Table S1. Risk of outcomes (1 day to 1y)_adjusted different variables
	Outcomes
(HPV vaccinated vs. control cohort)
	Hazard ratio (95% CI)

	
	Model 1a
	Model 2b
	Model 3c
	Model 4d

	Hearing loss 
	0.551 (0.485-0.626)
	0.578 (0.492-0.679)*
	0.532 (0.453-0.623)
	0.490 (0.419-0.572)

	Disturbances of smell and taste
	1.649 (1.488-1.827)
	2.423 (2.001-2.933)
	3.202 (2.604-3.939)
	3.136 (2.562-3.840)

	Facial nerve disorders 
	0.663 (0.543-0.824)*
	0.785 (0.586-1.051)*
	0.771 (0.578-1.029)
	0.690 (0.522-0.912)

	Disorders of vestibular function
	0.546 (0.459-0.650)
	0.613 (0.490-0.767)*
	0.539 (0.433-0.670)
	0.523 (0.422-0.647)

	Other diseases of inner ear 
	0.594 (0.461-0.766)*
	0.603 (0.436-0.834)
	0.498 (0.363-0.683)
	0.537 (0.392-0.735)

	Disorders of trigeminal nerve 
	0.258 (0.168-0.398)
	0.429 (0.254-0.723)
	0.302 (0.185-0.494)
	0.328 (0.200-0.538)


Note:
HPV: Human Papillomavirus, CI: Confidence interval. NA: Not applicable.
a. Crude, before matching.
b. Propensity score matching was performed on age at index, race.
c. Propensity score matching was performed on age at index, race, social economic status, lifestyles, and medical utilization.
d. Propensity score matching was performed age at index, race, problems related to housing and economic circumstances (proxy to social economic status), lifestyles (including tobacco use, nicotine dependence), medical utilization (office or other outpatient services, preventive medicine services, hospital inpatient services), and comorbidities (hypertension, diabetes mellitus, overweight and obesity, asthma, inflammatory diseases of female pelvic organs, diseases of middle ear and mastoid, transient cerebral ischemic attacks and related syndromes, gingivitis and periodontal diseases, dental caries, depressive episode, anxiety, dissociative, stress-related, somatoform and other nonpsychotic mental disorders, certain infectious and parasitic diseases, injuries to the head). 
* Proportionality <0.001

Table S2. Risk of outcomes_different follow up duration
	Outcomes
(HPV vaccinated vs. control cohort)
	Adjusted hazard ratio (95% CI)a

	
	1 day to 1 month
	1 day to 3 months
	1 day to 6 months
	1 day to 1y
	1 day to 3y

	Hearing loss 
	0.347 (0.240-0.502)
	0.447 (0.350-0.572)
	0.476 (0.392-0.579)
	0.490 (0.419-0.572)
	0.580 (0.519-0.647)*

	Disturbances of smell and taste
	1.050 (0.585-1.884)
	1.940 (1.361-2.766)
	2.733 (2.073-3.603)
	3.136 (2.562-3.840)
	1.656 (1.516-1.808)*

	Facial nerve disorders 
	0.229 (0.087-0.606)
	0.407 (0.239-0.695)
	0.434 (0.291-0.647)
	0.690 (0.522-0.912)
	0.891 (0.744-1.067)

	Disorders of vestibular function
	0.067 (0.021-0.216)
	0.358 (0.243-0.527)
	0.467 (0.352-0.619)
	0.523 (0.422-0.647)
	0.663 (0.581-0.757)*

	Other diseases of inner ear 
	0.209 (0.080-0.549)
	0.399 (0.227-0.701)
	0.432 (0.279-0.670)
	0.537 (0.392-0.735)
	0.739 (0.609-0.896)

	Disorders of trigeminal nerve 
	0.287 (0.095-0.873)
	0.378 (0.167-0.854)
	0.315 (0.160-0.622)
	0.328 (0.200-0.538)
	0.369 (0.270-0.504)


