Supplementary Table1. Univariate analysis of demographics and baseline characteristics between the pulmonary hemorrhage group and the non-pulmonary hemorrhage group
	Characteristic
	Pulmonary hemorrhage  
(n = 137)
	Non-pulmonary hemorrhage  
(n = 826)
	Statistic
	p-value

	Maternal age, Median (Q1, Q3), years
	30.0 (28.0, 34.0)
	31.0 (27.0, 33.0)
	W = 57868.500
	0.6691

	GDM, n (%)
	
	
	χ² = 0.045
	0.8332

	No
	117 (85.4%)
	711 (86.1%)
	
	

	Yes
	20 (14.6%)
	115 (13.9%)
	
	

	PIH, n (%)
	
	
	χ² = 3.249
	0.0712

	No
	110 (80.3%)
	603 (73.0%)
	
	

	Yes
	27 (19.7%)
	223 (27.0%)
	
	

	Placental abruption, n (%)
	
	
	
	0.7713

	No
	133 (97.1%)
	805 (97.5%)
	
	

	Yes
	4 (2.9%)
	21 (2.5%)
	
	

	PROM, n (%)
	
	
	χ² = 0.991
	0.3192

	No
	116 (84.7%)
	670 (81.1%)
	
	

	Yes
	21 (15.3%)
	156 (18.9%)
	
	

	Prenatal anti-infection, n (%)
	
	
	χ² = 13.653
	<0.0012

	No
	121 (88.3%)
	792 (95.9%)
	
	

	Yes
	16 (11.7%)
	34 (4.1%)
	
	

	Antenatal glucocorticoid, n (%)
	
	
	χ² = 1.993
	0.1582

	No
	101 (73.7%)
	559 (67.7%)
	
	

	Yes
	36 (26.3%)
	267 (32.3%)
	
	

	Intrauterine growth restriction, n (%)
	
	
	χ² = 0.197
	0.6572

	No
	127 (92.7%)
	774 (93.7%)
	
	

	Yes
	10 (7.3%)
	52 (6.3%)
	
	

	Amniotic fluid turbidity, n (%)
	
	
	χ² = 5.742
	0.0172

	No
	119 (86.9%)
	767 (92.9%)
	
	

	Yes
	18 (13.1%)
	59 (7.1%)
	
	

	Delivery mode, n (%)
	
	
	χ² = 0.199
	0.6552

	Vaginal delivery
	68 (49.6%)
	393 (47.6%)
	
	

	C-section
	69 (50.4%)
	433 (52.4%)
	
	

	1min Apgar, Median (Q1, Q3)
	7.00 (5.00, 8.00)
	8.00 (7.00, 8.00)
	W = 41119.000
	<0.0011

	5min Apgar, Median (Q1, Q3)
	8.00 (7.00, 9.00)
	9.00 (8.00, 9.00)
	W = 37903.000
	<0.0011

	Gestational age, Median (Q1, Q3), weeks
	28.29 (27.00, 30.29)
	29.57 (28.14, 31.14)
	W = 40893.500
	<0.0011

	Birthweight, Median (Q1, Q3), g
	1,100 (930, 1,350)
	1,220 (1,050, 1,380)
	W = 45673.000
	<0.0011

	Sex, n (%)
	
	
	χ² = 10.209
	0.0012

	Male
	89 (65.0%)
	415 (50.2%)
	
	

	Female
	48 (35.0%)
	411 (49.8%)
	
	

	Intubation in DR, n (%)
	
	
	χ² = 34.376
	<0.0012

	No
	97 (70.8%)
	737 (89.2%)
	
	

	Yes
	40 (29.2%)
	89 (10.8%)
	
	

	Epinephrine in DR, n (%)
	
	
	
	0.3003

	No
	135 (98.5%)
	796 (96.4%)
	
	

	Yes
	2 (1.5%)
	30 (3.6%)
	
	

	Arterial blood gas pH at birth, Median (Q1, Q3)
	7.29 (7.23, 7.32)
	7.33 (7.29, 7.36)
	W = 36556.000
	<0.0011

	Arterial blood gas PaO2 at birth, Median (Q1, Q3), mmHg
	72 (57, 83)
	76 (69, 83)
	W = 49114.000
	0.0131

