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Association between human papillomavirus vaccination and  
serious adverse events in South Korean adolescent girls:  
nationwide cohort study
Dongwon Yoon,1 Ji-Ho Lee,1,2 Hyesung Lee,1 Ju-Young Shin1,3

AbstrAct
Objective
To evaluate the association between human 
papillomavirus (HPV) vaccination and serious adverse 
events in adolescent girls in South Korea.
Design
Cohort study.
setting
A large linked database created by linking the Korea 
Immunization Registry Information System and the 
National Health Information Database, between 
January 2017 and December 2019.
ParticiPants
441 399 girls aged 11-14 years who had been 
vaccinated in 2017: 382 020 had been vaccinated 
against HPV and 59 379 had not been vaccinated 
against HPV.
Main OutcOMe Measures
Outcomes were 33 serious adverse events, including 
endocrine, gastrointestinal, cardiovascular, 
musculoskeletal, haematological, dermatological, and 
neurological diseases. A cohort design was used for 
the primary analysis and a self-controlled risk interval 
design for the secondary analysis; both analyses 
used a risk period of one year after HPV vaccination 
for each outcome. Incidence rate and adjusted rate 
ratios were estimated using Poisson regression in 
the primary analysis, comparing the HPV vaccinated 
group with the HPV unvaccinated group, and adjusted 
relative risks were estimated using conditional logistic 
regression in the secondary analysis.
results
Among the 33 predefined serious adverse events, no 
associations were found with HPV vaccination in the 
cohort analysis, including Hashimoto’s thyroiditis 
(incidence rate per 100 000 person years: 52.7 v 36.3 
for the vaccinated and unvaccinated groups; adjusted 

rate ratio 1.24, 95% confidence interval 0.78 to 1.94) 
and rheumatoid arthritis (incidence rate per 100 000 
person years: 168.1 v 145.4 for the vaccinated and 
unvaccinated groups; 0.99, 0.79 to 1.25), with the 
exception of an increased risk observed for migraine 
(incidence rate per 100 000 person years: 1235.0 v 
920.9 for the vaccinated and unvaccinated groups; 
1.11, 1.02 to 1.22). Secondary analysis using self-
controlled risk intervals confirmed no associations 
between HPV vaccination and serious adverse events, 
including migraine (adjusted relative risk 0.67, 95% 
confidence interval 0.58 to 0.78). Results were robust 
to varying follow-up periods and for vaccine subtypes.
cOnclusiOns
In this nationwide cohort study, with more than 
500 000 doses of HPV vaccines, no evidence was 
found to support an association between HPV 
vaccination and serious adverse events using both 
cohort analysis and self-controlled risk interval 
analysis. Inconsistent findings for migraine 
should be interpreted with caution considering its 
pathophysiology and the population of interest.

Introduction
In 2012, about 630 000 women received a diagnosis of 
human papillomavirus (HPV) related cancer, of whom 
530 000 (84%) had cervical cancer.1 Around 266 000 
women with cervical cancer died in 2012, accounting 
for 8% of all cancer related mortality in women 
worldwide.2 To reduce the HPV attributable burden of 
disease, vaccines against HPV have been introduced 
globally and are indicated for both adolescent boys 
and adolescent girls.3 The current World Health 
Organization recommendation for HPV immunisation 
prioritises girls aged 9-14 years before they become 
sexually active, and in 2019, 124 countries adopted 
the policy of HPV vaccination as their national 
immunisation programme for adolescent girls.4  5 
Since June 2016, the Korea Disease Control and 
Prevention Agency has also introduced a two dose 
schedule of bivalent or quadrivalent HPV vaccines for 
adolescent girls aged 12-13 years as part of its national 
immunisation programme.6 7 Coverage of the first HPV 
vaccine dose in the first year of implementation was 
61.5%, and by 2018 this had increased to 87.2%.8

Despite the extensive use of the HPV vaccine 
worldwide, safety concerns about HPV vaccination 
have not diminished, and concerns about vaccine 
related serious adverse events have undermined 
public confidence about immunisation.9 10 A survey 
among Korean parents who did not want their children 
to receive HPV vaccination indicated that 73.5% were 
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WhAt Is AlreAdy knoWn on thIs topIc
Serious adverse events after immunisation with the human papillomavirus (HPV) 
vaccine are one of the major concerns and barriers to HPV vaccination
Although the real world evidence on the safety of the HPV vaccine is established 
for Western populations, evidence remains insufficient for Asian populations

