
	0.89
	0.14

	
	SVM
	Internal validation set
	0.70 (0.60-0.81)
	0.81 (0.74-0.86)
	0.88 (0.82-0.93)
	0.40 (0.22-0.61)
	0.88 (0.82-0.93)
	0.40 (0.22-0.61)
	0.30
	0.89
	0.15

	
	RF
	Internal validation set
	0.64 (0.52-0.75)
	0.76 (0.69-0.82)
	0.83 (0.76-0.89)
	0.37 (0.19-0.58)
	0.87 (0.80-0.92)
	0.30 (0.15-0.49)
	0.19
	0.86
	0.23

	
	GBDT
	Internal validation set
	0.64 (0.53-0.75)
	0.74 (0.67-0.81)
	0.81 (0.74-0.87)
	0.37 (0.19-0.58)
	0.87 (0.80-0.92)
	0.27 (0.14-0.45)
	0.17
	0.84
	0.19

	
	KNN
	Internal validation set
	0.68 (0.56-0.80)
	0.80 (0.73-0.85)
	0.88 (0.82-0.92)
	0.37 (0.19-0.57)
	0.88 (0.82-0.93)
	0.37 (0.19-0.57)
	0.25
	0.88
	0.16

	
	NN
	Internal validation set
	0.69 (0.59-0.80)
	0.76 (0.69-0.80)
	0.83 (0.76-0.90)
	0.37 (0.19-0.57)
	0.87 (0.80-0.93)
	0.30 (0.15-0.48)
	0.19
	0.86
	0.16

	
	LR
	External validation set
	0.69 (0.62-0.76)
	0.77 (0.72-0.81)
	0.88 (0.84-0.92)
	0.33 (0.23-0.46)
	0.83 (0.78-0.87)
	0.43 (0.30-0.58)
	0.24
	0.86
	0.17

	
	SVM
	External validation set
	0.69 (0.62-0.76)
	0.77 (0.72-0.81)
	0.88 (0.84-0.92)
	0.32 (0.21-0.44)
	0.83 (0.78-0.87)
	0.43 (0.29-0.58)
	0.23
	0.86
	0.16

	
	RF
	External validation set
	0.67 (0.60-0.75)
	0.79 (0.74-0.83)
	0.88 (0.84-0.92)
	0.43 (0.31-0.55)
	0.85 (0.80-0.89)
	0.50 (0.37-0.64)
	0.34
	0.87
	0.20

	
	GBDT
	External validation set
	0.68 (0.61-0.76)
	0.77 (0.72-0.81)
	0.87 (0.82-0.91)
	0.40 (0.29-0.53)
	0.84 (0.80-0.88)
	0.46 (0.33-0.59)
	0.29
	0.86
	0.18

	
	KNN
	External validation set
	0.64 (0.57-0.72)
	0.77 (0.72-0.81)
	0.88 (0.84-0.92)
	0.33 (0.23-0.46)
	0.83 (0.78-0.87)
	0.43 (0.30-0.58)
	0.24
	0.86
	0.18

	
	NN
	External validation set
	0.66 (0.59-0.74)
	0.73 (0.68-0.78)
	0.82 (0.78-0.87)
	0.38 (0.26-0.50)
	0.83 (0.78-0.87)
	0.36 (0.25-0.49)
	0.21
	0.83
	0.19



	Ovulation (Baseline features and SNPs)
	LR
	Training set
	0.84 (0.79-0.89)
	0.82 (0.78-0.86)
	0.93 (0.90-0.96)
	0.47 (0.37-0.58)
	0.84 (.804-0.88)
	0.70 (0.58-0.81)
	0.47
	0.89
	0.13

	
	SVM
	Training set
	0.83 (0.78-0.88)
	0.82 (0.78-0.86)
	0.93 (0.90-0.96)
	0.47 (0.37-0.58)
	0.84 (.804-0.88)
	0.70 (0.58-0.81)
	0.47
	0.89
	0.13

