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[bookmark: OLE_LINK26]Table 1. Characteristics of pregnant women included in this study (n, %)
	Characteristic
	
	Overall 
(N=177574)
	Exposed a
 (N=566)
	Non-exposed (N=177008)
	P value

	Maternal age (years)
	<25
	24879 (14.01)
	77 (13.60)
	24802 (14.01)
	0.07 

	
	25-30
	72575 (40.87)
	262 (46.29)
	72313 (40.85)
	

	
	30-35
	57740 (32.52)
	172 (30.39)
	57568 (32.52)
	

	
	>35
	22370 (12.60)
	55 (9.72)
	22315 (12.61)
	

	
	Missing
	10 (0.01)
	0 (0.00)
	10 (0.01)
	

	Pre-pregnancy body mass index (kg/m2)
	<18.50
	31604 (17.80)
	107 (18.90)
	31497 (17.79)
	0.07 

	
	18.50-23.99
	98445 (55.44)
	338 (59.72)
	98107 (55.43)
	

	
	24.00-27.99
	42588 (23.98)
	110 (19.43)
	42478 (24.00)
	

	
	≥28.00
	4923 (2.77)
	11 (1.94)
	4912 (2.78)
	

	
	Missing
	14 (0.01) 
	0 (0.00) 
	14 (0.01) 
	

	Transient population
	No
	135485 (76.30)
	499 (88.16)
	134986 (76.26)
	<0.001

	
	Yes
	41955 (23.63)
	67 (11.84)
	41888 (23.66)
	

	
	Missing
	134 (0.08)
	0 (0.00)
	134 (0.08)
	

	Region
	Town
	158594 (89.31)
	503 (88.87)
	158091 (89.31)
	0.92 

	
	Countryside
	18968 (10.68)
	63 (11.13)
	18905 (10.68)
	

	
	Missing
	12 (0.01)
	0 (0.00)
	12 (0.01)
	

	Marital status
	Married
	160482 (90.37)
	522 (92.23)
	159960 (90.37)
	0.30 

	
	Other
	16852 (9.49)
	43 (7.60)
	16809 (9.50)
	

	
	Missing
	240 (0.14)
	1 (0.18)
	239 (0.14)
	

	Education level (years)
	1-6
	3049 (1.72)
	1 (0.18)
	3048 (1.72)
	<0.001

	
	7-9
	39424 (22.20)
	43 (7.60)
	39381 (22.25)
	

	
	10-12
	32476 (18.29)
	56 (9.89)
	32420 (18.32)
	

	
	>12
	102047 (57.47)
	464 (81.98)
	101583 (57.39)
	

	
	Other
	578 (0.33)
	2 (0.35)
	576 (0.33)
	

	Parity
	Multipara
	100385 (56.53)
	295 (52.12)
	100090 (56.55)
	0.08 

	
	Nullipara
	77040 (43.38)
	271 (47.88)
	76769 (43.37)
	

	
	Missing
	149 (0.08)
	0 (0.00)
	149 (0.08)
	

	Multiple gestations
	Singletons
	175881 (99.05)
	564 (99.65)
	175317 (99.04)
	0.54 

	
	Twins
	10 (0.01)
	0 (0.00)
	10 (0.01)
	

	
	Triplets
	1680 (0.95)
	2 (0.35)
	1678 (0.95)
	

	
	Missing
	3 (0.00)
	0 (0.00)
	3 (0.00)
	

	Thalassemia
	No
	172902 (97.37)
	548 (96.82)
	172354 (97.37)
	0.49 

	
	Yes
	4672 (2.63)
	18 (3.18)
	4654 (2.63)
	

	Pre-existing diabetes
	No
	175735 (98.96)
	557 (98.41)
	175178 (98.97)
	0.27 

	
	Yes
	1839 (1.04)
	9 (1.59)
	1830 (1.03)
	

	Thyroid dysfunction
	No
	167668 (94.42)
	533 (94.17)
	167135 (94.42)
	0.87 

	
	Yes
	9906 (5.58)
	33 (5.83)
	9873 (5.58)
	

	Blood disease
	No
	170093 (95.79)
	543 (95.94)
	169550 (95.79)
	0.94 

	
	Yes
	7481 (4.21)
	23 (4.06)
	7458 (4.21)
	

	Hepatitis B surface antigen positive
	No
	160236 (90.24)
	514 (90.81)
	159722 (90.23)
	0.86 

	
	Yes
	15807 (8.90)
	48 (8.48)
	15759 (8.90)
	