WhAt thIs study Adds
This study found no associations between HPV vaccination and 33 predefined 
serious adverse events, using both cohort and self-controlled risk interval 
analyses
Our results are consistent with those of studies that have shown the safety of 
HPV vaccination in Western populations
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reluctant because of concerns about serious adverse 
events.11 To alleviate these concerns, good quality 
evidence on the safety of the vaccine in the Korean 
population is needed. Because most studies have 
focused on Western populations,12-18 information 
on the safety profile of HPV vaccine in Asian popula-
tions is insufficient. Furthermore, previous studies 
compared participants who had been vaccinated with 
those who had not, which could lead to biased results 
because of fundamental differences in personal and 
clinical characteristics. Moreover, studies have focused 
on the bivalent or quadrivalent HPV vaccine and thus 
provide information on the safety of certain types of 
HPV vaccines.12 13 19

Given the public concerns and limited information in 
the Korean population, we investigated the association 
between HPV vaccination and serious adverse events 
among adolescent girls in South Korea using a 
nationwide linked database.

Methods
Data sources
We combined data from the Korea Immunization 
Registry Information System and the National Health 
Information Database to create a large database 
between January 2017 and December 2019 of 
adolescent girls aged 11-14 years in 2017. Using 
deidentified personal codes, we retrieved data from 
the Korea Immunization Registry Information System 
on type of vaccine administered, date of vaccination, 
dosing schedule, coadministered vaccines, and age 
at vaccination, and data from the National Health 
Information Database on medical diagnosis and date of 
diagnosis, prescription, treatment, medical insurance 
type, residence type, and total income of the affiliated 
households. This large linked database enabled us to 
evaluate the association between HPV vaccination and 
serious adverse events using both immunisation and 
clinical information.

According to the system of universal insurance 
coverage in South Korea, the National Health 
Information Database represents the entire population 
(50 million).20 This database includes information on 
personal details and clinical records on reimbursed 
inpatient and outpatient visits. Diagnosis and drug 
prescription information was coded using ICD-10 
(international classification of diseases, 10th revision) 
and Anatomical Therapeutic Chemical classification 
codes, respectively. The positive predictive value for 
diagnosis codes of claims data was reported to be 82% 
in a validation study.21

study population
To control for the unmasking phenomenon and 
fundamental differences between vaccinated and 
unvaccinated individuals,22 we selected Japanese 
encephalitis vaccine and tetanus, diphtheria, and 
acellular pertussis vaccine as comparators in the 
cohort analysis as they have well established safety 
profiles and are recommended in the same population 
of interest.23-25 Hence, the study population comprised 

girls aged 11-14 years who were vaccinated against 
HPV, Japanese encephalitis, and tetanus, diphtheria, 
and acellular pertussis in 2017. We excluded girls who 
were immunised with both bivalent and quadrivalent 
HPV vaccines in 2017, as well as those with a diagno-
sis of malignancy or congenital or neonatal disease 
(congenital iodine deficiency syndrome, congenital 
hypothyroidism, transitory neonatal hyperthyroidism, 
other specified diseases of the pancreas, transient 
neonatal thrombocytopenia, neonatal diabetes 
mellitus, cerebral palsy, and type 1 diabetes mellitus) 
before the first date of vaccination.

vaccination
In South Korea, healthcare providers report 
detailed information on immunisation to the Korea 
Immunization Registry Information System and 
the government reimburses immunisation fees for 
all vaccines covered by the national immunisation 
programme. We obtained data on HPV, Japanese 
encephalitis, and tetanus, diphtheria, and acellular 
pertussis vaccinations from the Korea Immunization 
Registry Information System. A total of 443 290 
adolescents girls received the study vaccines (HPV, 
Japanese encephalitis, and tetanus, diphtheria, 
and acellular pertussis) in 2017. We classified girls 
vaccinated with HPV as the HPV vaccinated group, and 
those vaccinated with comparator vaccines without 
HPV vaccination as the HPV unvaccinated group. 
Cohort entry was defined as the date of vaccination. 
Each girl could have two records of cohort entry 
because HPV vaccination comprises a two dosing 
schedule with an interval of six months between  
doses.