	Arterial blood gas PaCO2 at birth, Median (Q1, Q3), mmHg
	46 (41, 54)
	41 (38, 45)
	W = 73771.500
	<0.0011

	Arterial blood gas BE at birth, Median (Q1, Q3), mmol/l
	-5.50 (-7.90, -3.79)
	-4.04 (-5.17, -3.22)
	W = 40620.500
	<0.0011

	Arterial blood gas FiO2 at birth, Median (Q1, Q3), %
	38 (30, 50)
	30 (24, 30)
	W = 85179.500
	<0.0011

	Ventilation MAP after birth, Median (Q1, Q3), cmH2O
	12.0 (10.5, 13.5)
	6.0 (5.0, 11.0)
	W = 88390.500
	<0.0011

	White blood cell count after birth, Median (Q1, Q3), 10^9/l
	10 (6, 13)
	9 (7, 13)
	W = 55154.000
	0.6361

	Neutrophil count after birth, Median (Q1, Q3), 10^9/l
	4.0 (2.3, 6.2)
	4.4 (2.5, 7.3)
	W = 49961.000
	0.0281

	Platelet count after birth, Median (Q1, Q3), 10^9/l
	181 (133, 233)
	194 (153, 244)
	W = 48168.000
	0.0051

	Hemoglobin after birth, Median (Q1, Q3), g/l
	149 (132, 167)
	166 (148, 185)
	W = 38025.000
	<0.0011

	Procalcitonin after birth, Median (Q1, Q3), ng/ml
	2 (0, 13)
	0 (0, 1)
	W = 75957.500
	<0.0011

	Birth temperature, Median (Q1, Q3), ℃
	36.00 (35.50, 36.50)
	36.00 (35.50, 36.10)
	W = 65185.000
	0.0041

	Surfactant using times within 6 hours of birth, Median (Q1, Q3)
	2.00 (1.00, 2.00)
	1.00 (1.00, 2.00)
	W = 80509.500
	<0.0011

	First day fluid intake, Median (Q1, Q3), ml/kg
	80 (72, 87)
	79 (74, 83)
	W = 58872.500
	0.4471

	Postnatal hyperglycemia of newborns, n (%)
	
	
	χ² = 17.293
	<0.0012

	No
	81 (59.1%)
	628 (76.0%)
	
	

	Yes
	56 (40.9%)
	198 (24.0%)
	
	

	Postnatal vasoactive drug administration, n (%)
	
	
	χ² = 24.126
	<0.0012

	None
	47 (34.3%)
	470 (56.9%)
	
	

	One kind
	90 (65.7%)
	356 (43.1%)
	
	

	Two kinds
	109 (79.6%)
	312 (37.8%)
	
	

	IMV duration, Median (Q1, Q3), days
	7 (4, 15)
	0 (0, 4)
	W = 93605.500
	<0.0011

	NIV duration, Median (Q1, Q3), days
	1 (0, 16)
	10 (2, 29)
	W = 40540.500
	<0.0011

	PDA, n (%)
	
	
	
	<0.0013

	No
	20 (14.6%)
	307 (37.2%)
	
	

	Yes
	114 (83.2%)
	516 (62.5%)
	
	

	Not assessed
	3 (2.2%)
	3 (0.4%)
	
	

	BPD, n (%)
	
	
	χ² = 4.063
	0.0442

	No
	104 (75.9%)
	686 (83.1%)
	
	

	Yes
	33 (24.1%)
	140 (16.9%)
	
	

	ROP, n (%)
	
	
	χ² = 6.035
	0.0142

	No
	102 (74.5%)
	687 (83.2%)
	
	

	Yes
	35 (25.5%)
	139 (16.8%)
	
	

	IVH (≥ grade III), n (%)
	
	
	χ² = 93.733
	<0.0012

	No
	85 (62.0%)
	757 (91.6%)
	
	

	Yes
	52 (38.0%)
	69 (8.4%)
	
	

	NEC (≥ stage II), n (%)
	
	
	χ² = 34.655
	<0.0012

	No
	112 (81.8%)
	787 (95.3%)
	
	

	Yes
	25 (18.2%)
	39 (4.7%)
	