Note:
HPV: Human Papillomavirus, CI: Confidence interval. NA: Not applicable.
a. Propensity score matching was performed age at index, race, problems related to housing and economic circumstances (proxy to social economic status), lifestyles (including tobacco use, nicotine dependence), medical utilization (office or other outpatient services, preventive medicine services, hospital inpatient services), and comorbidities (hypertension, diabetes mellitus, overweight and obesity, asthma, inflammatory diseases of female pelvic organs, diseases of middle ear and mastoid, transient cerebral ischemic attacks and related syndromes, gingivitis and periodontal diseases, dental caries, depressive episode, anxiety, dissociative, stress-related, somatoform and other nonpsychotic mental disorders, certain infectious and parasitic diseases, injuries to the head).
* Proportionality <0.001

Table S3. Risk of outcome (1 days to 1y)_stratified by age at index
	Outcomes 
(HPV vaccinated cohort vs. Control cohort)
	Adjusted hazard ratio (95% CI)a

	
	9~17 y
(n=220948 pairs)
	18~26 y
(n=46594 pairs)

	Hearing loss 
	0.339 (0.287-0.401)
	0.826 (0.594-1.149)

	Sudden idiopathic hearing loss  
	0.471 (0.142-1.563)
	0.865 (0.334-2.243)

	Sensorineural hearing loss, bilateral 
	0.301 (0.242-0.374)
	0.734 (0.467-1.153)

	Sensorineural hearing loss, unilateral with unrestricted hearing
	0.425 (0.305-0.591)
	0.931 (0.497-1.744)

	Sensorineural hearing loss, unspecified 
	0.337 (0.244-0.466)
	0.815 (0.450-1.475)

	Disturbances of smell and taste
	3.362 (2.662-4.246)
	1.998 (1.393-2.866)

	  Smell
	3.640 (2.614-5.070)
	2.445 (1.369-4.366)

	  Taste
	5.072 (3.436-7.486)
	2.126 (1.197-3.775)

	Facial nerve disorders 
	0.569 (0.419-0.772)
	0.761 (0.430-1.346)

	Disorders of vestibular function
	0.380 (0.287-0.502)
	1.169 (0.817-1.672)

	Meniere's disease
	1.833 (0.166-20.21)
	0.278 (0.058-1.336)

	Benign paroxysmal vertigo
	0.578 (0.354-0.942)
	1.534 (0.992-2.373)

	Vestibular neuronitis
	0.760 (0.204-2.830)
	2.924 (0.304-28.10)

	Other diseases of inner ear 
	0.451 (0.315-0.647)
	1.032 (0.541-1.966)

	Labyrinthitis 
	1.394 (0.393-4.940)
	0.487 (0.122-1.947)

	Labyrinthine dysfunction 
	0.307 (0.190-0.496)
	1.717 (0.503-5.867)

	Other specified diseases of inner ear 
	0.236 (0.050-1.111)
	3.893 (0.435-34.82)

	Disease of inner ear, unspecified 
	0.943 (0.133-6.693)
	NA

	Disorders of trigeminal nerve 
	0.226 (0.121-0.425)
	0.633 (0.296-1.350)


Note:
HPV: Human Papillomavirus, CI: Confidence interval. NA: Not applicable.
a. Propensity score matching was performed age at index, race, problems related to housing and economic circumstances (proxy to social economic status), lifestyles (including tobacco use, nicotine dependence), medical utilization (office or other outpatient services, preventive medicine services, hospital inpatient services), and comorbidities (hypertension, diabetes mellitus, overweight and obesity, asthma, inflammatory diseases of female pelvic organs, diseases of middle ear and mastoid, transient cerebral ischemic attacks and related syndromes, gingivitis and periodontal diseases, dental caries, depressive episode, anxiety, dissociative, stress-related, somatoform and other nonpsychotic mental disorders, certain infectious and parasitic diseases, injuries to the head).
* Proportionality <0.001.

Table S4. Risk of outcome (1 days to 1y)_stratified by race
	Outcomes 
(HPV vaccinated cohort vs. Control cohort)
	Adjusted hazard ratio (95% CI)a

	
	White
(n=134051pairs)
	African American
(n=50786 pairs)
	Asian
(n=13393 pairs)

	Hearing loss 
	0.561 (0.446-0.706)
	0.490 (0.357-0.672)
	0.404 (0.216-0.757)

	Sudden idiopathic hearing loss  
	1.907 (0.477-7.627)
	0.635 (0.106-3.804)
	NA

	Sensorineural hearing loss, bilateral 
	0.509 (0.375-0.691)
	0.475 (0.322-0.701)
	0.172 (0.066-0.447)