Outcomes
We selected 33 serious adverse events as the main 
outcomes, predefined based on literature review, 
including case reports, pharmacovigilance studies, 
observational studies, meta-analysis studies, and a 
review of the Korean medical advisory committee on 
vaccine safety.13 14 16 18 26-32 Outcomes were classified 
into eight disease categories: endocrine (Graves’ 
disease, Hashimoto’s thyroiditis, hyperthyroidism, 
hypothyroidism, and type 1 diabetes), gastrointestinal 
(Crohn’s disease, ulcerative colitis, peptic ulcer, 
and pancreatitis), cardiovascular (Raynaud’s 
disease, venous thromboembolism, vasculitis, 
and hypotension), musculoskeletal and systemic 
(ankylosing spondylitis, Behcet’s syndrome, 
juvenile arthritis, rheumatoid arthritis, and systemic 
lupus erythematosus), haematological (idiopathic 
thrombocytopenic purpura, and Henoch-Schönlein’s 
purpura), dermatological (erythema nodosum and 
psoriasis), neurological (Bell’s palsy, epilepsy, 
narcolepsy, paralysis, migraine, Guillain-Barré 
syndrome, optical neuritis, neuralgia and neuritis, 
intracerebral haemorrhage, and extrapyramidal and 
movement disorders), and tuberculosis. Incident 
serious adverse events were identified using diagnosis 
records coded by ICD-10 (supplementary table S1).
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Potential confounders
We included sociodemographic characteristics 
and anaemia as potential confounders in our 
analyses based on a causal diagram using a directed 
acyclic graph (supplementary figure S1). Because 
sociodemographic characteristics are well known 
confounders in vaccine safety studies,12 13 we assessed 
age, region of residence, type of health insurance, 
and income level at cohort entry. In addition, because 
anaemia is related to HPV vaccination and could affect 
the health outcome of interest (supplementary section 
A), we assessed anaemia within one year before cohort 
entry.

statistical analyses
To assess the association between HPV vaccination 
and the predefined serious adverse events separately 
we used both a cohort and a self-controlled risk interval 
analysis (fig 1). Sociodemographic, clinical, and 
vaccination related characteristics are summarised 
in our study population. In addition, we present the 
mean days (interquartile range) to disease diagnosis 
after each dose of HPV vaccine.

Cohort analyses
We used a cohort design for our primary analysis 
because the results are more generalisable than those 
of the self-controlled risk interval analysis when 
vaccinated groups are compared with unvaccinated 
groups. Moreover, use of a nationwide linked database 
enables the association between HPV vaccine and 
serious adverse events to be identified without loss 
of statistical power. We defined the follow-up period 
as one year (365 days) to detect a potential insidious 
outcome and a delayed onset to diagnosis. To include 
incident cases only, we excluded girls who experienced 
a serious adverse event within one year before cohort 

entry. In the cohort analysis, we used a Poisson 
regression model to estimate the incidence rate ratio 
with 95% confidence interval. The incidence rate was 
calculated by dividing the number of serious adverse 
events by the total person years at risk and then 
multiplying the estimates by 100 000. The model was 
adjusted for age, region of residence, type of health 
insurance, income level, and anaemia.

Self-controlled risk interval analyses
We used the self-controlled risk interval design for 
secondary analysis by including girls with a history 
of both HPV vaccination and predefined serious 
adverse events. A major benefit of this within person 
comparison is that time invariant confounders (sex, 
region of residence, type of health insurance, income 
level, lifestyle) are self-adjusted, and the design is less 
subject to unmeasured confounders compared with 
other study designs. Using the self-controlled risk 
interval design, we tried to minimise the impact of 
bias from exposure misclassification and unmeasured 
time invariant confounders, which are limitations of 
the cohort design.33 The risk interval was defined as 
one year (365 days) after HPV vaccination to allow for 
latent diseases, and the control interval was defined 
as 466-730 days after HPV vaccination. We adopted a 
wash-out period of 90 days between the risk interval 
and control interval considering the possibility of 
difference between the disease onset and date of 
disease diagnosis.34 Only incident cases were included, 
and girls with serious adverse events in the preceding 
one year were excluded. We used a conditional logistic 
regression model to estimate the relative risk with 95% 
confidence interval for each serious adverse event. The 
model was adjusted for age, which is a time varying 
variable between the risk interval and the control 
interval.

Primary analysis: cohort design

Secondary analysis: self-controlled risk interval design

Days aer vaccination

HPV vaccinated group

HPV dose 1

HPV unvaccinated group
(JEV or Tdap vaccinated)

HPV vaccinated and cases only

HPV

HPV dose 2

Follow-up period (each up to 1 year)

Risk interval
(1 year)

Control interval
(275 days)

Wash-out
(90 days)

JEV or Tdap ±SAE

SAE

0 730455365

Fig 1 | Overview of cohort and self-controlled risk interval study designs. HPv=human papillomavirus; sae=serious 
adverse event; jev=japanese encephalitis vaccine; tdap=tetanus, diphtheria, and acellular pertussis vaccine
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Sensitivity and subgroup analyses
To confirm the robustness of the main analysis and 
to examine the possibility of an insidious outcome 
that was not identified even with a one year follow-up 
period, we varied the follow-up period in sensitivity 
analyses: short term (90 days and 180 days) and long 
term (two years (730 days)). We conducted subgroup 
analyses according to the subtypes of HPV (bivalent 
and quadrivalent) and then compared the HPV 
vaccinated group with the HPV unvaccinated groups 
to confirm the difference in risk among those factors.