	

	Death, n (%)
	72 (52.6%)
	76 (9.2%)
	χ² = 169.809
	<0.0012

	Survive to 36 weeks PMA, n (%)
	
	
	χ² = 152.920
	<0.0012

	No
	68 (49.6%)
	75 (9.1%)
	
	

	Yes
	69 (50.4%)
	751 (90.9%)
	
	

	Length of stay, Median (Q1, Q3), days
	23 (4, 57)
	45 (32, 58)
	W = 41482.500
	<0.0011

	1Wilcoxon rank sum test; 2Pearson's Chi-squared test; 3Fisher's exact test


Abbreviations: GDM: gestational diabetes mellitus; PIH: pregnancy-induced hypertension; PROM: premature rupture of membranes; DR: delivery room; PaO2: partial pressure of oxygen in arterial blood; PaCO2: partial pressure of carbon dioxide in arteries; BE: base excess; FiO2: fraction of inspired oxygen; MAP: mean airway pressure; IMV: invasive mechanical ventilation; NIV: noninvasive ventilation; PDA: patent ductus arteriosus; BPD: bronchopulmonary dysplasia; ROP: retinopathy of prematurity; IVH: intraventricular hemorrhage; NEC: necrotizing enterocolitis.




Supplementary Figure1. Directed acyclic graph (DAG) illustrating the hypothesized causal relationships between pulmonary hemorrhage, confounders, and BPD (GA: gestational age; BW: birthweight; BE: base excess; CBC: complete blood count; HFOV: high-frequency oscillatory ventilation; PDA: patent ductus arteriosus; PH: pulmonary hemorrhage; BPD: bronchopulmonary dysplasia) 
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Supplementary Table2. Literature-based rationale for causal associations and covariate selection in the DAG
	Causal pathway in the DAG
	Theoretical and empirical justification
	Relevance to covariate selection
	Representative references

	Gestational age → pulmonary hemorrhage

	Lower gestational age is strongly associated with pulmonary immaturity, surfactant deficiency, fragile pulmonary capillaries, and severe early respiratory instability, all of which increase the risk of pulmonary hemorrhage in very preterm infants.
	Common cause of the exposure; included as an a priori core confounder
	[1-3]

	Gestational age →  BPD
	Gestational age is one of the most established predictors of BPD because more immature lungs are more vulnerable to oxygen toxicity, inflammation, impaired alveolarization, and prolonged respiratory support.
	Common cause of the outcome; included as an a priori core confounder
	[4-6]

	Birthweight → pulmonary hemorrhage
	Lower birthweight reflects greater developmental immaturity and reduced pulmonary reserve, which are associated with more severe respiratory disease and increased susceptibility to pulmonary hemorrhage.
	Common cause of the exposure; included as an a priori core confounder
	[1-3]

	Birthweight → BPD
	Lower birthweight is a well-recognized risk factor for BPD and is closely related to impaired lung development, greater illness severity, and increased need for invasive respiratory support.
	Common cause of the outcome; included as an a priori core confounder
	[4-6]

	Sex → pulmonary hemorrhage
	Male preterm infants are known to have delayed lung maturation and a higher incidence of severe respiratory disease, which may predispose them to pulmonary hemorrhage.
	Potential common cause of the exposure; included as an a priori core confounder
	[7-8]

	Sex → BPD
	Male sex has been consistently associated with a higher risk of BPD in very preterm infants, likely due to sex-related differences in lung development and vulnerability to lung injury.
	Common cause of the outcome; included as an a priori core confounder
	[7-8]

	Antenatal corticosteroid exposure → pulmonary hemorrhage
	Antenatal corticosteroids promote fetal lung maturation, improve surfactant production, and reduce early respiratory instability, thereby potentially lowering the risk of pulmonary hemorrhage.
	Potential common cause of the exposure; included as an a priori core confounder
	[9-10]

	Antenatal corticosteroid exposure → BPD
	By enhancing lung maturity and reducing severe neonatal respiratory morbidity, antenatal corticosteroids may influence the subsequent risk of BPD.
	Potential common cause of the outcome; included as an a priori core confounder
	[9-10]