	
	RF
	Training set
	1.00 (1.00-1.00)
	1.00 (0.99-1.00)
	1.00 (0.98-1.00)
	1.00 (0.96-1.00)
	1.00 (0.98-1.00)
	1.00 (0.96-1.00)
	1.00
	1.00
	0

	
	GBDT
	Training set
	0.91 (0.87-0.94)
	0.87 (0.83-0.90)
	0.95 (0.92-0.97)
	0.62 (0.52-0.72)
	0.88 (0.84-0.92)
	0.81 (0.70-0.89)
	0.63
	0.92
	0.09

	
	KNN
	Training set
	0.88 (0.84-0.91)
	0.83 (0.79-0.86)
	0.93 (0.89-0.95)
	0.52 (0.41-0.62)
	0.85 (0.81-0.89)
	0.71 (0.59-0.81)
	0.50
	0.89
	0.11

	
	NN
	Training set
	0.82 (.772-0.88)
	0.85 (0.81-0.88)
	0.93 (0.89-0.95)
	0.60 (0.49-0.70)
	0.87 (0.83-0.91)
	0.74 (0.63-0.83)
	0.57
	0.91
	0.12

	
	LR
	Internal validation set
	0.75 (0.66-0.84)
	0.81 (0.74-0.86)
	0.89 (0.83-0.94)
	0.37 (0.19-0.57)
	0.88 (0.81-0.93)
	0.40 (0.21-0.61)
	0.27
	0.89
	0.14

	
	SVM
	Internal validation set
	0.74 (0.64-0.84)
	0.79 (0.72-0.85)
	0.88 (0.81-0.92)
	0.33 (0.16-0.53)
	0.87 (0.80-0.92)
	0.34 (0.17-0.55)
	0.22
	0.88
	0.15

	
	RF
	Internal validation set
	0.64 (0.53-0.74)
	0.79 (0.72-0.85)
	0.86 (0.79-0.91)
	0.44 (0.25-0.64)
	0.89 (0.82-0.93)
	0.37 (0.21-0.56)
	0.28
	0.88
	0.20

	
	GBDT
	Internal validation set
	0.70 (0.59-0.80)
	0.77 (0.70-0.83)
	0.83 (0.76-0.88)
	0.44 (0.25-0.64)
	0.88 (0.82-0.93)
	0.33 (0.18-0.50)
	0.24
	0.86
	0.18

	
	KNN
	Internal validation set
	0.69 (0.58-0.79)
	0.77 (0.70-0.83)
	0.88 (0.82-0.93)
	0.18 (0.06-0.38)
	0.85 (0.78-0.90)
	0.23 (0.08-0.47)
	0.08
	0.87
	0.16

	
	NN
	Internal validation set
	0.71 (0.61-0.82)
	0.77 (0.70-0.83)
	0.83 (0.76-0.89)
	0.40 (0.22-0.61)
	0.88 (0.81-0.93)
	0.32 (0.17-0.50)
	0.22
	0.86
	0.16

	
	LR
	External validation set
	0.74 (0.67-0.80)
	0.79 (0.74-0.83)
	0.90 (0.86-0.93)
	0.36 (0.25-0.48)
	0.84 (0.79-0.88)
	0.50 (0.36-0.65)
	0.30
	0.87
	0.15

	
	SVM
	External validation set
	0.74 (0.68-0.81)
	0.80 (0.75-0.84)
	0.90 (0.86-0.93)
	0.40 (0.29-0.53)
	0.85 (0.80-0.89)
	0.53 (0.39-0.67)
	0.35
	0.88
	0.15

	
	RF
	External validation set
	0.64 (0.58-0.71)
	0.73 (0.68-0.78)
	0.82 (0.77-0.86)
	0.40 (0.29-0.53)
	0.84 (0.79-0.88)
	0.37 (0.26-0.49)
	0.22
	0.83
	0.26