All statistical analyses were performed using SAS 
Enterprise Guide 7.1 for Windows (SAS Institute, 
Cary, NC). A two tailed P value of less than 0.05 was 
considered significant.

Patient and public involvement
As we used deidentified data in our analyses, the 
need for informed consent was waived, and the study 
was conducted in accordance with the Guidelines for 
Good Pharmacoepidemiology Practices. No patients 
were involved in establishing the research question 
or outcome measures or in developing plans for 
recruitment, design, or implementation of the study. 
No patients were asked for advice on interpretation 
or documentation of the results. We have no plans 
to disseminate the results of the research to study 
participants or the relevant patient community.

results
cohort
Of the total 676 677 girls aged 11-14 years in South 
Korea, 441 399 (65%) were included in this study 
(fig 2). Among these girls, 382 020 were inoculated 
with 429 377 doses of the HPV vaccine and 59 379 
with 87 099 doses of Japanese encephalitis vaccine 
or tetanus, diphtheria, and acellular pertussis vaccine 
without HPV vaccination (table 1 and fig 2). Among 
the HPV vaccinated girls, 295 365 received the 
quadrivalent vaccine and 86 655 received the bivalent 
vaccine (supplementary table S9). A total of 516 476 
HPV vaccine doses were administered to the study 
population. The mean follow-up time for each outcome 
in the HPV vaccinated and HPV unvaccinated groups 
was 407 400 and 60 500 person years, respectively 
(table 2).

risk of serious adverse events after HPv vaccination
The mean number of days to diagnosis of the 33 
predefined outcomes after HPV vaccination was 
generally consistent with each other (supplementary 
table S2). Among the 33 predefined outcomes, the 
overall estimates in the primary analyses showed no 
association between HPV vaccines and serious adverse 
events (fig 3). Rate ratios could not be calculated for 
ankylosing spondylitis, systemic lupus erythematosus, 
and erythema nodosum because none occurred in 
the HPV unvaccinated group. The risk for type 1 
diabetes was not significantly increased (adjusted 
rate ratio 0.66, 95% confidence interval 0.38 to 
1.14), and the result for the association between 

HPV vaccination and Hashimoto’s thyroiditis was not 
significant (1.24, 0.78 to 1.94). Other conditions not 
associated with HPV vaccination were cardiovascular 
diseases, including Raynaud’s disease (1.34, 0.40 
to 4.49), and venous thromboembolism (0.62, 0.22 
to 1.70). In musculoskeletal and systemic diseases, 
the rate ratio for the association between HPV 
vaccination and Behcet’s syndrome was 0.61 (0.22 
to 1.67). No significant increase in risk was found for 
haematological and dermatological diseases. Although 
neurological diseases, including epilepsy, narcolepsy, 
paralysis, and Guillain-Barré syndrome showed no 
significant increase in risk, a significant increase was 
observed for migraine. However, the lower limit of the 
95% confidence interval was close to 1 (1.11, 1.02 to 
1.22). In line with the results of the cohort analysis, 
the results of the self-controlled risk interval analysis 
showed no significant increase in risk for all individual 
outcomes, including migraine (adjusted relative risk 
0.67, 95% confidence interval 0.58 to 0.78).

sensitivity and subgroup analyses
Results of the sensitivity analyses with diverse follow-
up periods (90 days, 180 days, and 2 years) were 
consistent with those of the main findings, which 
showed no association between HPV vaccination and 
serious adverse events, except for migraine. Although 
a significant increase in risk was observed for migraine 
at the two year follow-up (adjusted rate ratio 1.10, 
95% confidence interval 1.03 to 1.16), no significant 
increase was observed at 90 days (1.04, 0.85 to 1.26) 
and 180 days (1.09, 0.94 to 1.25) (supplementary 
section C).

Results from subgroup analyses for vaccine 
subtype were also consistent with those of the main 
findings. Although no significant increase was found 
for migraine in the bivalent HPV vaccinated group 
compared with HPV unvaccinated group (1.07, 0.96 
to 1.20), the quadrivalent HPV vaccinated group 
showed a statistically significant increase in migraine 
compared with the HPV unvaccinated group (1.13, 
1.03 to 1.24) (fig 4).

discussion
In this nationwide study of girls aged 11-14 years 
who received HPV, Japanese encephalitis, and 
tetanus, diphtheria, and acellular pertussis vaccines 
in South Korea in 2017, we used two complementary 
study designs to investigate the association between 
HPV vaccination and serious adverse events. All 33 
predefined outcomes except for migraine showed no 
association between HPV vaccination and serious 
adverse events based on more than 400 000 girls and 
around 500 000 vaccine doses, and these findings were 
consistent across the follow-up periods (90 days, 180 
days, and 2 years). Subgroup analysis by HPV vaccine 
subtype also showed consistent results with our main 
findings.