	PROM >18 h → pulmonary hemorrhage
	Prolonged rupture of membranes may indicate intrauterine inflammation or infection, which can impair pulmonary vascular/endothelial integrity and contribute to early postnatal respiratory instability, thereby increasing pulmonary hemorrhage risk.
	Potential common cause of the exposure; included as an a priori core confounder
	[11-13]

	PROM >18 h → BPD
	Intrauterine inflammatory exposure related to PROM has been associated with altered fetal lung development and a higher risk of BPD in preterm infants.
	Potential common cause of the outcome; included as an a priori core confounder
	[11-13]

	Prenatal anti-infection treatment → pulmonary hemorrhage
	Prenatal anti-infection treatment may serve as a clinical proxy for suspected maternal infection or inflammation, which can affect fetal lung condition and early postnatal respiratory stability, thereby influencing pulmonary hemorrhage risk.
	Proxy of an underlying common-cause structure; included as an a priori core confounder
	[11-13]

	Prenatal anti-infection treatment → BPD
	Maternal infection/inflammation is implicated in disrupted lung development and inflammatory lung injury; prenatal anti-infection treatment may therefore reflect a prenatal condition associated with later BPD risk.
	Proxy of an underlying common-cause structure; included as an a priori core confounder
	[11-13]

	5-minute Apgar score → pulmonary hemorrhage
	A low 5-minute Apgar score reflects poor perinatal adaptation, possible hypoxia/asphyxia, and greater cardiopulmonary instability after birth, all of which may predispose infants to pulmonary hemorrhage.
	Marker of early severity and potential common cause; included as an a priori core confounder
	[14-16]

	5-minute Apgar score → BPD
	Poor early neonatal condition is associated with more severe respiratory illness and a greater likelihood of prolonged respiratory support, both of which are linked to later BPD development.
	Marker of early severity and potential common cause; included as an a priori core confounder
	[14-16]

	Umbilical/early postnatal pH → pulmonary hemorrhage
	Low pH indicates perinatal acidosis and severe early physiological compromise, which may destabilize pulmonary hemodynamics and increase the risk of pulmonary hemorrhage.
	Marker of early severity and potential common cause; included as an a priori core confounder
	[14-16]

	Umbilical/early postnatal pH → BPD
	Early acid-base derangement reflects severe respiratory and systemic compromise, which is associated with greater lung injury burden and increased risk of BPD.
	Marker of early severity and potential common cause; included as an a priori core confounder
	[14-16]

	Base excess → pulmonary hemorrhage
	Abnormal base excess reflects metabolic acidosis and inadequate tissue perfusion, both of which may accompany severe perinatal illness and increase susceptibility to pulmonary hemorrhage.
	Marker of early severity and potential common cause; included as an a priori core confounder
	[14-16]

	Base excess → BPD
	Early metabolic derangement is associated with severe illness, aggressive respiratory support, and subsequent chronic lung injury, thereby contributing to BPD risk.
	Marker of early severity and potential common cause; included as an a priori core confounder
	[14-16]

	Postnatal WBC count → pulmonary hemorrhage
	Abnormal WBC count may indicate systemic inflammation, infection, or stress response, all of which can aggravate pulmonary endothelial injury and respiratory instability associated with pulmonary hemorrhage.
	Proxy for inflammatory common causes; included as an a priori core confounder
	[17-20]

	Postnatal WBC count → BPD
	Inflammation plays a central role in the pathogenesis of BPD; abnormal early WBC count may reflect inflammatory burden associated with impaired lung development and injury.
	Proxy for inflammatory common causes; included as an a priori core confounder
	[17-20]

	Postnatal platelet count → PH
	Thrombocytopenia or platelet dysfunction may directly predispose preterm infants to bleeding complications, including pulmonary hemorrhage.
	Direct determinant of the exposure and part of the confounding structure; included as an a priori core confounder
	[21-22]

	Postnatal platelet count → BPD
	Platelets are increasingly recognized as being involved in inflammatory and vascular processes relevant to neonatal lung injury; abnormal platelet count may also reflect overall disease severity associated with BPD risk.
	Potential common cause / severity-related marker; included as an a priori core confounder
	[21-22]