	Sensorineural hearing loss, unilateral with unrestricted hearing
	0.779 (0.492-1.231)
	0.464 (0.245-0.878)
	1.594 (0.466-5.445)

	Sensorineural hearing loss, unspecified 
	0.496 (0.324-0.760)
	0.328 (0.170-0.631)
	0.913 (0.294-2.832)

	Disturbances of smell and taste
	4.412 (3.260-5.972)
	1.979 (1.315-2.978)
	1.984 (0.754-5.221)

	  Smell
	5.175 (3.317-8.073)
	1.835 (1.022-3.295)
	6.390 (0.786-51.94)

	  Taste
	5.863 (3.610-9.520)
	3.193 (1.629-6.259)
	2.426 (0.644-9.146)

	Facial nerve disorders 
	0.597 (0.408-0.874)
	0.532 (0.283-1.000)
	0.156 (0.019-1.293)

	Disorders of vestibular function
	0.471 (0.362-0.613)
	0.340 (0.171-0.676)
	0.420 (0.146-1.210)

	Meniere's disease
	0.950 (0.237-3.797)
	NA
	NA

	Benign paroxysmal vertigo
	0.974 (0.654-1.450)
	0.378 (0.119-1.205)
	0.740 (0.199-2.755)

	Vestibular neuronitis
	0.772 (0.207-2.874)
	NA
	NA

	Other diseases of inner ear 
	0.494 (0.330-0.738)
	0.256 (0.085-0.770)
	0.397 (0.103-1.536)

	Labyrinthitis 
	0.595 (0.195-1.820)
	0.974 (0.061-15.57)
	NA

	Labyrinthine dysfunction 
	0.328 (0.186-0.579)
	0.211 (0.046-0.978)
	NA

	Other specified diseases of inner ear 
	0.473 (0.118-1.893)
	NA
	0.954 (0.060-15.26)

	Disease of inner ear, unspecified 
	1.941 (0.176-21.40)
	NA
	NA

	Disorders of trigeminal nerve 
	0.271 (0.146-0.501)
	0.273 (0.057-1.312)
	0.471 (0.043-5.193)


Note:
HPV: Human Papillomavirus, CI: Confidence interval. NA: Not applicable.
a. Propensity score matching was performed age at index, race, problems related to housing and economic circumstances (proxy to social economic status), lifestyles (including tobacco use, nicotine dependence), medical utilization (office or other outpatient services, preventive medicine services, hospital inpatient services), and comorbidities (hypertension, diabetes mellitus, overweight and obesity, asthma, inflammatory diseases of female pelvic organs, diseases of middle ear and mastoid, transient cerebral ischemic attacks and related syndromes, gingivitis and periodontal diseases, dental caries, depressive episode, anxiety, dissociative, stress-related, somatoform and other nonpsychotic mental disorders, certain infectious and parasitic diseases, injuries to the head).
* Proportionality <0.001.
Table S5. Risk of outcome (1 days to 1y)_stratified by vaccine value
	Outcomes 
(HPV vaccinated cohort vs. Control cohort)
	Adjusted hazard ratio (95% CI)a

	
	9 V
(n=254824 pairs)
	4 V
(n=11896 pairs

	Hearing loss 
	0.497 (0.426-0.580)
	0.264 (0.098-0.711)

	Sudden idiopathic hearing loss  
	1.267 (0.534-3.007)
	NA

	Sensorineural hearing loss, bilateral 
	0.463 (0.378-0.568)
	0.316 (0.102-0.979)

	Sensorineural hearing loss, unilateral with unrestricted hearing
	0.485 (0.364-0.645)
	NA

	Sensorineural hearing loss, unspecified 
	0.498 (0.370-0.669)
	0.136 (0.017-1.109)

	Disturbances of smell and taste
	3.064 (2.503-3.750)
	18.00 (2.410-134.4)

	  Smell
	2.809 (2.138-3.689)
	NA

	  Taste
	3.926 (2.845-5.417)
	NA

	Facial nerve disorders 
	0.681 (0.512-0.905)
	0.970 (0.281-3.352)

	Disorders of vestibular function
	0.472 (0.382-0.582)
	1.162 (0.482-2.805)