In cohort analyses, of a total of 33 serious adverse 
events, a significant increase in risk was observed 
only for migraine (adjusted rate ratio 1.11, 1.02 to 
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1.22), but the point estimate and lower limit of the 
95% confidence interval were close to 1. Contrary 
to the results of the cohort analysis, the result of the 
self-controlled risk interval analysis presented no 
evidence of an association between HPV vaccination 
and migraine (relative risk 0.67, 95% confidence 

interval 0.58 to 0.78), which did not support the risk 
of migraine after HPV vaccination. This also means 
that migraine occurs more frequently after the risk 
interval. Possible explanations could be outcome 
misclassification, validity of migraine diagnosis, and a 
relatively low number of girls with migraine compared 

table 1 | characteristics of girls aged 11-14 years vaccinated in south Korea in 2017. values are numbers (percentages) 
unless stated otherwise
characteristics HPv vaccinated group (n=382 020) HPv unvaccinated group (n=59 379)
Mean (SD) age at vaccination (years) 12.42 (0.82) 11.84 (0.56)
Birth year:
 2003 108 709 (28.5) 757 (1.3)
 2004 146 094 (38.2) 15 856 (26.7)
 2005 127 217 (33.3) 42 766 (72.0)
No of vaccine doses:
 1 148 014 (38.7) NA
 2 234 006 (61.3) NA
Region of residence:
 Metropolitan† 185 735 (48.6) 30 830 (51.9)
 Provincial or rural 196 285 (51.4) 28 549 (48.1)
Types of health insurance:
 Local 81 814 (21.4) 12 645 (21.3)
 Employee 289 744 (75.8) 45 299 (76.3)
 Medical aid 10 462 (2.7) 1435 (2.4)
Income level†:
 1st quarter (most deprived) 55 438 (14.5) 7651 (12.9)
 2nd quarter 48 982 (12.8) 6968 (11.7)
 3rd quarter 80 956 (21.2) 12 097 (20.4)
 4th quarter (most affluent) 190 635 (49.9) 31 877 (53.7)
HPV=human papillomavirus; NA=not applicable.
*10 large cities with populations of more than one million.
†No data for household income available for 6009 participants in the vaccinated group and 789 in the unvaccinated group.

Cohort or self-controlled risk interval analyses
(individual outcomes were handled as separate analyses)

Excluded
Diagnosis of each serious adverse events 1 year before vaccination

(individual outcomes were handled as separate analyses)

Adolescent girls aged 11-14 years who were vaccinated in 2017

Adolescent girls aged 11-14 years in 2017 from
National Health Information Database

Constructing large linked database
using anonymised identifier

Excluded
Adolescent girls who were vaccinated with both bivalent
  and quadrivalent HPV vaccine in 2017
Diagnosis of inherent diseases or cancer 1 year before vaccination

49

1491

1540

676 677
Immunisation records of adolescent girls
including HPV, Tdap, and JEV from Korea

Immunization Registry Information System

443 290

442 939

(516 476 vaccine doses)
441 399

HPV vaccinated group (429 377 doses)
HPV unvaccinated group (Tdap or JEV) (87 099 doses)

382 020
59 379

Fig 2 | Flowchart of enrolment using large database created by linking data from the Korea immunization registry 
information system with data from the national Health information Database. HPv=human papillomavirus; 
tdap=tetanus, diphtheria, and acellular pertussis vaccine; jev=japanese encephalitis vaccine
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with those in the general population. Above all, we 
suspected that this inconsistency would probably 
be attributed to age. From a literature review and 
clinical consultation, we identified that hormonal 
changes and menstruation are well known risk factors 
for migraine.35 Considering the overall mean age at 
menarche (12.7 years) in the Korean population,36 our 
study population might encounter menstrual related 
migraine during the follow-up period. Moreover, given 
the mean age differences between the HPV vaccinated 
(12.42 years) and HPV unvaccinated (11.84 years) 
groups, menstrual related migraine is likely to occur 
more often in the HPV vaccinated group, resulting 
in statistically significantly increased results. Along 
with the results of the cohort analysis, our sensitivity 
analyses support an increased effect of age on 
migraine over time. Although sensitivity analyses 
for the short term period did not show a significant 

increase in the risk of migraine (adjusted rate ratios: 90 
days, 1.04, 0.85 to 1.26; 180 days 1.09, 0.94 to 1.25), 
significant results were found for the long term period 
(2 years, 1.10, 1.03 to 1.16). Therefore, the effect of 
age would possibly contribute to this result, but this 
finding should be interpreted with caution given the 
pathophysiology of migraine.