Abbreviations: DAG: directed acyclic graph; BPD: bronchopulmonary dysplasia; PROM: premature rupture of membranes; WBC: white blood cell.
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Supplementary Table 3. Variance inflation factor and tolerance of variables included in multivariate analysis
	Term
	VIF
	VIF_CI_low
	VIF_CI_high
	SE_factor
	Tolerance
	Tolerance_CI_low
	Tolerance_CI_high

	Gestational age
	1.521593
	1.408789
	1.665524
	1.233529
	0.6572061
	0.6004117
	0.7098294

	Birthweight
	1.447854
	1.344172
	1.582770
	1.203268
	0.6906773
	0.6318038
	0.7439522

	Sex
	1.077512
	1.030675
	1.195866
	1.038033
	0.9280635
	0.8362138
	0.9702381

	Antenatal glucocorticoid
	1.054942
	1.015636
	1.193055
	1.027104
	0.9479196
	0.8381844
	0.9846047

	PROM > 18 hours
	1.082630
	1.034366
	1.198673
	1.040495
	0.9236769
	0.8342560
	0.9667755

	Prenatal anti-infection
	1.045680
	1.010333
	1.201933
	1.022585
	0.9563155
	0.8319933
	0.9897722

	5min Apgar
	1.051173
	1.013398
	1.195449
	1.025267
	0.9513179
	0.8365055
	0.9867787

	Arterial blood gas pH at birth
	1.272802
	1.191768
	1.388077
	1.128185
	0.7856684
	0.7204212
	0.8390895

	Arterial blood gas BE at birth
	1.286365
	1.203488
	1.402995
	1.134180
	0.7773845
	0.7127609
	0.8309180

	Platelet count after birth
	1.244479
	1.167378
	1.357097
	1.115562
	0.8035488
	0.7368670
	0.8566205

	White blood cell count after birth
	1.137806
	1.077478
	1.245107
	1.066680
	0.8788847
	0.8031441
	0.9280931


Abbreviation: BE: base excess; PROM: premature rupture of membranes



























Supplementary Table 4. The coefficients of LASSO regression analysis (λ = 0.0338197552439493)
	Variable
	Coefficient

	(Intercept)
	26.2888094720

	Gestational age
	-0.3810230556

	Birthweight
	-0.0013380470

	Sex
	-0.0649873515

	Antenatal glucocorticoid
	0.0000000000

	PROM >18 hours
	0.0000000000

	Prenatal anti-infection
	0.0000000000

	5min Apgar
	-0.1071636157

	Arterial blood gas pH at birth
	-1.7589713790

	Arterial blood gas BE at birth
	-0.0480584107

	Platelet count after birth
	-0.0005243615

	White blood cell count after birth
	0.0000000000


Abbreviation: BE: base excess; PROM: premature rupture of membranes




























Supplementary Figure2. The variables screened by LASSO regression (Cross validation curve. The horizontal axis represents the Log Lambda value. The vertical axis represents the mean squared error.) (10-fold cross-validation was applied to select the most suitable feature)
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Supplementary Figure3. The variables screened by LASSO regression (Coefficient path plot. The horizontal axis represents the Log Lambda value. The vertical axis represents the coefficient.) (10-fold cross-validation was applied to select the most suitable feature)
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Supplementary Table5. Association between pulmonary hemorrhage and BPD by multi-model analysis based on competing risk regression 
	Characteristic
	  Model 1
	  Model 2
	  Model 3
	  Model 4

	
	HR
	95% CI
	P-value
	HR
	95% CI
	P-value
	HR
	95% CI
	P-value
	HR
	95% CI
	P-value

	Pulmonary hemorrhage
	
	
	
	
	
	
	
	
	
	
	
	

	No
	Reference
	Reference
	
	Reference
	Reference
	
	Reference
	Reference
	
	Reference
	Reference
	

	Yes
	0.55
	0.40, 0.77
	<0.001
	0.50
	0.35, 0.72
	<0.001
	0.58
	0.41, 0.83
	0.003
	0.57
	0.39, 0.81
	0.002

	Model 1 : no covariates were adjusted
Model 2 : adjusted for demographic variables
Model 3 : adjusted for variables screened by DAG+LASSO (GA, birthweight, sex, 5min Apgar, arterial blood gas (pH, BE), and postnatal PLT counts)
Model 4 : adjusted for variables screened by DAG (GA, birthweight, sex, antenatal corticosteroid use, PROM > 18 h, prenatal anti-infection, 5min Apgar, arterial blood gas (pH, BE), and postnatal WBC and PLT counts)


Abbreviations: CI: confidence Interval; OR: odds ratio.





