	Meniere's disease
	0.416 (0.128-1.351)
	NA

	Benign paroxysmal vertigo
	0.727 (0.539-0.980)
	3.784 (0.804-17.81)

	Vestibular neuronitis
	0.949 (0.306-2.943)
	NA

	Other diseases of inner ear 
	0.548 (0.401-0.748)
	0.157 (0.019-1.305)

	Labyrinthitis 
	0.847 (0.344-2.085)
	NA

	Labyrinthine dysfunction 
	0.384 (0.248-0.595)
	NA

	Other specified diseases of inner ear 
	0.633 (0.225-1.777)
	NA

	Disease of inner ear, unspecified 
	0.649 (0.108-3.887)
	NA

	Disorders of trigeminal nerve 
	0.269 (0.167-0.431)
	NA


Note:
HPV: Human Papillomavirus, CI: Confidence interval. NA: Not applicable.
a. Propensity score matching was performed age at index, race, problems related to housing and economic circumstances (proxy to social economic status), lifestyles (including tobacco use, nicotine dependence), medical utilization (office or other outpatient services, preventive medicine services, hospital inpatient services), and comorbidities (hypertension, diabetes mellitus, overweight and obesity, asthma, inflammatory diseases of female pelvic organs, diseases of middle ear and mastoid, transient cerebral ischemic attacks and related syndromes, gingivitis and periodontal diseases, dental caries, depressive episode, anxiety, dissociative, stress-related, somatoform and other nonpsychotic mental disorders, certain infectious and parasitic diseases, injuries to the head).
* Proportionality <0.001.

Table S6. Sensitivity analysis compare with influenza vaccine cohort
	Outcomes
	Patients with outcome
	Adjusted hazard ratio
(95% CI) a

	
	HPV vaccine cohort 
(n=134380)
	Influenza vaccine cohort 
(n=134380)
	

	Hearing loss 
	147
	186
	0.745 (0.600-0.925)

	Sudden idiopathic hearing loss  
	10
	10
	1.877 (0.565-6.232)

	Sensorineural hearing loss, bilateral 
	84
	125
	0.633 (0.480-0.835)

	Sensorineural hearing loss, unilateral with unrestricted hearing
	40
	37
	1.017 (0.650-1.591)

	Sensorineural hearing loss, unspecified 
	38
	53
	0.675 (0.445-1.024)

	Disturbances of smell and taste
	243
	185
	1.225 (1.012-1.483)

	  Smell
	114
	92
	1.153 (0.876-1.518)

	  Taste
	117
	83
	1.315 (0.992-1.742)

	Facial nerve disorders 
	50
	50
	0.932 (0.630-1.379)

	Disorders of vestibular function
	96
	95
	0.947 (0.713-1.257)

	Meniere's disease
	10
	10
	0.936 (0.132-6.646)

	Benign paroxysmal vertigo
	65
	55
	1.107 (0.773-1.586)

	Vestibular neuronitis
	10
	10
	4.585 (0.536-39.25)

	Other diseases of inner ear 
	35
	54
	0.609 (0.398-0.932)

	Labyrinthitis 
	10
	10
	0.621 (0.175-2.199)

	Labyrinthine dysfunction 
	16
	31
	0.487 (0.267-0.891)

	Other specified diseases of inner ear 
	10
	10
	1.178 (0.316-4.387)

	Disease of inner ear, unspecified 
	10
	10
	0.951 (0.060-15.21)

	Disorders of trigeminal nerve 
	14
	40
	0.327 (0.178-0.602)



Note:
If the patient is less or equal to 10, results show the count as 10. 
HPV: Human Papillomavirus, CI: Confidence interval. NA: Not applicable.
a. Propensity score matching was performed age at index, race, problems related to housing and economic circumstances (proxy to social economic status), lifestyles (including tobacco use, nicotine dependence), medical utilization (office or other outpatient services, preventive medicine services, hospital inpatient services), and comorbidities (hypertension, diabetes mellitus, overweight and obesity, asthma, inflammatory diseases of female pelvic organs, diseases of middle ear and mastoid, transient cerebral ischemic attacks and related syndromes, gingivitis and periodontal diseases, dental caries, depressive episode, anxiety, dissociative, stress-related, somatoform and other nonpsychotic mental disorders, certain infectious and parasitic diseases, injuries to the head). * Proportionality <0.001