comparison with other studies
Our findings of no significant increase in serious 
adverse events show the safety of HPV vaccination 
and corroborate the findings of previous studies. 
Several studies have found no association between 
HPV vaccination and autoimmune diseases, a major 
concern in vaccine safety studies.13 14 19 37 Although a 
recent meta-analysis highlighted no clear association 
between HPV vaccines and autoimmune diseases, the 
study also suggested a significant increase in the risk 

table 2 | cohort analysis of one year follow-up of girls aged 11-14 years vaccinated in south Korea in 2017

Organ system disorders

HPv vaccinated group HPv unvaccinated group
no of serious 
adverse events Person years incidence rate* (95% ci)

no of serious 
adverse events Person years incidence rate* (95% ci)

Endocrine diseases:
 Graves’ disease 136 408 038 33.3 (28.2 to 39.4) 20 60 579 33.0 (21.3 to 51.2)
 Hashimoto’s thyroiditis 215 407 768 52.7 (46.1 to 60.3) 22 60 547 36.3 (23.9 to 55.2)
 Hyperthyroidism 508 407 603 124.6 (114.3 to 136.0) 61 60 533 100.8 (78.4 to 129.5)
 Hypothyroidism 1227 406 033 302.2 (285.7 to 319.6) 138 60 350 228.7 (193.5 to 270.2)
 Type 1 diabetes 82 408 331 20.1 (16.2 to 24.9) 17 60 623 28.0 (17.4 to 45.1)
Gastrointestinal diseases:
 Crohn’s disease 83 408 239 20.3 (16.4 to 25.2) 7 60 615 11.6 (5.5 to 24.2)
 Ulcerative colitis 25 408 310 6.1 (4.1 to 9.1) 4 60 627 6.6 (2.5 to 17.6)
 Peptic ulcer diseases 6297 397 433 1584.0 (1546.0 to 1624.0) 770 59 422 1296.0 (1207.0 to 1391.0)
 Pancreatitis 902 406 716 221.8 (207.8 to 236.7) 114 60 400 188.7 (157.1 to 226.8)
Cardiovascular diseases:
 Raynaud’s disease 39 408 327 9.6 (7.0 to 13.1) 3 60 628 5.0 (1.6 to 15.3)
 Venous thromboembolism 26 408 340 6.4 (4.3 to 9.4) 6 60 628 9.9 (4.5 to 22.0)
 Vasculitis 161 408 129 39.5 (33.8 to 46.0) 27 60 605 44.6 (30.6 to 65.0)
 Hypotension 792 407 401 194.4 (181.3 to 208.4) 87 60 543 143.7 (116.5 to 177.3)
Musculoskeletal and systemic diseases:
 Ankylosing spondylitis 8 408 361 2.0 (1.0 to 3.9) 0 60 632 0.0 (0.0 to 0.0)
 Behcet’s syndrome 27 408 322 6.6 (4.5 to 9.6) 5 60 627 8.3 (3.4 to 19.8)
 Juvenile arthritis 78 408 181 19.1 (15.3 to 23.9) 11 60 601 18.2 (10.1 to 32.8)
 Rheumatoid arthritis 685 407 378 168.1 (156.0 to 181.2) 88 60 515 145.4 (118.0 to 179.2)
 Systemic lupus erythematosus 15 408 340 3.7 (2.2 to 6.1) 0 60 626 0.0 (0.0 to 0.0)
Haematological diseases:
  Idiopathic thrombocytopenic 

purpura 28 408 292 6.9 (4.7 to 9.9) 9 60 615 14.9 (7.7 to 28.5)