	
	GBDT
	External validation set
	0.71 (0.65-0.78)
	0.77 (0.72-0.81)
	0.86 (0.81-0.90)
	0.40 (0.29-0.53)
	0.84 (0.79-0.88)
	0.44 (0.32-0.57)
	0.28
	0.86
	0.18

	
	KNN
	External validation set
	0.66 (0.59-0.73)
	0.74 (0.69-0.79)
	0.86 (0.81-0.90)
	0.30 (0.20-0.43)
	0.82 (0.77-0.86)
	0.37 (0.25-0.50)
	0.18
	0.84
	0.19

	
	NN
	External validation set
	0.71 (0.64-0.78)
	0.75 (0.70-0.80)
	0.85 (0.81-0.89)
	0.36 (0.25-0.48)
	0.83 (0.78-0.87)
	0.40 (0.28-0.53)
	0.23
	0.85
	0.17



	Ovulation (Baseline features and metabolites)
	LR
	Training set
	0.83 (0.78-0.87)
	0.80 (0.76-0.84)
	0.92 (0.89-0.95)
	0.42 (0.32-0.53)
	0.83 (0.78-0.87)
	0.65 (0.52-0.76)
	0.40
	0.88
	0.13

	
	SVM
	Training set
	0.82 (0.76-0.87)
	0.82 (0.78-0.85)
	0.94 (0.91-0.96)
	0.43 (0.33-0.54)
	0.83 (0.79-0.87)
	0.72 (0.59-0.83)
	0.44
	0.89
	0.13

	
	RF
	Training set
	1.00 (1.00-1.00)
	1.00 (0.99-1.00)
	1.00 (0.98-1.00)
	1.00 (0.96-1.00)
	1.00 (0.98-1.00)
	1.00 (0.96-1.00)
	1.00
	1.00
	0

	
	GBDT
	Training set
	0.91 (0.88-0.94)
	0.87 (0.83-0.90)
	0.94 (0.91-0.97)
	0.64 (0.54-0.74)
	0.89 (0.85-0.92)
	0.80 (0.69-0.88)
	0.64
	0.92
	0.09

	
	KNN
	Training set
	0.87 (0.83-0.90)
	0.80 (0.76-0.84)
	0.92 (0.88-0.95)
	0.45 (0.35-0.56)
	0.84 (0.79-0.87)
	0.65 (0.53-0.76)
	0.42
	0.88
	0.12

	
	NN
	Training set
	0.87 (0.82-0.92)
	0.89 (0.85-0.92)
	0.96 (0.94-0.98)
	0.65 (0.55-0.75)
	0.89 (0.85-0.92)
	0.87 (0.77-0.94)
	0.68
	0.93
	0.09

	
	LR
	Internal validation set
	0.71 (0.61-0.81)
	0.81 (0.74-0.86)
	0.89 (0.83-0.94)
	0.37 (0.19-0.57)
	0.88 (0.81-0.93)
	0.40 (0.21-0.61)
	0.27
	0.89
	0.15

	
	SVM
	Internal validation set
	0.71 (0.60-0.81)
	0.81 (0.74-0.86)
	0.88 (0.82-0.93)
	0.40 (0.22-0.61)
	0.88 (0.82-0.93)
	0.40 (0.22-0.61)
	0.30
	0.89
	0.15

	
	RF
	Internal validation set
	0.66 (0.55-0.77)
	0.78 (0.71-0.84)
	0.85 (0.78-0.90)
	0.40 (0.22-0.61)
	0.88 (0.81-0.93)
	0.34 (0.18-0.53)
	0.24
	0.87
	0.21

	
	GBDT
	Internal validation set
	0.66 (0.56-0.76)
	0.76 (0.69-0.82)
	0.83 (0.76-0.89)
	0.37 (0.19-0.57)
	0.87 (0.80-0.92)
	0.30 (0.15-0.48)
	0.19
	0.86
	0.19