	
	Missing
	1531 (0.86)
	4 (0.71)
	1527 (0.86)
	

	Vaginitis
	No
	166271 (93.63)
	522 (92.23)
	165749 (93.64)
	0.20 

	
	Yes
	11303 (6.37)
	44 (7.77)
	11259 (6.36)
	

	Folic acid consumption
	No
	1616 (0.91)
	6 (1.06)
	1610 (0.91)
	0.93 

	
	Yes
	175956 (99.09)
	560 (98.94)
	175396 (99.09)
	

	
	Missing
	2 (0.00)
	0 (0.00)
	2 (0.00)
	


a Pregnancies exposed to HPV vaccine during the Peri-conception period.








Table 2. The association between Peri-conception HPV vaccine exposure and birth defects 
	[bookmark: _Hlk170227815]Outcome a
	aRR (95% CI) b
	P value

	Total birth defects
	0.77 (0.42-1.42)
	0.41 

	  Organ system specific birth defects
	
	

	  Congenital malformations and deformations of the musculoskeletal system
	1.00 (0.11-8.90)
	1.00 

	  Congenital malformations of genital organs
	1.99 (0.37-10.86)
	0.43 

	  Other congenital malformations of the digestive system
	1.99 (0.18-21.95)
	0.57 

	  Congenital malformations of the circulatory system
	0.80 (0.38-1.69)
	0.56 


a After propensity score matching, these specific birth defects that with a frequency of zero were excluded from further analysis. 
b aRR, adjusted relative risk.



















Supplementary Appendix
Table S1: Categories and missing values of covariates included in the propensity score analysis
	Covariate
	Categories
	Timing of recording
	Missing, No. (%) 

	Demographic and obstetrical characteristics
	
	
	

	    Maternal age (years)
	<25, 25-30, 30-35, >35
	At the first antenatal visit
	10 (0.01)

	    Paternal age (years)
	<25, 25-30, 30-35, >35
	At the first antenatal visit
	1349 (0.76) 

	    Pre-pregnancy body mass index (kg/m2)
	<18.50, 18.50-23.99, 24.00-27.99, >=28.00
	At the first antenatal visit
	14 (0.01)

	    Residence duration of at least one year
	Yes, No
	At the first antenatal visit
	2261 (1.27)

	    Transient population
	Yes, No
	At the first antenatal visit
	134 (0.08)

	    Region
	Town, Countryside
	At the first antenatal visit
	12 (0.01)

	    Marital status
	Married, Other
	At the first antenatal visit
	240 (0.14)

	    Irregular menstruation
	Yes, No
	At the first antenatal visit
	419 (0.23)

	    Consanguineous marriage
	Yes, No
	At the first antenatal visit
	611 (0.34)

	    Education level (years)
	1-6, 7-9, 10-12, >12, Other
	At the first antenatal visit
	0

	    Alcohol consumption
	Yes, No
	At the first antenatal visit
	1 (<0.001)

	    Parity
	Nullipara, Multipara
	At the first antenatal visit
	149 (0.08)

	    Multiple gestations
	Singletons, Twins, Triplets
	At the first antenatal visit
	3 (<0.001)

	    Adverse pregnancy and childbirth history 
	Yes, No
	At the first antenatal visit
	0

	    Use of assisted fertility technology
	Yes, No
	At the first antenatal visit
	0

	Disease status and medications
	
	
	

	    Hepatitis B surface antigen
	Yes, No
	At the first antenatal visit
	1531 (0.86)

	    Human immunodeficiency virus positive
	Yes, No
	At the first antenatal visit
	1745 (0.98)

	    Hyperemesis
	Yes, No
	During the first trimester
	3 (<0.001)

	    Fever
	Yes, No
	During the first trimester
	2 (<0.001)

	    Allergies
	Yes, No
	During the first trimester
	5 (<0.001)

	    Thyroid dysfunction
	Yes, No
	At the first antenatal visit
	0

	    Mental illness
	Yes, No
	At the first antenatal visit
	487 (0.27)