 Henoch-Schönlein’s purpura 246 407 892 60.3 (53.2 to 68.3) 50 60 534 82.6 (62.6 to 109.0)
Dermatological diseases:
 Erythema nodosum 26 408 332 6.4 (4.3 to 9.4) 0 60 628 0.0 (0.0 to 0.0)
 Psoriasis 624 407 071 153.3 (141.7 to 165.8) 94 60 469 155.5 (127.0 to 190.3)
Neurological diseases:
 Bell’s palsy 102 408 196 25.0 (20.6 to 30.3) 17 60 607 28.1 (17.4 to 45.1)
 Epilepsy 595 406 345 146.4 (135.1 to 158.7) 74 60 325 122.7 (97.7 to 154.1)
 Narcolepsy 33 408 335 8.1 (5.8 to 11.4) 4 60 628 6.6 (2.5 to 17.6)
 Paralysis 19 408 345 4.7 (3.0 to 7.3) 4 60 626 6.6 (2.5 to 17.6)
 Migraine 4949 400 699 1235.0 (1201.0 to 1270.0) 551 59 835 920.9 (847.1 to 1001.0)
 Guillain-Barré syndrome 5 408 363 1.2 (0.5 to 2.9) 5 60 626 8.3 (3.4 to 19.8)
 Optical neuritis 103 408 211 25.2 (20.8 to 30.6) 9 60 612 14.9 (7.7 to 28.5)
 Neuralgia and neuritis 431 407 703 105.7 (96.2 to 116.2) 62 60 555 102.4 (79.8 to 131.3)
 Intracerebral haemorrhage 38 408 306 9.3 (6.8 to 12.8) 3 60 622 5.0 (1.6 to 15.3)
  Extrapyramidal and movement 

disorders 215 408 106 52.7 (46.1 to 60.2) 29 60 594 47.9 (33.3 to 68.9)

Tuberculosis 110 408 143 27.0 (22.4 to 32.5) 14 60 612 23.1 (13.7 to 39.0)
HPV=human papillomavirus.
*Events per 100 000 person years.
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of some types of autoimmune diseases: Hashimoto’s 
thyroiditis (odds ratio 1.25, 95% confidence interval 
1.09 to 1.44) and Raynaud’s disease (1.63, 1.21 
to 2.20).38 We speculated that this increased risk 
resulted from the unmasking phenomenon, which 
can occur when vaccinated groups are compared 
with unvaccinated groups.22 Visiting a medical 
institution for vaccination offers an opportunity to 
assess symptoms that might not have been assessed 

otherwise. The fundamental difference between 
vaccinated and unvaccinated groups would bias the 
results towards an increased risk after vaccination. 
Thus we used comparator vaccines to account for the 
unmasking phenomenon, and thereby Hashimoto’s 
thyroiditis showed no increased risk in both cohort 
and self-controlled risk interval analyses (adjusted 
rate ratio 1.24, 95% confidence interval 0.78 to 1.94; 
adjusted relative risk 1.28, 95% confidence interval 
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Fig 3 | association between human papillomavirus vaccination and serious adverse events in both the cohort and the self-controlled risk interval 
(scri) analyses among girls aged 11-14 years and vaccinated in south Korea in 2017
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0.53 to 3.08, respectively), and Raynaud’s disease 
also showed no increased risk in the self-controlled 
risk interval analysis (adjusted relative risk 1.32, 95% 
confidence interval 0.30 to 5.76; rate ratios could not 
be calculated in the cohort analysis because the disease 
was not observed in the HPV unvaccinated group).

Several studies have focused on the association 
between HPV vaccination and migraine, and one study 
based on a passive surveillance database suggested 

migraine is a safety signal for HPV vaccination.30 39 
The studies did not confirm a clear relation between 
migraine and HPV vaccination, but further research 
is required to clarify the causal association behind the 
disease. A cohort study conducted in the Netherlands 
identified no significant increase in the risk of migraine 
after immunisation with the bivalent HPV vaccine.40 
Although the study was limited by insufficient sample 
size and lack of power, this result was consistent with 
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Fig 4 | association between human papillomavirus vaccination and serious adverse events in subgroup analyses by vaccine subtypes among girls 
aged 11-14 years and vaccinated in south Korea in 2017
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our result from subgroup analysis of the bivalent HPV 
vaccine (adjusted rate ratio 1.07, 95% confidence 
interval 0.96 to 1.20).