	
	KNN
	Internal validation set
	0.71 (0.59-0.82)
	0.81 (0.74-0.86)
	0.88 (0.81-0.92)
	0.44 (0.25-0.64)
	0.89 (0.83-0.93)
	0.41 (0.23-0.61)
	0.32
	0.89
	0.14

	
	NN
	Internal validation set
	0.71 (0.62-0.81)
	0.75 (0.68-0.82)
	0.83 (0.76-0.88)
	0.37 (0.19-0.57)
	0.87 (0.80-0.92)
	0.29 (0.15-0.47)
	0.18
	0.85
	0.17

	
	LR
	External validation set
	0.68 (0.61-0.75)
	0.77 (0.72-0.81)
	0.89 (0.84-0.92)
	0.33 (0.23-0.46)
	0.83 (0.78-0.87)
	0.45 (0.31-0.59)
	0.25
	0.86
	0.17

	
	SVM
	External validation set
	0.69 (0.62-0.76)
	0.77 (0.72-0.81)
	0.89 (0.85-0.92)
	0.32 (0.21-0.44)
	0.83 (0.78-0.87)
	0.45 (0.31-0.59)
	0.25
	0.86
	0.16

	
	RF
	External validation set
	0.66 (0.59-0.73)
	0.74 (0.69-0.78)
	0.82 (0.77-0.86)
	0.43 (0.31-0.55)
	0.84 (0.79-0.88)
	0.39 (0.28-0.50)
	0.25
	0.83
	0.25

	
	GBDT
	External validation set
	0.70 (0.62-0.77)
	0.76 (0.71-0.81)
	0.85 (0.80-0.89)
	0.43 (0.31-0.55)
	0.85 (0.80-0.89)
	0.44 (0.32-0.56)
	0.29
	0.85
	0.19

	
	KNN
	External validation set
	0.63 (0.56-0.70)
	0.73 (0.68-0.78)
	0.85 (0.81-0.89)
	0.28 (0.18-0.40)
	0.81 (0.76-0.86)
	0.34 (0.22-0.48)
	0.15
	0.84
	0.19

	
	NN
	External validation set
	0.64 (0.57-0.72)
	0.73 (0.68-0.77)
	0.82 (0.77-0.87)
	0.36 (0.25-0.48)
	0.83 (0.78-0.87)
	0.36 (0.25-0.48)
	0.19
	0.83
	0.21






	Ovulation (Baseline features, SNPs, and metabolites)
	LR
	Training set
	0.82 (0.77-0.87)
	0.82 (0.78-0.86)
	0.94 (0.91-0.96)
	0.42 (0.32-0.53)
	0.85 (0.80-0.88)
	0.69 (0.55-0.80)
	0.43
	0.89
	0.13

	
	SVM
	Training set
	0.82 (0.77-0.87)
	0.81 (0.77-0.84)
	0.93 (0.90-0.96)
	0.38 (0.28-0.49)
	0.83 (0.79-0.87)
	0.64 (0.49-0.76)
	0.37
	0.89
	0.13

	
	RF
	Training set
	0.99 (0.99-1.00)
	0.98 (0.97-1.00)
	0.99 (0.97-1.00)
	0.97 (0.92-1.00)
	0.99 (0.97-1.00)
	0.96 (0.90-1.00)
	0.96
	0.99
	0.01

	
	GBDT
	Training set
	0.84 (0.79-0.89)
	0.81 (0.77-0.85)
	0.94 (0.91-0.96)
	0.37 (0.27-0.47)
	0.83 (0.79-0.87)
	0.67 (0.52-0.80)
	0.38
	0.89
	0.12

	
	KNN
	Training set
	0.85 (0.81-0.89)
	0.83 (0.79-0.86)
	0.96 (0.94-0.98)
	0.37 (0.27-0.47)
	0.84 (0.79-0.87)
	0.76 (0.61-0.88)
	0.41
	0.90
	0.12

	
	NN
	Training set
	0.82 (0.76-0.87)
	0.81 (0.76-0.84)
	0.86 (0.82-0.90)
	0.61 (0.50-0.71)
	0.88 (0.84-0.92)
	0.57 (0.46-0.67)
	0.47
	0.88
	0.12