	    Blood disease
	Yes, No
	At the first antenatal visit
	0

	    Chronic hypertension
	Yes, No
	At the first antenatal visit
	0

	    Thalassemia
	Yes, No
	At the first antenatal visit
	0

	    Pre-existing diabetes
	Yes, No
	At the first antenatal visit
	0

	    Scarred uterus
	Yes, No
	At the first antenatal visit
	0

	    Fatty liver
	Yes, No
	At the first antenatal visit
	0

	    Viral hepatitis other than hepatitis B
	Yes, No
	At the first antenatal visit
	0

	    Vaginitis
	Yes, No
	At the first antenatal visit
	0

	    Abnormal lipid metabolism
	Yes, No
	At the first antenatal visit
	0

	    Sexually transmitted diseases
	Yes, No
	At the first antenatal visit
	0

	    Hysteromyoma
	Yes, No
	At the first antenatal visit
	0

	    Ovarian cyst
	Yes, No
	At the first antenatal visit
	0

	    Folic acid supplementation
	Yes, No
	At the first antenatal visit
	2 (<0.001)

	    Contraceptive pill
	Yes, No
	At the first antenatal visit
	1 (<0.001)

	Laboratory test results
	
	
	

	    Total bilirubin
	Continuous variable
	At the first antenatal visit
	1534 (0.86)

	    Serum creatinine
	Continuous variable
	At the first antenatal visit
	1617 (0.91)

	    Serum alanine aminotransferase
	Continuous variable
	At the first antenatal visit
	1461 (0.82)

	    Systolic blood pressure
	Continuous variable
	At the first antenatal visit
	139 (0.08)

	    Hemoglobin count
	Low, Normal, High
	At the first antenatal visit
	729 (0.41)

	    White blood count
	Low, Normal, High
	At the first antenatal visit
	807 (0.45)

	    Platelet count
	Low, Normal, High
	At the first antenatal visit
	971 (0.55)














[bookmark: _Hlk169353315][bookmark: _Hlk169345417]Table S2: Subgroup analysis results of the association between Peri-conception HPV vaccine exposure and birth defects
	Types of analysis
	Period of exposure
	Outcome a
	aRR (95% CI) b
	P value

	Total birth defects
	Pre-30 days
	Overall birth defects
	0.59 (0.23-1.48)
	0.26 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations of genital organs
	1.33 (0.14-12.72)
	0.81 

	
	
	  Other congenital malformations of the digestive system
	1.00 (0.11-8.87)
	1.00 

	
	
	  Congenital malformations of the circulatory system
	0.54 (0.16-1.80)
	0.32 

	
	
	  Congenital malformations of the nervous system
	3.98 (0.25-63.49)
	0.33 

	
	
	  Other congenital malformations
	3.98 (0.25-63.49)
	0.33 

	
	
	
	
	

	
	First-trimester
	Overall birth defects
	0.61 (0.14-2.69)
	0.52 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Other congenital malformations of the digestive system
	3.99 (0.25-63.35)
	0.33 

	
	
	  Other congenital malformations
	3.99 (0.25-63.35)
	0.33 

	
	
	
	
	

	4vHPV vaccine
	Peri-conception
	Overall birth defects
	1.25 (0.62-2.51)
	0.54 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations and deformations of the musculoskeletal system
	1.33 (0.14-12.77)
	0.80 

	
	
	  Congenital malformations of genital organs
	2.00 (0.18-21.97)
	0.57 

	
	
	  Other congenital malformations of the digestive system
	4.00 (0.25-63.73)
	0.33 

	
	
	  Congenital malformations of the circulatory system
	1.04 (0.43-2.54)
	0.93 

	
	
	
	
	

	
	Pre-30 days
	Overall birth defects
	0.93 (0.32-2.74)
	0.90 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations of the circulatory system
	0.88 (0.19-4.04)
	0.87 

	
	
	  Other congenital malformations
	3.96 (0.25-63.07)
	0.33 

	
	
	
	
	

	
	First-trimester
	Overall birth defects
	1.33 (0.27-6.49)
	0.73 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Other congenital malformations of the digestive system
	4.00 (0.25-63.30)
	0.33 

	
	
	    
	
	

	9vHPV vaccine
	Peri-conception
	Overall birth defects
	0.57 (0.13-2.49)
	0.46 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations of genital organs
	2.00 (0.18-21.91)
	0.57 

	
	
	  Congenital malformations of the circulatory system
	1.14 (0.24-5.44)
	0.87 

	
	
	
	
	

	
	Rigorous
 Peri-conception
	Overall birth defects
	0.50 (0.06-3.91)
	0.51 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations of genital organs
	1.98 (0.18-21.59)
	0.58 

	
	
	  Congenital malformations of the circulatory system
	0.79 (0.09-6.69)
	0.83 


a After propensity score matching, these specific birth defects that with a frequency of zero were excluded from further analysis. 
b aRR, adjusted relative risk.




