strength and limitations of this study
By linking two different nationwide databases—a 
vaccine registry and health insurance database—our 
study provided results for the entire population of 
South Korea.41 Using this nationwide linked database 
allowed us to detect associations between HPV vaccine 
and rare or serious diseases without losing statistical 
power. In addition, as the South Korean vaccine registry 
compiles all immunisation data under the national 
immunisation programme, including vaccines against 
HPV, Japanese encephalitis, and tetanus, diphtheria, 
and acellular pertussis, the omission of information 
on vaccine use would be rare. Unlike previous studies, 
we adopted two complementary analyses—cohort and 
self-controlled risk interval. The cohort study design 
allowed us to provide more generalisable evidence and 
has higher statistical power, and the self-controlled 
risk interval study design enabled us to adjust time 
invariant confounders, including socioeconomic 
status, underlying chronic or congenital diseases, 
use of medical resources, and other unmeasured 
confounders.42 Specifically, in the cohort analysis we 
assessed the risk of serious adverse events after HPV 
vaccination by comparing the HPV vaccinated group 
with a comparator vaccinated group rather than 
with an unvaccinated group. Since the unvaccinated 
group includes those who decline vaccination, their 
clinical and personal characteristics and health 
seeking behaviour are likely to be different from those 
who are vaccinated.43 Thus, by comparing relatively 
homogeneous populations our approach secures 
internal validity and can produce reliable results 
by controlling for the unmasking phenomenon and 
fundamental differences between vaccinated and 
unvaccinated groups. In addition, our study assessed 
several serious adverse events suspected from 
previous studies and contains acute and insidious 
diseases through consultation of the medical advisory 
committee on vaccine safety, which enabled us to 
provide comprehensive safety information on HPV 
vaccines. Through our subgroup analyses we were 
also able to supply more information on the safety 
of each HPV vaccine subtype because most previous 
research was on vaccination using the quadrivalent 
HPV vaccine.

Our study has some limitations. Firstly, our case 
definition relied on ICD-10 codes recorded in health 
insurance data. As the diagnosis records using ICD-
10 codes are not perfectly consistent with the medical 
records of patients, the discrepancy between health 
insurance data and medical records can overesti-
mate or underestimate the real incidence of selected 
outcomes.44 45 However, in a validation study regarding 
the National Health Information Database, the overall 
positive predictive value of the diagnosis was 82%,21 
which enabled us to provide reliable information on 
vaccine safety. Secondly, because of limited access to 

medical records we used the date of diagnosis rather 
than the date of disease onset. The delay between 
disease onset and diagnosis would have contributed 
to the misclassification of cases if onset and diagnosis 
did not occur in the same risk period. This random 
misclassification bias would skew the results towards 
a null association. To resolve any delay from onset to 
diagnosis, we selected one year as the primary risk 
period and conducted sensitivity analyses with varying 
risk periods (90 days, 180 days, and 2 years). Thirdly, 
a possibility of misclassification about vaccine use 
remains. As both the bivalent and the quadrivalent 
HPV vaccines have been covered by funding from 
the South Korean government through the national 
immunisation programme, the registered vaccination 
records are complete, whereas vaccination records 
of a nonavalent HPV vaccine, which is not under the 
national immunisation programme, are not complete. 
A girl inoculated with a comparator vaccine and 
the nonavalent HPV vaccine is likely to be classified 
as being HPV unvaccinated. However, given the 
equivalent effect of the nonavalent and quadrivalent 
HPV vaccines,46 few girls are likely to be inoculated 
with the nonavalent HPV vaccine by paying additional 
costs. Fourthly, because many of the predefined 
outcomes are rare, statistical power can be limited for 
some outcomes in our analyses. Notwithstanding, as 
we used a nationwide linked database, a few events 
might indicate that the event is not likely to be relevant. 
Finally, as our study population comprised vaccinated 
adolescent girls inoculated with either the HPV 
vaccine or the comparator vaccine, the generalisability 
of the findings to the entire South Korean population 
could be limited. However, considering that the study 
population included more than 65% of all girls aged 
11-14 years in South Korea, we believe that our 
findings are representative of the general population.

conclusion and policy implications
From a public health perspective, HPV vaccination 
and screening were adapted worldwide as general 
strategies for the prevention of cervical cancer.47 
Fear of possible adverse events is, however, one of 
the main determinants of HPV vaccine hesitancy and 
of undermining public trust in vaccines.9 48 49 The 
inevitable consequence of HPV vaccine hesitancy in 
Japan was estimated to result in around 5000 deaths 
due to cervical cancer during 2013-19.50 In light of the 
impact of HPV vaccine hesitancy on cervical cancer 
mortality, establishing the safety of HPV vaccines and 
alleviating public concerns is imperative. Our study 
evaluated the association between HPV vaccination and 
serious adverse events (those related to autoimmunity 
or other organ system disorders) to provide safety 
information on HPV vaccination in South Korea. Of 
33 predefined serious adverse events in our study, we 
found no significant increase in risk for 32, and these 
findings were consistent across the self-controlled risk 
interval, sensitivity, and subgroup analyses. Although 
a slightly increased risk was observed for migraine in 
the cohort analysis, this should be interpreted with 
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caution considering the pathophysiology of migraine 
and the population of interest. The results for safety 
profiles of the HPV vaccine in adolescent girls in South 
Korea are consistent with the evidence in Western 
populations.
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