	
	LR
	Internal validation set
	0.78 (0.70-0.85)
	0.78 (0.71-0.84)
	0.89 (0.83-0.94)
	0.32 (0.17-0.50)
	0.84 (0.77-0.89)
	0.44 (0.24-0.65)
	0.24
	0.87
	0.15

	
	SVM
	Internal validation set
	0.75 (0.66-0.83)
	0.78 (0.71-0.84)
	0.88 (0.82-0.93)
	0.38 (0.22-0.56)
	0.85 (0.78-0.90)
	0.46 (0.27-0.66)
	0.29
	0.87
	0.15

	
	RF
	Internal validation set
	0.70 (0.60-0.80)
	0.77 (0.70-0.83)
	0.86 (0.79-0.91)
	0.41 (0.24-0.59)
	0.85 (0.78-0.90)
	0.42 (0.25-0.60)
	0.28
	0.86
	0.21

	
	GBDT
	Internal validation set
	0.69 (0.60-0.78)
	0.79 (0.72-0.85)
	0.90 (0.84-0.94)
	0.35 (0.19-0.53)
	0.84 (0.77-0.90)
	0.48 (0.27-0.68)
	0.29
	0.88
	0.16

	
	KNN
	Internal validation set
	0.70 (0.61-0.79)
	0.77 (0.70-0.83)
	0.91 (0.85-0.95)
	0.20 (0.08-0.37)
	0.82 (0.75-0.87)
	0.38 (0.17-0.64)
	0.15
	0.87
	0.16

	
	NN
	Internal validation set
	0.72 (0.64-0.81)
	0.71 (0.64-0.78)
	0.76 (0.68-0.83)
	0.52 (0.35-0.70)
	0.86 (0.79-0.92)
	0.36 (0.22-0.50)
	0.25
	0.81
	0.17

	
	LR
	External validation set
	0.76 (0.70-0.82)
	0.79 (0.75-0.83)
	0.91 (0.87-0.94)
	0.33 (0.23-0.46)
	0.84 (0.79-0.88)
	0.52 (0.36-0.67)
	0.29
	0.88
	0.14

	
	SVM
	External validation set
	0.76 (0.70-0.82)
	0.82 (0.78-0.86)
	0.95 (0.92-0.97)
	0.35 (0.24-0.47)
	0.84 (0.80-0.88)
	0.67 (0.50-0.81)
	0.37
	0.90
	0.14

	
	RF
	External validation set
	0.71 (0.64-0.77)
	0.79 (0.75-0.83)
	0.91 (0.87-0.94)
	0.35 (0.24-0.47)
	0.84 (0.79-0.88)
	0.52 (0.37-0.66)
	0.30
	0.88
	0.19

	
	GBDT
	External validation set
	0.76 (0.70-0.82)
	0.79 (0.75-0.83)
	0.93 (0.89-0.96)
	0.28 (0.18-0.40)
	0.83 (0.78-0.87)
	0.52 (0.35-0.69)
	0.26
	0.88
	0.15

	
	KNN
	External validation set
	0.69 (0.63-0.76)
	0.78 (0.73-0.82)
	0.92 (0.89-0.95)
	0.23 (0.14-0.35)
	0.82 (0.77-0.86)
	0.47 (0.30-0.64)
	0.21
	0.87
	0.17

	
	NN
	External validation set
	0.75 (0.69-0.81)
	0.73 (0.68-0.78)
	0.79 (0.73-0.83)
	0.53 (0.41-0.65)
	0.86 (0.81-0.90)
	0.40 (0.30-0.51)
	0.29
	0.83
	0.16


Mean (95%CI) values are presented. ACC: accuracy; PPV: positive prediction values; NPV: negative prediction values; Kappa: Kappa score; F1: F1 score; Brier: Brier score; NA: not applicable.
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