Table S3: Sensitivity analysis results of the association between Peri-conception HPV vaccine exposure and birth defects
	
	Period of exposure
	Outcome a
	aRR (95% CI) b
	P value

	>=2 doses c
	Peri-conception
	Total birth defects
	1.09 (0.31-3.84)
	0.89 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Other congenital malformations of the digestive system
	4.00 (0.25-63.39)
	0.33 

	
	
	  Congenital malformations of the circulatory system
	1.00 (0.22-4.63)
	1.00 

	
	
	    
	
	

	Overlap weighting
	Peri-conception
	Total birth defects
	0.82 (0.47-1.43)
	0.60 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations and deformations of the musculoskeletal system
	0.54 (0.08-3.83)
	0.62 

	
	
	  Congenital malformations of genital organs
	1.99 (0.5-8.01)
	0.57 

	
	
	  Other congenital malformations of the digestive system
	1.69 (0.24-12.07)
	0.75 

	
	
	  Congenital malformations of the circulatory system
	0.92 (0.46-1.84)
	0.87 

	
	
	  Congenital malformations of the nervous system
	6.96 (0.95-51.01)
	0.49 

	
	
	  Other congenital malformations
	1.64 (0.23-11.68)
	0.76 

	
	
	
	
	

	
	Pre-30 days
	Total birth defects
	0.65 (0.27-1.54)
	0.45 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations of genital organs
	1.90 (0.27-13.55)
	0.71 

	
	
	  Other congenital malformations of the digestive system
	3.16 (0.44-22.56)
	0.58 

	
	
	  Congenital malformations of the circulatory system
	0.66 (0.21-2.03)
	0.58 

	
	
	  Congenital malformations of the nervous system
	13.75 (1.87-101.06)
	0.50 

	
	
	  Other congenital malformations
	3.20 (0.45-22.81)
	0.57 

	
	
	
	
	

	
	First-trimester
	Total birth defects
	0.53 (0.13-2.08)
	0.46 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Other congenital malformations of the digestive system
	6.98 (0.98-49.79)
	0.50 

	
	
	  Congenital malformations of the nervous system
	26.42 (3.58-195.25)
	0.54 

	
	
	  Other congenital malformations
	5.92 (0.83-42.22)
	0.50 

	
	
	
	
	

	1:10 PSM
	Peri-conception
	Total birth defects
	0.88 (0.49-1.58)
	0.68 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations and deformations of the musculoskeletal system
	0.90 (0.12-6.99)
	0.92 

	
	
	  Congenital malformations of genital organs
	1.99 (0.44-9.05)
	0.38 

	
	
	  Other congenital malformations of the digestive system
	4.97 (0.45-54.72)
	0.19 

	
	
	  Congenital malformations of the circulatory system
	0.89 (0.44-1.83)
	0.76 

	
	
	  Congenital malformations of the nervous system
	9.94 (0.62-158.68)
	0.10 

	
	
	  Other congenital malformations
	3.31 (0.35-31.80)
	0.30 

	
	
	
	
	

	
	Pre-30 days
	Total birth defects
	0.53 (0.22-1.28)
	0.16 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations of genital organs
	1.98 (0.23-16.90)
	0.53 

	
	
	  Other congenital malformations of the digestive system
	1.10 (0.14-8.66)
	0.93 

	
	
	  Congenital malformations of the circulatory system
	0.50 (0.16-1.57)
	0.24 

	
	
	  Congenital malformations of the nervous system
	9.91 (0.62-157.97)
	0.11 

	
	
	  Other congenital malformations
	4.95 (0.45-54.46)
	0.19 

	
	
	
	
	

	
	First-trimester
	Total birth defects
	0.57 (0.14-2.33)
	0.43 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Other congenital malformations of the digestive system
	4.95 (0.45-54.31)
	0.19 

	
	
	  Other congenital malformations
	4.95 (0.45-54.31)
	0.19 

	
	
	    
	
	

	Exclude previous HPV vaccination d
	Peri-conception
	Total birth defects
	0.71 (0.39-1.31)
	0.28 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations and deformations of the musculoskeletal system
	0.50 (0.06-3.98)
	0.51 

	
	
	  Congenital malformations of genital organs
	2.66 (0.45-15.87)
	0.28 

	
	
	  Other congenital malformations of the digestive system
	0.66 (0.08-5.51)
	0.71 

	
	
	  Congenital malformations of the circulatory system
	0.91 (0.43-1.95)
	0.81 

	
	