Supplementary Table6. Association between pulmonary hemorrhage and moderate to severe BPD (vs. None/Mild BPD) by the logistic regression
	Characteristic
	N
	Event N
	OR
	95% CI
	P-value

	Pulmonary hemorrhage (unadjusted)
	
	
	
	
	

	No
	751
	14
	Reference
	Reference
	

	Yes
	69
	8
	6.90
	2.79, 17.10
	<0.001

	Pulmonary hemorrhage (adjusted)
	
	
	
	
	

	No
	751
	14
	Reference
	Reference
	

	Yes
	69
	8
	4.37
	1.55, 12.30
	0.005


Abbreviations: CI: confidence interval; OR: odds ratio.
Adjusted for GA, birthweight, sex, antenatal corticosteroid use, PROM > 18 h, prenatal anti-infection, 5min Apgar, arterial blood gas (pH, BE), and postnatal WBC and PLT counts.






























[bookmark: _GoBack]Supplementary Table7. Characteristics of previous pulmonary hemorrhage studies related to BPD
	Research
	Sample size
	Matching
	Multi-variable analysis
	Pulmonary hemorrhage criteria
	BPD type
	BPD criteria
	Composite outcome
(BPD or death)
	Study results

	Lee M 23
	14,
GA: 24-30 weeks
	No
	No
	Not mentioned
	BPD; Moderate to severe BPD
	2001NICHD criteria
	Not reported
	All cases developed BPD; None moderate to severe BPD cases

	Wang TT 12
	30 vs. 130,
ELBWIs
	No
	No
	Bright red blood secretion from the 
endotracheal tube; associated with clinical deterioration; increased ventilator support with a FiO2 increase of  > 0.3
	Moderate to severe BPD
	2001NICHD criteria
	Yes
	Not relevant with moderate to severe BPD

	Ahmad KA 25
	1363 vs. 2726,
GA: <28 weeks
	Yes
	No
	International Classification of Disease Revision 9 code 770.3
	Severe BPD
	Not mentioned
	Not reported
	Lower incidence in pulmonary hemorrhage group

	Bozkaya A 10
	28 vs. 56,
GA: 25-32 weeks
	Yes
	No
	Fresh blood from the endotracheal tube or trachea and the hematocrit of the hemorrhagic fluid seen in the endotracheal tube or trachea is close to venous hematocrit levels and one of the following signs: The need for transfusion of erythrocyte suspension; Increased oxygen need; Increased ventilation pressure requirement MAP≥2 units increase or PEEP increase to 6–8 cm H2O; Abnormal radiological findings
	BPD; Moderate to severe BPD
	Diagnostic criteria from American National Institute of Pediatrics, National Heart, Lung and Blood Institute and the Department of Rare Diseases in 2000 (Philadelphia (PA):
Saunders/Elsevier; 2008. p. 428)
	Not reported
	Associated with BPD and moderate to severe BPD

	Kappico JM 24
	16 vs. 32,
ELBWIs
	Yes
	No
	Pink-tinged or frank bloody secretions from the endotracheal tube combined with significant clinical deterioration characterized by worsening and increased ventilatory settings
	BPD
	Oxygen requirement at 36 weeks post-menstrual age (Pediatrics 1988;82:527–32.)
	Not reported
	Not relevant with BPD 

	Wang L 11
	262 vs. 524,
GA: 24-32 weeks
	Yes
	Yes
	International Classification of Disease Revision 9 code 770.3
	Moderate to severe BPD
	2018 NICHD criteria
	Not reported
	Associated with moderate to severe BPD


Abbreviations: GA: gestational age; ELBWI: extremely low birthweight infants; FiO2: fraction of inspired oxygen; MAP: mean airway pressure; PEEP: positive end-expiratory pressure; NICHD: national institute of child health and human development.
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