	  Congenital malformations of the nervous system
	1.99 (0.18-21.95)
	0.57 

	
	
	  Other congenital malformations
	1.00 (0.11-8.90)
	1.00 

	
	
	
	
	

	
	Pre-30 days
	Total birth defects
	0.64 (0.25-1.64)
	0.36 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations of genital organs
	1.99 (0.18-21.89)
	0.57 

	
	
	  Congenital malformations of the circulatory system
	0.52 (0.16-1.72)
	0.29 

	
	
	
	
	

	
	First-trimester
	Total birth defects
	0.36 (0.09-1.53)
	0.17 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Other congenital malformations
	2.00 (0.18-21.87)
	0.57 

	
	
	    
	
	

	1:4 PSM using imputed data
	Peri-conception
	Total birth defects
	0.87 (0.44-1.73)
	0.68 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations and deformations of the musculoskeletal system
	0.61 (0.07-5.73)
	0.67 

	
	
	  Congenital malformations of genital organs
	3.68 (0.36-37.27)
	0.27 

	
	
	  Other congenital malformations of the digestive system
	1.44 (0.14-14.76)
	0.76 

	
	
	  Congenital malformations of the circulatory system
	0.93 (0.38-2.23)
	0.86 

	
	
	  Other congenital malformations
	2.24 (0.14-36.90)
	0.57 

	
	
	
	
	

	
	Pre-30 days
	Total birth defects
	0.61 (0.23-1.62)
	0.32 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations of genital organs
	2.19 (0.12-41.51)
	0.60 

	
	
	  Congenital malformations of the circulatory system
	0.61 (0.17-2.16)
	0.44 

	
	
	  Other congenital malformations
	2.79 (0.16-48.22)
	0.48 

	
	
	
	
	

	
	First-trimester
	Total birth defects
	0.58 (0.15-2.22)
	0.42 

	
	
	    
	
	

	Overlap weighting using imputed data 
	Peri-conception
	Total birth defects
	0.84 (0.40-1.77)
	0.65 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations and deformations of the musculoskeletal system
	0.51 (0.05-5.69)
	0.58 

	
	
	  Congenital malformations of genital organs
	1.94 (0.18-21.09)
	0.59 

	
	
	  Other congenital malformations of the digestive system
	1.58 (0.07-37.23)
	0.78 

	
	
	  Congenital malformations of the circulatory system
	0.99 (0.39-2.51)
	0.99 

	
	
	  Other congenital malformations
	1.59 (0.07-37.63)
	0.77 

	
	
	
	
	

	
	Pre-30 days
	Total birth defects
	0.62 (0.20-1.89)
	0.40 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Congenital malformations of genital organs
	1.82 (0.07-49.38)
	0.72 

	
	
	  Other congenital malformations of the digestive system
	3.04 (0.06-158.43)
	0.58 

	
	
	  Congenital malformations of the circulatory system
	0.64 (0.15-2.71)
	0.54 

	
	
	  Other congenital malformations
	2.93 (0.06-144.43)
	0.59 

	
	
	
	
	

	
	First-trimester
	Total birth defects
	0.56 (0.13-2.40)
	0.43 

	

	
	    
	
	

	Negative control exposure e
	
	Total birth defects
	0.93 (0.52-1.66)
	0.81 

	
	
	  Organ system specific birth defects
	
	

	
	
	  Cleft lip and cleft palate
	0.80 (0.09-6.83)
	0.84 

	
	
	  Congenital malformations and deformations of the musculoskeletal system
	0.44 (0.06-3.50)
	0.44 

	
	
	  Congenital malformations of eye, ear, face and neck
	1.33 (0.27-6.58)
	0.73 

	
	
	  Congenital malformations of genital organs
	2.00 (0.18-22.00)
	0.57 

	
	
	  Other congenital malformations of the digestive system
	0.99 (0.11-8.92)
	1.00 

	
	
	  Congenital malformations of the circulatory system
	0.80 (0.36-1.79)
	0.59 


a After propensity score matching, these specific birth defects that with a frequency of zero were excluded from further analysis. 
b aRR, adjusted relative risk.
c >=2 doses: defining exposure as those pregnancies with two or more doses of the HPV vaccine administered during the Peri-conception period.
[bookmark: OLE_LINK35]d Pregnancies with previous exposure to HPV vaccine (preceding 90 days before last menstrual period) were excluded.
e Negative control exposure: pregnancies among women who received HPV vaccination between 365 days and 90 days before the last menstrual period.
